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EXECUTIVE SUMMARY 

Sadaqat liasan Mir
 
Managing Director, ENERPLAN and
 
Secretary General 


Pakistan has extensive resources 

of lignitic and sub-bituminous coals, 

estimated (1985) by the Geological 

Survey of Pakistan to be around 800 

mi I Iion tonne. Indigenous coal however 
has a meagre share of 5% in the 
national energy supplies, primarily due 
to subsidized price of other competing 
fue!s and partly on account of its high 
sulphur and ash contents requiring 
add i ti ona I investment for its use as 
industrial fuel. 

The Goal of this Conference was to 
provide a multi-disciplinary forum for 

constructive exchange of information 
that reinforces Pakistan's commitment 
to rely oii coal resources as a major 

future energy suptply. 

The objectives were to review arid 
evaluate the present situation in 
Pakistan with respect to the 

development and utilization of coal 
resources b n d the policies that have 
been responsible for this development 

and utilization; to review and evaluate 

precedents established by other nations 
which are undergoing coal development 
and utilization; to identify 
technological developments with respect 
to coal exploration, extraction, 
handling, t:-ansportation and 
utilization that could accelerate 
future development of Pakistan's coal; 
to identify and evaluate potentially 
attractive business opportuni ties 
associated with further coal 
development In Pakistan; and to 
determine whether institutional, 
infrastructural, and policy changes are 
needed to encourage such coal 

development and utilization, 


Using these objectives as the 
basis, the following conclusion,, can be 
drawn from the sessions of tile 

Conference: 

Overview 
The Conference unanimously agreed 


that immediate action must be taken for 
the development and use of the 
available coal resources, not only in 

of Conference
 

the power generating sector, but in the
 
industrial sector as well. The
 
appropriate technology to achieve these
 
goals must be utilized.
 

Government policy must be 
implemented and monitored to encourage 
substitution of coal for various fuels 
presently used.
 

Indigenous coal rest :rces should be 
developed to reduce Lhe import energy 
bill, increase dependence on domestic 
supplies and to provide power 
generating diversification. 

Coal Resources Development and
 
Utilization Policies and Procedures
 

The experience of Australia, 
China, Greece, Thailand and the United 
States, in the exploitation and use of 
lignite coal, can help us to develop 
our coal resources.
 

Exploration and Mining 
Coal mine development should be 

treated on par with development in 
other industries by providing tax 
concessions and financing facilities. 
Each Province should establish a
 
Department of Mines to focus attention
 
on coal mine development. The highest
 
priority should be given to develop the 
Sonda-Thatta coalfield due to its 
potential tu supply low-cost coal for 
power generation. 

Power Generation
 
Tihe Conference demonstrated that 

the private sector has a role in power 
generation. There is also potential 
for public and private joint efforts in
 
the areas of coal mine development for 
plower and other industrial uses. 

Industrial Applications
 
Coal briquetting offers great
 

potential and should be given priority 
attention. New cement plants should be 
designed to use local coal and existing 
cement plants, along with other 
industries, should be exposed to the 
utilization of indigenous coal. 



Manpower Development and Training
 
A comprehensive manpower


development program is needed i n the
 
areas of coal mining and coal
 
utilization techniques. 'Local
 
expertise is also needed to consult 
on
 
coal exploitation, mine development 
and 
coal utilization.
 

Mobilizing Fiaancial Resources
 
Joint ventures between public a aid 

private sectors and by local and 
foreign entrepreneurs should be 
encouraged to provide the f in anciaI 
resources for coal mine development alad 
lit ii zat ion. 

Views of Lendi,_Agencies 
A1)P has coinili tted to assist in 

co,.1 development as It has 1n other 
countries, hoUt emphasized the need for 
government support, 1ns t itt i ona I 
changes and a defini te role for the 
private sector. The IVor ld Bank, AB1 
and USAID have all expressed their 
willingness to consider support for the 
Lakhra Coal Mine Development Project. 
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ADDRESS AT THE INAUGURAL SESSION BY MR. SADAQAT HASAN MIR, 
SECRETARY GENERAL., FIRST PAKISTAN NATIONAL COAL CONFERENCE 

Justice (Reid) Syed Ghous Ali Shah, Chief Minister of Sind, Mr. V. A. Jafarey, Deputy Chair. 
mare, Planninq Commission, Excellencies, di stinguisfitIsh uests, Ladies and Gentlemeri 

I am extremely thankfui to .Just1i'e (Retd) Syed Ghous Ali Shah, Chief Minister Sind for 
having graced this ( cision vt his pieserce inspire rif his very pressing etngageinents. 

As Seci,?tjry Geirhral (if the Fi-rst PAhtstatt Njtiorlal Coil Co(itrert:e I welcome you all, 

like extetil thmiksI would also to m vr -;iier+' to His t celleocy Mr Deane P, Hinton, the 
Ambassador of United States of Aroiericjl, loo twilorl us this tllirilmlo 

I would like to proide . brief lrackrliriitoun before op riir this Colteence The revival of 
the coal sector which ,is teen iloriiait for the t)ast three de;:,ides, is a very ittiportatt comrtpounent
of the policy of the (iovernliiiit of Paklsrta ftir develliri the eieriy sector The present L.-.y 
energy crisis ii which lot shilHlliJS h",O(e i ciomIIiion sit tevastatingrj feature irthibits sustained 
economic growth IVi are also fa, ed ith rie ,mmiiy ltoatce resultrig in trinual itport bills 
ranging from between 1 5 tt 1 2 hhiion (ollars 

The Sixth Plar emplitsizes the levelopitierit of ridigerous iierqy resources Coal play acan 

very itmnportart role rn this effort Pit,culirly for therriil generation and other industrial 
uses. 
ENERPLAN arid the Enerc'/ Planing and Develorpmernt Project, co-sponsored by the Government 
of Pakistan and the Uirtel States of America. hs liven launcihe for loing teir energy planning 
arid also covers treile,eloliretit of coil 

rhe finri:ial tniriler of tie ri(led explansiorn of lhe -ririjy setitori ilteidy xcecors public 
sector resources The _ijsvirirnrt is theieeftire t roiiirnitiril ii .itev ivestrlrllt in this irriportanrt 
sector The Corlferrit s elisiierl to crate iri ,"tivllwsofoftim liti' of tho (ioernment for 
private suctor irvestrrenrt t cii:'oImmre ioail iririn's dwil I i..tiifIn tirirr i liwei generation,
 
as well as extensi- eliloiitii i termritii irii (tal Assisirrit Prograrlinne
i w 

Coal has also Celt e iriiiarkel as 
 )Sl t e hli lri't l h irI S S i ,is I'ts .ir1il sultsilsel kerosene 
oil for domestic c)mri ,r('ii ;mil ilitrlj use 

As you will flott iuriitJ tft rli!Xt foir fsys the (:C)r(rorr v.,l lisiuss rut5 y aspects related to 
the (level trrinellt of tie toil siCtor from exlrlorit!r ti ut,isdtiirtoil possibilitesandifoircirn 

I an sure froth the e llitriitts rlt ,,lkstiii)l rl( its ;wii tr fifiow 
 the iteiclairge of irifor 
mration which this Corilreri e Vsll irovdi, w iis'stmrifil h ,ihr Hits will also giveites orUi'r 
private entrepreneurs ari iilIliiirtu lity hitlex l, ti tri l t, s so itt vialihe solutions calr be 
considered antd pllceil thufori' th, Goi'-rrimirt for ii:5i ( , 4 , s+ 



ADDRESS AT THE INAUGURAL SESSION BY MR. DEANE R. HINTON 
AMBASSADOR OF THE UNITED STATES OF AMERICA TO 

THE ISLAMIC REPUBLIC OF PAKISTAN 

Mr. Chief Minister, Syed Ghous Ali Shah, Mr. Jafarey- Mr. Mir. Ladies and Gentlemen: 

This First Pakistan National Coal Conference is important and I am delighted to participate. 

Pakistan needs additional energy desperately Coal can make a significant contribution. 

Pakistan today produces less than 70 percent of tire energy it consunies. The foreign exchange 
cost of imported energy last year alone amounted to more than 1.5 billion dollars. The indirect 
costs to industry, agriculture and human welfare of power load-shedding now and for years to come 
are incalculably greater. And energy demand at current uneconomically low prices will continue 
to grow faster than supply. 

In short, unless systermic changes are made in existing policies, Pakistan's energy problems, 
already cricitical, will worsen. Even with suostantial policy improvements, years of well-directed 
effort would be essential just to catch up. Additional energy is essential for the rapid economic 
growth reqiui ed lust to Maintain the quality of life in Pakistan. To improve per capita incomes,
taking into accnunt Pakistan's hligh population growth rate, would require an even greater effort. 

An attack on all fronts is needed. On the demand side, realistic pricing to reduce w-ste and 
conservation measures are idespensable On tlie supply Fir"', ealistic pricing to induce production,
reduction of scandalous Imwer distiriution arid transmission losses, efficient-honest billing, and new
generating fac iliies uiucecar, hydro, oil, gas, and coalfired are all urgently needed for optimal
economic proipess in Pa sbitan 

Pakistan's sixth five year develoxment plan proposes to respond to this challenge bv targeting 
40 percent of all new r)iilc sector investment for the energy sector. Four-fifths of this new invest. 
ment is to go for power jenration. This would help. However, nimich more would remain to be 
done. 

The U S ", assisting Pakistan in the critical erierjy sector. About 450 million dollars .- a 
quarter of our current ecoonic assistance prograrn to Pakistan is dedicated to helping meet energy objlectives Our energy asistance in support of Pakistan's efforts aims at tire; 

eventual elirnination of ele.tricity and natural (]aS loadshedding. 

increasing private sectoir nvestinrnt in iinerijy ilevelolrirent

strenltheing the energy sector %riistit tonal, mnanlagemient, and ranp, base; and, 

- reducing Pakistan's eneri;y related balance of )ayMents ifeflcits. 

U S assisted ei-rqy iriIcts low iiclule exflarsion of the therrral power plant at (Juddu, 
improvements in iak'i-in s elrstricity ilistrititrr SySteir and creation of energy planning and 
conservation offcr.ec in the M.iristry (if PIlinnin. Incildentally, I must pay tribute to the lead 
role played fy ENE PLAN niorgliiiig this conference. 

Additional thermal power capaicity is crutii:al for Pakistan because energy and agriculture 
compete drectly for water resources whi:h are seasonally limited. Pakistan fortunately has 
considerable coal reserves which could fuel rrnmwpower gereraitlOn plants. fhese rcserves, primiarily
lignite may exceed one hillion tons This could he as large as two billion tons. There are at ieast 
300 mllion tons in the Lak hra coal field alone and perhaps 500 million more tons is the nearby 
Sondha Thatta area rhe (Geological Survey of Pakistan in collaboration with the U,S. Geologi
cal Survey is developirg a nat:onal irograrri to asses,; the quality and quantity of Pakistanrs coal. 

U.S. experience highlights tle key ro!e coal can play in achievirg energy security. Even in the 
1960 s and tIre early 1910's. wshen oil vas ilireap, coal served as ar imporalrint energy source. Coal 
fueled 44 percent of thf U S electri:it y generated rn 19 74, Today, twelve years after the 1973-74 
oil price increses, coalIs shre of total electricity generatedms increased to nearly 56 percent. Coal 
in the U.S. today produces rmore ele:t icily th-rn oil, gas, hydr(lr arid riclear sources combined. 

~ ~ BIGI5
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The United Slates ls used "brown coal" or lignite for many years as a fuel for power gen. 
eration Seveny Armierictn lignite fired power plants are currently in operation; 16 more will be 
cot rtuciedi he n noiw a5nd 199s. lI ny Of tire new orrrinol. transportation, power, and environ
mental tu(hniiioli llial vviil he discussed al this cofllele, t! le iased on our long practical experi. 
ence wilh hiq itwu 

As most ii i r,..n the Uilel S;tats and other donor agencies are assisting WAPDA in 
evaluatinig th imvililes for L ifahri coal. If tire proj ' proves out, we will help fund the first of 

several large lignite fri, lirc.lr ullints to be colnstructed there. Most of the feasibility studies are 

coniplete. Man; onvtltojl% an oijl srriuitrlpprs are showing interest in the project. I hope those busi. 

nessinen lpiesent wIt ike tlle tlha several i:ol relateh iroljwts in Pakistan offer investment oppor
tunities 1 he L.akira roMr polle!t is orne gon examlrle, the cernent industry and coal briquetting 

are others 

Let rne coricluile oy orinr thi first coal :onference to prodfuce useful technical exchanges 
and thoroughly to e)I)ole oipptulitiies for increased private sector investment in Pakistan's coal 

development. I an) convinced that coal can Ilay a large, economically sound and environmentally 

acceptable role in Pakistan's energy future. I am confident your discussion will contribute to a 
better energy outlook for Pakistan. 

Thank yoU. 



INAUGURAL ADDRESS BY JUSTICE (RETD) SYED GHAUS ALl SHAH 
CHIEF MINISTER OF SIND 

Mr. V A. Jafarey, Deputy Chairman, Planning Commission, Mr. Sadaqat Hasan Mir, Excel
lencies, Distinguished quests. Ladies and Gentlemen: 

Iar Irorulld ,oll 0ldsed at being ,sked to inaugurate the F IRST PAKISTAN NATIONAL 
COAL. CONF ERF N(I: lie Coiifererice is ieiIg held at a tine when the country is facing serious 
irofleiiis in the field of 'uiery with lIjil sheddilng at ped hours in miost parts of the country ard 

heavy relari e oil energly.ill'olile Tie 6th Plan addressed itself to many of these critical issues 
and in piart reular emphasised the developlment of indigenous energy resources. There has been 
apprecialle success in the development of petroleum resources and our production has increased 
four fold in less thi threevears However, we have not yet been able to make a significant begin
111n1in the utiistiui o illeVastresources of coal withi which our country is endowed. In the past, 
fiel prcinq p(ohcS px.c ilkirly the case gas aii shortage of capital funds inI the Publicin uf 


Setor h,ivn cili'tr ititeld to t sisow ileveloli)leit of inidigenous coal resources.
 

A stalit h,1s1105 lieii modet ItortiOalilSe the prices of energy sunplies. At the same tirie, 

actioil ieils to 1wl'i en ti x eititiously expohre and exploit local resources, particularly for power 
lerleratlofl tr SI IIIiriJStFydnFi fi 

The hlihilig of this Conference under jIoit sponsorship of the Ministries of Planning & Develop. 
, aiit n etrlemii & Nitural RtlSolrces anid USAID, ir irvery timely step. I am very happy to 

nute t.,t the Cinferience s.ill iiddress itself to many important issues, including private sector 
irvolvemIenlt ii, cdiil ievelipiieit arld ltilidtloo,particularly in :fiermal power generation. The 
goverrment willild di''possible support sit thiseffort to the Private Sector. I understand that vast 
ointiilied(o,lresOurnes eXIst not only at Lakhra but elsewhere in Sird, and also inothcr provinces, 
this liiiis f.lil i iih,lliiqe tio pilate sector eiitrepreneurs and Government inlstitutions to dis 
.harife thieir respollshilil , 

I .ssh this Confereice ill sucess ,nidio hope that tIre deliberations will lead to positive 

conclus nis dre oiiiniilrtins 

I declare tie Coinfererice oipenied. 

7hanrkyou, 



COAL UTILIZATION AND POLICIES
 

Jawaid Ahmed Mirza
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The phenomenal increase in the oil 

prices in the later part of 1973 made it 

clear that the era of cheap energy had gone 


forever. The steep hike in oil prices and 

the fear for shortfall in supplies focused 

attention on the replacement of oil with 

cheaper fuels, as well as diversification 

and broadening of the energy supply base. 

This was also the only viable strategy tor 

Pakistan, which is deficient in energy 

resources. Unfortunately, no diverse ener-

gy supply program could be launched and the 

country continued to rely on imported fuel 

and natural gas. This resulted in a bal-

ance of payment problem and dpol' tion of 

gas reserves at a faster pace. Coli aqucnf-


ly, the country is tgday faced with a 


serious energy crisis w-ich, if aggravated, 


is likely to hold back economic growth if 


concrte measures are not taken to alle-


viate the energy shortage. 


The pattern of economic growth set by 


the Sixth Five Year Plan is essentially 


enerqy intensive. This shows tlst the 

Government is fully conscious of tne crying 

need of the hour and is prepared for a 

quantum jump in energy supply to meet and 

sustain the targeted economic growth. With 

the expanding economic base, the energy 

requirements of the country are expeoted to 


increase conside:ably, with thc ('nestic 


supplies lagging behind and witi consequent 


adverse affects on economic development and 


on the balance of payment situation. With-


out suitable reorientation and adjustment 


of policies with regard to energy develop-


ment, it may not be possible either to 


sustain an economic growth rate or to 


bridge a growing balance of payment gap. 


Oil, natural gas and coal constitute
 
the most importanit sources of zonventional
 
energy and supply about 90% of the total
 

energy needs of the world. The output of
 
oil and gas is on the decline due to deple
tion ot reserves. It is, therefore, being
 
considered highly imperative to restrict
 
the consumption of these resources to pro
long their subsequent decline and coal is
 
being increasingly considered as the main
 
source of energy and is regaining its posi
tion as such all over the world.
 

The international trends in 
energy 
development supplies have to be kept in 
view while evolving a strategy for the 
development of indigenous resources. Al

thouyh a diverse set of energy resources is
 

available in the country, there is no
 

single major resource that could supply the
 

energy needed to support the economic de

velopment. This necessitates balanced de

velopment and utilization of all the indig

enous resources. As in othet parts of the
 

worl6, the emphasis should be on optimum
 
utilization of coal to conserve the natural
 
gas and for import substitution.
 

The need for extensive coal explora
tion was not felt earlier as the available
 
proven reserves were sufficient to cater to
 
the existing limited demand for coal in the
 

country. Systematic and intensive explora

tion will make a significant contribution
 

to the present reserves estimates. Based
 

on the available data, International Energy
 

Development Consultants estimated the coal
 

teserves in 1983 at 1176 million 
tonnes,
 

while according to the latest estimates of
 

the GSP, the coal reserves in the known
 

coal fields are of the order of 1200 mil



lion tonnes. These estimates are based on 

surface geological evidence and the geoilog-

ical data available from the mine workings. 

The detailed geological investigations to 

evaluate the coal reserves in all the coal 

fields have not been carried out ana as a 

result only 102 million to'rnes of deposits 

have been placed in the proven category. 

Chemical Consultants, Lahore, assessed the 

total coal reserves in 1985 at 764 million 

tonnes, including 84 millio n tonies In 

proven reserves. The estimate,; of Chemical 

Consultants, however, are cobservaItlV, 

which is evident from thd fact that the 

proven reserves in the en~tlre Lithra coal 

field covering an area ot 500 6q. kWts. are 

estimated at 40 million tonnes, wheruas the 

mineable proven reserves in PMIC lea;ed 

area alone measuring 58 sq. kms. are oh tie 

order of 110 million tonnes. These colt.i-
mates are more reliable as these ade on[150( 
on intensive drilling carried out hy GSP, 
PMDC, Japanese and Amet ,Ican coln:,ui tant! . 

The indigenous coal resource!; 'hoc have a 

large energy potential and coulu play a 

significant role in bridging the widening 

gap between energy supply and demand, 

IED Consultants, who were commissioned 

to prepare an Energy Development Plan a; te. 

analyzing all fuel prospects o the coon--

try, concluded that only domestic coal can 

be developed expeditiously at a compiara-

tively modest level of iivstlmnt. and iro-

vide an impor tant colnLi ibtlon tooward:s 

alleviating Pakistan's power cisLis. They 

suggested, among other thiigs, fixing ot 
coal production and utilization targets; or 

the Sixth Five Year Plan ald beyond, a 

major effort in exploration and dvvelopmneAt 

of a coal infrastructure, 1,.ccica;ed use Of 

coal for pcwer generation, re[lacement of 

increasing quantities of oil arid gas 

through increased coal use in the itidusttry, 

especially in the cement industry, and the 

use of coal briquettes to meet part of the 

domestic fuel demand, rationalizing o 

competing fuels prices to encourage coal 

production and utilization, encoutagemunt 

of the rinino industry throngh improyed 

I c InLinq ;rnd iIinlncIrig tacilities, and 

'ebtabl i r ,'g a NationiA Coal Authority to 

aCtIVate uld cootliatae the major aspects 

ot coal deVeiQiieiit. 

The Government, recognizing the energy 

potential ot coal and iin t,- light of the 

ConsultantS ' Lecoiiiendations, fixed the 

coal production turgets at 5.40 million 

tonne., lor tie 6tih p ian prlod. 

The ful l]lient Ut t ne production 

tar get dtrpeits; enitirely on the extent of 

the market avilatlI anu on the scope for 

utlization or coai . 1% main con;umer of 

the indiqenous coal at present is the 

brLick-kil i induilry, which consumes not 

less tian 95% oh the tonal coal production 

(i te CoUlnt!y. There is a definite limit 

to which tMe htick-kiln industry can con-

SuMe coal 1 (iditt lot" Because of some 

slack in consttlct[imi activity, the demand 

r brick ias decinu d iuriin the past two 

years. At tihe i;amu t. ime, increased produc

t ion of coal f roe Lakhra and other areas in 

Sind has resulted in a glut situation, 

depressing the price; of coal all over the 

country. The coal industry, despite all 

talk about its development and expansion, 

has been :icing a severe crisis in the 

country for the past two years. The public 

and private ;ectors have been forced to 

reduce the prices drastically. Despite 

that, the ;tocks are accumulating and it is 

being founId i ci. easingly diIficult to dis

pose OL the ;tocks . The ining industry in 

the country i!n i1 cu1 1 inn heavy losses at 

the moment on ac'Olnit o a steep fall in 

the prize o1 coal. The entire reliance for 

utilization of coal v one iridlstry is not 

a happy ] tiuatloh a:id cannot provide any 

incentive to the public or private sector 

for development of coal. No investment in 

the coal industry will be worthwhile under 

the present cirucmstances. If the coal 

industry has to be developed in order the 

mIet the energy requirements of the coun

try, it is necessary that its utilization 

is diversifiec" and the market expanded. 

The total reported production of the 

country is about two million tonnes of 
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coal, while it is believed that a few 


100,000 tonnes production goes unreported. 


It is beyond the capacity of the brick-kiln 


industry to consume the entire coal produc-


tion. For this reason, the coal mining 


industry in the country is organized 


neither for large scale economic production 


nor for meeting the growing demand of a 


variety of consumers. With a view to de-


veloping the coal mining industry, it is 


imperative to remove the market constraint 


that is seriously inhibiting the growth of 


the coal mining industry. 


It is generally believed that the 

indigenous coal has the ability to substi-

tute for imported oil and gas with favor-

able impact on the national economy. Des-

pite its large reserve potential and rela-

tively low mining costs, the coal continues 

to remain a neglected fuel; although before 

the discovery of nacural gas the indigenous 

coal was a predominant energy resource ana 

was used in power generotion, industries, 

railways and as a household fuel. The 

largest potential demano for coal is in 

power generation, followed by the cement 

industry. Coal-oil mixtures can be used 

where complete conversion to coal firing is 

not technically feasible. A concentrated 

demand for coal or coal-oil mixtures can be 


developed in existing power plants and the 


industrial sector by substitution of gas or 


oil for process heat. The urban and rurcl 


household demand for energy is bound to 


increase due to the increase in population, 


A par' of the demiand for domestic heating 

is met by kerosene oil, and out of its 

total consumption of over 600,000 tonnes, 

nearly 60% is met through imports. The 


coal briquettes can be used as a domestic 


fuel in substitution of kerosene oil, tire-


wood or charcoal. Last but not least, of 


all possible new coal conversion routes, 


coal gasification is well established com-


mercially. The gasification of iakerwal 


coal for production of chemical fertilizer 


shows the prospects of coal gasification in 


Pakistan. The production of low/medium BTU 


gas from indigenous coal is considered 


technically feasible and can be used in
 

power generation, while the medium BTU gas
 

known as "Town Gas" can be fed to the
 

natural gas distribution network, thus
 

supplementing the dwindling supplies of
 

natural gas. The future growth of coal in
 

Pakistan will, therefore, be more produc

tiv provided necessary R&D facilities and
 

expertise is provided in the country to
 

develop suitable beneficiation and coal
 

conversion processes.
 

Coal cannot regain its original posi

tion as a 'source of energy nor can it be 

introduced to new market uses without the 

suppor, of the Government. The coal all 

along has been treated as a mineral and it 

has never received the attention or support 

of the Government which it deserves as a 

potential source of commercial energy. In 

view of the growing energy needs, the indi

genous coal should enjoy a prominent posi

tion as an energy resource. The Govern

ment's support to the coal sector should be 

based on the role it can play in the over

all energy perspective of the country. 

Some of the measures that can be considered 

in this context are: 

- For effective energy system plan

ning, it is necessary to bring together all 

energy supply sectors in a composite and 

interactive manner so that if and when one 

or more sectors fail to achieve the tar

gets, adjustment could be made from the 

viewpoint of the entire energy system. As 

such the planning for coal production can

not be done in isolation and should form a 

part of the overall energy development plan 

in order to effectively coordinate all the 

aspects of planning, exploration, exploita

tion, utilization, pricing, financing, etc. 

at the Federal level. 

- Lack of authentic and reliable data 

on coal quality and reserves being an im

portant constraint oilthe development and 

expansion of the coal mining industry, the 

coal exploration program has to be intensi

fled to meet the coal production target.
 

Exploration and evaluation involving size

able risk capital is time consuming and
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capital intensive. For that purpose, suit-


able incentives need to be given by the 


Government to public and private sectors. 


- The trend towards increasingly large 


output from a fewer number of well mecha-


nized production units should be encour-


aged. The operation of larger units for 

deeper working, calls for a high degree of 


expertise and large capital investment in 


mechanization. Adequate funds on conces-


sionary terms for the development of larger 


production units need to be made available 
in order to accelerate the pace of coal 

exploration and development, 

. The present restricted market of 
coal does not provide any incentive to the 

mining industry to develop the coal mines. 


The use of coal in power plants and cement 

industries should be encouraged as a matter 

of policy and througf, enactment, 

- PCSIR should involve itself more 

actively in research on ises of local coal. 
The research and development capabilities 

should be upgraded to develop modern coal 
firing technologies which are suited for 

low grade indigenous coals, 


- The coal is found in remote parts of
 
the country devoid of social amenities and 

infrastructure facilities. The absence of
 

railroads, telecommunication, water and
 

electricity is seriously hampering the
 

growth of a local coal mining industry.
 

Adequate infrastructure facilities need to
 

be provided in the mining areas to support
 

the future coal development program.
 

- The mining sector should be encour

aged to invest in the development of new 

coal mines on scientific lin-q for sus

tained and economic production liberal
 

credit facilities in local and foreign
 

currency should be extended to this sector.
 

- The possibility of attracting ex

patriate firms for investment in the coal
 

sector and participation on an equity basis
 

may be given serious consideration. The
 

foreign investor- will not only bring with
 

them the much needed foreign exchange, but
 

also the modern technology.
 

- Liberal imports of mining machinery
 

and equipment should be allowed and mining
 

companies be exempted from payment of im

port duty and sales tax at least for five
 

years.
 

- The mining laws should be rational

ized and made more Gevelopment-oriented to
 

protect the long term investment of the
 

Government and that of the investors.
 

The expansion of the coal sector and
 

the use of coal as a source of energy
 

cannot be ensured without the support of 
the Government and suitable re--orientation 

and adjustment in the policies with regard 

to the development and utilization of ener

gy resources. With the backing of the 

Government, the indigenous coal resources 

should play a significant role in nartowing 

down tile wiaening gap between energy supply 

and demand in the country. Apart from the 

impacts of coal utilization on the economy, 

the increased use of coal will provide an 
impetus to the development and expansion of 

the coal mining industry, which offers in 

particular large socio-economic benefits in 

the under developed regions of the country. 
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Pakistan, with its population of 94.7 


million, is predominantly an agricultural 


country with 
about 72% of its population 


living 
in rural areas. Being a developing 


country with a sustained GDP growth at 6.5% 


for the last decade, its present per capita 


income is estimated at $324 while per cap-


ita consumption of commercial 
 energy has 


been very low. Based on global survey 


1979, the per capita consumption of commer-

cial energy in Pakistan (166 k.g. of oil 


equivalent) corresponds 
 to 1/2 of the 

average consumption in developing countries 


of Asia and Pacific countries, 1/9th of the 


world average and 1/48 of 
 the United 


States. 


Pakistan's total primary energy con-


sumption in 1984-85 
was estimated at 24.5 


million tons of oil equivalent (TOE) of
 
which 16.5 million TOE or was
67% commer-


cial energy with traditional fuels (fire
wood, dung and straw) making up the 
remain-


der. In the commercial energy supplies, 


natural gas constitutes 34% 
of the total 


and petroleum 39%; only 25% of petroleum is 


produced locally. The role of coal in this 


energy mix is currently very modest, pro-


viding only 8% of the commercial energy. 


The role of coal has 
been rather suppressed 


because of relatively low priced natural 


gas, both for industrial and domestic pur-


poses. It is 
now being realized that this 


gas is a limited :esource and that 
is has 


been over consumed and needs to 
 be con-


served, 


Pakistan currently produces about 
 2 


million tons 
of coal per year. Pakistan's 


coal resources occur 
in three major areas, 


It's major coal 
fields lie in North Eastern 


Baluchistan (Sore Range-Degari, Khost-


Sharigh, Mach and Dukku); Northern Punjab
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(Makarwal and Salt Range); 
 and in Southern
 

Sind in Lakhra and Sonda-Thatta areab. The
 

proven, indicated and inferred 
reserves of
 

coal in all of these fields has been esti

mated of the 
order of 1 billion tons. But
 

geologically it is considered to be much
 

more, and 
 could go up to 2 billion tons.
 

What is needed is detailed and systemized
 

exploration in the geologically promising
 

areas.
 

Most of the Pakistani coals are lig

ni.e to sub-bituminous with limited 
coking
 

potential. 
 They have high ash content and
 

contain medium to low sulphur. They belong
 

to 
 the Eocene and Palascene ages. Their
 

BTU value ranges from 6,000 to 12,000.
 

The characteristics of coals of 
 dif

ferent regions are briefly described below:
 

Baluchistan Coal
 

Baluchistan coals are generally higher
 

quplity than Punjab or 
Sind coals. Analy

sis of run-of-mine coal at Sharigh indi

cates 1 to 
2% mosture, 36 to 42% volatiles,
 

26 to 44% carbon, 9 to 35% ash, 5 to 7%
 

sulphur 
and 9,557 to 10,297 BTU/Ib. Thus,
 

Sharigh coals have coking 
 properties, and
 

if washed fractions were mixed with 
 other
 

mid volatile, low sulphur, 
 low ash coals,
 

it seems likely that they could be used by
 

the Pakistan iron and steel industry, which
 

is consuming about 4.25 
million tons of im

ported coal. The coal is 
then subject to
 

spontaneous combustion, but not 
 to the
 

degree of Lakhra coal. 
 The best quality
 

coal in this region is from the Sor Range,
 

where analysis indicated 1 to 3 percent
 

sulphur. There are low sulphur seams in
 

the Deghari range, but not consistently.
 



Punjab Coal 


There is considerable variance of ash 

and sulphur content in Punjab coal, where 

claorific values range from 6,000 BTU'lb to 

9-10,000 BTU/lb in the Central Salt Range 

and Makerwal. Central Punjab has riot been 

opened to coal exploration, although oil 

companies reported shows of high quality 

Permian coal at 3,000 feet some years ago. 


Sind Coal 

Coal from Lakhra has the following 

characteristics: 23 to 27% moisture, 26 to 


32% volatiles, 23 to 31% fixed carbon, 14 

to 24% ash, 4 to 6% sulphur and 5,800 to 

7,734 BTU/lb. Its strong tendency to spon-

taneous combustion makes stoiaqe and trans-

port difficult and its main market:: would 

continue to be located riot too di:tarit tomn 

the coal fields. Resources at L[akhra are 

at least 300 sill ion tons. It!; be1t util i-

zation is evidently for thermal power gen-

eration right in the mine areas. 

The reserves at Sonda are thought to 

be quite large, of the order of 500 million 

tons. 

Energy 

Pol icy 


Pakistan's balance of payment position 

greatly worsened as a result of soaring 

prices of oil from early 1970's. Pakistan 

was categorized as one of the mosit serious-

ly affected (SMA countries. In order to 


keep pace with the expanding econory, the 

development and expansion of i ndustri al 

system boosting agricultural !sector and 

providing necessary comforts in residential 

sector, Pakistan had to :stiuiile hard to 

provide adequate energy resource., in time. 

The condition became serious when in 1981-

82 the import bill of oil and petroleum 

products reached a staggering figure of 

$1.7 billion which has now come down to 
$1.44 billion, forming about 57.6% of total 


foreign exchange earnings from exports. In 


order to meet this serious situation, the
 

Government of Pakistan enunciated 
 its
 

energy policy 
 for the 6th Five Year Plan 

1983-88 in July 1983. 

The 6th Five Year Plan particularly'
 

focuses to [educe the elasticity between
 

the rate of growth of energy and that of 

GDP to '.15. For making recessary adjust

ments to high energy prices on tihc inter

national level, the basic objectives of the 

6th Plan are to:
 

Ensure adjustment for realizing growth
 

targets of the 6th Plan in an energy ef
ficient manner, giving proper emphasis on 

energy conservation;
 

Arrange interfuel adjustments with the 

objective of minimizing import dependence. 

This is particularly reflected to substi

tute gas and oil use with indigenous coal; 

Prepare ground for self-reliance in
 

energy by developing known indigenous re

sources with particular emphasis on the 

development of coal;
 

intensify research for undiscovered 

res;ources, develop nuclear and renewable 

enero resources, and to acquire substitu

tion; 

Ensure coverage of tne entire rural 

population residing in compact villages by 

rural electrification; 

Evolve mechanism for greatr parti
cipation of private sector in meeting the 

energy requirements 

En.ure proper institutionalization of 

long teriri energy planning, monitoring and 

evaluat,,on; and 

Rationalize energy prices both in
 

respect of consumers and producers. 

The Coal_ ector 

There had been a sharp decline of 

share of coal from 59.1% in 1947 to 8% in 

1984-85 in total commercial energy consump

tion. This aspect has been given serious 

consideration during the preparation of the 

6th Plat.. Despite about one billion tons 
of proven, indicated and inferred deposits 

of coal of the reported production through
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outth , l sta roud, 15 to de cad es9 i .remai ned . t st atic, t i!~.}.:}!{i::i 

unreported. and imported coal? is als'o in- ' A' indil Ie eale, 'the poeta 
4cluded, may reach about 3.5 million tons, for using- coa3 to increase Pakistan's ener-
Therefore, it 'is seen that there was a 
massive -diversion to ubstitute coal with 
gas and oil which was among other factcrs, 

gy supply and dependence on' indigenous 
resources is vely significant. Development 

of the abundant resources will take Paki
also due to the price differential. 

Th.e increasing demandof energy
supply psitionindicated strongly 

and 
t 

stan a long *way on the road to meeting its 
energy" shortfalls. It will conserve pre"cious oil and gas resources for higher 4 

''I' necessity of activating the indigenous' coal value uses. 
sector: so as to play an important role in 
energy supplies, particularly in the field 

The Government of Pakistan :is taking 
policy actions to increase the demand for 

ofpower- geneation, industrial 
besides domestic and commercial 

sector, 

uses to 
indigenous *!l It 'plans to construct 
first two large 300-350 MWcoal fired power 

substitute gas, kerosene oil and fuel oil. 
P?3Particularly for the development of ; 

generating 

posits, to 
units based on Lakhra coal 
be followed by other units 

de
in 

4 

coal as a policy issue, the 6th Plan 
laid emphasis on the following: ' 

Larger, use of,,coal in domestic 

small industry;-;sector *to replace 
present gas and fuel oil being used in 

has 
-

and 

the 

the 

the future. KMoreover, the'Governm~ent has 
discouraged the use of natural gas ,nr the 

cement industry and has significantly" re-
stricted the further'use of natural gas for 
power generation. The GOP and private 

44 

44 
<industries sector, particularly for cement sector are now actively looking into coal 
production; 

.... - To develop short term and long .term 

as a source for both power and the cement 
industry. It is also encouraging the sub

plants f''power generation, particularly stitution of coal briquettes. for scarce 
b asedeon he development of the Lakhra and firewood and costly kerosene for " domestic " 
Duki- coal ields and their use in 
generation;'

Production of smokeless coal 

power 

bri-

and commercial use. Two independent feasi
bility studies are being undertaken at theinstance of PMDC and PUNJMIN by Soframin of 

"' .....quettes, mainly 'for domestic and small France and' a consulting Australian firm 

industrial uses; . '...respectively, while USAID is conducting a . 
To accelerate the work on general marketing study. of coal briquettes as 

' assessment of coal resources and to plan domestic fuel substitute. 
out a longexploitation; 

Tostudy the feasibility of gasifica-
The private 

predominant role 

sector already 'plays a 

in coal "development in . 
tion of coal: Pakistan and is expected to continue to do (5 

-Consideration 'to be given for the 
establishment of a National Coal Authority<' 

which 'will be a body having a focal point 
for management and coordination of policies . 

so in the future. About.80% of Pksa' 
coal is mined by private firms and an equal 
share is consumed in small' i'ndep'endently

owned brick kilns'. Transportation is 4 

relating to explotation, prospecting and argely through private truckers and' trans

,' 
d..development of coal resources and its 

',for, generation of electticity and to 
use 

sub-
port companies. ' There is thus a 
scope for private sector expansion in 

clear 
areas 

p.4. &iitute'otherenergy reotiurce. . such as power generation andcoal conver
1 
" ' . .' 

sion. 
hat 

The Government of Pakistan foresees 
effective expansion of domestic coal 

"4 """production can occur through investments 
and management by private sector, both 
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domestic and international. There is con

siderable scope for private investment in
 

large scale coal mining ventures in which
 

advanced technology, machinery and mana

gerial skill will be needed. Use of coal
 

as domestic fuel substitute in the form of
 

smokeless and sweet briquettes has great
 

promotional'opportunity. Substitution of
 
coal in the cement and sugar industries,
 

and other industrial boilers have consider

able potential. Above all, great scope
 

lies in the use of coal in power genera

tion, both by large and small power gen

erating units.
 

As has been earlier stated, the Gov

ernment of Pakistan foresees that effective
 

expansion of coal production and its utili

zation can occur through the efforts and
 

active cooperation of the private sector.
 

To provide an opportunity for deliberating
 

upon this potential and its realization,
 

the Government of Pakistan, with active
 

assistance of USAID, decided to hold the
 

First Pakistan National Coal Conference at
 

Karachi, inaugurated today by bringing
 

together repre:3entatives of multinational
 

organizations, international financing in

stitutions with local entrepreneurs and
 

financiers and Senior Government officials
 

to suggest ways and means of encouraging
 

investment, both foreign and local, ii the
 

development and utiLization of the coal
 

resources of Pakist in. 
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ABSTRACT
 
Conditions of perfect market do not 


exist to allow a fair competition to coal 

against other energy 
sources in Pakistan. 


On the institutional side also indigenous 

coal is disadvantageously positioned com-

pared with oil, 
gas and hydel power. 


Estimation of future demand of coal 

requires perception of future changes on 

national level in 
the energy demand manage-


ment policies, political and fiscal factors 

effecting the imported energy sources 
and 

interests of international lending institu-

tions. Indigenous coal presently being the 

least preferred energy source in 
the coun-

try, requires extensive governmental sup-

port in its introduction in cement, power 

generation and other energy intense 
indus-

tries. 


In case policy decisions are taken in 

favor of local coal, a demand as high as 22 

million tonne (10 
MTOF) or about 18% share 

in energy aupply is expected by the year 

2000. This shall 
be hard to meet unless 

extensive reorganization and large scale 

investments are made ir:coal sector, 


INTRODUCTION 


Economies of developing countries 
are 

plagued with multifarious constraints of
 
indigenous origin such as 
high population 

growth, weak technology base, slow capital 


formation a.id many others which the people
 
and their governments can and should 
re

solve through sustained and sharply focused
 
efforts, change in social outlook and belt
 
tightening. 
 There are, however, other
 

problem areas of developing nations which
 
are 
there and persist because of hegemony
 
of industrialized countries, exerted
 

through lending agencies, fixation of trade
 
quotas, tariff imposition, restraints on
 
technology transfer and such other restric

tions. Energy is 
an area where the pro
grammes of the developing nations get in
fluenced substantially by the political and
 
economic expediencies of industrialized
 

countries. In such circumstances projec
tions of 
energy demand and of contribution
 
of coal in the energy supplies are fraught
 
with many uncertainties which get further
 
compounded in Pakistan as 
the local. coals
 
never 
got adequate opportunity to establish
 
itself as industrial fuels. 
 The economic
 
burden of oil price hike of 1973 and 1979
 
was overcome to some extent through in
creased consumption of natural 
gas as in
dustrial fuel, proportionate increase in
 
domestic oil prices, but 
these short term
 

solutions are 
yet to be supplanted with
 
long term measures for self reliance 
in the
 

field of energy.
 

ENERGY RESOURCES
 

?akistan's principal commercially
 

*The views expressed are 
those of the author and do not necessarily represent the views of
 
the Government.
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exploitable ener-y resources consist of 

hydro-power and natur-l gas, followed by 

oil and coal. En addition, Pakistan has 

. substantial nor-conventional enerpy 
resource base, consistin' mainlv of fuel 

wood, agricultural and animal waste,. To 
date most of the country's ener resou-
rces are undf-rutilized nd he-nce the 
prospects for increasin- th-ir supply 
arc corsidered good. 

Out of estimated 0,000 MW hydro-

powter potential, only 9.79( (2897 MW) has 
beend~vlopds far Naura fasant 


sustained growth between 1972/73
1982/83 while other indicators of
 
economic performance showed steady
 
improvements. 9urinp this period
 
real GNP per capita averaged growth
 
of 3.6% per annum. Average real GDP 
,'rowth during 1972/73 to 1976/77 was 
4.4% per annum and onward it has 
sustained above 65. This growth rate 
was interrupted in 198/84 and
 
declined to !.5% mainly due to major
shortfall. in cotton crop and result

antfae en cotton ased
 
adverse effect on cotton basedbeen developed so far. Natural g;as,inutesDrng14/5DPrw 

of commeracrountin!' for 14% (1984/85) 

cial enery supply has sufficient reser

yes for about 44 years at the present 

rate cif consumlption (991 MMCFD) and the 

prospects for inc reasinv reserves appear 
Food. Proven oil re-erves .re modest at 

about 140 million U.S. barrels although 
intensive effort, nd investments are 
being made in the public and private 
sectorn to find new oil fields. These 
exploration efforts have re-ulted in 
some new oil fitld discoveries and the 

domestic production of crude oil has 

increased to an avera;e of 2 6,100bar-els 
per day in Io84/85 compared to 9,770 
barrels per day in 1979/80. Known coal 
reserves of all catet'ories amount tol,18C 

million tonnes,of whi:i, proven reserves 
a,-e 102 million tonnes. There is a large 
potential to ircrease the coal resource 
position as more exPlor-tory data is 
available. With the present coal product-
ion of hardly 3 million tonnes pr year, 
the veserve/producion ratio in respect 
of coal is much hither compared to oil 


and gas. The coal beinr ieolo ically of 
recent age is Fenerally hi.,,h in both ash 
and sulphur with poor cokin: properties, 


ECONOMIC REVIEW AND OUTLOOK 

Despite the rising,burden of oil 

imports; Pakistan experience' rapid and 


by 8.4% but growth could not be 
translated into higher exports 

despite 12.31 depreciation of Rupee 
against strong US dollar nor it 
resulted into any substantial
 

increase in public revenues.
 

An ana';ss of the g*rowt.h rotes 
of diffrent c mporrntr of GP
 

indicate- thn, hither growth rates 
in the manuiacturing sector -re
 
respo:sible for mrintairiin- a hither 
GDP ,rowth despite the fact thrt this
 
sector in absolute terms has a
 

smaller b~sc than that of agriculture. 
The only jump in arriculture sector 

came during 1965/66 - lq69/70 (3rd 
Plan) when it relristered a Frowth 
rate of 6.29% com|.red to 8.10yfor 
manufacturing during the same period. 
During 1977/78 - 1981/82 (5th Plan)
 
a,'riculture 'rowth rate was '.97N 
compared to 10.5 for manufacturing. 
In 1984/85, mining and quarrying
 

sector (inclusive of' oil and gas)
 
have r'ristered high i-rowth rater 

of 14.8% but its "o'itributory effect 
in overall GDP growth is insivnifi
cant due to very small base. This 

clearly indicates that to maintain 
acceptable GDP growth rate, increasing
reliance shall have to be placed on
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the growth of manufacturing sector. 


ENERGY DEMAND AND SUPPLY REVIEW 


IEDC of Switzerland prepared a long 
term energy plan for Pakistan under 

different economic scenarios. One of 

these, termed as Nominal Development 

Scenario is based on approximately the 


san.e ratio between contribftions to 
growth rates of a:,riculture and of 
manufacturing sectors as of Sixth Plan 
while rnaintaininF overall GDP :'rowth 
at ibolre 6%. Under such a s'enario which 
also assumes adoption of conservation 

measures, IE[YOhas estimated primary 
ene:-gy demand (commercial fuels only) of 

35.28 MTOE in 1992/93 risln,, to 43.09 

MTOE and 55.42 MTOE in 1997/9R and 

2002/03 respectively. 


IEDC's projection- for Nominal 

Development Srenar~o (NDG) are based on 

ex*.engion of rhysic-l tar,,t; of the 
6th plan and indicate an .1i-;ticity of 
about unity 'nd durin the 7th plan of 
0.92. This coefficient durine the 5th 
plan period was 1 .5. On the basis of 
provisionpl data of GDP and if energy 
supplies for the first ' years of 6th 
plan, this coefficient. appears to have 
improved to about unity which appar-' ly 
is incorrect as no lar-e scale efforts 
or lepislative measures for ener y 

conservat'on ware apilied durinr that 
period. It has therefore to be i-pt in 

mind tnat the demand projections for NDS 

require extensive conservation mepsures. 


Actual domestic supplies of primary 

commercial energy in MTOE during 


1984/85 and IEDC's projections for 
1987/88 (las" year of 6th plan) are as 

in the facinp column: 


Domestic Actual IEDC Projection
 

1984/85 1987/88 

Oil 0.63 1.36
 

Gas(Incl. 7.18 10.57
feed stk)
 

Coal 1.00 2.41
 
Hydel(Incl. 2.91 3.65
 

losses)
 

Nuclear 0.08 0.14
 

IEDC estimates that domestic
 
enery supplies shall be able to
 
meet 721/ of the demand of NDS in
 
1987/88 which may be increased to 
about slf sufficiency by 1997/98
 
Cepending among others on tfhe level 
of investments and the success 
ratio
 
in exploration of fossil fuels. Level
 
of investments to 9chieve various
 
levels of domestic energy production
 

have be-n estimnted. To achieve near
 
to self sufficiency by 1997/98 for
 
NDS demand, the following levels of
 
irvestments are indicated:
 

Fuel Production Investment
Level Level in
192/93 1997/98 VII VIII 

('4TOE) Plans 

(.j9Rs) 
Oil .9 4.9 1F.7 26.0 
Gas 13.6 18.2 01.1 12.5 
Coal 5.3 8.1 8.9 8.6 

The above levol of investments,
 
althouih of indicative nature, clearly
 
bring out that the investment/growth
 
rate oeffjcient is lowest (1.3) in
 
case of coal,compired to 4.07 for
 

gas and 3.3 for oil, despite the fact
 
that coal has a very small starting
 
base.
 

SHARE OF COAL IN ENFRGY DEMAND 
In October 1973 when OPEC pushed
 

up oil prices to an un-precendented
 
level, coal although relegated to a
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decondary position was the only cho4ce coal.
 

to meet the challenge. Coal however did
 

not have to establish anew like nuclear 


energy, it had a prestigious industrial 


revolution to its credit. Most of The 


developed, countries having abundant coal 


resources had significant coal mining 


activity and coal based industry which 


was geared up Lo alleviate the strain 


caused by hike in oil prices. Coal figured 


prominently in tie post -1975 plans of 


all energy importing countries such as 


"Project Independence" of the USA and 

Britain's "Plan for Coal". This surge in 

coal activity also served as a catalytic 


effect for switch over to coal of many 


industries in developed countries having 


demand of low grade energy. 


In Pakistan the issue of oil price 


hike however had a subdued effect on 


industry as well as the planners. This 


was primarily due to sense of complacency 


falsely derived from ias reserves of Sui 


and Dhodak and perhaps this oil price hike 


was considered as a temporary phase. An-


other factor adding to the situation of 


delayed awareness and reaction was the 


absence of any major coal based industry 


in Pakistan. The period spanning from 


1952, the year of 3ui field discovery, to 


late seventies witnessed an aggres-ive 


policy of gas marketing. This resulted in 


change over to gas whatever little coal-


based industry was existing in Pakistan,
 

leaving brick kilns as the only major 


users of coal. Appraisal of gas reserves
 

and consideration that use of natural 

gas as a fuel was a poor value-addition 

has lately effected the Fas marketing 

policy. So naturally come back of coal in 

Pakistan wps delayed and required a 

gestation period for plannine coal based 

industries, development of coal mines for 

large supplies, creation of a fiscal 

regime to build an efficient coal market 

and above all to clear prejudices against 

The Sixth Plan tpkinT full couni.

zance of the role that coal has 'o
 

play in meetinp the national enerry
 

requirrments, enjoins a prominent
 

position to coal as an energy resource
 

rather than treated a- a mineral, as
 

in earlier Plans. During Sixth Plan
 

period coal is expected to replace
 

prevalant use of hirh grade fuels for
 

low ,rade eneriy production, save
 

afforestation by supplying coal brique

ttes to rural areas and secure a rood 

foothold in electricity 'eneration.
 

These are routine conventional uses
 

of co-l and would not require any 

specialized technr.ia,-y.
 

Despite the roll back or. oil 

prics witaesred r~cortly, domestic 
coal has a very ntrn), c-ne to ret 
maximum posiblc Fhn-e in erer~y 
supplies on the :rounds of lower 

investment/i-rowth rate coefficient 

and of much larger employment 

potential it provid'- in comparison 

with oil or ras. Theqe advantages can 

not be overlooked in the context of 

Pakistan ecor ' and popul-tion 

explosion and .,iould over-.,ii,.h the 

resistance of the industrial conrum'

r , camoflaugrd under expresnion of 

environmental and -juality constrairit . 

Power Generation
 

Major poter.ti-l demard for indi

,,enous coal in in power "eneration.
 

IEDC's projections for '1,ctric po-er
 

require i'-talld ratrd capacities of 

13,600, 20,100 and 28,600 '4W by the 

end of 7th, 0th and 9th Plan periods 

renpectively. Such larce power ,ener

ation c-rp-itie- cannot be met by 
hydel alone -hich apart from longer
 

construction periods ard high capital
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jt,has 
ide fluctuations in availability. 

IEDC 
in the conceptual generation plan 

has proposed commisniorini 
of C units of 
total ',510 MW betwee-n 1988 and 1999
based on indirenous coal. 

Power r'eneration by coal is contri-

butin, in a big 
way in many countries 

having centrrlly pl rnd or free 
or mixed 
conomics. In -omr countrien (Greece,


Turkey and Yu'osl;via) 
even inferior 
qu'ility linites are bein used for power

eneration. Statistics (1980) of power 


generation from coal of 
some of the 

countries are !iv-n here: ur:der: 

Country Total Inst- Total Power 
]led C-pacity(Coal Based 
Capacity) 

Generated(GWH) 
(Power Gener-

MW ated fromCoal _Uq 

China 
 65,869 
 300,400
 
(34,602) 
 (64)
Greece 
 6,250 
 23,100 

(2,800) 
 (48)


India 33,007 
 110,900 


(16,620) 
 H50)
Morocco 19,396 5,250 

Turkey 5,119 24,900 
( 1,500) 
 (24)


Yugoslavia 14,043 59,100
(4,500)va 
 (44)4

(4,500) 
 (44) 


Under West Germany law, all new 

boiler installations and boiler replace-

ments -nd expansions when they are used 

fur steam raising, or electricity penerat-

ion, must be desirned for coal-firing. 
In 

addition, EEC coal (preferably West Ger-

man coal)must be used for firing for

15 years, and a minimum coal consumptien 

must be gon-inteed. 
In the USA, Utili-

ties probably will never a,ain build oil 

fired boilers for raising steam. As a 

matter of price, availability, and public 

policy, utilities have seen the writing 

on 
the wall. These sirnals were iiven add-

,.d subst nce in 1978 with passsage of' the 

Power Plant and Industrial Fuel Use
 
Act, which essentially prohibits oil
 
use in new penerating units.
 

Comparative cost illustration of
 
po.,(r reneration with different fuels
(Annexure-I) as presented by the
 
Electric Power Development Company of
 
Japan to the Symposium on coal for
 
Electricity Generation (1982) amply

brings out that for a 300 MW base
 
load generation, bus-bar cost/KWH is
 
much lower with coal 
as fuel than with
 
oil, fras 
or gas turbines. This fact
 
is further substantiated by a study
 

done by Fichtner Consulting Engineers

Otuttpart, W. Germany for KESC's power 

plant extension of 300 MW. Comparison
of poer eneratin , costs with oil 

fired and coal fired plants estimated
in this Study is at Ann( xure-II. 

The reneration cost with i
genous coal even after providing for

rnvironmerital control costs due to 
its high sulphur and aah contents
shall still be less thanthe oil based
 

peneration. Indicative environmental
 
control cost- given in Annexurc-IlI
 
clearly brine 
out this point. In case
 
of WAPDA however, due to 
subsidized
fuel prices, the options exercised inselectini fuels for power generation 
are distorted and arr 
 *orkini' agrainst
 
selection of high thermal efficiency
 
rower reneration route, improvement 
in 0 & M to conserve heat los-es and
 
above all apainst use of indirenous coal.
 

Subsequent to 
1973 hike in oil
 
prices, a number of -ountries carried
 
out conversion of oil fired power stat
ion boalders to coal or dual fuel. The
 
experience of Kiwana power station on
 
Western Coast of Australia in statis
tical form is given an the next page.
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x 200 MW and riding consideration for decision in
" Units converted = 	 " 
2 x 120 MW. favour of power grneration on local 

" Original desi!,n = heavy fuel oil pro- co.,l.Such conscious decisions need 

duccd from Middle to be taken urFntly as coal based 

East Crude. power stations require a much longer 

lend time for commissioning.* 	 Conversion on = Dual firing (fuel 

oil having 2 % 

sulphur or coal of Cement 

Max. 0.5 sulphur Another area 	wher indicenous
 

or coal + fv-nace coal can compretc with other fossil 

oil for peakng), fuelsis cement manufacturing industry. 

60% for 2 x 200 MW Various projectior.s based on correl
* Derated Ca'pa- = 

city when fir- 9 00w for 2 x 120 MW ation with GDP Lrowth rate, place the 

cement demand at about 9 million tonnesinc with coal 


only. in 	1989/90 and 11 million tonnes in
 

* Annual avalabi- = 95 % 	 1999/2000. Present (1984/85) cement 

lity with coal 	 produ,-tion of &.7 million tonnes is
 

based on fuel oil which is dist-!butfiring. 

* Cost of Conver- = A E 27.2 million 	 ed on subsidi7ed rrice. 

sion for 2 x 200
 

As compared with steam Feneration,MW (A 1975) 

" Time taken for = 2 years (1976/78) cement industry cn use hifher ash
 

and iu'phur coals without requiring
conversion 

* 	 Cost of conver-= A 1 37.3 million investments in flue fas diulphuris

ation and P-h dicposal a- most of the
sion for 2 x 120 


MW (A $ 1980) 	 sulphur arid ash -ets fixed in the 

* Time taken for = 2 years (1980/82) 	 clinker it-elf. Investments in pnrti

culte control would 	pay inself any
convt:rs~on 

* Capital cost = In q months oper-	 way due to resovery of clinker also. 

recoveryJ due to ation of one unit 	 The limitations of oririnal design 

savinrs in fuel (or 4t months of in 	 coal cmnver-ior of a boler also 

cost. 2 units). 	 do not apply to the coal conversion
 
of a kiln.
 

tue f7,ct that cool basedDespite 


pow r -,enerition 13 economical under free Presently most of the cement
 

market conditions com,,,rtd with ol or production in the sountry is by wet
 

-as, it reqiir. rolicy d.cisions in its 	 or semi-qet process which would 

favour and .uvort of th, Government 	 offer no Lsurmountaole difficulties 

udOder surh other condi Lions -here fui:l in coal convcr ,',n. Till early 60's a 
.price, are no lin. , d to its heat value number of cement kilns were being 

and to the ir vcstc'22t* requLred for fired on local coal. A number of 

t i1lizati,)n -nd the-e is virtual. experienced firms ant also available 

-o: oily io.,-r ion in the UiA and Europe who have rainedover iner ard 


distr b itin. Phe pot ntial of providini, extfn~ivi experience in ruch conver

employment *,o a lari e number of ppr'-ois 	 sions subsequent ti oil price jump
 

of 197'. The econ~mi'u of coal
in co;il mining (1 Tonne ter year pro ides 


job to 2-3 per.3ons) sho!uld be qn over
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4.90 

conversion are also v,ry favourable in 

view of substantial s"vins in fuel
 
cost. In the case of dry process kilnr 

however, conversion on high sulphur coal 
is possible if a variable bye pass is
 
provided in the design. Variations in 

the blends of high sulphur coal with low 

sulphur fuels and in the percentages of 
flue bye-pass should enable a trouble 

free operation of pre-heaters. 


Households 


Another area of potential demand 


for local coal, although unconventional,
 
is as a domestic fuel in rural areas 


which presently use Kerosine oil or
 
fire wood. During 1984/85, 748,426 


metric tonnes of Kerosine oil were
 
consumed for domestic 
use. Since, it iA
 
a deficit product, 489,000 tonnes had
to be imported during this year to meet 


to bdurnFthe aforesaid consumption. In view of 

theaforesd
cons a tion t prie of 

social consideration, the price offon
Kerosine oil is heavily subsidized.
 

Procesing of local coal into smokelesd 

briquettes is feasible and can Economic
ally replace Kerosine oil. Government
 

subsidy during initial years would help 

in accelerating acceptability of brique-

ttes in households. 10094 replacement of
 
Kerosine in domestic use would 
require 

around 1.8 million tonne of coal brique-

ttes (0.8 MTOE) by 1987/88 &nd 2.1 million tonnes 
(0.9 MTOE) by 1992/93. 


Process Steam/Heat 


Another potential area for coal 

utilization is in replacement of other 

fuels being used in various dispersed 

industries mostly for raising steam. 

This potential use can however be real-

ized only il it is possible to prepare 

coal-liquid mixtures with local coils 

and boiler configurations allow firin, 

of such mixtures. 


Summary Potential Demand
 

Demand of 
l-cl conl for v-rius 
sectors can be su'mori.:d a, und, r: 

Sector 

Conversion 

and new
 

Power 


Cement 


Bricks 


Briquettes

CLM 


Total: 


" 

Demand (MTOE)
1987/88 192/9 1997/98
 

0.28 2.10 

(200 "<W)(1500MW) f3500 MW)

o.45 0.80 
 ?.00
 

(' 'TPY) (5 MTPY) (15 MTPY) 
1.3 1.5 
 1.8
 

0.3 0.8 
 0.9
 
0.1 0.2 0.4 

2.43 5.4 
 10.0
 

imprtetis ear o me.-tcementcmn 


IOP It C)AL PODU2TIm' CAP -'ITY
 

ot hp been ain the
Fotential uses of 
local coal in po'.rr,
 

n rcs et h 

ion potential of the minin, industry
 

and proicess heat, thr eypans-yas
 

for a rali-tively sonhirtjc~ted demand
-tieyshricedemd 

to be to bin k e
scrutinized. sas 


Until early e0,s, .o~l mines in
 
Baiuhistn and Pujab wf e supplying
 
to a nopolised market of bri-: kils
 

to whom oth'r alternatf fuels were
 
denied. This position lthouh ejoed
 
by the mine operators as there qas no
 

r;:-ulation on coal prices 
-s on oiland
ias butjtave 
a creat set back to 
the
 

mining industry. The concepts of hi.h
er productivity, economy of sc-le,
 
acquisition of techn~lory were of
 
little relev-nce to most of the mine
 
operators in such a situation. This
 
monoply situation wa- reversed to some
 
extrnt in 1-t 
 70's when Lakhra coal
 
field low-cos' production st-rted com
peting in brick kilns market with the
 
coal from other rrovinces. 5-6 years
 
of competition with this 
 o-i priced
 

23
 



coal were overcome mainly by slashing 

profit margins and a stare has 
now 

arrived that unless concepts of modern 

management and efficient mininp practi-

ces are applied, most of the Punjab and 

Baluchistan mines shall be uneconomic 

to 
operate with the existing arrange. 

ments. This would give an idea of the 

present insecure institutional and
 
technological base of the existing mining 


industry.
 

Reliance on the existing rining 

base for enhanced and economical coal 

production in order to meet the potential 
demand is not possible unless ex×ensive 
restructuring is undertaken. S -h a re-
structuring of the coal mines requires 

detailed guidelines to be given by 'he 

government alonrqith its regulatory 

implementation, 


In the context of Pakistan economy, 

coal has to play a major role in meeting 

energy demands -nd it shall be unwise to 

consign its planning and dcelopment to 
the market forces alone. lotwithstanding 

that coal is a provincial subject, the 

Federal Government need 
to play a direct 

role in the improvement of institutional 

and technolopical base of the coal mining 

industry. In view of the national 

considerations such an intervention by 

the Federal Government appears necessary
 
and wuld hopefully be .welcomed.
 

The position of coal reserves, rP]

though satisfactory in a general way,
 
requires to be improved through extensive
 
exploration and determination of coal 

characteristics with the end-use in virw. 

This requires financial inputs by the 

government which may be recovered throufh 

levy of development surcheree as on 

other fossil fuels. 


Sustained enhancement in coal 


production capacities require la-ge
 
inrestments for which all possible
 
resources need to be mobilized. Apart
 
from governmental credits, conducive
 
conditions have to be created to
 
induce investments throuch loans oZr
 
equity by foreign mining companies
 

and machinery supplier.
 

COPCLUSIOP
 

Despite the recent roll back on
 
oil prices, there is every justifi
cation '.o utilise lar-r resources of 
indinenous coal in power reneration, 
cemert and proces!- heat. Reservations 
of the consumers to the use of lo" 
quality iidigenous coal should be 
reversed throunh exposure to tech
nolo ies 'ith which such coals are
 
being eco'-.oic'lly utilised elsiewhere.
 
R,gulatory mearsures may also be adopt
ed as done in many other countries to
 
ensure utilizatior of local coal.
 

,
Coal minin industry in Pnkistan
 
requires an extensive restructuring
 
befor, any relia.:ce could be placed
 
on it far sust-ied lar"- sup:-rles 
at competitive priis. Fider-l 
Government in view of national
 
importance of coal in the futrre 
enermy supplies ned to play a
 
leading role in 'his matter.
 

Abbreviations used: 
TE : Million tonne oil Equivz -

lent. 
MMCFD: Million Cubic fe(,t per day. 
MTPY :4illior tonnesmrr year 
MW Mega Watt 

.IAPDA: Water & Power Develp-,-nt 
Authority. 

KESC : Karachi Electric SupplyCompany.
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COAL RESOURCES OF PAKISTAN
 

BY 

WAHEEDUDDIN AIMED
 
DIRECTOR GENERAL
 

GEOLOGICAL SJRVEY OF PAKISTAN
 

COAL - AN OVERVIEW 

The pattern of energy production and consumption natonal level could not be given the importance and 
in Pakistan has changed markedly in the past priority it deserved. The net result has been awitnessing several distinct episodes each characterised rather confused state of estimates and projections
by one fuel type dominating most others in the total about the coal reserves and their quality and 
energy budget. At the time of independence in mineability. It onlywas during the last 2 years
August, 1947, coal with an average annual consumption that the GSP has attempted to assemble, collate and 
of 300,000 tonnes (including about 50 percent impor- synthesize the exisling data on coal in the country,
ted) used to meet about 60 percent of the commercial supplement it with additional checksfield wherever 
energy demand. It powered railway engines, fueled necessary and draw up a balanced exploration strategy
cement factories, heated brick kilns and met some of for different coalfields according to a set programme.
the domestic requirements too. The discovery o' The coal deposits of Pakistan differ from most of 
natural gas at Sui in 1951 p' d Pakistan with ,, the major coalfields of the world in having been
cleaner and more convenient IL :h with its arti- formed in an environment dominated by lacustrine,
fictally low price rapidly rep' .u coal from almost estuarine to marine conditions. They are also 
all of its conventional uses except the brick kilns. relatively younger in age and have generally suffered
The development of hydroelectricity resulted in a severe tectonic deformation. These are relatively
further decline of the use of coal. bo a stage arrived poorer in grade because of the short span of putre
when coal was regarded simply as a fuel for brick faction and particular environments these were

indu.-try. And today 
 with a reported annual pro- deposited in. Consequently they fall into the poor
duction of about 1.8 million tonnes, coal barely meets grade  low rank category. Naturally, therefore,

5 perctint of the domestic 
 demand for commercial the quality factor has imposed certain limitations on 
energy. This levl of production is hardly commen- its industrial use. It is thus evident that considerable 
surate with the - .ailable reserves and the potential geological exploration and R & D efforts in coal 
uses it can be put for. utilization are nc,-essar; before an expanded but 

The utilization of coal in Pakistan has lagged behind economically compet.tive market for domestic coal can 
primarily because of the lack a clearof cut energy be ensured. 
policy for introducing its use in different spheres As a corollary to these obvious factors, the GSP 
of economic activity such as in power generation, as has lately set up special exploration cells in each
fuel in cement and sugar industries, in making province and has embarked upon a systematic explo
briquettes, blende with imported coal for steel making ration programme. This programme, being partly
and steel re-rolling etc. executed with US assistance, include training of geo-

Another impediment in coal utilization has been scientific personnel in coal geology and exploration,
the absence of reliable data about the indigenous coal establishment of specialised sedimentation, coal petro
resources. This happened largely because of the graphic, and analytical laboratories, enhancement of 
fact that, barring a few isolated examples of field drilling capability and addition of geophysical logging
investigations, the coal exploration programme aon units. Based on geological criteria the priority 

assigned to coalfield exploration is as under:
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-- 

Priority-] 

--	 Lakhra coalfield, Sind. 

--	 Sonda-Thatta coalfield, Sind. 

-- Sor Range-Degari coalfield, 
 Baluchistan. 

Priority-lI 

--	 Khost-Sharig Harnai coalfield, Baluchistan. 
Salt Range coalfied, Punjab. 

--	 Permian coal, Punjab. 

Prioity-llPriority-Ill 

MakerwalGuakhelKurd coalfield, Punjab & 

NWFP. 

-- Cherat coal occurrence, 
 NWFP. 

Ismail Ziarat coalfield, Baluchistan. 
"" Mach-Ae Gum coalfield, Baluchistan 

-" Meting-himpir coalfield, 
 Sind. 

-Bahlol-Chamalong.Bela Dhaka coalfield, 
Baluchistan. 


-- Others. 


A 	 summary of 	 the data on major coalfields of 
Pakistan is presented in Table-i & I. 

GENERAL GEOLOGY 

All the known coalfields of Pakistan are confinedto 	 the Indus Basin which is a remnant of the pro-

gressive regression of the Tethys sea. The shoreline 
of 	 this sea probably once passed through the area 

now characterized by 
 some of the discrete orographic 

features and syntaxial bends such as 
the Salt Range, 
the Sibi-Quetta syntaxis, the Kirthar Range, etc. 
The development of these features has been influenced 
greatly by the pre-orogenic Sargodha, Jacobabad and 
Hyderabad highs. As a result the stratligraphic 
aequence now exposed in these areas, though pre-
dominantly marine, also included lacustrine-estuarine, 
deltaic and lag,.eonal deposits containing plant fossils 
and carbonaceous beds at several horizons. 

The coalfields of economic importance are situated 
in the Indus Basin of Pakistan in three distinct areas,

termed here 
as 	 coal provinces. These are Hyderabad
(Sind), Quetta-Kalat (Baluchistan) 
 and Salt Range-
Makerwal (Punjab). All the other occurrences of 

coal, soar nvet tgal, d are of minor importa nce. 

Fig. I shows the oultcrop areas of coal bearing 
formations. 

Coal from All tit major coalfields in Pakistan occurs 

in 	 t:1 Early Tertia rv rocks.
 
Most of the coalfields in the country 
 havt been 

affected by 	orogenic movements of different intensities 
during different times, resulting in warping and dis
loat ion of (oal seams. 

Coal seams are gene.-rally lenticular and range in 
he thick ness from fracltt of a metre to a few mttres. 

The coal of Pakistan isIt 	 is lignitic and sub-btuminous.friable; has a relatively high content of 	 ash 

and sulphur, (Liable to 	 spontanVOus combustion) andhas an average heating value in the range of 6,000
10,000 B.T.U. per pound. It is characterized by
marked physical and chemical variations, both within 
individual beds and from one coalfield to another. 

The Quelta-Kalal coal province comprises the coal
fields of Sor Range-Daghari, Khost Sharig-Harnai, 
Kach-Pir Ismail Ziarat, Duki-Chamalarig,Nani and posibly 	 Mach-Bibiin Johan area. The coal beds are 
locallized in 	 the Middle Ghazij Formation of Middle 

Eocene age in this provin .. Fig.2 shows the probable
original extent of coal bearing beds in the Ghazij 
shale. 

The Salt Range-Makerwal coal province comprises 

the coalfields of eastern, central znd western Salt 
Range between Khusab-Dandot and Khewra. Makerwal
 
coalfield is ite Trans Indus 
 Range, Manwali. The 
'oal beds are associate,d with Patala Formation and
 
Hangu Formation of Early 
 and Late Paleocene age. 

The Sind coal province comprises the coalfields
 
of Lakhra, Thatta-Sonda 
 and Meting-Jhimpir. In
 
Sonda-Thatta 
 coal is associated with Rani Kot realm
 
rocks of Late Paleocene age. 
 In 	Meting-ihimpir area
 
coal is found in Laki 
 realm of Early Eocene age 
while in Lakhra Rani Kot coal is found.
 

Of the coalfields listed 
 above, GSP has partially 
explored and evaluated the Sor Range-Daghari andDuki in Baluchistan; eastern Salt Range in Punjab 
an khSod-atSonda-Thattaand Lakhra, in 	 Sind.iSn. 

The exploration data on the partially evaluated 
coalfields is 	given as under:
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Reserves Proved Probable Possible1. Lakhra coalfield (Sind) 
6 12 16

200 sq.kms. (in million
Extent 	 Total =34tonnes) 
Cumulative metreage drilled 5453 metres 

Number of bore-holes 38 Geology of the coalfield and coal outcrop is shown 

in Fig.7.
PossibleProbable 


Reserves 

Proved 

40 200(in million 	 60 
Total = 300 5. Salt Range coalfield (Punjab)tonnes) 

260 sq.kms.
Isopach and geologic map (1:50,000) issued. Extent 

5228 metres. 
Fig.3 shows the geology and drill hole locations 	 Cumulative drilling 

33.Number of bore holes 
in the Lakhra coalfield. 

Proved Probable Possible50Reserves 	 10 
__oalfield (Sn)(nmlir7_,_Sonda-Thatta coalfield (Sind)2. Sona-Thatta 	 Total =75(in milor 

600 sq.kms. tonnes)
 
Ex ent 


Cu ulative metreage 5056 metres.
 
24 Geologic report issued.
 

of bore holesNumber 

STRATEGYEXPLORATIONProved Probable PossibleReserves 
(in million 15 47 78 

Total =140 Coal exploration is 	 an interlinked process oftonnes) 
multiferious technical and economic activities with the 

Sonda Seam 

Fig.4 shows the geology and lncation of Sonda- basic objective either to locate a new field or to 

fincl out whether or not to exploit an identified coalJherruk coalfield. 

What must be shown through exploration is 
cross-section deposit.Fig.5 illustrates the columnar and 

that with a chosen level of confidence corresponding 
along drill hole No.18,19 & 20. 

to an acceptable level of risk, the deposit contains 

for onesufficient coal reserves of a quality needed 
3. 	Duki coalfield (B,'uchistan) 

or more particular uses. The quantity of coal should 

3300 sqes. be enough to sustain 	 a certain rate of production
Extentiv 3316 metres.Cumulative metreage 

of time and the production is 
10 for a definite period

Number of bore holes 

commensurate with the economics 
 of sale. 

of the coal resources 
Proved Probable Possible Prepared in the backdrop

Reserves 
presented in the earlier chapters, the

3 5 5 scenero(in millions 
for the systematicstrategy evolved by the GSP 

0.6 n. 
Total =13 exploration and assessments of the country's coal 

cut off) 

resources has the following goal-oriented and phased 

Geologic and structure contour maps and draft out ingredients:

report issued. 

data files on the known1. to prepare comprehensiveoutcrops are described 	 inThe geology and coal 

coalfields and occurrences according to a 
 specially 

Fig.6. 
devised compuler programmable proforma; 

2. to fill in the existing gaps in the coal data base
4. 	Sor Range-Daghari coalfield (Baluchistan) 

50 sq.kms. through additional field checks, analyses, and otherExtent 

3000 metres specific suldies to be carried out by special taskCumulative metreage 

17 force;
Number of bore holes 

of 0.6m ct.o-ff thickness.
* Reserves of 5 Sears 

Reserves 	of 12 seams of less than 0.4 m
 
thickness 35 m. tons.
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3. 	 to arrange and provide preliminary coal petro-
graphic and sedimentologic data aas supplement 
to the store of information on coal analyses and 
tests as a means of attempting to establish inter-
seam correlation and more meaningfully determining 
the quahty, rank and grade of indigenous coal: 

4. 	 to standaridise methods for the collection and 

storage of surface, mine and core samples; 
techniques of proximate, ultimate and trace element 
analyses; coal petrographic. refl'ctance and sedi-

mentological studies and physical tests, and to 
establish necessary research laboratories for this 
purpose; 


5. 	 to complement the field and labortary data with 
suitable research in the relevant aspects of sedi-

mentation and tectonics, paleontology, palynologyand stratigraphy and other specialised geoscientific 

studies as may be considered necessary; 

6. 	 to assemble and synthesize such applied geoscien-
tific data as may be necessary in investigating 

water problems of coal mine areas, and 

7. 	 to set up an efficient information service in the 
GSP for advising the Government, industry, mine 
owners and cusers in all aspects of coal geology, 

Classification of Reserves 

In defining coal reserves and resources, the 
Geological Survey of Pakistan is evolving its own 
model in keeping with the geological realities of the 
Pakistan's coalfields. The high variation in thickness 
of a coalseam splitting and pinching & swelling 

behaviour of the beds,
coal high variation in compo-

sition and lithology of the coal measurt~s, and the 
structural and physiographic complexities of the coal 

fields make reserve estimation quite a complex 

geological problem. 

The past experience in coal reserves classification 

in Pakistan has shown that the normal categorisation 
of reserves into proved, probable and possible types 
does not always fully portray the actual position 
regarding available reserves to varying workable 
depths in a coalfield. Therefore, a novel approach 
is being adopted by the GSP to furthtr qualify the 
conventionally classified reserves into Feasible-high; 

Feasible-medium and Feasible-low categories. The new 

approach, based on the geological progno;is of the 
field, will indicate the avi lability of a definite quantity 
of coal reserves in a coalfield within well defined 
parametres including but not limited to such factors 
as average thicknesz and extent of coal se'am(s), 
depth from the ground and (dip-depth of the, coal 

seam(s), volume of overburden, depthi cf water tiblh, 

needed to properly prove and dotnarcit, t coal 

reservesanalsesdper block. In this way lt, ciu;nit iyUni area 	 of coaland depth will 
 In,p 
 icly knownp nbi r oi n id le pth w ill i mc
 
enabling sound uie developincri plan ii.
 

The new classification 
 will p 1rtiiltirly If l1 

in determiring priorities of exploration hor(liffeli
 

coalfields, andfavourable in further selecting 11h4 r,ClaiIvly Moreblocks within the jailtM fieId for intensi ,s. 

xpor i nd developmet,ne st udi es. Con lt to ly,.Iwill now become easier to h[)] oflitntify ic]k.- cl'( 

reserves in all the coal pruiduicing, aeas tf lit' etunt!i
 
which can be selectively a iidh economic tily d(evul'jid
 
on high priorit', )asis for the setting 
 tip otf powcer 
generation plants of different calpa(tit s. Simila rly 

fields and areas can also he demarated for other 

coal uses in future such as in cLImtenlt and sug ar 
factories, fertilizer plants, steel re-rolling units, 
chemical industry, and bricks & brqueL'tfs making. 

Based on the above approach the fiture coatlexplo

ration strategy of the GS13 will essentially have twoimportant components. Firstly, a general Assessment
 
of all the coal basins of thi coci ntr,' will he made
 
through new 
 mapping and the upd;lt ig Of previouS
 
mapping. The mapping target i! 
 c> pined to COVer
 
an area of about 
26,000 sq. knis. i (ifftreint paris
 
of the country. Secondly, a systt naic programim
 

of drilling will also be undertakn to 
verify the results
 
postulated on the basif,of 
mapping mizd broadly deh

neate the limits of different coilfiulds. 

NATIONAL COAL EXPLORATION PL.tN 

The broad outlines and the, overall Objectives as 
discussed earlier ar being transformed into ;a well 
defined National Coal Expluiraion Programme. which 

will be implemente.d through developiicn t funding by 
the Government Pakistanof andih t echnical assis
tance to be provided by 1ISAID and other agencies. 
For this ptirpose separate PC-I Schemes will be pire
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pared for different coalfields. This programme will 
aim at evaluating Pakistan's knowni ccal resources 

after standardusing methods and procedures for 
reserve tstimaton and categorisation and to prescribe 

techniques and requirements for sampling, analysis, 

assays and other laboratory tests. Additionally -he 
programme will also take care of he proposed mapping 

requirement of 26,000 sq.knis. and exploration drilling 

under PC-I Schemes. 

An important element of the National Coal Explo-

ration Programme will be to examine all those minor 

showings atid occurrences of coal which have been 
reported from different parts of the country but 

have not been discussed in the present paper. These 
will be studied so as to draw conclusivt results about 
the economic exploitability or otherwise of the coal 
reserves contained in thL'se occurrences. Similarly 

the known coalfields will also be studied as to;bring 
uip their field and laboratory data to a comparable 

level with each other enabling to draw uniformly valid 

conclusions about their andreserves quality. 

The programme of exploration as being proposed 

herein is based on a new modelling approach in which 

the key factor is the economic exploitability of a 
measured quantity of coal under specifut conditions 

of influence with regard to dip depth or the depth 

from the surface. Accordingly, the coalfields have 

been divided into segments of Feasibility-high, Feasi-

bility-medium and Feasibility-low having depth/dip 

depths of 0-450, 450-950 and 950-1,400 meters from 

the interception point or outcrop. With drilling at 

appropriate spacing and further ground control 


reserves in each segment can be converted into 

proved, prbable aiid possible reserves as the 

geological certainty and feasibility of economic 

recovery progressively Increase. 
 This has 
necessitated suitable modifications in the USGS-USBM 

model of reserve-resource classification olten referred 

to as the McKelevey's Box. 

These changes alongwith data on Pakistanis coal 

reserve is inpresented Table-Ill. 

Concurrent with the regional coal assessment, the 

GSP will also be doing exploratory drilling in the 

already studied areas for identifying such mining 
blocks in Sind and Baluchistan which may be consider

ed for supplying coal to the proposed power plants. 

It has been estimated on the basis of the heating 

values of the Indignous coak lii about 1.5 to2.0 
million tonnt's of c(.I per anmum willi be required 

for a 300 MW power plirit in Sind ind about 250,000 

tonns i yar will solitt, to run i 0 MW plant in 
Baluchistan. To cnsurt oil sopplils to such power 
plant!., about 80 mlll ionIonnt.s of codi reserves need 
to be blo(kd out in Sind and approximaely 10 million 

Itonns in halu(chistan. Similirly an aittipt will also 

be made to dlineate such coal blocks of reserves in 

the Punjab and NWFI' also but there the blocks will 
probably tonlain lt-sser rcsi-rvis than in Sind and 

Baluchistan.
 

Tht GSP's toal txpl',illn programme will be imple

mented in steps and palia-, and is designed to ensure 
avallabilily of (oi ri'sirv,,s from Feasible-high and 

3nedlum sLgienis oil a 0-yar basis for 7 power 
plants 'ach of 50-MW capacity in lBaluchistan, 5 units 

each of 50 MW capacity in the Punjab and 8 power 
plants each of 300 MW ca'aacity in Sind. In this 

conntctlion projectijris hae been made for tieing up 

25 and 54 million tonntes reserve potential through 

25,500 and 87,660 metres drilling in Feasible-high
 

and medium segments in Baluchistan; 25 and 35 million
 

tonnes reserve potential through 22,500 and 32.500
 

meters drilling in the Feasible-high and medium seg

ments in the Punjab; and 600 and 146 ni lion reserve
 

potential through 
 128,000 and 56,500 metres drilling 

in these two segments in Sind. Table-IV gives the 

cost analysis and requirements for proving coal in 
Baluchistan, Sind & Punjab. 

Details of drilling requirements in different coal
fields and their segments under the National Coal 

Exploration Programme are given in Table-Ill. 

The economic, technological and environmental 

aspects of coal utilization are not discussed here as 
they are not within the purview of the GSP's sphere 
of activities. Therefore, the geological favourability 

of coal utilization as discussed in this report should 

be treated as a function of geological reserves and 

not as a part of any techno-economic feasibility. 

This important aspect need to be evaluated separately 

by other specialists and researchers. 

29 



L G. f- t-, 

W' F 

t~.cl 

i.: of cu.,l 1.,jinAS114V 

Na-C~ of cc -! 

Fault. 

F 100 1 : 

(3 0 

I- nl -O.-.-- -U--. -.-si-/ 

.. ' 

- -' 

~y 

" 

U 

//. 

N 

-

. 

Ffl."O . I 

/''t 

T-jw 

.. .. 

E~ t'4! 

. ) 

0 .-. 1 

-- FaultI - V N'-,'-.I.A 

28 

A L UUG 
St 

0\ 

S T 
. *, . 

. 

/ / . 

,-

T 

~ 

. 

S 

: -"" Oo # " /,,"

/ - " --. " 

OF A." 1" 1 AN: 



0 
HINDUBAGH 

JArea of known coa, aeposit 

Q TProbable orignal extent of 

coal bearing bed 

Figure 2-Probable original extent of coal-bearing beds In the 
Ghazlj shale, central l~akistan 

33
 



260 

4 

I-_'
680 

_-. K ,,,../,f ..,,,,;., 


"
 
i 4 * ".j. ... 

A640 , ,J . . \ , 

V -- ... '*-'. _
 

..... :.........
_,> ...
 
5- opKuo."" 
"-" l~ 


- -&5i6 3.. ~~'I~~ 

A. .I 

,o , t ,. --- ,.,._..n.
•~ ' , 


K(P....... 

Jo K .. 

-" *i- .'/ A5.. .....9!.-3 .I...S, D 
h. J0K-1 

36' 
.11.: (I2 

000 ji./ MIJ. 322 - II0 £ 'Jll 7 

LEEN 

HYDERABA
 

LAKHRA COAL FIL* SO Bore" lolci ProposelFIG RE B DRILL HOLE LOCAION MAP OF5.-GE LOG 




S H E E NO 4 0 C/ 4 0 / 	 I0 , 

11
 
, 


as 	 ,, . H.0 

H-|
•CH

2 5o,
 

00 	 EGEN 

[ S.rficil Deposts 
Unconformity• '/ ! 


Limestone
OHO" S {Laki• 

M.4" Metin! Shlw,
 

Meting Limestone 
/}/ 


Unconformity
;40 	 Mmberon h,,,i
-S-	 '-5, 0 	 ' f [ [] 

X" 	 Unconformity 
, 


[ Lakhra Form ton 
• [ 


Bar& Formationi. 	 E 


Driedo les:€
i / \' o 

Bore ole Proposed/h
2
OH'- [/ 


I,
A - ,III]']{A] UC K COAL:V, FF ig .4- G ( I'0 ,((; Y , ] ) I ,, I II I( (.\ 	 I A P l 0O.,SO N D) 

33' 



LEGEND 

Z MEIING tIMESTONE 

SONHARI MEMBER 

I LAKHRA FOPMATION 

Z BARA FORMAI ION 

"oPof 
Cool Se*. 

DH-18 Thickn's$ 
of Coal 

] P1 Top of 
Coal Sam 

DH-19 Thickness 
O Coal 

Top ot 
Coal Seam 

DH-20 I hiCkne s 
of Coal 

613' 0' 

741 
° 

O0" 

790' 0" 

10-0" 

P"2 
° 
" 

6' 2-

4.5 Miles 

432'-0""' 

S4809-

605'-0 
. , 

-" 

1. 
° 

" 
2"-6' 

miles _ _2.5 

211'- 1-10' 

618"-4- - V-0
389'-1 V 2.-0. 

409'-0" 3"-0"" 
432"-3" 4"-6"" 
456' 7" a -0* 

848'-6" 3"-0

856-9" 2-6"" 

West 1170- 2::IIO's" 24'_- 2"6* 623 East 

400'40 

00.~@ 400: 

,goo*400' 
c - 1'100D 

0 1 2 3 Miles 

Scale 

FIGURE 5.--COLUMNAR a CROSS SECTION ALONG DRILL HOLES No. 18;19 E20(Meting Jherruk area) 



-- 

1)1V KII 

- e-  . , 
 - . .--.
 

IGUR- 6:--GE.LO"Y B A O- SYNCLE. 

._X .<.:g - .a) .. - " . _"- " ' . .. ..-: " ".L 

- .< 2JK . ..
-. - .- t. ....-- ."..., , 2
w x
• ",,%**, " -- -, - '[ -Lo  , - ,..-.< .--
 .. .. _. --.
 

fa -a 
;y
 \
-.< -' r'. : J W .# ":--" " - "" -"l 

- _, I 1 -; -: ::-": " .' ".'. .c--< 
' .t-_._ 
 - !. -: " > '- .'.
 

1  " "~ "-1--%.. 
 ." "
 

-• 
' / , /.V: ' ( ' "" '" 
+." j' -" ' 
\\+_ j - " X " " " • - "
 . ..., '. -) +. 
- .-r. . . :,. . ..._. .. ..-: .- ,. • " 


N-..+ 
 -


FIGURE 6GEOLOGY a COA• OUCRP IN THE DUK SYCL..... .. ."E 



a....) . .,.. : ; 
, 

A. .. ~ . . 

. -'i:': 

• _ 

" 

... . 

" 

-o. 

" 

., ~~ ~ ~ .',, 

-%V " , *.;. 

' "°" : :""" :" 
; ' 

4 

., ,' :. .- ..;;.';. 

. %.. 

':" 

. - ' 

. 

" . 

. . 

• 

.,',. j., ,.' -,-

. 

' '"','I, 

' 

't"." 

. 

.., , 

.. ,., 

' 

j i . 

,.,'... 

' 

,-, - .. . . : .. .,.,,,. 

., _- -. <,.; ,:.-, ..... .. '. ; ,. 
., ' :p~v,,. ". "'' A N ,' 

~~~~~. ' ,+-•,,1 .,, : . ,. 

'.. ' . , ,J::. , = '. 
:.., "; ,, . .'" ,, ,," 

", 

- .. 

-

- , ...... fl'---"A . r ,. .. . 

, 

.-.._ 

,,. _ ". 

• " - .;- . 

., .. 

'.;. 

". . / 

; :..., -''." ,. 

-- ,,.,.,, 

- . 

:.. .. 

- .. /, 

' 

... 

. . . ' . . ,,,, ,. 

4.-' * ,* ' 

" *  :. 

. , , , . . 

,: 

"- . 

.. 

. .. ,ry- * . ... 

.--- .. 
",." 

. 

:.. ., 

" 

,,," 

. . . _ 

-

I~lguro 7.- Generizelld Geologlcall Mai.at the S<r ftnnge -Daghori Coltlinld and Adilicent Airoma~Palkistan 



.
.
.
 

.
 

.
.
.
.
.
.
.


 

4
j 

i t 
0 

r I 
0O

 
( 1

 
i 

I n 
.

:r o 
-

. i4n
, 

.
, 

H1
1,4.-

-4 
m

 
,4f 

~4. 

rI 

' 
0 

1.-
4 

co 
m

4 
V

n 

r-

.-N
~ L

i
-1-1c;
2 -+-E 

H
Ill 

00 

-r 
-I 

0l 
0,I 

In 

C
N

 

I 

C
O

 

0 

~ 
) 

U
 

*iI'-

~ 
0 

I 
-4000 

0 
0C

)C
 

0 

0 

0 

0 

-400 0
 

0 C
 

-
I 

4J *
l) 

In 
I(' 

(4
 

0
 

0
 

0
 

u
InC

, 
1 

<-

0( 

.4 

0 

IN
4 

0 

4IN
 

0 
00)0 

k 

.l 
" 

o
0 

( 

T
J 

In 

U
 

'T
i 

' 
U

C
J 

~ 
0 (0 

'u
4 

4 rv 

.'-~
 

~ 

43 

F
t 

3
3

 
*. 

-

( 
q4 

E
-4 

-

00 
0) 

E
-I~ 

US
 ~ ?

~
j 

~ 
l 

.4 
1 

I) 
LI 

.1 



NATIONAL COAL EXPLORATION PLAN
 

Table rn/1 COAL RESERVES 
IN 

HICH. MEDICH S LOW FEASIBLE AREAS 

Name of Coal Fields 

1 

Coal Field 
Area 

Sq. Km. 

2 

Average 
thickness 

of seam 
in metres 

3 

Deoth 
of 

workable 
seam 

4 

Reserves in 
million tonnes 

Feasible Hligh 
(0-450] s)* 

5 

Reserves in 
million tonnes 

Feasible Medium 
(450 to 950 m)* 

6 

Reserves in 
Million tonnes 

Feasible Low 
(950 to 1200 m)* 

7 

No. of Bore holes 
and total meterage 

Cost in 
Million 

Rupees 

9 

Cost of proving, 
one ton of coal 

in rupees 

10 

B LUCHISTAN 

1. Sor Range-Daghari 50 1.25 m 1000 m 
8 mT (Dlus 
8 MT extracted) 
in 8 sq.km, 

12.55 MT(plus 
5 MT extracted) 

in 8.4 sq.km. 

14.4 MT in 
7.0 sq. km. 

[0 BH, 2800 m in Col.5 Rs. 7.0 M 
@Rs.2500/m 

24bH.17000m in Col.6 Rs.51.OM 

Rs. 1.14 

20
BH,24000m in Col.7 

@Rs.3000/m 
Rs.108.OM 

Rs. 4.08 

2. Khost-Sharig--Harnai 100 0,75 m 700 m 
5.63 MT(Plus 
2MT extracted) 
in 6 sa.km. 

10.3 MT in 
7 sq. km. 

6MT (plus 25BH,6250m in Col.5 
3 MT extracted) 
in 6 sq. km. 23BH,21800m in Coi.6 

@Rs.4500/m 
Rs.15.63M 
@Rs.2500/m 
Rs.65.4M 

Rs.14.4 
Rs. 2.77 

Rs.6.35 

2OB,] 
@Rs.3000/m

7:m1"..7 RS.139.5M F.s2 ?S 

m 3. Harnai Syncline(North) 47 0.75 nI 700 m 4.65MT(plus 9.0 MT in 8.5MT in 23BH,
4
830m in Coi.5 Rs.12.07M Rs.2.60 

4.65MT extracted) 6 so. 
in 6 sq. km. 

km. 6 sq.km. 
20BH,1400Cm in Ccl.6 

'Rs.2500/m 
Rs.42.0M Rs.4.67 

19BH,2945m in Col.7 CFs.3000/mRs.132.52M Rs.15.60 
CRs.4500/m. 

4 Khost-Shario(South 

flank) 

16 0.75 i . 700 m 3.65MT(Plus 4.7MT in 
26MT extrac.ted)5 sq.km. 
in 5 sq.km. 

4.7MT in 

9 sq.km. 

15BH,3150m in Col.5 

15BH. 10500m in Coi.E 

Fs.
7 
.87M 

@Ps.2500/m 
Rs.31.5M 

Rs.4.77 

Rs.6.70 

2OBH.24400ri in Col.7 
@Rs.3OOO/m 
Rs.109.8M Rs.23.50 

@Rs.4500/n 
5. Sharig (Lakhi flank) 37 0.75 m + 700 m 8.75MT in 31m,6500om In Col.r Rs2.25, Rs.3.00 

9.7 sq.km. @Rs. !
3 
00im 

Dip depth 



Table M 

-2

1 	 3 4 5 
 7 	 9 10 

6. Abe-Gum(Pir Ismail Ziarat) 18 0.75m 
 + 	500 m 2.BMT(Plus 6.3MT in 14BH,4340m in Col.5 Rs.10.85M Rs.3.9 
2.8MT extracted) 5 sq.km. @Rs.

2
500/m
 

in 4.4 sq.km. 14BH,13300m in Col.6 Rs.39.9M Rs.6.3
 
@Rs.3000/m
 

7
7. Mach 	 60 0. 5m 000m 1.9MT(plus 2.4 MT in 12BH,4200m in Col. 5 Rs.10.5M Rs.5.5
 

1.9MT extracted) 2 sq. km. @Rs.2500/m
 
in 3.3 sq.km. 6BH,4560m in Col.6 Rs.13.68M Rs.5.7
 

@Rs.3000/m
 

8. Abe-Gum 	(South) 20 0.75m 
 5.8 MT in 15BH,8100m in Col.7 Rs.36.45M Rs.6.3
 
4.5 sq.km. 	 @Rs.4500/m
 

Total cost 	of exploration in Baluchistan 
 RS.63.93 to Rs.263.06 Rs.526.27 million
 
prove 24.63 million to to prove 39.4 
million tonnes prove 54 million tonnes 
= Rs.2.59 million tonnes = Rs.13.35 

SIND 
 = Rs.4.87 (uneconomical)

FEASIBLE HIGH* FEASIBLE MEDIUM* FEASIBLE LOW*
 

S,.nrda-.jherru.-k "101. 0. 7:!; t107-213 .) (213 -305 - 400 m)
I 	 24'!mT in !i-MT (305 H 5Q :: ..: .....15r .7 O :.".

- £.. - -. 1500/m.
 
(Proved 14 m.T (Proved 1 m Tonnes) 217BH,56500m in Col.6 Rs.85.OM Rs.0.56
 

@Rs.1500/m
 

-2. Lakhra 	 650 1.Om 
 47MT proved in 40 sq.kmn. 50BH,8000m in Col.5 Rs.12.OM Rs.0.25
 
(Additionil 177 MT 
 @Rs.1500/m

reserves) 
 400BH for conversion Rs.96.OOM Rs. 0.25
 
in 314 sq. , 
 to proved reserves to @Rs.1500/m
 

425MT,64000m in Coi.5
 

Total Cost 	of exploration in Sind Rs.99.Gm to plove Rs.85million
 
288MT = Rs.0.34 or to prove 146 
Rs.195m to prove million tonnes 
660 or 600 million = Rs.0.58 
tonnes = Rs.0.32 

PUNJAB 

I.Central Salt Range
 
plus
 

Eastern Salt Range 400 0.6 600 m ?5. m.T 
 35 =. - 50 BH x 450 in Rs.45.00 millions PS. i.60 
22500 m. in col. 5 @ Rs. 2000/ m 

65 BH x 500 m - Rs. 81.25 millions Rs. 2.32
 
32500 m in col. 6 @ Rs. 2500/ m
 

2. Permian Coal Thang
 
Plains
 

a) Seismic Survey 
 Rs. 15 million
 
b) 10 Boreholes of
 

1000 m depth. 
 10 BH x 1000 m = Rs. 30 millions 

10,00cm in 	 ,)1.6 @ Rs. 3000/ m. 

Vertica1 Depth finm s5o td '..*.uSt horizonla-. 

http:Rs.45.00
http:Rs.99.Gm
http:Rs.12.OM
http:Rs.85.OM
http:Rs.13.35
http:Rs.526.27
http:Rs.263.06
http:RS.63.93
http:Rs.10.5M
http:Rs.39.9M


Table 
NATIONAL COAL 

3Z COST ANALYSIS AND 

EXPLORATION PLAN 
REQUIREMENTS FOR PROVING COAL IN BALUCHISTAN, SIND & PUNJAB 

FEASIBLEHIGH 

AREA 

1. Reserves (Million Tonnes) 

2. Value of Coal 

. fo, of Bore Holes 

4. Total Meterage 

5. Total cost 

6. Cost/ Ton 

24.63 million Tonnes 

Rs. 14.778 mi!8irn 

8 Rs. 600/- Ton 

99 B. H. 

25570 metres 

@ Rs. 2500/ m 
Rs. 63.92 million 

Rs. 2.59 

SIND 
600 million Tonnes 

I50,000 Millio-. 

; Rs. 300/- Ton 

800 B. H, 

128,000 Metres 

@ Rs. 1500/ m 
Rs. 192 million 

R3. 0.32 

PUNJAB 
25 million Tonnes. 

RL. C750 

Q Rs. 350/ Ton 

50 B. H. 

22500 metres 

@ Rs. 2500/ m 
Rs. 45 million 

Rs. 1.80 

FEASIBLE 

MEDIUM 

AREA 

1. Reserves (Million Tonnes) 

2, Value of coal 

3. No. of B6re Holes 

4. Total Meterage 

TO~~~~~ ~ La.C. 

6. Cost/Ton 

54 Million Tonnes 

Rs. 32,400 million 

@ Rs. 600 / ton133 B. H. 

87660 metres 

@ Rs. 3000/m 
-s. M1 1 .1s -6il l : 

Rs. 4.87 

146 million Tonnes 

Rs. 43,800 million 

@ Rs. 300/ ton 
217 B.H. 

56,500 metres 

@ Rs. 1500/ -
R , . 85 mi ] ]j n 

Rs. 0.58 

35 million Tonnes 

Rs. 12,250 million 

@ Rs. 350/ ton 
65 B. H. 

32500 metres 

?nRn. 2-00A., 
F s . ;31.2 - ; 1 1 . 

Rs. 2.32 
Rs 2 3 
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It is clear that coal and coal 

imports will be an important part of a 


diversified energy supply strategy for 


Pakistan in the future. 
 Applications 

will be primarily in the generation of 

electricity, which is in critical 


short supply, but also in industrial 

applications, either in the brick and 

cement industries, or as a fuel in 

large boilers as Pakistan's industrial 

base expands. 


The purpose of this paper is to 


review briefly the major forces 


influencing the future markets for 

world steam coal trade. I first 


provide an historical overview of the 


world coal trade. Next this trade is 


discussed (1) from the perspective of 

the major consuming countries, and (2) 

from the view of the major coal 


exporting countries. Given this 


background, I then review the 


implications for potential steam coal 


imports into Pakistan and the likely 


delivered prices for these imports, 


The intent of this discussion is to 


provide a basis for individuals to 


assess the reasonableness of future
 

imported steam coal prices and how 

this source of supply co:mnpares with 


domestic supplies in Pakistan. 

Importantly, these prices are a key 

elemient for comparing the relative 

economics of the Lakhra power plant 

compared to a power plant near Karachi 


designed to burn imported bituminous 


coal. 


INTRODUCTION 

In order to better understand the
 

potential role of major world coal
 

exporting countries in meeting likely
 

future import requirements for steam 

coal in Pakistan, it is useful to
 

review the history and the overall 

supply and demand for world coal. 
 In
 

providing such a review, it is useful 

to divide the world coal markets into 

two separate groups of consumers and
 

suppliers -- those dealing with coals
 

and those using coal for steam
 

purposes. Each has its own histozy 

and factors influencing the levels of
 

demand and the major participants in
 

each market. Florpurposes of the 

following review, it is also useful 
to
 

divide the discussion into two periods
 

of time, the pre-1970's and the post
 

1970's. The major events serving as
 

the points of distinction between
 

these two periods being the
 

pre-enminence of OPEC during the 

1970's and the significant increases
 

in the world price for imported crude
 

oil in 1973-74 and again in 

1979-1980. These events greatly, and 

perhaps irrevocably, changed the
 

relative role of coal in bot!h the 

metallurgical and steam coal markets,
 

especially in the world coal trade. 

It is this latter market that is of
 

particular interest to Pakistan and
 

their interest in possibly importing
 

steam coal for electric power
 

generation.
 

HISTORICAL OVERVIEW 

Prior to the early 1970's, the
 

overseas world trade in coal 
was
 

dominated by metallurgical coal.
 

While "local" export markets for steam 

coal developed in Europe and in North 

America, these were primarily an
 

extension of domestic markets which 

happened to cross geo-political
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boundaries. Poland's exports to other 

European countries and the U.S. 


exports to Canada are primary examples 


of this situation. During this period 

the U.S. and later Western Canada and 


Australia developed substantial 

markets in the export of various 


grades of metallurgical coals, 


principally to the steel industries in 


Europe, Japan, and more recently Korea 

and Taiwan. 

In the post-1980 period, the world 

trade in metallurgical coals declined 

and then entered a period of sluggish 

to stagnant growth. Several factors 

contributed to these trends which are 

likely to continue for some time into 


the future. The series of oil 


price-shocks which quadrupled thle 


price of imported crude oil brought 


severe world-wide economic recession 


and a restructuring of th- industrial 


activities in the major coal consuming 


countries of the world. Technological 


changes, rationalization of existing 


steel-making capacity, substitution of 


new, energy-efficient products for 


steel, and the re-industrialization of 


the major steel producing counl-ies 


(e.g., the U.S., Europe, and Japan) 


all will serve to reduce substantially 


the world-wide demand for steel and 


metallurgical coal. 


However, the world trade in steam 


coal has experienced a very different 


set of circumstances. Following the 


doubling of world oil prices in 


1973-74 and again in 1979-80, the 


relative economics for burning coal 

for steam purposes in lieu of oil and 

natural gas changed dramatically. 

Beginning in 1974 and continuing to 


the present, substantial efforts have 

been made by major energy-consuming 

countries to replace oil and gas with 

coal. This was particularly true in 


the cement and lime industry, the 

steel industry (supplemental firing in 

blast furnaces), and for utility
 

powerplants that at one time had been
 

designed to burn oal. These economic 

and relatively easy conversions
 

greatly increased the demand for steam
 

coal during the latter part of the 

1970's and into the 1980's. FurLhar,
 

the first oil shock (accentuated by 

the second) changed the underlying 

economics for large, new fossil fuel 

fired boilers in favor of coal.
 

The result has been a significant
 

increase in absolute and percentage 

terms in the amount of steam coal 

traded in the international, overseas
 

markets. In particular, the emergence 

of South Africa as a major exporting
 

country was directly tied to the
 

increasing attractiveness of coal as a
 

substitute for oil and gas for 
steam
 

purposes. Moreover, the continuing
 

development of Australia and Western
 

Canada has been maintained primarily
 

as a result of the incrtased interest 

in steam coal exports from these
 

countries, which heretofore had
 

e:'ported almost exclusively
 

metallurgical coals. New entrants
 

into the world coal trade such as
 

Colombia have been drawn into the 

trade because of the expectations of
 

an ever-expanding demand for staam
 

coal.
 

Therefore, the markets, trading
 

relationships, and contracting
 

mechanisms for participating in the
 

world steam coal trade are relatively
 

new and at present strongly influenced 

by those that existed in the
 

metallurgical trade. These, however, 

are changing and forming around the
 

special needs and requirements of the 

large utility consumers in the steam 

coal market. It is expected that this 

market will place a high premium on
 

reliability and secur ty of supply and 
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will tend to negotiate long-term, 


cost-based contracts which 
 will 


protect both the supplier and the 


consumer from unexpected swings in the 

market price and in the demand for its 

product. 

In addition, it is important to 


recognize that the current 
 conditions 

in the international coal markets do 

not represent the expected long-term 

relationship of supply and demand. In 

response to the anticipated increases 

in both steam and metallurgical coal 

requirements, numerous efforts were 

undertaken to expand the available 


mining capacity serving the export 

markets. Expansions in South Africa, 


Western Canada, and Australia are the 

most notable followed by the 


significant emergence of Colombia as a 

major coal exporting country. 


Contributing to the current oversupply 

situation was tie unexpected rapid 


return of Poland to 
the export markets 


at levels equal to or greater than 


those prior to laborthe unrest in 

Poland of 1980 and 1981. 
 As a result, 


the current world coal markets have 

experienced intense cuopetition and 


price pressures due to the large 

amount of supply available compared to 


the depressed levels of demand now
 
evident in 
Europe and the Pacific 


Rim. Whil,. this situation is expected 
to continue through the latter part of 

the 1980's and into the first part of 

the 1990's, it cannot and will not 

continue for long. The implications 

of this assured improvement in the 

future coal supply and demand balance 
on future steam coal exports and 

pricing is discussed later in this 
paper. 


DDND 
FOR STEAM COAL IMPORTS 


As recent history attests, 

forecasting future demand for 
coal 


imports, whether for metallurgical or 

steam coal purposes, is a difficult 

and uncertain process. This is 

because those factors likely to have -t
 

positive influence on the demnand for 

steam coal, such as world crude oil 

prices, also tend to have a 

counterbalancing effect on economic 

activity reducing the overall demand 

for energy. Also, as the World's 

major enetgy-consuming countries have 

adjusted to recent trends in energy 

prices (both increasing and more
 

recently declining world oil and gas 

prices), 
it has been difficult for
 

analysts to separate short-teria 

perturbations and trends from
 

longer-term readjustments in the world 

energy markets. More often than not
 

the result has been a significant
 

overestimation of the likely demand
 

for imported steam coals. An 

illustration of this ctn be 
seen in
 

Table 1 in which two separate
 

forecasts by the Energy Information
 

Agency (EIA) of the U.S. Department of 

Energy are compared. The mid-demand
 

estimate for 
1995 world coal imports
 

in 1982 is 140 million tonnes higher
 

than the more recent estimate made in
 

1985.
 

Table I 

Comparison of EIA SteamCoalImport Demand Forecasts:
December1982 versus May 1985
(mllhon$ of metric tons) 

R's- I H L I

,%tern Europ,
1.,082 123 1s 0 10 200 .0 
1,03TnTAL 00 31 101 30 10 31 

1.o,,190 3Sr 11) 
0000 319 10f0 13i 20 0 

DI1FEA.TrS i:0'.iF "23.ACA1TSifC I!n0 10 

In spite of these difficulties and
 

uncertainties, it is useful to 
forecast 
future world coal demands and 

import requirements. In so doing, one 

gains (I) a better appreciation of 
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those factors influencing future 

demands and their relative importance, 

and (2) a better perspective regarding 

future movements in coal prices. This 

is discussed in greater detail later 


in this paper. 

Table 2 below provides a concensus 

of the latest forecasts of the 

potential import coal demands for both 

steam and metallurgical coal by major 

consuming regions. The estimates for 

metallurgical coal are provided for 

perspective to show the limited growth 

- through the forecast period compared 

to the forecasts for steam coal import 

requirements. Etch of the major 

consuming regions are reviewed briefly 

below. 


Table 2 

Import Demandfor Coal 
(millions of metric tons) 

Steam Coal 
Hisotorical 

P.Miart 973 1950 1963 1981. 1955 199 1 

PacificRim 2,0 12.9 29.3 34.6 42"45 5-63 75-95
 

WesternEurope 17.8 67.5 62.2 72.1 77-82 95o110115l-40
 
I J 

Others 7.9 32.8 39.2 i2..2 .3-..8 .5 50.60 

Total 27.7113.2 130.7 148.9162-173200-2252'.5-90
 

14 Others includes Eastern Canada,South Americe.andEastato 
Europe. 

, Only Includes Canada, 

Metallurgical Coal 

Pacific Rim 56.0 67.8 70,0 80,2 74-81 81-90 90-100 

Veatern Europe 23.5 1.79 37.3 44.3 40-45 1.49 48-S2 

Oth.rs 7.0212A221 31.1 3033 35 M9.1.0 

Totai 86.5 137,8 135.3 1535.8 14.-I9 159-173173-192 

t Others Cn.reflects 
'•Otersincludes Eastern Eanado, South 1.eFrlra and Eastern
 

Eurrcp 

SOnlyIncludes Canada, 

Steam coal import demand rose at , 

an average annual rate of over 20% 

between 1973 and 1980.- Higher oil 

prices after 1973 encouraged both 

utility and industrial users to 

substitute coal for expensive oil 

iprsin large boilers and process 

' imports4 lm.r44 

applications when conversions are 

relatively easy such as in the cement 

and brick kilns and blast furnace 

operations. After the second oil 

price increase in 1979-1980, world
 

import demand increased a further 15% 

over the three-year period ending in 

1983. This increase occurred despite 

the recession in Western Europe which 

caused'an 8% decline in European steam 

coal import demand during these 

years. With the recovery in the world 

economy, steam coal import demand has 

increased steadily, rising 14% in 1984 

and an expected 13% in 1985. '' 

Over the next ten years, Import 

demand is expected to rise 

significantly, growing at an annual
 

average rate-of about 5% between 1985 

and 1995. Increased steam coal use by 

the electric utility and industrial 

sectors in Western Europe and in the 

Pacific Rim countries are expected to 

account for most of the rise in total 
import demand for steam coal. At the 

same time, indigenous coal production
 
in many of the major importing nations
 

is likely to decline, although 

slowly. Hence, most of the
 
incremental steam coal demand in these
 

countries will be met by imports. 

Western Europe 

In Western Europe, steam coal 

imports are expected to increase at an 

annual rate of about 5.0 percent 

between 1985 and 1995. This increase
 

some slight displacement of
 

expensive subsidized domestic coal 

production with imports and new demand 

spurred by growth in economic 

activity. Italy is likely to have the 

largest increase in imported steam 

coal, with levels rising from the 10.8 

million tonnes imported in 1984 to 

about 25 million tonnes in 1995. 

Denmark, another country with limited 

energy reserves and a national policy 



L /

: I : -. . . .,. '1 

d,,-igned to reduce its reliance on million m.t. by 1990. Other important 
oil, should also boost steam coal actors in the Pacific Rim include Hong
import demand. By 1995 coal Imports Kong with major coal-fired power plant 
are expected to climb to around 15 additions to satisfy a steady growth 
million tonnes from their current in electricity demand, the 
level of about 11 million. France, Philippines, and to a limited extent
 
meetlng most of 
its futuri electricity India.
 

needs with nuclear power, is likely to 
 Other Countries
 
reduce coal imports, despite falling 
 As developing countries in South
 
domestic production. This reduction 
 America, Asia, and Africa begin to
 
could reduce France's steam coal 
 expand their economic activities, 
imports by about 50% (5 million 
 moving increasingly into manufacturing
 
tonnes) by 1995. 
 and in some cases traditional
 

The United Kingdom and West 
 smoke-stack industries, steam coal
 
Germany are not expected to be major 
 imports will prove to be an
 
contributors to the increased demand 
 economically attractive source of 
for coal imports as 
they have large energy. Mediterranean countries such 
domestic coal industry interests to as Israel, Turkey and possibly Egypt 
protect. 
The U.K. has fluctuated 
 are also expanding their use of coal
 
between being a net importer and 
 Imports for electric power generation
 
export of coal depending upon the 
 and in industrial applications.
 

condition of its domestic coal
 
industry and economic activity. West 
 WORLD SUPPLY OF STEAM COAL
 
Germany has continued to import coals 
 The major steam coal suppliers to
 
but has limited the degree to which 
 the international markets are shown in
 
coal imports can capture existing 
 Table 3 on the following page with
 
markets from domestic producers, estimates of their recent levels of
 

Pacific Rim Countries 
 exports. These countries are shown in
 
Although overall import levels are 
 their likely relative importance to
 

lower than those in Western Europe, 
 Pakistan. Perhaps more important to 
the growth rates of Pacific Rim steam 
 the current state of the world coal
 
coal demand will be higher. Steam 
 trade markets than current export 
coal imports are expected to rise from 
 levels, is the productive capacity 
29.3 million m.t. in 1983 to 75-95 each country has available to satisfy

million m.t. by 1995. 
 Japan, the increased demands for exports. As
 
leading coal importer in Asia, is 
 noted earlier, in response to the
 
forecast to increase steam coal 
 unanticipated increases steam'in coal 
imports from 17 million m.t. in 1984 demand during the late 1970's and 
to 25 million m.t. by 1990. South 
 early 19801s, many'countries embarked
 
Korea, which must import all of its 
 upon major expansion programs in new
 
steam coal needs, is expected to 
 mines and the supporting
 

increase imports from about 6 million infrastructure. Australia and Western. 
m.t. in 1984 to 
about 10 million m.t. 
 Canada were the most active among the
 
by 1990. Similarly, Taiwan's steam, 
. established coal supply countries, 
coal imports are also expected to rise while Colombia was the most
 
substantially, increasing from 
over 5 significant newcomer.
 
million m.t. 
in 1983 to near 10
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Tabl*3 


Exports from Major Coal Exporting Countries in 1984 
(inmillions of tonnes) 

Site_S 4-t ItLrsi- I Total 

ou.triho 
5ooth Afric. 
Colo.,b~o 

Wet.rn Can
.S 

Chin 
Poand 
Clothr-

d. 

2 
12 
I 

IS 
22 
4 
33 
.21 

5 
5 
o 

52 
3 

10 
1? 

7 
37 

74 
1 

4 
421 

Total 49 116 30S 

- hors PrinarLiw i 1rc,1 thn Lt~ind lin~gdom, 

6-t 4Oi Oti, ild 16 

It is estimated that among all the 

suppliers listed in Trable 3 somewhere 

between 50 to 100 million tonnes of 

excess productive capacity currently 

is available, exceeding the current 


levels of import demand discussed 


previously. This excess capacity can 

be utilized to satisfy any increased 


demand for coal imports without any 

appreciable change in the current 

market price levels and is a major 


reason for depressed prices and 


intense supplier competition existing 

in the current world coal markets, 


How and when this excess capacity will 

decline is a major consideration in 


estimating near-term and spot market 


prices for coal exports. 


The following discussion 

summarizes the trends affecting export 

capacity, export levels, and mining, 

transportation, and shipping costs for 


each of the major supply countries of 


interest to Pakistan. 


Australia 


Australia is capable of producing 


low-cost steam coal for world markets, 


particularly to for the Pacific Rim 


countries given its favorable location 

relative to these countries. However, 

the historical contantious bickering 

between the traditional coal industry, 


federal and state governments, 

Australia's fragmented labor unions, 

Japanese coal importers, and 

international energy companies 


attempting to appropriate any
 

available profits from the strong 

competitive market position of 

Australia has tended to raise delivery 

costs and disrupt production. 

Production Costs 

Australia has around 110 billion 

tons of recoverable reserves.
 

Australian coal is generally low in
 

sulfur content (1% sulfur or less) and
 

has a high Btu value comparable to
 

bituminous coals in the Eastern part 

of the U.S. Lower grade
 

sub-bituminous and lignite coals exist
 

but are produced primarily for 

domestic electricity generation. 

Australian export mines have thick
 

seams and excellent geologic
 

conditions that permit relatively
 

low-cost extraction. The mining
 

industry is sophisticated,
 

technologically advanced, and is 

continuing to improve. At the present
 

time, about 55 percent of the reserves 

are surface-mined. The shift from 

underground to open-cut mines, which 

began in the late 1960s, is expected 

to continue into the future. It is 

anticipated that by 1990 approximately 

75% of Australian coal will be 

surface-mined. 

In the past, Australia steam coal
 

has primarily come from New South
 

Wales, where production has increased
 

at existing mines and some soft
 

metallurgical coals have been marketed 

as steam coal exports. Queensland's
 

status as a major coal producer has
 

been based almost completely on 

metallurgical coal. The current 

development of steam coal reserves 

from sone of the more remote regions 

in Queensland should rapidly alter
 

these patterns. Queensland 's steam 

coal producers need extremely large 

tonnage contracts to offs,.t the high 

initial investment costs involved in
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surface mining. However, the simpler 

geology of Queensland's reserves 

results in higher average productivity 

-- output per man shift is 50% higher 

in Queensland than in New South Wales 

-- and lower unit production costs, 

Australian labor costs are 
relatively high by international 


standards. Labor unions are 


fragmented and strongly competitive. 


Approximately 30 unions 
.re involved 


with the mining, transporting, and 

loading of coals destined for tie 

export market. Any one of these 


unions can break this export chain, 


and thereby delay export shipments. 


This tactic is especially effective in 


Australia where limited stockpiling 

facilities and high demurrage costs 

can substantially increase the 


delivered costs, 


Recent disputes affecting 


Australia's export coal 
 trade largely 

have involved personnel in industries 


servicing the coal industry, such as 

railway, utility, and maritime 


workers. However, there is same 

evidence that labor relations in 


Australia's coal industry have 

improved in the past few years. Plans 

to reduce the number of unions 

associated with coal exports have been 

discussed. Union leaders are also 

urging members to seek reconciliation 


before taking specific strike 

actions. Labor disruptions are likely 

to pose less of a problem problem in 

the near future than history would-

indicate. However, this outlook could 


alter quickly if coal prices rise and 


unions were to attempt to expand their 


share of the potential profits, 

Industry Structure 

Unlike South Africa where 

investment decisions are concentrated 

in the hands of the government and a 

few large mining companies, 


Australia's ownership patterns 
are 

more diffuse. A high proportion of 

Australian coal is produced Eor 

specific end-users. Australian mnines 

tend to supply coal eLther for export 

or for domestic markets, but not for 

both. 

The Coveri.-nt plays a large role
 

in the Australian coal mining
 

industry, both at the state and 

federal levels. 
 The state governments
 

exercise control over exploration, 

production, and distribution through 

the leasing if resources and toe
 

opening of new mines. The federal 

government has responsibility for 

setting national energy policy, 

including the power to control 

expc s, foreign investment, and tax 

rates. The primary objectives of the
 

state and federal governments are to 

ensure adequate supplies of cheap, 

high-quality coal for domestic 

consumption and to pronote the stable 

development of coal production in 

relation to 
export market capacity.
 

Australian mining companies, who
 

traditionally handled metallurgical
 

coal but are currently producing steam 

coal for exports, tend to secure 

long-teria contracts before expanding 

capacity. The publicly-owned 

Electricity Commission also conducts 

extensive coal mining operations to
 

supply power stations and has tried to 

establish joint ventures to produce 

steam coal for exports. 

Foreign interests also control a 

significant portion of Australia's
 

export production. Large
 

international energy and mining
 

companies have become involved in the 

Australian coal industry during the 

last decade. Treating coal as an
 

international energy commodity, these
 

companies tend to respond more quickly 

to market incentives, concentrating
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largely on spot market sales, 


Japanese utilities and other 

industrial users often have equity 

participation in the capital-intensive 

surface mines in Queensland. Japanese 

involvement provides Australia with 

scarce risk capital and ensures 

Japanese coal users reliable access to 

reasonably priced coal supplies, 

Transport Costs 

Major coal reserves and current 


mining operations are located 

relatively close to the ports, 


generally within 250 miles. Over the 

past several years there has been a 

significant increase in the rail rates 


charged to export coals; consequently, 


on a cost-per-ton-mile basis the rates 


are much higher than those in the 

U.S., Canada, or South Africa. While 

a large part of the rail system has 


been developed specifically for coal, 


same 
 small parts of the system are 


outdated and inefficient. However, 


because mining companies are required 


to finance or help finance rail 

improvements and expansions, needed 


rail expansions will most likely keep 


pace with coal export expansions. 


Australia has seven major ports 

capable of handling a total of over 


100 million m.t. of coal per year and 


accommodating vessels up to 120,000 


DVT. Australian ports have little 


Stockpiling capacity, and demurrage 

charges can significantly affect the 

cost of coal. Because Australia's 

coal reserves have very favorable 

geological characteristics and are 

located close tc the ports, both 


mining and transportation costs for 


exported coals are relatively low. 


Given this situation, the Australian 


government has instituted policies to 


ensure that its coal exports garner 

the most favorable contract terms in 

both quantity and price. As such, 


wherever market conditions permit,
 

Australia has sought to price its 

coals above its marginal mining costs 

and to price it as high as the market 

will bear. In many cases, the "excess
 

profits" (economic rents in 

economist's terms) are captured by the 

Australian government through high 

rail charges, port fees, export tax 

levies and royalty payments, and are 

used for development of the
 

infrastructure for continued growth of 

coal exports.
 

Exports 

In fiscal year 1985 (7/1/84 to 

6/30/85), Australia's total coal
 

exports were 82.5 million m.t., up 24%
 

over fiscal 1984. Steam coal exports
 

were 29.4 million m.t. or 36% of the
 

total. However, at these high export 

levels, many companies are operating
 

at extremely narrow profit margins, 

and little investment in export 

capacity is planned in the near future. 

When world steam coal markets are 

depressed, as is the case in the 

current markets, Australia's exports
 

are demand-limited. Although
 

Australia's real underlying marginal
 

ccsts of steam coal production are
 

below current market prices, inflated
 

wage and transportation rates -- as
 

well as export tax levies and royalty
 

payments -- all raise actual
 

production costs. Hence, current low
 

steam coal prices do not always cover
 

thes- inflated costs, often leaving
 

the producer with minimum returns on 

his invested capital. 

Over the next 
few years, Australia
 

will be the swing supplier for
 

international steam coal markets, and
 

as such, spot market prices and new 

contracts will reflecL Australia's
 

incremental production costs. 

Incremental increases in wurld import 

demand will be met by increasis in
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Austrlian exports. Ifigiler cost 

producers, such as the U.S. .md 


Canada,, can still Iretain 
market share 

a .1 reslt -if prey jIlous contracts and 

the will ingessof ipor ter; to ply a 
premium in order t AI:l.'rsify thenl 

supplies, blt in 'j.. face of 

sign ificnrot _1X ; c pi-ity, the 

pressure to fy s.rsirupil,[rs will 

)e. 0n10al . 

Au! tr AIIa. expoit c ipi.'Ity is dills 

likely to exceed actual export levels 

in the Ihort-tern. By- o!uito, 

current AuP trl0 11n Steamo:l I oxpo:t 

cujpacity I; lotermint-1 by ininginj and 

Ii frastructlrit co[n 1ty isIs high 

as 75 ,iillion m.t., or 2.5 times 

greater than 1 )85 fiscal year export 

levels. however, labor disruptions 


,and expann meto ,I i coal 


exports have the puettlI 
 to reduce 

ictudl coal export ca|pacity 


substanitil ly,. 


As mentioned previously, 


me all irgical coal exports 
 can 

s igs ifc lntly affect Aastraliln steam 

coal export capacity, since reserves 

of both typo's tend ti be found in the 

same area useal1 the !;lame trolsport 

f, cilitiies;. Curmerittly, metillu? gical 

markets are depr:;3ed and likely to
 
reta ill tJhat way. Mt il lurgi cm I coal 


demand counes primarily frin steel 


producers. 
 As c-i makers and other 
iniduis tr iai steel userf; subs ti tute away 

from st.el Ltowards Liinter and cheaper 

mterials, steel deliand growth will1
 
slow. 
 New technology Il steel 

production also Irsuies 

ietaLoLurqical coal thaln previously, 

further redumcing metallurgical coal 
d inand. Hence, the slow growth in 

metallurgical coal demand, o thie 

order of 1-2% per year through 1995, 

could free resources to promote steam 

coal export grot-h. M-ta Ilurgi ca1 

coal exports are thus expected to 

remain relatively constant over the 
forecast horizon, shrinking as a share 

of Australia's total coal exports. 

Australia 's labor/management 

problems can also influence export 

capacity, as determined by existing 

mine and infrastructure capabilities. 

Labor disruptions are particularly 

likely when actual export levels 

approach capacity, as they did in 

1980-82. As actual export levels and 

the economic rents associated with 

Austr LIian steam coal production 

expand, tile fight over the 

distribution of these rents may becone 

worse, thereby disrupting supply. If 

labor relations continue to go well, 

export capacity may be as high as 75 

million metric tons. 

The preceeding analysis suggests 

that export levels will not reach 

export capacity until markets improve 

sometime in the early 1990s. Exports 

and export capacity appear in Table 

4. A fairly wide range is reported in 

tie forecast tables, reflecting the 

ulcertainties arising due to the 

complex ownership and decision-making 

structure involved with Australia's 

,oal exports. 

Tab. 4 
Australihn Coal Exports 
(million of metric tons) 
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South Africa 

South Africa tends to be the low 

cost producer of steam coal for the 

world's two largest import markets, 

Western Europe and tile Pacific Rim. 

Tile South African government has a 
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large degree of control in determining 

export levels and in keeping its coal 


exports competitively priced, 

Production Costs 

South Africa is estimated to have 


between 70 to 120 billion metric tons 

of recoverable coal resources, most of 

which is steam coal. The higher 

estimate reflects a more recent 

refinement of earlier work supported 

by the South African government to 

classify and quantify the country's 

coal reserves. About half the coal 

reserves are lower grade 

sub-bituminous coals, which have been 


developed primarily for conversion to 


oil at the Sasol facilities, 

Nearly half of the coal reserves 

are mineable by less-expensive surface 

methiods. Most of the reserves to be 

developed by underground mining 

techniques are at depths of less than 

700 ft. with very thick seams. The 

sulfur content of these reserves 

ranges between 1% and 1.5%. 


Labor costs in South Africa are 

low r'.iative to other major coal 

suppAiers. Although wages are 

expected to rise significantly over 

the next decade -- particularly among 

black mineworkers -- productivity 

gains resulting from the increased use 

of mechanized loading in underground 

mines and the spread of open cast 

mining should keep unit production 

costs down. 


Industry Structure 


In 1984, South Africa exported 

about 32 million metric tons of steam 

coal, a 22% increase over 1983 

levels. Given South Africa's low 


costs of production and tileextensive 


role of the government in the 

important decision making processes, 

future export levels are likely to be 

determined by rail and port 

constraints, rather than the overall 

foreign import demand for steam coal. 

The South African government 

controls steam coal production and 

exports through a number of channels. 

Domestic steam coal prices are 

controlled at relatively low levels in
 

order to provide a cheap source of 

energy for the domestic generation of 

electricity. Transportation rates for 

both rail and port facilities are set 

by the South African government. 

These rates reflect actual costs and 

tend to be low by international 

standards. Further infrastructure 

investment is also at the government's 

discretion. Because of these 

policies, export quotas have been
 

enforced to ensure that enough coal is 

available to meet domestic needs at 

the artifically low prices and to 

allocate limited port and rail 

capacity among coal exporting 

companies. 

The marginal cost of South African 

coal production is below the 

international market prices in Western 

Europe and the Pacific Rim. Although 

these prices may not provide producers 

their full, expected rate of return on 

investments in current mining 

operations, most can provide some 

contribution to these fixed, sunk 

capital costs. Thus, South Africa 

will export as much coal as the 

existing infrastructure can handle. 

However, when coal markets are 

depressed and interest rates are high, 

international coal prices may not
 

ensure an adequate return on new 

infrastructure investment, thereby 

limiting increases in steam coal 

exports. Hence, Increases in export 

capacity are dependent on 

infrastructure development, which
 

largely reflects the South African 

government's assessment of future
 

steam coal prices.
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Infrastructure Capability 

South Africa currently has 3 

rail-to-port facilities 
 capable of 

handling a combined 42 million 

m.t./year of coal exports. 
 The major 


port facilities are 
located in 


Richards Bay, where recent develomnent 

has raised export levels from 22 


million m.t. a 
year to over 40 million 


m.t. This expansion has been 


expensive and is reflected in the 


large rail and 
port rate increases of 


the 	 past several years. 


Plans 
 to 	 further expand exports at 
the Richards Bay facilities have been 


delayed due 
to depressed international 


coal prices and high interest rates, 


If coal markets begin to tighten, 


expectations 
 of future price incruases 

may encourage further expansion at 


Richards 
 Bay. Current faciLities 


could be expanded to 60-65 million 


m.t./yr relatively easily. 


Existing rail capacity could 


handle 20 million metric tons 
more per 

year, with little investment beyond 

that required for additional rolling 

stock. The coal terminal at the 
port 

would need an additional loader, but 


not the heavy expense on civil 


engineering work which was 
necessary 


to expand capacity to 40 million m.t. 


Both of these projects could be 


carried out within 2-3 years of a 
dec". ion theby South African 

government. Current market conditions 

suggest that such a decision is not 

likely to madebe before the late 
9

1 80s. 


To expand the Richards Bay's 
facility beyond 65 million m.t., 
to 80 

million m.t., would require a much 


greater expenditure. The rail system 

would require some engineering work on 
the track, perhaps some upgrading of 

the 	rail line, and additional rollinq 


stock. The terminal would need a 

fifth loader and andquay, there woul.d 

probably be heavy civil engineerinj 
costs. In addition to these costs, 

the channel may need widening to 
relieve congestion, depending on 
the 

magnitude of other bulk cdrgo 

exports. Richards Bay's facilities 

are 	thus likely 
to have a capacity no
 
greater 
than 65 million m.t. over the
 

forecast period through 
1995.
 

International markets 
are not
 

likely 
to fiLm soon. Hence, it is
 

unlikely that South Africa will decide 

to start expanding the facilities at 
Richards Bay, before the late 1980s.
 

Thus, South Africa's export capacity
 

is 	 estimated to be between 60 and 65 

million metric tons/year by 
1995.
 

Additional Considerations
 

Labor disruptions within the coal
 

mining industry are not likely to
 

reduce exports significantly. 
 The 

wages of black mine workers increased
 

almost eightfold -- albeit from 

extremely low levels 
-- during the 

seventies and early eighties, creating 

a privileged group with more to lose 

from labor disruptions. Strikes in
 
the mining industry are usually ended
 

quickly and can 
result in large-scale
 

firings.
 

Large stockpiles of coal 
further
 

increase the reliability of South
 

African producers, Proposed 
 import
 

sanctions 
 on South African coal by 

Denmark, France, and Sweden are not 
likely to have much of an effect. As 

a low cost producer, South Africa can 
undercut Australian prices to the
 

Pacific Rim countries although its 
preferred market Westernis Europe 

where it has a transportation 

advantage over most other world coal 

suppliers. However, increasing 

violence and political instability in 

the 	society as a whole could
 

potentially have a large impact on the 

industry. 

51 



Forecast of South Afr!:a's 

Coal Exports 

Consisten- with the above 


discussion that South Africa will 

export coals up to che limite 

permitted by its rail and port 

facilities, exports from South Africa 

are likely to increase 50% by 1995 as 

rhown in Table 5. 

Tabl. 5 
South African Coal Exports 
(millions of inaric tons) 

Yer SteinaCoal 7me coal Total 
lqas 37.35 4-9 41-43 

1990 45-50 9the 

1995 55-0 5-6 60-66 

Colombia 


By 1990, Colombia will be a 

significant player in international 

Steam coal markets. Colombia is a 


low-cost producer and exports are 

likely to expand as rapidly as export 

capability can be built and purc:asers 

found. 


Production Costs 

Colombia's potential reserves.are 

estimated to be 22 billion metric 

tons, most of which is comprised of 


steam coal. Colombia's coal is very 

high quality with a high Btu content 


(as high as 14,400 Btu,/lb.), a sulfur 

c ntent of 0.4%, and ash contents of 

around 4-7%. It requires no 

r.'eparation other than crushing and 

sizing. The coal lies close to the 


surface, in very thick seams making it 

easy to strip mine. The mines in the 

El Cerrejon district are located 

within 100 miles of the export port 

now being developed as part of the 

Exxon/Carbocol project. Furthermore, 


the country's favorable geographical 

position may give it sane advantages 

in marketing its coal first to Western 

Europe, and then to the Pacific Rim; 

Colombia's coal port is only 400 miles 

from the Panama Canal. 

Export Capacity
 

Currently Colombia is engaged in 

extensive exploration activities and 

is seeking partners to help finance 

and develop its coal reserves. Exxon 

has joined Carbocol, the 

government-owned coal company, to 

develop the first large, 
export.-oriented mine -- the El
 

Cerrejun mine, in the northern zone of 

El Cerrejon reserves -- and 

supporting rail and port facilitieb. 

At its design capacity this project 

will produce over 17 million tons per 

year of coal by 1989, starting from 

about 2.8 million tons in 1985. Most
 

of the infrastructure development is 

ahead of sch-dule, making these 

targets achievable provided world 

market conditions warrant such an
 

expansion. Both Exxon and Carbocol 

need to begin to realize sane return 

on the sizeable investments made and 

estimated to be on the order of
 

between $3.0 and $3.5 billion. Exxon, 

in particular, is under pressure
 

because its contract with Colombia 

expires in 2008, at which time all the
 

assets revert to Carbocol. Hence, 

both companies are aggressively 

marketing this coal. A Spanish 

consortium is participating in the 

development of tie central zone of El 

Cerrejon. Colombia, Brazil and Mexico 

have agreed to form a tri-national
 

company to exploit the southern zone
 

of the El Correjon reserves. The
 

total output frn these reserves of 

about 5 million metric tons per year 

will be purchased by Mexico and Brazil. 

Given current world import demand 

forecasts, Columbia is likely to be 

able to export no more than 17 million 

52 



m.t. by 1990. However, exports could 

reach close to 30 million m.t. by 1995 

as international steam coal markets 


tighten. Export forecasts for 

":,,.*nh Iappear in Table 6. 

Table 6 


Colombian
Steam CoalExports
(millions of motric tons) 

Yho St4 ,Co Eoart 

VHS :5.3n 

Western Canada 


Canada is a relatively high-cost 


producer. canLike the U.S., Canada 

act as a swing supplier when inport 

demand is high. 

Production Costs 

Recoverable reserves are estimated 

to be between 60 and 70 billion tons, 


most of which are in Western Canada 


and are low in sulfur content (less 


than 1%). About half of Canada's 

recoverable reserves are lower-grade 


sub-bituminous and 
 lignite coals 


located in the 
 plains areas of Alberta 

and Saskatchewan. These lower-grade 

coals are being developed for domestic 

electricity generation and potential 

synthetic fuels conversion, 

Mining costs for the higher-rank 

bituminous coals in Western Canada are 


high compared to those in Australia 
and South Africa. Most of the 

Canadian reserves can be surface 

mined. However, the reserves have 

multiple seams and are steeply 

inclined, folded, and faulted, which 


makes mining expensive. Labor costs 

are high, especially in remote areas 

with harsh weather conditions. Labor 

strikes, however, tend to be 


infrequent and short-lived. 

Transport Costs 

The Canadian infrastructure is 
well developed. The railway system is
 

one of the most efficient in the world
 

and was developed in large measure for 

the export trade. Large unit trains
 

of 100 cars or more are used. 

However, in many instances Canadian 

coal exports must be transported over700 miles through some of the most 

mountainous terrain thein world. 

Also, the ability of existing Canadian 
rail lines to serve the competing 

interests of both thke future grain and 

coal markets is questionable. To 
increase exports significantly, Canada
 

will have to fLnance new facilities.
 

Canada is considering the alternative
 

of slurry pipelines and may develop a 

coal-water slurry for some of its
 

Japanese exports. Sud developments,
 

however, are not 
likely to materialize 

before the mid-1990's. 

Canada's ports are deep and
 

uncongested. 
 Several can accommodate
 

at least 100,000 DWT vessels. There
 

are plans to expand Roberts Bank, the
 

largest port in Canada, 
 to accommodate
 

250,000 DWT vessels; double its
 

storage capacity; and increase its
 

export capacity to 25 million metric 

tons per year. A new port at Ridley 

Island is planned with an initial 

capacity of 13 million metric tons per 

year and the capability to handle 

250,000 DWT vessels.
 

Exports
 

Canada's biggest constraint in 

expanding its coal exports will
 

probably be its high costs. 

Furthermore, in the long-run, mining 

costs are likely to rise faster in
 

Canada than in other producing 

countries given the difficult geologic 

conditions of many of its bituminous 

reserves.
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Canada has undertaken several new 

export-oriented projects. It has 

received significant investments from 

the Jap nese both in the form of 

equity and loan agreements. Also, it 

has recently signed several new 

long-term export contracts, including 

a metallurgical coal contract to 

supply 7.5 million metric tons per 

year to Japan for a 15-year period. 


Estimates of Canada's export capacity 

through 1995 appear in Table 7. 

Table 7 

Canadgan Coal Eoport,
(mlion of mtrc tons) 

rr41 4-tiZ :.:Im.. 1:, 
Year F.,tPor y E x -rt :41"-t y xot 

,9S 5.10 :-:.the 
'190 l0-!S .1-25 h0. 

5 . '-employed. 

United States 


The United States has the highest 

annual coal production rate in the 


world with significant excess 


productive capacity estimated to be on 
the order of 100 million tonnes. 


Exports account for only a small 

fraction of total U.S. coal 

production. The U.S. is also a 

high-cost producer of coal for export, 

given the relative high transportation 

costs to move the coal from its 

operating mines to the importing 

country's consumers. Hence, the U.S. 

will tend to serve most significantly 

as a swing supplier in international 


steam coal markets, particularly when 

import demand is high relative to the 

productive capacity of the low-cost 

suppliers. 

Production Costs 


The United States has estimated 

total recoverable coal reserves of 
about 525 billion metric tons. Coal 

quality, seam thickness, and mining
 

methods vary greatly throughout the 

U.S. 

Coal in the western part of the 

country comes from a variety of coal 

basins, althmimim for these discussions 

it is usnf il to categorize these
 

basin- into two major areas - the
 

sub-bituminous coal regions of the
 

Powder River 
Bisin and the bituminous
 

coals found in the locky Mountains. 

The coals in the Powder River Basin 

are mined by large surface operations 

and are found in very thick, shallow 

seams. Btu content ranqes from about 
6,000 to 9,500 Btu/lb with sulfur 

content ranging from 0.4 to 1.5%. In
 

Rocky Mountain area both surface
 
and underground mining methods are
 

The heat content of the 

coals ranges from 10,500 to 13,000
 

Btu/lb, with a sulfur content of 1% or
 

less. 

Coal produced in the Midwestern
 

part of the U.S. is quite different 

from the Western coals. The coal is 

both strip- and deep-mined and usually
 

has a sulfur content of 3 percent or 
more. It is interesting to note that
 

this is the only place in the world 

where coals of this consistently high 

sulfur content are produced in such 

quantities, approximately 135 miilion 

metric tons per year. Like the 

Western reserves, the coal seams are 

quite thick. Btu content is only 

moderately high for bituminous coal, 

around 11,000 Btu/lb. 

Coal deposits in Appalachia are
 

also different and contain both high 

sulfur coals (in Northern Appalachia) 

and low sulfur coals (in 

Central/Southern Appalachia). The 

coals are predominantly bituminous
 

with Btu contents in the range of 

12,000 Btu/lb. and above. Brt11 
surface and deep-mining techniques are 
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employed, although most deep-mining 

operations require coal preparation 

facilities to market an acceptable 


product. The seams are thinner than 

those in the Midwest, and mountainous 

conditions lead to smaller, more 

numerous mining operations. 


Alaska has extensive coal 


deposits, but due to its remoteness 

from major domestic consumers and 

limited surface transportation 

facilities, Alaskan coal has not been 

subjected to a rigorous analysis. 

However, after the 1973/74 oil embargo 

Alaskan reserves were given much more 

serious consideration, especially by 

potential importing countries in the 

Pacific rim. At present, sane coal 

shipments have been made to Korea and 


a contract for shipments of about 0.8 


million metric tons per year 


reportedly has been signed. There are 

currently other prospects under 

investigation to export Alaskan coal 

to other Pacific Rim countries. Most 

of the currently developed Alaskan 

reserves are sub-bituminous or 

lignite, and are very low in sulfur, 

Labor costs in the U.S. are quite 

high relative to those in other 

countries. St!xikes are fairly 


predictable. They are more conmon in 

the Eastern U.S. than they are in the 

West, where unior representation and 

activism are not as great. 

Transportation Costs 

Transportation costs from the mine 

to the port are high and reduce U.S. 

competitiveness considerably. Since 


steam coal exports have emerged as a 


potential market, railroads in the 

U.S. have taken steps to increase 

their efficiency and lower costs. By 
world standards they are still 

relatively high, on the order of $15 

per metric ton in the East and $20-25 

per metric ton in the West. 

Port facilities in the U.S. have 

been expanded dramatically since the 

congestion of 1980 and 1981. New,
 

improved facilities with ground 

storage have been added at East coast 

ports, most notably in Baltimore, 

Newport News, Philadelphia, and 

Charleston. Expansion plans at the 

Gulf Coast ports of Mobile and New 

Orleans have been completed. on the 

other hand, the expansion plans for 

the West coast ports of Long Beach/Los 

Angeles and Portland in the Pacific 

Northwest have been delayed due to the 

poor current market conditions. 

However, these plans could ba 

completed fairly expeditiously should 

market conditions improve.
 

Port dredging to accommodate
 

80,000 to 120,000 DWT vessels has also
 

been delayed. Should the export
 

markets improve significantly there is 

no guarantee that operations would be 

completed since dredging is still a 

controversial political issue.
 

Export Capacity
 

The U.S. currently has a
 

substantial amount of excess export
 

capacity available. In 1985, the U.S.
 

coal industry is likely to have on the
 

order of 100 million m.t. of excess
 

productive capacity, due to relatively 

weak domestic demand. If 

international prices rise, additional 

domestic coal production and transport 

capability could be diverted towards 

the export markets. In 1985, total 

exports are expected to be 82-90 

million m.t. -- well below the peak
 

export levels of 110-115 million m.t.
 

recorded in 1981. Substantial
 

infrastructure investment has 

subsequently reduced the 

transportation constraints which 

limited exports in 1981. Hence, total 

export capacity should be easily over 

130 million m.t. Future export 
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capacity depends on domestic supply 

and demand for coal, further port 

expansion programs, and the magnitude 

of other exports which compete for the 

same transport facilities. Given the 

metallurgical forecasts reported in 

Table 8, steam coal capacity is likely 


to be over 70 million m.t. through 


1995. 

Actual Exports 

The United States is a high-.cost 

producer of steam coal. Since the 

domestic consumption requirements are 

far greater than exports, and rail and 

port facilities have not been 


developed primarily for coal exports, 

the U.S. will tend to act as a swing 

supplier of steam coal. High 

international prices justify directing 

existing resources to coal exports, 

while low prices do not. Additional 

U.S. exports, then, will roughly be 


the difference between international 

import demand and the total supply 

available from lower cost producers. 


Export levels and capacity forecasts 

appear in Table 8. 

Tabl. 8 

U.S. Coal Exports
(mllions of metric tons) 

Totol St. 
CApoetty F..ptt lot Cool Eep,r't Ste-te Coal_Yee!_ C.pa, trY .xport .AI.cty Exports 

1985 110 S-bo 70 20-30 

1990 00 07%-,0 20-2 

1995 130 ;0,0 :0 :S-45 

Steam-oalotn r iapacit. glvpn that -tual
mtalluejicol export equal thoe for a.e.,1re j Jrda,ov. 

China 


Despite the enormous size of the 

domestic mining industry, Chinese 

steam coal exports are expected to be 

constrained by rising domestic demand 

and inadequate infrastructure 

facilities. 


Production Costs 


China has an estimated 100-200 


billion tons of recoverable reserves.-


At the present time, most of the 

reserves in China are deep mined. 

Many of the seams are deep and thick. 

The coal generally has a low sulfur 

content and a high ash content. The 

majority of the coal is bituminous; 

the rest is anthracite. Mining is
 

inefficient compared to other 

suppliers. "ges are high for China 

(though very low relative to other 

suppliers) and quipment is quite 

outdated. 

Export Capacity 

To become a major exporter, China 

needs tr modernize its coal industry. 

The Chinese government has given coal 

industry development a top priority, 

seeking foreign participation in the 

expansion of its coal industry. The 

involvement of international conpanies 

in these project3 is growing rapidly. 

At the present time, Poland is
 

participating in the design of a lrge 

coal preparation plant and is 

providing mining machinery as well as
 

safety equipment for a number of 

projects. Japan is lending China $1 

billion for projects related to the 
shipment of coal for exports. It is 

using export credit loans from Italy, 

Fol.France, Japan and Great Britain to 

finance mine expansion and 

infrastructural developments. 

Occidental Petroleum of the U.S. is 

involved with the development of two 

mines in the Shanxi province, which 
will produce 16 million tons of coal 

per year, with about half -slated for 

export. Shell Coal International and 

China have agreed to sign a contract 

for feasibility studies of China's 

Jining No. 2 mine in Shandang 

Province. Thyssen of W. Germany has 

joined in the development of a shaft 

coal mine in northern China. Other 

joint ventures are continually being 

sought. The effect of such ventures 
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on the Chinese coal industry is highly 

Uncertain. 

The biggest constraint on China's 

exports is its limited and outdated 

infrastructure. Although the rail 

system is being improved, it will be 

many years before it adequately serves 

the most desirable deposits. The 


number of ports that have coal export 

facilities is very small, only 6 out 

of an approximate total of 200. 

In 1982, China produced about 700 

metric million tons of coal, of which 

only 9 million metric tons were 

exported. Due to the enormous size of 

China's coal industry and its 

proximity to the Pacific Rim 

Countries, this country is most 

assuredly a potential force in the 

Asia and Pacific Rim market. 
Of all 


the supplying countries, China faces 

the most uncertain future, 


Chinese officials have stated they 

hope to reach an annual export level 


of 15 million metric tons by 1995 and 


20 million metric tons by 2000. 

However, many analysts feel that this 

will not be possible given the timing 

and scope of current development and 

production plans. China is already 


having problems fulfilling an existing 

contract with the Japanese. Increased 

domestic demand, inadequate 

infrastructure facilities, and lack of 

coordination will continue to 

constrain China's exports. To the 

extent this occurs, many analysts 

believe 
an export level of 7 million 


metric tons by 1990 is more likely, 


Forecasts of export capacities appear 

In Table 9. 

Table 9 

Chinese CoalExports
(millions of metric tons) 

Year St. l o ue 

198S 4 3 

1990 6-8 46 
199S b-8 4-6 

Poland 

Poland has a controlled economy 

and has no market price which can be 

used to cost its coal exports. Given 

the location and characteristics of 

its reserves, it is likely that the 

true marginal costs for its coal 

production are quite high. Hence, as
 

existing reserves become depleted,
 

Poland will struggle to maintain
 

current export levels, given the
 

financial constraints which limit mine
 

and infrastructure investment. On the 

other hand, because of Poland's need 

for hard foreign currency, it will 

likely continue to price its coal 

exports to produce the exchange 

requirements it needs. 

Production Costs 

Although Polish coal reserves are 

plentiful, mining is expensive due to 

poor seam conditions, reflecting the
 

degree to which the in-situ reserves 

have been extensively exploited. The
 

coal is low-sulfur (less than 1%) but
 

varies in Btu content.
 

The Polish coal industry is run by 

the state and is highly mechanized, an 

inheritance from World War II which 

forced Poland to rebuild its
 

industrial base with less
 

labor-intensive methods. 
 The Polish
 

government places great importance 
 on 

the coal mining industry and sees it
 

as a basis for economic recovery.
 

Export Capacity
 

In 1985, Poland is expected to
 

export 28-30 million m.t. of steam
 

coal, down from 35 million m.t. in
 

1984, due to increased domestic 

consumption during an unusually harsh 

winter. Despite the fact that new 

mines are under construction, exports 
are not likely to increase since the 

new operations will merely replace 

output from older mines which are 
nearing exhaustion. Poland has 
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already increased lignite production 

from 46 million m.t. in 1983 to an 


expected 55 million m.t. this year. 

This and future expansions in lignite 


production will enable Poland to 

continue to commit its bituminous 

reserves to the export market. 

The majority of the Polish coal 

exported to Eastern bloc countries is 


transported by rail, while the coal 

going to Western Europe is transported 


by ship or barge. Because the 


distance-, are not great, 


transport ton costs are not high 


relative to other suppliers. Poland's 


in)and transportation system needs to 


be improved so that exports can move 

more smoothly and efficiently to ports 

for shipment. There are plans to 


build new railroads which will connect 

the major new mine developments to 

Baltic ports and improve the 

interconnections with Poland's large
 

rail system. 

Poland has 5 major ports. The 

largest one, Gdansk, can accommodate 

vessels up to 100,000 DWT and has an
 

annual throughput of 10.5 metric 

million tons. Currently, there are no 

plans for expansion at this or the 

other major coal ports. 

Since the labor strikes of 1981, 
somhe buyers have become skeptical 

about Poland's ability to consistently 


live up to its contractual 

commitments. They also question 

Poland's reliability, since there is 

the perception that preference is 

given to Soviet Bloc countries, 

However, at the present time Poland is 

aggressively marketing its coal for 

export and offering competitive prices 

in order to regain its share of the 

Daropean markets which was lost in 

1980 and 1981. These actions have 

been successful in short-term sales 

where pricing tends to be the decisive 

factor, but longer term contract 

sales, where reliability becomes more 

important, have remained more elusive. 

Poland has stated that its goal is 

to maintain its level of steam coal 

exports at around 40 million m.t./year 

throughout the decade. Poland's 

uncertain financial conditions, 

however, raise doubts about Poland's
 

ability to meet this export 

objective. Considerable mining and
 

rail investment will be needed to
 

achieve that goal as the reserves 

supporting existing operations are 

exhausted. These new mine 

developments will be appreciably more
 

expensive than existing mine 

operations because of the significant 

depletion of Poland's reserves.
 

Poland is thus likely to export only 

30-32 million m.t. of steam coal by 

1995, as shown in Table 10. 

Table 10 
Polish Coal Exports 

(millions of metric tons) 

1985 28-30 7.5 3.38 

I996 1",- 9.1- 39-43 

-*l- 9.3 39.43 

WORM AN ODAL PRICING 

As noted briefly in the 

introduction, there are a number of 

elements which determine the pricing 

of steam coal, whether from domestic 

production or from coal imports. Just 

as coal is not a homogeneous product 

neither is the price for coal one 

unambiguous figure. The price will 

vary depending upon the type of coal 

being purchased, when it is purchased, 

how it is purchased, and the terms and
 

conditions of the contract specifying 

the purchase. For this discussion, it 
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is useful to view coal pricing as 

falling into three different types of 

contracts: 

o 	 Spot market purchases where 

there is a single amount 

purchased within a short 

period of time. 

o Sort-term contract purchase 

in which a specific amount is 


purchased to be delivered 


over 	 a period of one to three 

years. 


Long-term contract purchase 


in which a specified annual 

amount of coal with specific 

quality characteristics is 


purchased to be delivered 


over a period of five years 

or longer (generally on the 

order 	of 10 to 20 years). 


The type of contract purchase that 

is most relevant to coal imports into 

Pakistan for purposes of electricity 

generation is the long-term contract 

purchase. Reliability of supply, 

consistent quality, reasonable conirol 

on expected delivered coal costs, and 

established supply relationships are 

important considerations when 


purchasing coal for power generation. 

These considerations are best 


addressed under a long-term contract 

purchase which also, over the long 

run, 	 will yield the lowest possible 

average delivered price for imported 

stream coal. For example, utilities in 

the U.S. will typically buy about 80% 

of their coal requirements on 

long-term contract with the remainder 

split between short-term contract and 

spot market purchases. Those factors 

causing U.S. utilities to pursue this 

type of contracting strategy are even 

more dominant in the international 

coal trade (long transportation 

linkages, distant supplies, limited 

ability to quickly change suppliers 

and the type of coal being purchased, 

etc.). 

Therefore, the delivered coal 

price most relevant to providing an 

imported coal option to Pakistan is 

that for a long-term contract 

purchase. This would be for 

deliveries of about 1.5 to 2.0 million 

tonnes of low-sulfur, bituminous steam
 

coal supporting the baseload
 

operations for each 400 Mw power plant 

located near Karachi, Pakistan. Given
 

the time to plan, design, permit, and
 

construct such a facility, the most 

likely startup data would be around 

1993 	to 1995. Therefore, it is the
 

likely price of imported coal at this
 

point in time that is relevant, not 

the price that exists in today's 

market.
 

In general, under this type of 

contract the delivered price for coal 

will 	reflect the underlying full costs 

for mining, transporting, and shipping 

the coal to Pakistan. These costs 

would include a fair return on all of 

the invested capital in the imported 

coal 	supply network. Typically, a 

base 	price with escalation clauses for
 

capturing the changing costs for 

mining, transporting, and shipping the
 

coal 	 is specified in the long-term 

contract reement. 

Review of Historic Imported 

Coal 	Prices 

In developing an estimate for the 

future price of imported coal it is 

natural that any forecast that is 

developed will be compared with 

current and recent historic steam coal 

prices. While these prices do provide 

some perspective, they do not provide 

a good measure of the relative 

"soundness" of future price forecasts 

for long-term coal contract 

purchases. The reasons for this dre
 

discussed below.
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Table 11 below presents steam coal 

prices foe the period 1977 to 1984 for 

Australia, South Africa, and the U.S. 

In general, these prices represent 

spot market and short-term contract 

prices rather than long-term contract 

prices. Between 1979 and 1982, the 

average F.O.B. price of South African 

steam coal rose 60%, that of Anerican 

East Coast steam coal rose over 80%, 


while Australian steam coal prices 


rose by about 40%. 


Table 	 11 
Average F.O.B. SteamCoal Prices 

(US $/Ton) 

Year 
Ne Castl 
A1ustrala 

East Cuist 
2nitd tat, 

South 
Atr:: 

1977 
1978
1979 

2.-92; 
25-:
2r-32 29 

-1 
22 
2 

1980 28-30 .0 28 
1981 3T- . 3. 
19982 3--3 51 5. 
19.3 31 
1984 3-.0. 28 

Source Ico:rnariial Cod 

These price increases were the 

result of an unusual combination of
 

events. During this period, world oil 


prices doubled from about $15 to $30 


per barrel. Consequently, steam coal 

became a more economical fuel for many 

facilities. Conversions to coal from 

oil 	and gas occurred in many utility 


boilers and cement kilns where these 


conversions were economical and could 

be accomplished easily. This resulted 

in an unanticipated increase in the 

demand for imported steam coal. At 

the same time that demand increased, 

conditions changed in a number of the 

major exporting countries which 


restricted coal supply. For example, 


there were severe labor problems in 

the coal mining and transportation 

sectors of the Polish and Australian 

economies, production capacity and 

port limitations in Australia and 

other major supplying countries, and 

port constraints and controls on the 

amount of exports from South Africa. 

Therefore, much of the surge in import 

demand had to be satisfied by U.S.
 

producers and with the surge in demand 

exceeding the available traditional
 

lower cost supply alternatives were
 

unavailable, spot market and
 

short-term contract prices began to 

rise. The U.S. share of world steam
 

coal trade rose from 14.0% in 1979 to 

37.0% in 1981 (See Table 12). Since 

international prices rose, higher cost 

domestic mining and rail capacity in 

the U.S. las brought on-line to
 

produce steam coal for export.
 

Table 12 

U.S. 	 Share of World SteamCoal Exports 
(millions of metric tons) 

Year t.S Esortt . "oarae. 
9arket Shar, 

1977 2 no I 
1978 88 10.8 

1990 
19939 

20 9 
14t4.0 
:07 :4 2 

lufI ": '9 2 37 0 

:991] 29 2 : 21.1 

However, things again changed
 

dramatLcally in 1982 and 1983. Major
 

economies of the world suffered
 

recessions which reduced the overall
 

demand for steam codl. Also, the
 

labor problems in Australia and Poland 

were resolved and these countries
 

returned to their original export 

levels. In fact, Poland increased its
 

coal exports to non-Communist
 

countries from 9 million metric tons 

in 1981 to 12 million metric tons in 

1982 and to 22 million metric tons in 

1983. Note that over this sa:ne 

period, 1981 to 1983, Poland's exports 

to Communist-Bloc Countries increased 

from B million metric tons to 17 

million metric tons. Australia, 

linited to 51 million metric tons of 

exports in 1981, exported 55 filLLon 

metric torts in 19b2 and 66 million 

metric torts in 1983. 
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Steam coal prices temporarily 

firmed in late 1984, as the British 

coal strike continued and the world 

economy began to recover. However, 

once the miners' strike ended, the 

fundamental underlying demand/supply 

structure was reasserted and world 


steam coal prices began to fall (See 

Table 13). 


Table 13 

Steam Coal Spot Market Price for 1984/85d
(F.O.8. U.S. $,'To) 

1,u1 Cot Rc,d, Ii , 

5/2/84 30-33 - 29.30 

I3I/I1
!150,05l o. c 

-I 
32"3.-1. . 31-..p33 

31 , . 
Ern33, 

Current prices reflect the fact 

that the world steam coal supply 


currently exceeds world import demand 

as demonstrated earlier in this 

appendix. Current prices do not allow 

the marginal producer -- such as 

Australia in this case -- to recover 

full costs of production. A recent 

survey (CWI, 5/15/85) of Australian 

producers found that 30 out of 39 

responding companies were recording 

little or no profits. This is due in 

part to high taxes and tariffs imposed 

by the Australian government to 

capture economic rents. Nevertheless, 

Australia is limited in its ability to 

garner higher prices when supply 

greatly exceeds demand and there is 

intense canpetition among the major 

world suppliers for the limited demand, 

Again it should be recognized that 

these coal prices do not reflect those 

appropriate for long-term coal 

contracts. While some term contract 

prices are reported by various
 

organizations, these prices are closer 

to reflecting short-term contracts of 

2-5 years rather than long-term 

contracts of 10 or more years. 

Moreover, as noted previously, the 

world steam coal trade is still 

emerging and the established pricing 

and contracting practices have yet to 

be fully established. Given the
 

current oversupply and depressed spot 

market prices, few long-term contracts
 

are being negotiated and those that 

are have not been made public. 

Moreover, the curre3t condition of 

depressed steam coal prices as a 

result of world supply exceeding 

demand by a substantial amount will 

not continue forever. Based on 

current projections of world coal 

import demand and the expansion plans 

of the maJor world coal exporting 

countries, world steam coal markets
 

are likely to move into a balance 

(supply equilibrating with demand)
 

sometime during the early 1990's. At 

this point international steam coal
 

prices will firm and the spot,
 

short-term, and long-term coal
 

contract prices will reflect those
 

necessary to recover the full mining 

and transportation costs, including a 

fair return on any invested capital. 

Therefore, it is the long-run full 

coqts of mining and transportation 

that are most relevant for estimating 

the future long-term contract prices 

for imported coal into Pakistan. As
 

discussed in thle next section, the
 

major uncertainty in estimating this 

price is whether future international 

steam coal prices are likely to be 

established by the new mining and 

transportation developiments in the 

U.S. or those in the lower cost 

exporting countries of Australia and 

South Africa. 
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Long-Term Imported Coal Costs 

to Pakistan 

The major coal exporting countries 

of primary interest to Pakistan as 

potential suppliers of imported coal 

are the U.S. (both East and West Coast 

ports), Aust. -lia, and South Africa. 

Others such as Colombia, China, and 

Western Canada and possibly Indonesia 

(in the future) also have supply 

potential. However, it will be the 

cost structure of these three major 

suppliers that will most likely 

determine the market clearing prices 


for imported coal to Palistan. In the 

early 1990 period and beyond, i'-is 


the estimated long-run marginal osts 


for new mining developments and the 

full transportation and shipping costs 

of delivering coal to Pakistan from 


toese countries that offer the best 

estimates of long-term contract costs 

of imported coal. 

Table 14 (at the end of the 

document) provides an assessment of 

the long-run cost for each exporting 

country of delivering steam coal to 

Pakistan. The total costs reflected 


- thlis table are the sum of the 


long-run marginal mine-mouth 

production, domestic transportation, 


and ocean freight costs from newly 

developed mines and ports. These 

costs represent the costs associated 


with1 opening the last new mine to 

satisfy the last increment of demand 


and include a fair return on all 

invested capital required to bring 


this supply on line and to transport 


it to Pakistan. 


It is important to realize that 

these are estimated costs, not price 

forecasts. The critical distinction 

is that these coits do not include 

possible economic rents, or profits 

beyond a fair return on the capital 

LnvOsted in production or 

transportation v,.ntures. Such 

economilc rents may be captured by the 

government, as is the case in 

Australia and South Africa (in the 

form of export levies or unusually 

high transportation tariffs), or by 

the producers as a result of various 

market strategies, or conceivably by 

labor unions. 

Therefore, the actual steam coal 

market price which prevails after the 

early 1990's may be based on 

Australian or American marginal 

production costs, depending on import 

demand and the market strategies of 

the low cost suppliers. If in the
 

Longer run, the low cost suppliers
 

attempt to limit their exports and 

thereby allow the U.S. to capture a 

reasonable share of the world market, 

then world prices will be higher,
 

reflecting the marginal costs of U.S. 

production. If South Africa and 

Australia decide to maximize their 

market shares throughout the 1990s, or 

if Colombia expands its steam coal 

export capability particularly 

rapidly, then world prices are likely 

to be lower, as based on Australian or
 

perhaps Colombian production costs. 

Although it is difficult to forecast 

the market strategies of the low-cost 

producers after 1995, there may be 

strong incentives for them to limit
 

their exports and permit the U.S. to 

influence the market clearing price. 

Given South Africa's conceri, about 

its limited domestic supplies of 

energy, it seems reasonable that the 

government would be particularly
 

interested in limiting coal exports. 

Its market share would be sacrificed
 

for a higher selling price, but coal 

resources would be conserved. The 

higher export profits could be used to 

subsidize indigenous coal production 

for domestic use. As a rssult, there
 

62 



may be littic incentive for the 
government or the producers to 

increase exports to a level where 

South African coals set the 


market-clearing price in world markets, 

It is uncertain whether Australia 

could implement a market strategy that 
allows the u. S. to set the 

market-clearing price, particularly in 
Pacific Rim markets. Australia may or 

may not be able to control its level 
of exports or reduce competition among 
its own suppliers. The arguments that 
support the view that Australia could 

coordinate such a market strategy are 
provided below: 

" The Australian government 

must review and approve all 


export contracts. 
The 


purpose of this review 

process is to ensure that 

Australian producers receive 

a fair market price. The 
process does offer some 

potential control over price 


and volumes; more 


importantly, it has made 

available better information 


about existing and potential 

export contract prices, 

" Exchange of information among 

Australian producers is 


further facilitated by the 

numerous 
joint investments, 


the weak antitrutt laws, and 
the liited number of 

producers (relative to the 

U.S. industry), 


Federal and 
State governments 

can control the rate of new 

mine development through the 
leasing and permitting of new 

mines. They may choose to 

restrain the growth of the 

coal mining industry due to 
concerns that rapid 


developmenE 
 will strain the 

availability of labor, water,
 

and capital.
 

Long-term contract prices are thus 
likely to fluctuate somewhere between 

the long-run marginal costs of
 
Australian 
 and U.S. production. Given 

the cost estimates in Table 14, a 
metric ton of steam coal delivered to 
the plant gate in Pakistan is likely 
to cost between $50 and $80. The 

lower estimate reflects the minimum 
fully allocated long-term marginal
 

cost of production and transportation 

from South Africa . Because of the 

limited capacity for exports from 
South Arfica and the domestic labor 

situation that raises questions about 
long-term supply reliability, this
 

delivered cost is likley to represent 
a lower bound estimate for spot market 

purchases. Moreover, South Africa is
 
likely to direct its exports to
 

Western Europe where it has a
 
competitive 
 advantage and where it can 

realize the maximum returns to its
 
producers. Therefore, 
 coal from South 

Africa is not likely to represent the 
long run expected market clearing
 

price for imported steam coals to 

Pakistan.
 

A "best guess" forecast for the
 
price Pakistan will have pay
to for
 

imported steam coal 
 is a price that 

reflects the delivered cost of coal
 

from Australia. 
 From Table 14, in
 
1985 U.S. $/tonne, this 
price would be
 

on the order of $58 
to $64. This
 
implicitly assumes that Australia is
 
unable to coordinate 
 a market strategy 
that allows the U.S. to set 
the world
 

market-clearing price. 
 Hence, prices
 

would reflect direct competition among
 

suppliers and 
 new mine developnent
 

costs within Australia. 
 The upper 

bound is higher price estimate of 
$80/tonne is based on the costs of 

U.S. or Canadian long-run margiil 
production and transportation costs. 

This price would result if import 
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demand grew particularly rapidly and 


low-cost producers were able to 

restrict export growth over the long 

term, thereby allowing the marginal 

producers in the U.S. to set the world 

market clearing price. 

SUMMARY
 

The costs for importing steam coal
 

into Pakistan are such that they will 

compete with alternative forms of 

energy, especially for application in
 

large industrial or utility generation
 

facilities. On a price-per-million
 

Btu basis such coals are cheaper than 

imported oil (about $2.50/million Btu
 

for imported coal versus $4.00/million
 

Btu for oil at $25/bbl of crude). For
 

Lakhra coals, current market prices
 

are around $1.80/million Btu but for
 

the large mine developments required 

to support a sizable (400-700 MW) 

coal-fired powerplant, thesi cost,
 

could be on the order of $3.40/million 

Btu. So imported coal can compete 

with the Lakhra coals as well. 

When evaluating imported coal
 

options compared to those using
 

domestic coal supplies, economic costs 

on a bus bar basis for electricity 

generation is one measure for
 

consideration. Others I.n.clude desires 

for reliability and security of 

supply, exposure to foreign exchange 

requirements an(t fluctuations,
 

diversity of soLrces of electricity 

supply, and the benefits that accrue 

from domestic derelopments, 

employment, and the transfer of
 

technology. All of these are being
 

considered in the economic evaluation
 

of the Lakhra powerplant project which 

is still underway. Preliminary
 

findings indicate that both imported 

coal and the Lakhra powerplant are
 

likely to serve as generating options
 

consistent with a secure, diversified,
 

and economic utility expansion plan
 

for Pakistan. Both will provide 

Pakistan the ability to grow and 

prosper as it continues along the road 

toward a better world of tomorrow. 
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UTILIZATION OF COAL WITH LOW-HEATING VALUE 

Zeng Qinghe 


Vice-General Executive 


Jiangxi Provincial People'-- Government 

Technical. Development & Research Centre 

Nanchang 


Jiangxi Province, China. 


In our Jiangxi Province of China, the geological
 
structure of coalfield is very complicated and its 

coal resources is 
not very rich. The proved reserve 

of coal has reached an amount of 1.36xl0 9 tons, in 
which coal with low-heating value takes up O.42x109 


tons. Besides, the reserve of bone coal is estimately 

above 6x1O 9 tons. 


An the consumption of coal is growing, our 

Jiangxi Province, like all over the world, are
 
facing the problems of that the 
 rank of coal is 

becoming poorer while ash and sulphur contents are 

increasing continuously. The accumuiation of coal 

gangue for years ic amounting to 35x1O6 

tons and 
2.5x1O 6 
tons of fresh coal gangue is being discharged 

per year. In 
recent years, the annual production 

of raw coal is 18x16 6 
tons, ash content and heating 

value of one third of which is over 40% and below
 
3700 Kcal/Kg respectively. 


In the recent decade, our Jiangxi Province 

has been concentrating on the research on utilization 

of low-rank coal 
and has already gained experience. 

It is not economical to exploit coal with 

higher ash content and low-heatinp value by National
 
power. Therefore, The People's Government of Jiangxi 

Province issues a policy to 
inspire the organizations 

and enterprises in county and countryside to exploit 

the small coal mines which will not be brourht into 
national united distributjnr plan. Those shallow 

coal mineral deposits which are inpoor reserve 

and unfavourible for minitno with i-fiiJ,;r mechani :i
tion are assigned intr collectively owned rninri-ernt 
or privately owned management. 

It isi onte of focaJ poan :; in u:tr 11,vjllcs L: 
open up ;aths for compenhensive utilijyt ofus 
coal to gain a better econmic b,nefit. 0rites,i tsr 
practices, these paths may be induced into two 
aspects: 

1. To adopt the technique of fluidized-bed
 

combustion.
 

The fluidized-bed combustion is featured
 
by its strengthened combustion and intensified
 
heat transfer at low temperature. The coal of
 
low-heating value can be ignited rapidly and
 

burns stably in fluidized-bed.
 

In Jiangxi Province, there are more than
 
6,000 sets of power station boilers and industry
 
boilers, 98% of which are burned with coal
 
(about 4xlO 6 tons annually). Many of these
 
boilers have been old and consume much coal.
 
In order to save 
the energy resources, these
 

boilers should be subjected to technical
 
reformation.
 

Since 1976, we have successfully reformed 
a batch of boilers into fluidized-bed combustion 
type, and brought up many specilists and skilled 
people who can master the technology on ignition 
of coal and the method to prevent the immersion
 
tube from rubbing in fluidized-bed and enhance
 
the burning efficiency.
 

The boilers with reformed fluidized-bed,
 

used in Chemical Fertilizer Factory of Chongren
 
county, Pingxiang Municipal Winery, Nanchang 
Municipal Resin Factory, Nanchang Municipal
 
Chemical Fibre Factory and etc. 
in Jiangxi
 

Province have shown their superiority and won 
acclaim by their endusers
 

On the basis of the conclusion of technical
 
reformation for industrial boilers, Jiangxi
 
Boiler Works----
a leadinF factory among boiler
 
industry in our province, reseraches and deve
lops two series of product, i.e.,fluidized-bed
 
combustion boiler and reciprocated grate boiler. 

Prom 1976 to I9,5, this factory have produced 

15 sets of 6--35 tons/hr. fluidized -bed 

comvniri-'r b-iler with whi h the coal gangu-e, 
lirnite, sub-bituminous coal can be used so that 
we have provided excellentan service for the 
industries of coal, textile, rubber, paper-making, 

druo-makini-, wine-makinp, chemical engineering 
end small type ctiemical fertilizer. 
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A fluidized-bed combuotion boiler of 20 t/h, 


produced by Jiangxi Boiler Works, was put into 


operation in Jilin Provincial Chemical Fibre Factory
 

in 1981 with lignite of 2,400 Kcal/Kg in heat vrlue 


as fuel. This boiler can work for more than 5,800 


hours in average per year and the imene'sion tubes 


have been operating normally up to now. 


The Ministry of Coal in our country pays great 

attention to the application of fluidized-bed com-

buotion for electric power. Under her organization 

and through the coordination of Jiangxi Provincial 

Economical Committee and Jiangxi Provincial Depart-


mentof Coal, Jiangxi Boiler Wdorks has successfully 


developed fluidized-bed combustion boiler up to 

35 tons/hr., two of which were put into use in 

GaoKeng Power Platit onder Pingxiang Coal Mine Bureau 

in April 4nd October of 1982 respect~vly. The 

capacity of its matched gnerator set is 12,OOKw. 

By the end of 1984, the single generator had run 

up to 27,616 hours and generated 1.6x1O8 KWH of 

electric energy. Its fuel is coal gangue with 


1,560 Kcal/Kg in heat value. The boiler efficiency 


is 71.39%. In the year of 1984, this power plant 


made a profit of 1,300,000 RMB (Yuan). The third 


generatixg set ir, ready to nut into installation 

in that plant. The Fengchen Coal Mine Bureau and 

The Anyuan Coal ine Administration in our province 

will build up coal pit-out power station to ddopt 


fluidized-bed combustion boiler witih local coal 


gangue as fuel subsequently. 

The operating condition of the two generating 

sets in Gaokeng Gangue Fewer Flint mentioned above 

indicates: 


a. The benefit of electric generation is good. 

The plant made a profit of 6,1400 1i4(Yuan) during 

the trial-running in 1982 only. In 19814, the two 

generators was running regularly so that the produc-

tion cost was lower-d and in turn the power plant 


profitted 1,28C,OC0 Rl.:Bkan). After the third 


generating set at the second engineering stage 


having been completed, the three generators will 


run simultaneously. Each generator can run for 

5,500 hours per year so that the total yearly 


production of electric energy will reach an amount 


of 99x106 Kl,24.
Therefore, this power station will 


supply 6,1452,000 KWHin electric energy t 

public deducting their own consumption and
 

wire lose.
 

b. The effectiveness to cave energy
 

resources is high. From the beginning of operation
 

to the year 19814, Gaokeng Gangue Power Plant
 

generated electricity up to 1.6x10 '$ KWH, burning
 

460,000 tons of fluidized-bed combustion coal 

with 1,560 Kcal/Kg in heat value, 70% of which 

were washed coal gangue amounting to about 

320,000 tons whoseheat value may be converted
 

into 88,40O tons of standard coal. Once after
 

the operatifn of the three generating sets
 

are realized, the electricity supply can be
 

counted to 84,520,000 KWH, thus saving standard 

coal up to 51,000 tons for our country, which 

can be converted into 71,400 tons of raw coal. 

If we want set up a thermal power plant with
 

the same capacity as that of Gaokeng power
 

plant, we must supply it with 71,400 tons of 

raw coal from coal mine. However, it needs
 

10,700,000 RMB(Yuan) to found a pair of mine 

pits with 71,400 tons annual output of raw
 

coal. From this it shows that building up
 

pit-out power plant in mining area by making
 

good u:-e of coal ianrue on ti. cl is the 

moat effective path to utilize and save energy 

resources adequately and much high grade coal 

can be contributed to urban industrial construc

tion.
 

The Gaokeng pit-out lower plant has the
 

following obvious social efficiency: 

a. Since Gaokeng Coal Mine Administration 

is self-sufficient, the circuit loss from the 

large electric network to that mining area can 

be reduced. They gaiined an extra amount of 

5,916,OO KWH{of electric energy in 1984. 

b. Because the coal is utilized on the
 

mining spot, it saved 1,4228 wag and relieved
 

the pressure o.i-ailway transrortation for
 

coal.
 

c. t msayburn 260,0CO tons of oal.
 

washery waste annually in Gaokeng power pl:.nt, 

whose heat val.ue is equal to that of 58,000
 

tons of standard coal, and additionally, its
 

cinder and ash are properly utilized. The
 

result gives a better effect to environmental
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protection. 


Besides the fluidized-bed combustion boiler, 

Jiangxi BOilek Vorks has also developed the boiler 
with reciprocating-grate. From 1976 to the present, 
267 sets of 2-10 t/h reciprocating-grate boiler 
have been produced. They supplied Shijiachang Wool 

Hill in Hebei Province in 1981 with a set of 

reciprocating-grate 
boiler type 576-13 with water 
cooling system. That boiler possesses a good 

adaption 
to different varieties of coal. Five 

varieties of coal may 
 be burnt well within it. The 
efficiency is 71% when the boiler is operated with 
bituainons coal class I, producing 3363 Kcal/Kg in 
low heat value on as-fired basis. The efficiency is 
757%when the boiler is burnt with bituminons coal 
class II, producing 4245 Kcal/Kg in low heat value 
on as-fired basis. The efficiency is 79.3 when the 
boiler is burnt with bitnminons coal class III, 

producing 5130 Kcal/Kg 
 in low heat value on as-fired 
basis. The efficiency is 73.2% when the boiler is 

burnt with dry-burning coal, producing 5960 Kcal/Kg
in low heat value on as-fired basis. The efficiency 
is 74.2%when the furnace is burnt with lignite, 

producing 2835% Kcal/Kg 
 in low heat value on 
as-fired basis. 


2. Comprehensive utilization of producing building 
materialst 

a. To produce internal-fired coal gangue brick. 
Some coal washery waste, which cannot be used 

as to its lowfuels for boiler due combustion value 
even below 800 Kcal/Xg, is pulverized by pulverizer, 

stirred with water, moulded into form and sintered 

in kiln to make nternal-firing coal gangue brick 

whose quality is much higher 6Kai that of 
common
 
clay brick. For example, lxl07pieces of brick need
30,000 tons of coal gangue, thus saving 1500 
tons 

of standard coal. 
 The first coal gangue brick factory 
in our province was set up in the early 1970's. It
has made more than 130x10 6 pieces of coal gangue 

brick out of 400,000 tons of coal washery waste 
during the recent ten years, thus saved 20,000 tons 
of standard coal. Until 1985,we have produced 
90x106pieces of coal gangue brick annually by 

making use of over 300,000 tons of coal gangue,
i.e. we have saved 15,000 tons of standard coal 
which may be used to produce building materials in 

our province.
 
b. To produce cement.
 

The scientific reseach institution and
 
production unit under the departments of coal
 
industry and building material industry in our 
province have undertaken a long-term work on 
production of cement by utilization of coal
 
gangue, and opened up three paths: 

(1). Coal gangue is used as raw material to 
produce cement and additive as well. 

The Cement Plant under Yinggangling
 
Coal Mine Administration 
 and the Cement Plant 
under Leping Mining Bureau have both successfully 
made raw meal nodule out of coal washery waste 
at its own mining area, which wis sintered into 
portland cement clinker in mechanical vertical 
kiln and common kiln. Then clinker was blended 
with proper fired spontaneous ignition coal
 
washery waste 
 into mixture which finally was 
pulverized into cement. Its grade may remain 
higher than No.325. Such practice proves that
 
it is possible in technology to replace clay
with coal washery waste. The result in energy
 
saving is impressive when 
 we use coal gangue
 
as partial fuel to 
produce the building materials, 
and it is good to the quality of cement when use
 

fired coal washery waste as active additive.

(2). To make good use of the cinder of 

fluidized-bed combustion. 
The cold cinder and overflow cinder
 

accounting for 55% of 
 total exhausted coal
 
cinder,kith 1%low carbon content and good
 
activity, are excellent additive for cement
 
production. The blending percentage may be
 
15-20%. 

Cold cinder and overflow cinder are

also used as lightweight aggregate 
to produce
 
building blcck and as filler for mining pit.
 

The dropping ash taking up 21% of total 
cinder with 5% carbon content approximately
 
may be used an raw material for internal for 
internal firing brick and also used as mortar 
for general building as inside wall and joint.
 

The calorific value of flue dust is 
about 700 Kcal/Kg high and may be used as raw 
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material for internal firing brick or as fuel for 

production of brick and tile. 


(3). To produce cement without clinker by 


utilization of fired coal washery waste or cinder 


in fluidized-bed combustion boiler, 


Gaokeng Building Material Factory in PinFr.ltwg 


Region has built up a production line to produce 


coal gangue cement without clinker, whose production 


capacity is 6,000 tons per year. This No.325 cement 


without clinker is made out of composition of fired 


spontaneous ignition coal washery waste water-


quenched slag, gypsum lime. 

The Scientific Research Institute of Building in 

Jianigxi Province took Brick and Tile Factory of 

Fengcheng County as a base to produce cement without 

clinker. Its major raw material is fired coal 

washery was'i at Fengcheng Mine. Its percentage of 


components are: fired coal washery waste is 73.5%; 

quick lime is 20% and gypsum is 6.5%. Its compression 

strength has reached the standard specified for 

No.294 and No.308. 


In turn we provide a small hollow building block 


of coal washery waste cement without clin!'..r by 


using this coal gangue cement as building material, 


as well as river pebble and river sand as coarse and 


fine aggregate which are composed in proportion, 


mixed efter adding water, formed under vibration 


and cured with steam. To produce this building block, 


we may achieved many advantages, such as powerful 


capacity to digest the gangue, low consumption in
 

fuel, simplicity in production technology and 

2
convenience in execution, low cost, 98-129 Kg/cm


in strength etc.. This block can meet the requirement 


for a civil building of six storeys and is a new 


material for wall body. On the basis of production 


cement without clinker, Gaokeng Building Material 


Factory and Scientific Research Institute of Building 


in Jiangxi Province is searching for a best way to 

produce cement without clinker mainly with cinder 

out of fluidized-bed combustion boiler in Gaokeng 

Power Plant and search . In the meanwhile, they have 

developed medium and small type hollow block of 

concrete without clinker. The cement without clinker 


is used as cementing material, the coarse fluidized-


cinder is used as coarse aggregate instead ' original
 

pebble, and fine cinder is used as fine 

aggregate other than original river sand. TO
 

produce it, the cinder is digested more rapidly
 

and the cost is reduced at a large extent. So
 

this is an effective way to utilise comprehensively
 

the cinder out of fluidized-bed combustion boiler
 

in coal Gangue Power Plant.
 

(4) To utilize coal washery waste for producing
 

other building materials.
 

The cinder out of fluidized-bed combustion
 

boiler is also a raw material to manufacture
 

lightweight aerated concrete.
 

The aerated concrete is made from taking 

cinder out of fluidized-bed combustion as major 
raw matirial, adding a certain quantity of lime 

as binding agent, using a small amount of 

aluminium powder as gas forming agent,and 

passing through raw mix proportioning, mixing, 

placing, pressing with steam and curing. The
 

quality of aerated concrete made mainly of
 

cinder out of fluidized furnace is better than
 

that made of river sand, fly ash, and cement 

with iron ore slag additive. To produce this
 

To produce this concrete, it may save 10-20%
 

of cement and lower the cost by 20%. 

A light weight aggregate made of fired
 

spontaneous ignition coal washery waste is
 

a light aggregate used for concrete. It is
 

featured to be light in weight, excellent in
 

performance of heat preservation, fire-proof 

and anti-vibration. It is about 3C% lighter 

than that if common concrete.
 

Nowadays, we are engaged in research on
 

making good use of coal with low-heating value.
 

There are two points as follows:
 

a. Ucilization of high sulphur coal.
 

It is mainly to achieve a better sulphur

-burning technology in combustion process to
 

increase the utilization of limestone. Fengcheng
 

Coal Mine Bureau is executing the test work for 

this subject.
 

b. To strengthen the research on the technology
 

in coal washing and seleAing.
 

To supply the customers with coal in
 

different grades according to their requirem
 

is advantageous to save transportation fee.
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We have nndured a history of one hundred years
 
to engage in coal mining in 
our Jiangxi Province. We
 
have accumulated a certain experienoes in exploration,
 
design, pit-erection, wash and selection, utilization
 
and environmental protection. In the recent ymars, we
 
have created a certain results in the equipments for
 

mining machinery.
 

We are ready to offer coorperation with our
 

friendly countries.
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PAST AND FUTURE ENERGY SHARE OF COAL
 

IN THE ENERGY ECONOMICS OF INDONESIA
 

M.T. Zen
Deputy Minister of Research & Technology
Chairman of the National Agency for 
the Assessment
 
and Application of Technology
 

Republic of 
Indonesia
 

INTRODUCTION 

INDONESIA'S ECONOMIC DEVELOPMENT
 

Coal has become very important in the 
 The Country
 
Indonesian 
development 
 scheme, 
 and has
become 
 a matter 
 of heated discussions 
 Indonesia 
 is an 
island republic which
lately. 
 The central 
 issue 
 is namely 
 consists 
of + 
13,676 islands.
whether 	 The total
coal can 
 replace oil 
 in the land mass is 1.9 sq. km. The EEZ
Indonesian 	 included,
energy economics, 
 considering 
 the the jurisdiction
area under 

the deposits 	 of
are located in 
 areas where 
 Indonesia is + 
7 million sq.
energy is 	 km.
not needed 
as much and in view? of 

the availability of othe resources, 


The Indonesian population numbers 160
 
million, 
 of which more than
The objective 	 60% are
is this paper is 
 concentrated 
in Java. Although the family
 

twofold: 

planning
- To expose the current coal 	

program is intensive and
program 	 quite
successful, 
 the population growth
of 	 rate is
Indonesia, 
 the aim of 
which is 
to still high. 
 It was
repla-. 	 2.3% in 1982; since
as much as possible the 
 role 
 then it 
has fallen to nearly 2%. 
 With this
of oil; 

growth rate 


- To discuss whether such a 
it is expected that the
 

program, 
 population 
of Indonesia will swell
with assumptions made 	
to more
 

in 1982, can 
 than 200 million in 
the year 2000.
still 
hold with the lowering interna-
 Since 
 the first Development Plan 
 was
 
launched in 1968, 


tional oil prices, 

the economic o-owth
Data and information used 	 has


in writing 
 increased steadily until 1982,
this 	 with an
paper are 
derived 
from publications 
 average 
 rate of more than 7%
and unpublished reports from the 	
per year.


Ministry 
 Indonesia 

of 

has been severely hit by the
Mines and Energy of Indonesia, papers 
 worldwide 
 recession,

and 	 and in 1984 its ecodocuments 
presented 
 at conferences 

organized by the Indonesian National Agency 	

nomic growth rate barely reached 4.2%. In
 
1985 it was between 4.5
for 	 and 5.0%, and
the 	 for
Assessment 
and Applizatio
 of
3 1986 it is 
still expected to vary
Technology 	 between
(BPPT), unpublished reports of 
 and 5.0%.
4.5 The development budget
BPPT, 	 for
World Bank Development Report 
 1984, 
 the Fourth Development Plan is 
 around 
 US
Statistics of Indonesia, Indonesia's Mining 
 $145 billion, 
 of which 50% 
will have
Year Book, and Indonesia's National 	

to
 
Energy 
 come 


Policy. 	
from the oil and gas sector.
 
The current problems for 
Indonesia are
 

a slower economic growth rate, 
 rapid pop
ulation growth 
 and labor force, and the
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problem of employment. Tile inflation for These figures show that the energy
 

1985 was 4.3% and the dept service ratio economics of Indonesia are very much
 

(1982) was 21.1% of GNP. The GNP/capita is dominated by oil.
 

US $600. The Energy Policy of Indonesia,
 

officially issued in April 1982, has six
 
The Energy Scene and the National Energy general objectives. These are:
 

Policy - To secure the domestic energy
 

supply;
 
Between 1960-1979 the growth rate of - To save oil as much as possible for
 

energy consumption in Indonesia was 7.4% export (foreign exchange earnings);
 

p.a.; between 1970-1974 the growth rate was - To save oil and gas as feedstock for
 
9.94% p.a.; during the Second Development petrochemical industries and for
 

Plan (1974-1979) the growth rate was 13.8% transport fuel;
 

p.a. It was projected that the energy - To develop other sources of energy;
 

consumption during the Third Development - To conserve the environment;
 

Plan would be 11.5%. By then the total - To promote national resilience.
 

commercial energy consumption would be The immediate target(s) for the Third
 

52,780 million TCE (Tons of Coal Development Plan was to decrease the use of
 

Equivalent) (See Table I.) That is the oil by diversification: oil from 81.8% to
 

general picture of the energy consumption. 77.48% (1978/1979 - 1983/1984); to increase
 

If the consumption is scrutinized by the rule of the non-oil sector from 18.12%
 

sector, the following figures are obtained to 22.52%.
 

for the consumption of 1979-1980: Due to the Energy Policy and' its
 
131.009 million 	BOE (81.86%) from oil consistent implementation, other sources of
 

28.994 miilion BOE (18.12%) from non-oil energy have come into the picture in Indo-


Of the non-oil sector, 15.31% or nesian energy economics. The role of na
24.495% BOE was derived from natural gas tural gas increased from 15.31% to 16.47%;
 

and 0.40% or 0.647 million BOE was deiived coal from 0.40% to 1.58%; hydropower from
 

from coal, and 2.41% or 3.852 BOE was 2.41% to 4.41%. Lately geothermal energy
 

derived from hydropower, has come into the picture (35MW), and very
 

soon biomass energy (woodwaste; wood from
 

energy plantations, and peat).
 

TABLE I
 

Increase of Various Sources of Energy in Mill Barrels Oil Equivalent (BOE).
 

' ind of Energy 	 End of 2 nd End of 3 rd Increase from
 
Dev. plan 1978/79 Dev. plan 1983/84 21"' to 3 rd Dev.plan
 

Natural gas
 

(incl.LPP) 24,495 (15,31) 41,382 (16,47) 68,947,
 

Coal 0,647 (0,40) 3,977 ( 1,58) 514,68,
 

Ilydro 3,852 (2,41) 11,067 ( 4,41.) 187,307
 
Geothermal - (0,00) 0,146 ( 0,06) ( Iev., Actual 

Obl. 131,009 (81,88) 194,615 (77,48) 48,557, 

Cota1 conmer- 160,003 (100%) 251,181 (1007) 56,119X
 

:ial Energi
 

SOUiRCE: 1rWmoI.H;SIAN. EEN ;Y 1'OLICY, 1982. 
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Since the Third Development Plan, 

Indonesia has speeded up its coal program 

for electric generation and as an export
 
commodity. 


The following assumptions have been 

adopted for the period 1980/1981 
1990/1991: 


- A GDP growth rate of 6-7% p.a.
 
- A population growth of 2.15-2.30% 

p.a. 


- Incump and Energy Demand Elasticity 

of 1.55. 


For the period of 1990/1991 
2000/2001, the figures were assumed as 

follows: 


- A GDP growth rate of 5.5-6.5% p.a. 


- A population growth rate of 1.8-2.0% 

p.a. 


- Income and Energy Demand Elasticity 

of 1.3. 


Based on those assumptions the 

following energy demand has been predicted: 


415 million BOE in 1990/1991 (low 

projection) 


482.25 million BOE in 1990/1991 (high 

projection) 


782.85 million BOE in 2000/2001 (low
 
projection) 


1032.51 million BOE in 2000/2001 (high
 
projection) 


For 1984 the total commercial energy 

consumption was 295.5 million BOE and 60% 

of this (182.4 million BOE) came from oil 

and gas. The energy consumption growth 


rate during the Third Development Plan was 

7.3% and during the Fourth Development Plan 

it was projected at 3.7%. 


A market increase in the non-oil 

sector was recorded during 1984: coal, an 

increase or 28x; hydropower, an increase of 

3x; geothermal energy, an increase of 6x; 

and natural gas, an increase f 1.5%. 


By 1984 Indonesia emerged as the 

largest LNG producer in the world. Towards 

the end of the current Development Plan 

Indonesia hopes to be able to increase its 

oil production to 1.75 million bbl/day and 


the production of natural gas to 5.4
 
billion SCFD.
 

THE ROLE OF COAL IN THE ENERGY ECONOMICS OF
 
INDONESIA
 

History
 

The history of coal mining in
 
Indonesia dates back to 1849 when the first
 
coal mine was officially opened in Pengaron
 
(East Kalimantan) by the East Borneo
 
Company. The first attempt to exploit the
 
coal deposit of Sungai Durian in West
 
Sumatra in 1880 failed completely. The
 
second attempt was more successful when the
 

Ombilin Mine was officially opened in 1892.
 
In South Sumatra, the Bukit Asam Mine was in
 
operation 1918. The production was modest
 
but kept increasing until the Second World
 
War. Since then the role of coal was
 
overshadowed by the oil industry.
 

Though attempts were made to revive
 
the coal industry after the war, real
 
changes began to appear in 1973. From then
 
on the Government of Indonesia (GOI) has
 
strongly emphasized the use of coal.
 

Resources Base
 

Coal is found in many places all over
 
Indonesia, but most of the ,ccurrences are
 
not of economic importance. Larger
 
deposits are found in West Sumatra, South
 
Sumatra, East and South Kalimantan.
 
Smaller occurrences are in Java, Sulawesi
 

and Irian Jaya. The resource base is quite
 
big, though most of the indonesian coal is
 
young and classified as lignite. Estimates
 
vary between 18-25 billion tons. The ca
loric value of the Indonesian coal ranges
 
between 4000-7000 Kcal/kg, but for most the
 
figure is close to 5000 Kcal/kg. But pro
blems to bring coal into the mainstream of
 

Indonesia's economy loom large.
 
First of all, because most of the
 

significant and economic deposits are
 
located outside Java, whereas the strong
 
demand for electricity at present is in
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Java. Therefore, the largest problem that 

confronts the coal program is not at 
 the 

mine site, but is the problem of 

transportation, and also the problem 
of 

pollution that accompanies large scale coal 

burning for power generation. Seen as a 

whole, the problem lies in the system en-

gineering management and in the economics 

in relation to the falling international 

oil price. 


Current Program 


The coal deposits at present being 

mined 
 are those located in Sumatra and in 

Kalimantan. The mine in 
West Sumatra, 

Ombilin, is run by the State 
 Coal 

Enterprise PN. Tambang Batu ara, and the 

one in southern Sumatra by the Bukit Asam 

Coal Company, a corporate body instituted 

since 1981 under Presidential Decree No. 42 

of the year 1980. In addition, there are 

private companies which are developing the 

eastern Kalimantan coal. They are, respec-

tively, CV. Fadjar Bumi and CV. Enterprise 

(since 1980) and Kitadin Corporation PT. 

and Tanito Harum PT. (since 1983). 


In order to augment Indonesia's coal 

production within the next 
decade the 

Indonesian government has offered the 

opportunity to develop Kalimantan coal 
 to 

foreign investors. Thus, in 1981 three 

companies concluded a production-sharing 

ocntract with the government, respectively, 

Arutmin Indonesia PT. for the exploration 

of 1.26 million hectares (59.84% retained
 
by the end oi 1983); Utah Indonesia PT., 


797.3 thousand hectares (59.47% retained);
 
Agip Spa-Consol PT., 1.017 million hec-

tares (19.17%). 


The following year, 1982, three more 

companies followed suit: Kaltim Prima Coal 

PT., with an original working area of 

790,900 hectares (holdings still unchanged 

by the end of 1982); Kedeco Jaya Agung 

PT., 254,804 hectares (59.93% retained); 

and Andaro Indonesia PT. 148.148 hectares 

(unchanged). In 1983 one company joined in 

the pursuit, namely Berau Coal PT. with 


an original 
 working area of 487,217 hec
tares.
 

The Ombilin mine produced 325,662
 
metric tons of coal in 1983, up 7.6% from
 
the production figure of the previous year
 
of 302,572 tons.
metric Domestic
 
consumption was follows:
as 1,714.115
 
metric tons by the West Sumatra State
 
Railways; 146,316.049 metric tons by the
 
Padang cement factory; 5,405.16 metric tons
 

by a number of private firms; and 20,639.6
 
metric tons for company use. The coal was
 

exported to the following countries: North
 
Korea, 26,231.481 metric tons; Malaysia,
 
101,548.076 metric tons; 
 Japan, 5,472.702
 
metric 
 tons, and Viet Nam, 10,002.915
 
metric tons. 

Bukit Asam mine produced 159,968 
metric tons of coal (29,732 tons of 
antracitic coal and 130,236 metric tons 
 of
 
steam coal), down 10.34% from the figure of
 
the previous year of 178,447 metric 
 tons,
 
140,517 metric tons of which were 
 shipped
 
to Malaysia.
 

The following are the production
 
figures for the year 1984 of the four pri
vate companies which are currently operat
ing in eastern Kalimantan: CV. Fadjar Bumi,
 
64,188.980 metric tons; Kitadin Corp. PT,
 
38,152 metric tons; Tanito 
 Harum PT,
 
10,600 metric tons. 
 Of the total hmount of
 
coal of 162,609.780 metric tons produced by
 
the four companies in 19b3, 149,839.83
 
metric tons were shipped to Japan, South
 
Korea, and the Philippines.
 

Utilization of Coal
 

One of the objectives of the Energy
 
Policy is diversification of energy 
 sour
ces, and one of the targets of this program
 
is to have oil fired power plants using
 
coal. Cement and sugar plants, paper and
 
pulp mills are also included within this
 
program. Realization of this program is
 
slow due to the reluctance of the users,
 
and the reluctance is due to the uncertain
ty of supply related to the transportation
 
problem and environmental constraints.
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The National Economic Company of 

Indonesia or PLN has an extensive electric 

expansion program until the year 2000. 

Besides PLN, which is state owned, there 

are still companies or parties which are 

permitted by the Government to generate 

electricity. These are: 


- The captive plant installations that 

generate electricity primarily for 

industrial purposes and own use. 

- The small municipal and cooperative 


franchises which generate electricity 

for industry and rural electrifica-

tion. 


In Indonesia electric consumption for 

1983/1984 was still very low. It was 

about 135 KWH, of which 63 KWH came from 

PLN and the balance came from captive 

power. It is expected that in the coming 

decades electric power demand will increase 

rapidly due to the increase of the general 

welfare and the industrialization program, 


However, most of the power plants are 

oil fired. But from 1984/1985 onward the 

share of coal will be considerable (Table 

2). 


The largest coal power plant is the 

Suralaya Power Plant on the North Coast of 

West Java. A unit of 400 MW started 

operation in 1984/1985; another unit of 400 


MW will be operational in 1985/1986; and 

another two units of 400 MW each will be 

operational in 1986/1987. Besides, two 

Bukit Asam power plants of 65 MW each are 

expected to be in operation in 1986/1987, 

whereas the two Ombilin plants of 50 MW 

each are expected-to be in operation in 

1987/1988. 


A total of 1830 MW electricity will 

come from coal by the end of 1988. 


Considering all the problems and 
constraints, these achievements are 
considerable. 

DISCUSSIONS ON THE FUTURE OUTLOOK 


was given since the energy crisis in 1973,
 
but real efforts to increase production and
 
domestic utilization only started in 1980.
 
Much attention has been given to coal due
 
to its relatively hugh resource base and
 
also due to the international price of oil.
 
Until now most of Indonesia's foreign
 
exchange earnings are derived from oil and
 
lately also from gas. The philosophy
 
behind it is namely to use oil as much as
 
possible for foreign exchang earnings. But
 
in 1981 the international oil price stood
 
at US $34 to $35 per barrel. In 1985 it
 
was at $27 and $28.
 

There are some speculations that oil
 
prices miqht go down still further and
 

stabilize around US $20 per barrel. Some
 
economists speculate that the prices might
 
go lower than US $20 per barrel. Either
 
one of these scenarios will hold until
 
1990. Then it will or might go up again.
 

For Indonesia this does not only mean
 
less foreign exchange earnings but the
 
question arises whether Indonesia's current
 

coal program can be continued.
 

Indonesia, which has been severely hit
 
by the worldwide recession, already cut its
 
development budget for 1986/1987 by 7%
 

compared to the previous fiscal year.
 
However, looking at PLN's expansion
 

program, full scale use of coal will not
 
occur before 1987. Oil economists are
 

optimistic that oil prices will begin to
 
rise again by 1990.
 

Therefore the coal program of
 
Indonesia has a change to survive unless
 
there will be a dramatic collapse of OPEC's
 
production sharing system and a subsequent
 

lowering of oil prices until far below $20
 
per barrel.
 

However, if lowering of oil prices
 
does occur, then cost structure in the
 
production and transportation of coal will
 
change also. In addition, lowering of oil
 
prices will initiate other developments
 

which will lead to the increased production
 
of cement, fertilizers, electricity, steel,
 

and others. This, of course, might lead to
 
Real attention to coal in Indonesia the increased use of 
 existing facilities
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TABLE II 

(ENERATAION EXPANSION PLAN IN 1984/85- 1988/89 

lHydro Power Plant MW Year 

Saguling 

Cirata 

Wadasllntang 

Sengguruh 

T e s 

Tenggari 

Bakaru 

Pade Kembayung 

Sentani 

#1 

4 x 175 

4 x 175 

2 x 8 

2 x 14,5 

4 x 4 

2 x 8,5 

2 x 62 

I x 10 

2 x 6,5 

= 

= 

= 

= 

= 

= 

700 

500 

16 

29 

16 

17 

124 

10 

13 

1425 

85/86 

87/88 

87/88 

87/88 

88/89 

86/87 

87/88 

88/89 

88/89 

Geothermal Power Plant 

Kamojang # 2,3 

D i e n g # I 

S a In k # 1 

2 x 

I x 

1 x 

55 

55 

55 = 

110 

55 

55 

220 

87/88 

88/89 

88/89 

Steam Oil Power Plant 

Gresik # 3 

Gresik # 4 

Belawan # 1,2 

Combine Cycle 

1 x 200 

1 x 200 

2 x 65 

= 200 

200 

130 

100 

630 

87/88 

81/88 

84/85 

86/87 

Steam Coal Power Plant 

Suralaya # 1 

#l2 

# 3-4 
Bukit Asam # 1,2 

Onbilin #/ 1,2 

Mini Ilydro Power Plant 

1 x 400 

1 x 100 

2 x 400 
2 x 65 

2 x 50 

(scattered) 

= 

-

400 

iOO 

800 

130 

1.00 

1 .3( 

50 

84/85 

85/86 

88/89 

86/81 

87/88 

Diesel Power Plant (scattered) 1100 

Source. Sa rjion 
198/ 
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and, over time, the development of new
 

operations. The net effect of 
all these
 

new developments will be an increase in
 

total energy needs. This will also benefit
 

the coal industry.
 

Taken as a whole, lowering of oil
 

prices might not erode the coal program
 

completely, but it does affect directly
 

Indonesia's economic growth. In view of
 

the rapid population growth, this might be
 

a bigger problem.
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GREEK EXPERIENCE IN THE EXPLOITATION OF LIGNITES FOR ELECTRICITY PRODUCTION
 

Andrea Vakalis
 
Director, Energy Department
 

LDK and Associates
 

Deposits of Solid Fuels in Greece
 

Solid 
 fuels in Greece consist mainly 

of lignite and peat. The confirmed depo-

sits of lignite in Greece today amount 
 to 

5,350 million tons. 


More than 90% of the lignite is con-

centrated in two areas, 
 Western Macedonia 

and Peloponnese, where large thermoelectric 

plants have been built 
(Figure 1). Despite 

the relatively heavy exploitation, 35 mil-

lion tons are mined per annum at present. 

The confirmed lignite deposits of 
the coun-

try continue to rise at a brisk rate, as 

geological 
 research uncovers new deposits 

(Figure 2). Large quantities of peat, 

approximately 4,500 3
x 106m , have also been 

discovered in Greece and examined, 
 without 

being exploited at present. 


Exploitation of Lignite in the Produrtion 

of Electricity 


During 
 the first half of the present 

century, the quantities of lignite mined 

were 
 consumed almost entirely in household 

economy and minor industry, 


Mining was restricted to areas adja-

cent to large towns and amounted to 100,000 

tons per annum. In 1950, though, the situ-

ation started to change. At that time the 

Public Power Corporation (PPC) was founded, 

and undertook the task of producing 
 elec-

tricity on a national scale, using local 

energy sources where possible, i.e., water 

and lignite. 


According 
 to this plan, PPC started 

developing the underground lignite mine in 

Aliveri, in 1951, together with a thermo-

electric power station with initial
an 

power output ot 80MW (today 380MW). Elec-

tricity production commenced in 1953. 


A few years later the exploitation of
 
the surface deposits of Ptolemais started
 
and 420,000 tons were mined in 1959. 
 The
 
lignite powered the Ptolemais power station
 
built by PPC. The initial output of the
 
station was 
70MW while the present output
 
reaches 660MW. 
 The power stations of
 
Kardia with an output of 1200MW of
and 

Agios Dimitrios with an output 
 of 1200MW
 
also burn 
lignite from Ptolemais. More
 
recently, in 1969, 
 the lignite mine in
 
Megalopolis was 
opened to feed the adjacent
 
power station. Initial output of this
 
station 
was 250MW, the present output
 
550MW, while a station of 300MW capacity is
 
under construction. Lignite production by
 
PPC started with 180,000 tons in 1953 
 and
 

reached 35.1 million tons in 1985 
 (Figure

3). These production figures surpassed
 
even the most optimistic projection of
 

1950.
 
The Aliveri which was
mine, under

ground until 1980, produces xylitic type
 
lignite with a relatively high heat yield
 
of 3000 Kcal/kg (12500 kj/kg). A surface
 
mining front was opened at this mine in
 
1975, 
 but will soon cease operation as it
 
is nearing exhaustion.
 

At the surface mining field of
 
Ptolemais the continuous method 
 is used
 
mainly, with excavator wheels anid conveyor
 
belts, dumpers, and
loaders auxiliary
 
equipment. 
 The lignite from Ptolemais has
 
a lower calorific value 
 of L.H.V. 1300
 
Kcal/kg (5500 kj/kg). The ratio of 
over
burden to lignite ranges from 3.5 
to 10.
 

The same mining method at Ptolemais is
 
used also at the 
 mining field of
 
Megalopolis. The Megalopolis lignite has
 
an even lower calorific value than that 
 of
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Ptolemais, i.e., an L.H.V. of 3ust 900 


Kcal/kg (3800 kj/kg).
 
The use of lignite for electricity 


production has accelerated after 1960. The 


thermoelectrical power stations presently 


operating in Greece are: 


Lignite Oil 
Aliveri 190 MW Aliveri : 190 MW 
Ptolemais : 660 MW Lavrio : 450 MW 
Kardia : 1200 MW Keratsini: 350 MW 
Agios Dimitrios: 1200 MW 

Megalopolis : 550 M 
T 0 T A L 3800 MW 990 MW 

Three plants of 300 MW each are now 

under construction and the construction of 

another three of the same output has been 

planned. 


The development of electricity produc-

tion from lignite in relation to the total 


electricity production, as shown in Table
 
i, is making ligniL the main fuel for 

electricity production and results in the 

reduction of dependence on other countries 

for energy. 


Properties of Greek Lignite 


The lignitec that have been, are being 

and are expected to be ised for electricity 


production may be graded in three main 

catetories according to place of origin.
 

Lignites of the Ptolemais Area
 

The average quality lignite of the
 
Ptolemais area, for which the boilers of
 
the area's power stations have been de
signed, has the following properties:
 

L.H.V. = 1320 Kcal/kg
 
H.H.V. = 1700 Kcal/kg
 
Moisture content = W = 58%
 

Ash content = A = 12%
 

The elementary analysis of the lignite
 

gives the following:
 

Element AverageI Ranga
 

Moisture 57% 56 - 58%
 
Ash 13% 12 - 14%
 

C 19% 18 - 19.5%
 
H2 1.45% 1.4 - 1.55%
 
S 0.45% 0.4 - 0.5%
 
N2 0.56% 0.4 - 0.6%
 
02 8.54% 6.5 - 10.0%
 

Other physical and chemical properties of
 
interest of Ptolemais lignites are:
 

- Volatile substances in, as mined,
 
fuel 18% with a range of 17% to 19% and 40%
 

in dried fuel with a range of 37.5% to
 
44.5%.
 

- Fixed carbon in as mined fuel: 9.5%
 
with a range of 7% to 13%.
 

- Fixed carbon in dried fuel: 21% with
 

a range of 16% to 24%.
 

TABLE I 

ELECTRICITY PRODUCTION FROM LIGNITE 
RELATIVE TO TOTAL PRODUCTION 

Year 

Total Production 

GWH 

Production from Lignite 

GWH % 

1970 

1975 

1900 

1985 

8,670 

14,060 

20,072 

24,670 

3,224 

6,574 

9,216 

16,266 

37.02 

46.80 

45,90 

6590 
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- Grindability index: 
 50 to 55 Hard- The elementary analysis of lignite 
 is as
 
grove. 


follows:
 
- Relevant temperatures at ash in
 

l i g n i t e : El m A a g -

Softening 1250 0C 
 Moisture 
 62%
 
Deformation 1270 0C 
 Ash 
 13.8%
 
?lowing 1300 0C C 
 15.3%
 

- The chemical composition of ash in 
 H2 1.3%
lignite 
xs given in the attached Table II. 
 S 0.8%
 

N2 0.4%

Lignites ot the_ aalopoli5 Area 02 
 6.8%
 

The average quality lignite 
 of the 
 Other physical and chemical properties
Megalopolis area, 
 for which the boilers of 
 of interest of the Megalopolis lignites

the area's power stations have been de-
 are:
 
signed, has the following properties: 
 - Volatile substances in as mined fuel 

L.H.V. = 95P Kcal/kg 19%, in dry fuel 50%.
 
H.H.J. = 1400 Kcal/kg - Permanent carbon in as mined fuel:
 
Moisture content = M = 62% 
 5,4%.

Ash conLent = A = 13.8% - Permanent carbon in dry fuel: 
14%.
 

- Grindability index: 53 Hardgrove.
 

TABLE II
 

S.E.S. FROM NORTH GREECE
- ELEMENTARY ANALYSIS OF FLY-ASH 

PTOLEMAIDA S.E.S. KARDIA S.E.S.
 

REPRESENTATIVE 
 EXTREME 
 REPRESENTATIVE 
 EXTREME
VALUES VALUES VALUES VALUES 

SiO2 9 - 32 26.36 - 35.2 28 - 32 26 - 35
 
A12 03 12 - 14 10.31 - 15 
 11 - 12 9.5 - 14

Fe 2 C3 !.9 - 53 4,3 - 7,45 5 - 5.5 4.5 - 6.5
 
C1O 37 30- 39,5 37- 42 34-


14*. 

45
 

Mr 0 
 3.4 3.6 2.67 5 5 2.5  3 2 - 3.5SO, 6 - 7 5 0 7..1 6.5 7 5.5 - 9

K2  0.5 - 0.7 0,3 - 0.8
 
N] 2 0 -0.45 
 0.6 0.3 - 0.8 
.2 U N'i2O 0.75 0.95 0.5- 1., -

TiO, 0,3 0.33 0.24 
- 0.48 0.25 - 0.35 0,2 - 0.5
iG ,IT.L0';: 4 20 - 6 3 20 - 8,40 4.5 - 5 3- 6
:AHONI ELEN. - 0.6- 0.8 0.4 1.2 
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- Relevant temperatures of ash in 


lignite: 


Softening 1200 0C 


Deformation 1250 0C 


Flowing 1280 0C 


- The chemical composition of ash in
 
lignite is given in the attached Table III. 


Lignites of the Aliveri Area
 
The average lignite quality of the 


Aliveri area, for which the boilers of the 

area's power stations have been designed, 

has the following properties: 


L.H.V. = 1650 Kcal/kg 

H.H.V. = 1970 Kcal/kg 


Ash content = A - 17.8% 


The elementary analysis of the lignite is 

as follows: 


SAverage % 

Moisture 32% 


Ash 17.4% 


C 30% 


H2 2.5% 

S 0.8% 


N2 14.5% 


02 2.5% 

CO2 


Other physical and chemical properties of 

interest or Aliveri lignites are: 


- Volatile substances in as mined fuel 

31.8% and in dry fuel 46.4%. 


- Permanent carbon in as mined fuel: 

16.1%. 


- Permancnt carbon in dry fuel: 23.7%. 


- Grindability index: 36.6 to 51.8 

Hardgrove. 


- Relevant temperatures of ash in 

lignite: 


Softening 1120 0C 


Deformation 1190 0C 


Flowing 1360 0C 


- The chemical composition uf ash in 


lignite is given in the attached Table III. 

The fouling and slagging properties of the 


lignite, which are not great, are described 


in detail in the paragraph "Ev<'oitation 

Problems." 


There are divergencies in the above
 

figures; for example, the graph in Figure 4
 

gives the typical spread of the L.C.V. of
 
the lignite, consumed by the Kardia power
 
station, in a two year period.
 

Developmept of Liqnite Exploitatior Tech-


The quality of the lignite in each of
 
the three areas in which electricity pro
duction by burning lignite was developed
 
led to difterenting exploitation technol

ogles.
 

Initially in Aliveri (pldnts of 40 MW)
 
combustion of the lignite took place on
 
moving grates, while in the larger plant of
 

150MW the method of burnin.j pulverized
 

lignite was applied.
 

Also, in all boilers installed in
 
lignite areas, pulverized lignite is con
sumed which is ground in im,Jact mills, from
 
where it is fed directly to the burners
 

without intermediate storage. The mills
 
used in all three areas, Ptolemais,
 

Megalopolis and Aliveri are modifications
 

of the fan type mill, Figure 5.
 

The mill inlet is connected with the
 
area in the boiler directly after the bur
ner, from which it draws hot combustion
 
gases (7000 to 900'C). The lignite is
 

mixed in this gas flow and enters the mill.
 
In the rtill the lignite is powdered and
 
dried and as a result we have at the mill
 
exit a mixture of dry lignite powder, com

bustion gases and vapor from the drying
 

process. In the simpler type of installa

tion, as in Aliveri, where the lignite has
 
a high heating value, the mixture from the
 
mill's exit is fed directly to the combus
tion chamber. But in the case of Ptolemais
 

(1300 Kcal/kg) and Megalopolis (900
 
Kcal/kg) if the mixture enters the chamber
 
as it is the temperature will drop and
 

combustion will cease. For this reason, a
 
separation device is installed at the exit
 

of each mill (Figure 6) for the larger part
 
of the cooled gases and the vapor, which is
 
called weak mixture, from the flow that
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contains thu 
larger percentage of the dry 

lignite and is called strong mixture, 


The strong mixture is fed to the 
com-

bustion chamber while the weak mixture, in 

the Ptolemais case (lignite with an 
 L.H.V. 

up to 1400 Kcal/kg), is drawn directly over 

the combustion chamber 
 (Figure 7). At 

Megalopolis (lignite with 
an L.H.V. of 900 

Kcal/kg), 
 the weak mixture, after passing 

through an electrostatic filter which traps 

the lignite powder, 
 is exhausted into the 

atmosphere. Figures 8 and 9 show an dleva-

tion oL 
a 300 MW boiler of the Ptolemais 

area and of a boiler of the 
same power for 

Megalopolis lignite. 


The efficiency of the boilers ranges 

from 82% to 
86% with the lower values for 

Megalopolis and 
 the higher values for 

Ptolemais. 


Exploitation Problems 


The problems arising 
 from lignite 

exploitation, while they 
are similar for 

power station of the same 
area, vary from 

area to area. The main problems which 

arise from the fuel and not 
 other p~ra-

meters are: 


Problems of the Ptolemais Area Power Sta-

tions 


Since the beginning of the operation 

of 
 the Ptolemais power stations, problems 

arose concerning the quantity and 
 quality 

of lignite for the units, 
as well as pollu-

tion of the boilers by the ash in the 

lignite, 
while there are no erosion prob-

lems: 


- Development of 
the lignite mines in
 
size and capacity did not keep step with 

the demand by newly constructed stations. 

As a result, it took usually four years for

the mines to catch 
up with the incrementa-
tions of the lignite demand. 

- The quality of the lignite often 

does not fulfill the specification, 
as 
shown in Figure 4. Because of this quali-

tative divergence from specified 
values, 


the boilers 
 are often unable to produce
 
enough steam and as 
a result the corre
sponding power stations are 
 forced to
 
operate 
 at lower than nominal output, for
 
as 
 long as low quality lignite is mined.
 
It has been estimated that 
 poor quality
 
lignite 
lowers the yearly total output by
 
approximately 5%.
 

- Fouling problems arose in tower type
 
boilers of 300MW, where fly-ash collects on
 
the horizontal superheat and reheat tubes.
 
In double flow boilers, where only the
 
superheater and the low temperature reheat
er have horizontal tube, no fouling problem
 
arises.
 

- Slagging occurs, 
 to a limited ex
tent, in all boilers of the area. This
 
slag appears 
on the steam producing tubes
 
of the furnace and the 
 radiation super

heater. The extent of hard slag 
 is not

such as 
to create problems in the exploita

tion of the lignite.
 
-
The problem of quantitative and
 

qualitative deficiencies was solved by
 
mixed burning of lignite with oil 
 (1965
1969) or 
by mixed burning of lignit. with
 
coal (1083 to date). During the phase 
 of
 
mixed burning of lignite with 
 oil, when
 

approximately 
30% of the energy entering
the boilers came from oil, 
 severe slagging
 
problems occurred. 
 With mixed burning of
 

lignite and coal, 
 where 20% of the 
 energy

comes from coal, 
 there appear to be 
 no
 
serious problems for the boilers.
 

- The problem of fouling or, 
the hori
zontal tubes of 
the superheaters and re
heaters of tower boilers (300MW) has 
 been
 
successfully tackled b, using steam
 
operated soot blowers.
 

Problems of the Megalolis__Ar!_a Power Sta
tions
 

The main problem:: occurring 
 in the
 
Megalopolis 
 power stations are cue to cot
rosion and erosion. The coelj (:it jon of thef 
ash in Megalopolis lignite, 
vith a h'ijh 
percentage of SiO2 cause.; seriuc erosion 
problems 
in the lower slanting patt oI thc
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boilers an(d in areas where effluent gases 


change flow direction. The high sulphur 


content of the lignite also causes serious 


corrosion problems in the cool areas of the 


boilers, i.e., the exit of the air 
heaters 


and the weak mixture ducts and correspond-


iny tilters from each mill to the atmo-

sphere. There also exists an extensive 


network of ducts for cool exhaust gases 

from the boilers to the mill electrostatic 


filter combinations, which network neutra-


lizes the environment in the filter, when 

the corresponding mill is inoperative. 


These problems have been tackled, to date, 


by intensifying maintenance procedures and 


accepting a lower availability of the power 


station of 5,000 hours yearly, while at 


Ptolemais availability stands at 6,500 


hours yearly. A fact is that no slagging 


an fouling problems occur at Megalopolis. 


Probiems of the Aliveri Area Power Stations 


At Aliveri the sole 150MW boiler was 


designed as a multi-fuel b ler. The burn-


ing of oil, lignite or any mixture of the 

two was foreseen. During operation with 


two fuels, ash melting creates severe slag-


ging problems. As a result operation with 


simultaneous burning of the two fuels 
 i:, 

impossible. 


Miainq Problems 


The method of strip mining with buc-


ket-wheel, conveyor belts, stakers and 


reclaimers has proved completely satisfac-


tory for all areas in Greece except the 


south field of Ptolemais, where layers of 


very hard rock do not allow the operation 


of bucket whecls. At this field the rock 


is loosened by use of explosives be~ore the 


bucket eel commences digging. 


Residues - Environment 


The main residue from lignite burning 


is the ash that takes two forms: Fly-ash, 


which is very fine and is col ':d by 


electrostatic filters before the stack, and
 

the bottom ash which is collected in a
 

water filled basin at the lower part of the
 

boiler. This second type of ash is large
 

grained and includes a high percentage of
 

combustible material. The larger part of
 

the ash today and the total in the past was
 
transported and used to fill gaps left by
 

lignite mining.
 

The chemical composition of fly-ash,
 

especially in the Ptolemais area (high
 

content of active calcium) results in prop
erties the same as those of cement.
 

Today, large quantities of ash are
 

bought by cement factories and are mixed
 

with clinker for cement production. Tests
 

have been made for the exploitation of the
 

bottom ash, because of high percentage of
 

combustible material, for the recycling of
 

the ash to the boiler. Although test re

sults were satisfactory, this method han
 
not been applied, as the corresponding
 

installations have not been constructed.
 
The residues of lignite combustion
 

that are exhausted from the stack are fly

ash, CO2 , SO, and NOx
 .
 
Initially the retention degree of the
 

electrostatic filters in the first Ptole

mais plants (70 and 125Mw) was 95%, w.ich
 

means 50 tons of ash emissions per day for
 

these plants. This degree was quickly
 

judged unsatisfactory and newer stations
 

were supplied with filters, 
 with a reten

tion value of 98,5% and 99%. Filters in
 
old plants are now being replaced with new
 

high efficiency filters.
 

The emission of carbon dioxide and
 

nitrogen oxides from lignite burning power
 

stations does not differ greatly from that
 

emitted by stationi. burning other fuels.
 

SO, emissions depend onlsulphur content and
 
the chemical composition of the lignite
 

ash. For this reason, as the ash of Ptole

mais lignite contains a high percentage of
 
CaO, a large part of the sulphur oxides
 

(over 75%) is retained by the ash and is
 

not emitted into the atmosphere. On the
 
contrary at Megalopolis, the ash consists
 

mainly of silica and sulphur oxide reten
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tion is limited so that SO2 percentage in 

exhaust gases is relatively high. 


Surface mining of lignite degrades the 

environment both during the mining phase 

and after exhaustion of deposits. At 

Ptolemais, for example, approximately 

150,000,000 sq.-. are to be used up by the 

mines. This area, which initially was a 

balanced landscape with trees, farming 

roads, villages and small town, is in dan-

ger of becoming a deserted lunar landscape 

after a few decades. For this reason proj-

ects for the restoration of the environment 

are in operation in parallel with the min-

ing, both in Ptolemais and Megalopolis, 

with planting of trees, creation of lakes 

and ponds and experimental cultivation. 


Non-electric Uses of Lignite 


A relatively small percentage of 
 the 


lignite mined in the Ptolemais area is used 


for other purposes, such as: 


- The nitride fertilizer industry, 


which consumer approximately 1,200,000 tons 


of lignite per 
annum. Here the lignite, 


after being gasified, is used for the pro-


duction of ammonia. Today the extension 


and renovation of the fertilizer 
 industry 


is in the planning phase. This will multi-


ply the output of nitride fertilizer and 


the corresponding lignite consumption. 


- Approximately 800,000 tons of lig-

nite per year are dried resulting in 


400,000 tons of dry lignite (moisture con-


tent around 20%). 200,000 tons of dry 


lignite are used by the metal processing 


industry as a reduction medium and the rest 


is pressed into bricks for 
sale for house-


hold use. 


lpearch and Demonstration Development Pro-


grams 


The need to improve exploitation 


methods and to solve problems that have
 

plagued electricity production from lignite
 

for decades has led to various 
 programs.
 

The solution of some of the problems is
 

being attempted by research projects
 
financed by PCC, the EEC and other institu
tions. The most important research and
 
demonstration projects now running are:
 

Lignite Gasification - Attempts are
 
being made for the theoretical and experi
mental development of new technology for
 
the gasification of the poor quality Greek
 
lignites which have a high moisture con
tent, without pre-drying and with minimum
 
processing before entering the gasification
 
reactor. The allothermal gasification pro
cess has been selected. The gasification
 
of lignite aims at electricity production
 
with a higher degree of efficiency and the
 
minimum environmental pollution.
 

Pre-drying of Lignite at Power Sta

tions by Co-genration Method - Greek lig

nites contain around 60% moisture before
 

combustion. This mosture gasifies and
 
absorbs approximately 30% of the chemical
 

energy of the fuel. If the lignite is fed
 

dcy to the boilers, and not in its natural
 

state (with a 
heat yield not of 900-1300
 

Kcal/kg but 3000 to 3500 Kcal/kg), boiler
 

dimensions will be drastically reduced as
 

will be construction costs and operating
 

problems. At the same time almost 100% of
 

the H.H.V. of the lignite can be exploited,
 

because drying takes place outside the
 

boiler with low pressure steam frri, the
 

station's steam turbine. This project will
 

be developed at a small 
36MW station at
 

Ptolemais.
 

The layers above and intercalated with
 

the lignite in the mines often 
 contain a
 

high percentage of combustible materials,
 

which are not being exploited because they
 

are 
 of much poorer quality than lignite.
 

The exploitation of these layers is still
 

another research project, as is the exploi

tation of bottom ash, as already stated,
 

and the scientific design, giving consider

ation to aerodynamics, of a new type of
 

lignite burner.
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TABLE III
 

S.E.S. FROM SOUTH GREECE 
- ELEMENTARY ANALYSIS OF FLY-ASH
 

ALIVERI S.E.S. 
 MEGALOPOLI S.E.S.
 

MEAN VALUES 
 EXTREME VALUES 
 MEAN VALUES 
 EXTREME VALUES
 

SiO2 38,02 
 32,5 - 40,42 
 49,07 47,51 - 49,90

Al2 03 17,25 14,75 - 19.33 
 21,86 18,07 - 25,58 
CaO 
 22,83 
 19,72 - 25,65 
 16,68 14,36 - 18,59

MgO 
 3,29 1,74 - 3,69 
 3,06 2,85 - 3,22

SO3 2,20 1,32 - 3,42 2,44 
 2,18 - 2,65
 
K2 0 + Na20 0,85 
 0,54 - 1,15 
 0,97 0,18 - 0,93

TiO 2  0,82 
 0,59 0,49 0,70
 
IGNIT. LOSS 
 2,7 
 2,5 - 4,75 
 0,75 
 0,5  1 
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FIGURE 1 

MAIN GREEK LIGNITE FIELDS USED 
FOR ELECTRICITY PRODUCTION 
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FIGURE 2 
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WEAK MIXTURE 

STRONG MIXTURE 

A 1 
Q 

WEAK MIXTURE 

-i STRONG MIXTURE 

FIGURE 6 

WEAK AND STRONG MIXTURE SEPARATOR DEVICE 
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FIGURE 7 

SYSTEMS APPLIED FOR THE COMBUSTION OF PULVERIZED LOW GRADE 

LIGNITE 

SO without mixture separator 1. Mill 
SI with mixture separator 2. Mixture separator
 

S 2 with mixture separator 3. Burnerand lignite electrofllter 4. Weak mixture burner 

5. Lignite electrofilter 

6. Fan 

7. Lignite feeder 

8. Hot gas suction 

9. Secondary air 

10. Primary air 

12. Stack 
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FIGURE 8 

300 MW STEAM GENERATOR AT PTOLEMAIS SITE 
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FIGURE 9 

300 MW LIGNITE BOILER FROM MEGALOPOLIS SITE 
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THE DEVELOPMENT OF ThE COAL INDUSTRY - PHILIPPINE EXPERIENCE 

P.P. Gallego Jr.
 
Philippine Chamber of Goal Mines, Inc. 

16th Floor, Strata Bldg., Eerald Avenue 
Pasig, Metro Manila, Philippines
 

Geology and Coal Occurrence 


The Philippine archipelago is the end-result 

of complicated tectonism with several subduction 


zones and associated elements having formed through 

the interaction of several plates. Forming the 

principal structure is the Philippine Fault Zone, 


transgressing the archipelago in a north-north-


west direction. The archipelago is divided into 


separate pre-tertiary "basement" depositional 


blocks.
 

In contrast to extensive, continental-type, 


paralic deposits in many parts of the world, the
 
coal seams in the Philippines have been deposited 

during the Tertiary in an active island-arc envi-

ronment, within numerous discrete and relatively 

smaller basins. The coal basins in the archipela-


go could be grcped into two major classifications. 


The first group comprise of seams deposited in 


relatively stable environment which allowed for 


accumulation of thick seams and with simple 


structures. The Semirara deposit belongs to this 


group and the seams have been measured to range 
in thickness from 15-25 meters with dips from 


° .
15 -30 The second group, which is more preva-

lent in the country are those seams deposited 


in highly mobile basins and subjected to highly 


complicated post-depositional structural changes, 


with dips crmonly at 45O60O but with over-
turning of the beds and splitting of the seams 

also frequent. Thicknesses of the coal seams 


belonging to this group commonly ina -irefrom 
few centimeters to atout three (3) meters. 


The oldest coal deposit found in the island 

of Cebu is calculated to be forty (40) million 


years old and the youngest, located in Mindoro, 


is about seven (7) million years old. Most of the
 
deposits in Mindanao Island are approximated to
 
have been formed twenty (20)million years ago. Large 


portion of the mineable coal in the Philippines 


are high moisture sub-bituminous coals. Bitumi-


nous coals a:e known to occur in the country 


ranging from medium to high volatile types.
 

Anthracitic coals are also present but are
 
associated with igneous intrusions. Extensive
 

lignite deposits have been proven in the
 
northern part of the country.
 

11 date, the country's coal reserve is
 
placed at 1.55 billion MT and about thirty
 

(30) percent of which is found in a tiny island
 

of Semirara. The total measured reserve is
 
350 million MR and 280 million MT is considered
 

to be mineable.
 

Mining History
 

'Icefirst recorded discovery of coal in
 
the Philippines was in Cebu Island in 1827.
 

The first production was taken from an open
pit operation in Batan Island in 1842. 
 Intermit

tent productions of nominal voumes from Ceb, 
Mindoro and Ngros islands were recorded up to 

the end of the 19th century nd these came
 

mstly from shallow openings and very cruc'
 

mining operations. It was only in the early
 

1900's when the U.S. Army carried out some
 

formalized underground "room and pillar" mining
 

in Batan Island that an annual outpt of more 

than 20,000 T was recorded. Fbllowing the
 
period of inactivity during the war years in
 

the Philippines from 1911 to 1916 another firm
 

mined in Batan and in 1921 established the
 

highest production in the country coming from a
 

single mine (500 "r per day) surpassed only
 

hen the bcket-wheal operation in Semirara
 

Island commnenced in 1982. From 1921 to 1940
 

the average yearly production was under 100,000
 

Hr. Insignificant production was recorded
 

during the war years from 1941 to 1945
 

Between the two World Wars coal mining 
n
 

the country had a steady increase and was used 
extensively in railroad .comotives, cement 
plants, electricity generating plants, small
 

manufacturing businesses and even for coal gas
 
producton in Mnila. 
 uring the 1980's imported
 

oil was considered very cheap and easy to handle
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and there was a swing towards its usage, at the 

expense of coal. Yearly production fell to around 


40,000 KT by 1968. 


With the advent of oil crisis starting in 1973, 


the government mandated the accelerated development 


of the coal indstry not only because the economics 


of using coal has again become attractive but also 


the government wanted to insulate itself as much as 


possible from external factors related to oil 


importation. For the first time in the entire coal 


production history, the country reached 1.0 million 


annual production in 1983. The price paid for coal 


has risen many hundreds of percent to more realistic 

level at present. 


The first highly merchanized open-pit coal 

mining operation in the county started in 1982 

when the four bucket-wheel excavators began opera-

ting in Semirara Island. Ihe capt ive coal-fired 

power plants, each with 7.5 MWcapi-iity were 

installed in th( islan-d to supply the power re-

quirement. of the mining operation. The mine was 

designed based rn a continuous mining system deve-

loped in Germany. The installation has about 

fourteen (14) kms. of conveyor system and was de-

signed to mine coal at 1.0 mi I 1on f'per annum. 

Presently the mine isoperating at half its capa-

city due to desicn discrepancy of ,he power plant 

which contracteJ to use the mit a output. Semirara 

Canl Corparation, the operator of the mine in the 

island started a., a private firm during its explo-

ration staqes in 11)77 but was eventually taken over 

by the qoverrnm-tnt when it succumlbd to financial 

difficuies in l9HO. 


Fesigrs-l in-tially to be a catalyst for the 

acceleral ion -)i r:,l development in the country, 

the governient-wncd Philippine National Oil Com-

pany (P'Cc) wa mandated to enter into coal mining 

and in 1976 startrd with a supposedly model under-

grouno mining oporation in Cebu Isiand. 'b date, 

it has expioded into five underqround mines which 

aggrogitely account for inout twenty (20) percent 

of the total canapity of the country. Its expan-

sion was funded] mostly with loans from the Asian 

[levelopm'nt P.ink (ADB). 

4are than twenty-five (25) percent of the 

coal outputroA the countiy at present come from 

small uryrground mines in Cpbu Island ulth produc-

tlon capacities ranging from 50 to 200 NI [vr day. 

These underground mines are operated by private
 

firms or by individuals utilizing locally fa

bricated equipment and reconditioned machines.
 

The island of Cebu has one of the longest and
 

continuous history for coal production and many
 

of the mines have been handed down through se

veral family generations, The past mining
 

activities were characterized by coal extrac

tion from near surface seams at depths from
 

10-15 meters and applyirng very crude mining
 

methods. Many,operations were merely backyard
 

undertaking by individuals and some members of
 

the family. At present, most of the near sur

face seams have been mined out and because of
 

its p ucity, the mine operators in Cebu find
 

it necessary to convert to mere formalized
 

mining system to continue mining the coal
 

safely and economically. This development
 

however is very slowly taking place as finan

cial institutions in the Philippines still
 

consider coal mining as high risk and therefore
 

deal with loan application for this purpose on
 

a highly conservative level.
 

..
bal mining in the country could be classi

fied into two extremes. The operations in,Se

mirara and PNOC are considered to be highly 

sophisticated, with the best of Austrian and
 

German technology incorporated in the design
 

of the continuous open pit mining system in
 

Semirara and the various concepts of Japanese,
 

Australian and British consultants employed by
 

ADB, adopted in the design of the long-wall
 

underground operations of PNOC mines. On the
 
other hand, most of the privately owned mines,
 

especially those in Cebu rely only on their
 

retained earnings to fund their operations
 

and still employ very crude mining methods.
 

Many foreign governments and institutions
 

have shown interest in assisting the Philippines
 

in its thrust to accelerate the development of
 

its indigenou: -I resources. he U.S. go

vernment thru its Trade and Development Pro

gram has provided part of the funding for the 

evaluation and feasibility study of one of the
 

major coal fields of Semirara. Recently, Mon

tenegrin Mining Corp., a relatively small 

open pit coal mine in Surigao availed of the
 

U.S.T.D.P. funding for the feasibility study
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of its expansiun program. The agrement provides 
that the fundinq will be converted into a loan 

should the feasibility study be implemented, other-
wise it co,,erts into a grant, if the feasibility 
study could not be implemented for some reason. 
The U.S. program has become popular in the country 
and presently several private firms has pending 

application with the U.S. 1inbassy. 


Lately, ADB has recognized that more than the 
government owned firms, the privately operated 
coal mines direly need funding inorder to expand. 

The bank has taken bold steps recently inmodifying 
its policy to enable the institution to extend 
funding assistance directly to the private sector. 
Part of its plan was the commissioning of a Cana-
dian firm to conduct a comprehensive study of the 

Philippine coal industry and to come up with re-

cemmondation on institutio.ial modifications re-

quired of gover:.ment 
to provide the growth enviror-

ment for the prtwite sc<:tor. The ADR has specified 
that only when these institutional modifications 
will be implemented that the bok will effect 

direct fumding assi,,tance to the private sector. 


PABIE I 


Production of Coal 

YEAR PRODUCTION (t 

1973 
 39,004
1974 
 504 


1975 
 105,128 


1977 
 284,554
 

1979 
 263,393 


1980 328,786 


1981 384,000 

1982 
 558,000
1981 
 1,020,000 


Source: Ministry of Energy 

Utilization 

In the Philippines, oil oxr_'nditures rarely 
reached more than 13 percent of total imports 
before 1973. The oil 
crisis starting in 1973 has 
affected tthe country ,.ogrossly that in 1980 the 
oil bill easily accounted for almost 30 percent of 

the entire import bill. Tn 1981, it reached U.S. 
'2.6 billion, equivalent to about 26.0 percent
 
of all import payments and 36 percent of all
 
export receipts. The leadership of the govern
ment announced that the dexterity by which the
 
energy sector was managed would determine how 
successfully the economy of the country could
 
be improved. In 1976 the government mandated
 
an integrated energy development strategy and
 
organized a separate governmental body to im
plement its objective, of developing its in
digenous wealth of energy resources like oil,
 
geothermal, hydro and coal in the country.
 

In 1977, a scientific nationwide survey
 
confirmed that the Philippines had substantial
 
coal deposits. A chicken-and-egg situation however
 
prevailed for a while when both the coal miners
 

and prospective coal users were hesitant it
 
committing their resources in pursuing their
 
projects in earnest. The country never had any
 
experience in mining and utilizing coal of such
 
volumes as justified by the coal reserve po
tential shown L5 , the government sponsored sur

vey and therefore the fear of both the coal
 
producers and users to plunge into uncharterd
 
waters is understandable. 'ibbreal, the impasse, 

the government mandated fuel-intensive industries 
to convert to coal usage, in phases and with
 

government assistance. 
was The first to be covertedthe cement industry and was supposed to befollowed next by the mining industry. Pefore
 

the mandate, four (4) of 
tho eghteen (18) cement 

plants were already using coal and the remaining
cement plants were supposed 
to have phased con
version from total oil 
to mainly coal firing,
with government financial assistance. In 1983, 

all the cement plants has coverted to coal
 

firing, however due to economic difficulties
experienced by the Philippines, 
thesome of 

cement plants either has to operat ,r less than 

its rated capacity or to completely (:lose down. 
Fr m a total of 18 cement plants, only 15 plants 

are operating presently and another three plants 
are being planned mothhl, yto Ve r1 lb. 
PYom a yearly coal requir ment for-c-asted in 
1973 of 1.2 million tI., the rduced local demand 
for cement ha. hrouqgt cown this roquiremont dras
tically to only al-out 400,000 1N'in 1985. 
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The other measure taken ry the government in 


the past to spur coal demand was to construct coal 


fired power plants in the country. In 1980, the 


government targetted 890 MW of generating capacity 

to be coal fired, but due to the dereasing power 

demand in the country, only 410 MWis realized. 

This comprise of the 
300 MW Calaca coal-fired
 

plant constructed in Luzon and the two (2)55 MW 


coal fired plants located in Naga, Cebu. The 300 


MW Calaca plant was constructed starting in 1980
 

by Lhe Japanese and was contracted to utilize Semi-


rara Coal at about 900,000 Nf per annum. When the 


plant was put into tiial in 1984, it was found out 


that it could not operate efficiently with the use 

t of Semirara coal. Inorcl to continue the operation 

of the plant and to meet its power generation target, 


the government has to import high-grade coal at a 


larger ratio, to blend with Scmirara coal. The 


first coal fired plant constructed by the same 


government firm, the 55 MW Naga I, experienced si-


milar problem and in fact its commissioning in 1981 


was protested hy coal producers in Cebu as it had 


to imp-rt higher-grade coal for the trio! run when 


by that time coal stockpiles in the mines were 


overflowing due to lack of market. This was 

evenLtIally corrected ind the plant has been running 


on purely local cool. Another 55 W plant is being 


construch-d in the sase compound by an Austrian 


group which ellso installed the two 7.5 W captive 


power plants in Femirara and this is scheduled to 


be commissioned in 196. 'Ibis plant is being 


designed at much lower-grade, high-ash and high-


moisture coal and with the past experiences with 


the other two power plants, it is envisaged that 

the Naga IT will opierate without any problem 


using locally available coal. The Naga I plant 


is firing about 140,000 M' coal annually and the 

Naga IIis projoct-d to use about 245,000 nI 


starting 1986. With the increasing power demand 


in the Mindanao area and the unreliability of the 


hydro-powered plants noted when drought was expe-


rienced in the country, the government is contem-


plating of putting up a 100 MW plant near the coal 


fields in Bislig. I)iscussions for funding from the 


Japanese is going on and if this materialize, it 


would translate to another 460,000 MT of coal 


demand per annum. 


TABLE 2
 

Pfojected Generating Capacities for 1986
 

(In Megawatts, MW)
 

Hydro 2,114 MW 

Geothermal 894 MW
 

Coal 405 MW 

Nuclear 620 MW
 
Oil/Diesel 2,362 MW
 

Source: Bulletin Today, December 30, 1985
 

Two large mining firms in the country, Atlas
 

Consolidated Mining & Development Corporation 

and Nonoc Mining Corporation have also converted
 

to coal usage. Atlas, a copper mine in Cebu 

with an annual capacity of about 37 million MI 

of ore annually constructed the first fluidized 

ned coal-fired power plants in the country. The
 

two power plants, with a combined capacity of
 

80 MW, designed by the German, is the biggest
 

operating fluidized bed plant in the world of
 

such capacity. When the power plants were fully
 

operational in 1984, the fuel consumption of
 

the mining firm was reduced by 25% compared to
 

1983. Atlas coal requirement is placed at
 

250,000 M annually. Mbnoc is a nickel mine in
 

one of the islands in Mindanao and uses coal for
 

power generation and also for drying of its
 

nickel concentrate. The combined coal require

ment of beth operation in approximated to be
 

105,000 MT per year. The mine was beset with
 

financial problems in the past and to settle
 

its obligations with government banks, the firm
 

had to be taken over by the government. A
 

government firm took control in 1984 and restored
 

the mine to produce about 20,000 M of nickel
 

concentrate per year. To fully resuscitate its
 

financial recovery, the government had to pass
 

a special decree, exempting the firm fiom
 

payment of taxes. Presently, the firm is impor

ting its coal requirement although the design
 

of its plant makes it ponsible to use local
 

coal, as the price of imported coal without
 

taxes is cheaper than the price of local coal at
 

equivalent energy content.
 

Other use-r of coal in the country 4s the
 

Visayan Electric Co., Inc. (VECO) and the bu Do
 

Corp. both located in Cebu. VECO is a private
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firm with franchise to generate and distribute 


electricity in Cebu. It operates ccal fired 


boilers which supplies most of the power to Cebu 


before the construction of the Naga thermal plants 


by the government. It still operates its coal fired 


plants to augment the power produced by the govern-


ment and 	its annual requirement is placed at 30,000 


MT yearly. Lu Lb Corporation operates boilers to 
produce steam for operation of its electric power 


and for processing of copra for oil. The total 


yearly requirement of the firm for coal is about 


60,000 Nir. 


Another major user of coal in the 2-3 years 


period is the National Steel Corporation (NSC), a 


government-owned firm which operates an iron and 

steel manufacturing operation in Mindanao. A direct 


reduction process is being planned out to utilize 


locally available coal. When fully operational, 


NSC would rcquire more than 1.0 million Mfrper year 


for iroh manufacturing process and power generation. 


TABLE 3
 
Coal Supply-Demand, 1995 Projection 


('000 Ml') 


Demand 4,758 


Supply 3,749 


Shortfall 1,009 


Source: 	 Wardell-Armstrong, B.E.D. Presentation, 

,May 1985 


Government Policies 

The relative cheapness and the seemingly inex-


haustible supply of oil lulled the Philippines into 

complacency about fully developinci its indigenous 

energy resource before the oil crisis in 1973. The 

hydroelectric plants in the country was still 

built in 	the 1930's. P years before the oil 


crisis however, the government opened up the road 
to geothermal utilization with a proclamation de.. 

claring certain areas as geothermal reservations 
for electric-pwer production. 


Before the oil crisis, the electric-power 

industry was largely in the hands of the private 

sector, with preponderance of small private utility 

firms with inefficient operations. One firm, the 

Manila Electric ciipany for quite a time, represen-

ted 90% of the power generation capacity and sales 

but served only the Manila area. The government 

owned, National Power Corporation played second 

fiddle to the privately owned generating plants.
 

There were then four oil refineries opera

ting in the country owned and totally con

trolled by five multinationals. Another oil
 

company, 	Getty Oil, had no refinery but sold
 

petroleum 'roducts bought from other majors.
 

Except for the Ebglad-based Shell, all the oil 

companies were American. Oil exploration had
 

been half hearted for most of the first 100
 

years since royal concessions were granted by
 

the Spanish court in the late 1800's when the
 

country was still under the Spanish regime.
 

In 1949, 	the Philippine government promulgated
 

the Petroleum Act of 1949 but was still based on
 

concession system and under this system, com

pany could lease an oil concession with a
 

one million peso (U.S. $50,000) deposit. The 
concessionaires however were not obliged to
 

work on 	the areas and therefore most of the 

concessions remained idle. 1icking the tech
nical expertise and financial capabilities to 

explore 	 their concesslons, the firms sought 

returns on holding on to concessions through
 

the stock-market trading floors. 

Before 1973, the Philippine dependence on
 

imported oil was almost total. Per capita
 
consumption grew from 1.1 barrels per capita 
in 1965 to 1.9 barrels p-r capita by 1979.
 

Even befr.:e the oil crisis, aware of the pre

cariousness of relying almost totally on
 
imported energy, the government promulgated
 

the Oil Exploration and DLvelopmunt Act of 1972,
 

which shifted from the concession system to
 

the service-contact system for oil explorition.
 

Its imme 	iate effect was the attraction of seve

ral multinational energy companies to enter
 

into partnership with the government or or

ganize 3oint-venture agreement with Filipino 

firms.
 

During the oil crisis, in concert the OPEC 

nations no longer negotiated oil prices with
 

the majors but set the price of oil on a take

it-or-leave-it basis. With the declaration of 

Martial Law in the country came thu power of 

the President to issue decrees and on Nbvember 

9, 1973, the Philippine National OI Company 
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was created through P.D. 334. A month later after 


its creation, PNOC purchased ESSO Philippines, Inc. and 

the biggest refinery in the country. With PNOC as 

a government owned firm, it had the advantage of 


dealing with oil producing countries on a government-


to-government bisis, 

As part of the qeneral plan to adopt an inte-

grated energy program, the government issued P.D. 41 

in %bvember 1972, directing the Nitional lbwer 

Corporation to operate all electric power-generating 

stations in the country. The private sector however 


was still allowed to retail the distribution of 


energy on a limited basis, 


With the many activities in the energy sector, 


it was felt that an umbrella organization was neces-
sary to integrate all the energy related effort .r an 

October 6, 1977, the l'resident created the Ministry 

of i orgy through P.D. 1206, to ensure program con-

sistency, cc )rdinat ion and proper supervision, 

Under the sup'rv.sion of the Ministry of Iergy 

ar,d f~rmally ;doptinq the service-contract system 

in oil explarit ron, highly qualfied and experienced 

foreign com[.sitiis activel particip;ited in the 
se;,rch of lotrohaum in the country. FTrom 1976 to 

,
1981, thor" hive f-een sixte-en successive oil and gas 

disc ver 0:;. In ',ini ,ity 19', the 1hili tpptns joint-

the ranks of the cil-producinq nat tons when the 

South and ':i-dt structures placed on joint":1(10 wero 

product ton rt, ,chiri an 4t perivfre -10,090 hrrel:; 

day frm livewli. While this: production is modest 

ny wrrld st-indard, it provcd to the government 

planners that with propr j-nlicies and effirient 

.'up:'rvis ion, the d-,v,,lopment of its; indigenous 

etiet .I-S' tre could 1. accelerat .d. 

'1- ;'-i,'h for -jeothormil resources in th' 

"'nt'"Y has l -t-n r)inqnn sincr the 60's l-ut it was 

realY dur rgc the oration of th( 'tin istry -f 1.nergy 

and the l; "when it w-:i; peshi d into inunprece0ndd 

dt'veloerwnt raco. In 197r, with the qentherm;l 

energy prrdiuct i nn it 44 r tgiwatts, !he 'hilippins 

civertok It ly to f.''m th' s,.cort] 1irq(st qo-

thormal [prw ,i !rdu-,-i in the world. "hen by April 

19H2, ,tdd t itM ieot herma 1 power plant w-is Fit into 

,'er,.ion hi rrng The total g-,oth-tta 1prridueCt ion 

record of q'5hI.W. hat I; r'mark;hl in thi; 

ccnmplm;chmcnt is th.-tt o t of th, gethit'mmi fiel(d; 

were 'xplri d- in,dovelorol utilizing illipino 

t,:'c!n-lry. This teat has b,-,n receqni zed by the 

Japanese and confirmed its respect for Filipino
 

expertise in this field when it contracted PNOC
 

to explore its geothermal resources. To date,
 

the country has more than 1,500 MW steam field
 

capacity ht could not develop all this re

sources due to decreasing power demand. 

Taking off from the decrees passed for the
 

development of the petroleum resources, the 

President issued P.D. 972 known as "Ihe Coal 

Development Act of 1976" on July 27, 1976, and
 

amended by P.D. 1174 the following year. Simi

lar to the decree on the development of the oil
 

industry, it also introduced to the coal indus

try the service-contract system. In a nutshell
 

"The Coal Development Act of 1976" was designed
 

to accelerate production of indigenous coal
 

found in many parts of the country, the instal

lation of logistic networks and tne development
 

of the local market. The decree converted leases
 

and permits which were previously handled by the 

Bureau of Mines of the Ministry o Natural Pi

sources, to service contracts to be adr,inistered 

by the Ministry of Eergy. More economic in
centives were provided in the decree for both 

coal producers and consumers. These incentives
 

ire tax exemption on importrd "apital equiptment 

for coal production and conversion to coal of
 

present oil-fired plants and facilities: tax
 

credit on domestic ci.;pit,-il equipment; net-ope

rating less carry-over: exemption from the 

capital-gains tax; accelerated depreciation: 

preference in the granting of goverinent loans; 

arid remittance at prevailing exchange rate to 
cover interest and principal of foreign loans
 

and obligations regarding technological aid 

relating tn rnal conversion programs. Since the 

decree hits; h,en patterned after the production

sharing scnem,-, for oil, P.D. '72 similarly pro

vides sharing of prodL'ction txtim en the mining 
firm and the qovernment after deducting allowance 

for exploration and development. 

Since the Philrppiioes by-passed the coal fired 

Industrial Pevolution ar jumped into the oil 

aqe, the logistical network that should link 

the coal mine to the market had bxen almost 

non- xistent . P.j. 172? creati the National 

Cnal Authority which was tasked to organize 

the lqint tiral and distribution requirements 
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for the development of the coal industry. The NCA 

was supposed to set up loading terminals near coal 
mines, operate barging and trucking systems and es-

tablish receiving storage and blending terminals, 

including -onveyors to the neazi-:t potential coal 

users, 


Review of Past Performance 


The break of the impasse on the 'tchicken-and-


egg" situation that existed between the coal pro-

ducers and users before the promulgation of "The 

Coal Development Act of 1976" had been the most 

laudable accomplishment of the government as regards 

the development of the indigenous coal resource. 

With its success in providing incentives for coal 

conversion of oil-fired plants, various plants and 

projects which are already ir place, would require 

close to 5.0 million MT of coal in the next 5-10 

yc .rs which should assure that coal producers of 

the market. With the projected shortfall in coal 


production of more than 1.0 million r per annum, 

this places the ball in the court of the coal 


producers, so to say,in the national effort of 


developing coal resources of the country, 


As in most planning experiences, the Philippines 

had also its share of slippages and miscalculations, 

When the first coal fired thermal plant of the 

government was put into operation in Cebu in J981, 

it was realized that the average coal from the mines 

in CeW did not match the design specification of 

the plant. While the original idea of putting up
 
the plant in Cebu was to provide the nearest mar-

ket for the coal mines in that island, only few 

mines could produce the coal suitable for the 

thermal plant. PNOC which was tasked to guarantee 

coal supply to the plant had to resort to blending 

to come out with the required coal. The mismatch 

could be traced to the inadequate survey conducted 

of the Cebu coal. Mst of the coal mines at that 

time were just starting with their small in-seam 


mining operations and therefore lacked the com-


prehensive data which could only be derived from 


past production figures or f-om a well organized 


drilling and exploration work that should have 

preceeded the mining opiration. 

Ironically the same case occurred again during 

the commissioning of the second coal thermal plant' 

owned by the National Powe: Corporation but this 

time on a grandeur scale as it involved a 300-
MWplant and a U.3.$180 million open pit coal mine. 
In 1978, after a comprehensive drilling and explo

ration campaign in Semirara Island, a private 

firm was able to confirm a coal reserve of more 

than 100 million Hr and a mineable reserve in 

excess of 30 million HP. With this development 

the government mandated its own firm, the Na

tional Power Corporation to construct a 300 N 

thermal plant in Calaca, Batangas specifically to 

utilize the Semirara coal. in 1980, a 15-year 

coal supply contract was signed between the 

two parties and agreed to meet regularly to up

date each other on the development of their in

dividual projects. Diring the commissioning of
 

the thermal plant it was found out that its de

sign was not in accordance with the specifica

tions as indicated in the contract. It was 

also observed that the plant design did not
 

allow for the sodium content of Semirara coal
 

and therefore could possibly result to frog]uent
 

outages for maintenance. The undersigned
 

happened to be employed with Semi-ara Coal 

Corporation and was involved in development of 

the coal project and in the negotiation of 

the supply contract with NPC. While the man

dated transfer of power generation to Nm was
 

based on sound policy, it also resulted to 

drastic expansion of the government owned firm 
and wit, it came the bureaucracy and the dif

ficulty in communicating with its various di

visions. The other reason that could ho pre

sented is that the teohnical personnel and 

consultants that were involved in the planning 

and design of both the Semirara mine and the 

NPC thermal plant lacked adequate experience 

with the climate similar to the [hilippines. 

The coal handling facilities of the NPC plant 

experienced its worst form during the %:et 

season and in the Philippines this could exist 

from six to eight months. Lastly, it could be 

commented and this could serve as a reminder 

to other developing countries chat any plans 

of adopting highly sophisticated technology 

from advanced countries should always be 

approached with caution. The Semirara project 
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which implemented the highly advanced continuous 

mining system utilizing conveyor belts and bucket'-

wheel excavators had its financial projections 

tightly tied up to the expected sales as contracted 

,with NPC. The design discrepancies in the NPC plants 

however resulted in lesser lifting of coal from Semi-

rara as higher grade Australian coal was necessary 


for blending inorder that the thermal plant could 


run efficiently. Viewing the events at hindsight 


Semirara could have more flexibility in dealing 


with the derailment of its financial projections 


should it incorporated less sophisticated and cheaper 

equipment in designing its open pit mining operation. 

As in previous experience with the first power plant, 

it is envisaged that the existing difficulties could 


be corrected in time especially since both firms 


are government -owned, 


Since the promulgation of P.D. 972 in 1976, 


only the governwmKot owned firm, namely Semirara Coal 

Corporation and PtX) has apparently progressed sig-

nifican-ly while the privately-owned firms did not 

really improved as expected. One of the major 

reasons for ite expansion of PNOC operated mines 

is its access to funding from sich firincial ins-

titutions like the World Rank and the Asian Deve-

lopment Rink. The ADR has recognized this imbalance 

and is now takinq step-, inorder that it could pro-


vide the -necessaryfunding to the private sector. 


The other factor for the lackluster performance 


of the private sector could be ascribed to the Coal 


revelopment Act itself. The production sharing 


scheme which has applied successfully to the oil 


irdustry has not provided adequate incentive to the
 

coal industry. It is experienced that as the mines 

go deeper drastic increases in operating costs are 

incurred. Inorder that the privately owned coal 

mines shall advance frc-- the prevalent practices 

in he country of developing only the near surface 

seams, substantial profit margin should be provided 

so that the developilnt risks could be appropriately 

compensated. The association of the coal producers 

in the Philippines is presently putting pressure 

to the government :n amending the decree toward 

this direction. Another major factor which if 

corrected is envisioned to attract investors to the 

coal mining industry is the lack of definitive 

pricing plicy for coal in the country. In general 

terms, the price of coal in the country is tied up
 

to a certain percentage to the equivalent price 

of oil. In effect,the price of coal in the 

country is not accorded appropriate protection 

and is exposed to competition with foreign coal. 

Owing to the complicated geology of the couintry 

and the thin-seam occurrence of the deposit, 

most of the mines would hardly he developed 

if they were located somewhere else in the world. 

Adequate protection should be accorded to the
 

coal mining industry if the country aims to be
 

energy self-sufficient. The inequity of the
 

pricing policy, is reflected in the fact that a
 

government owned nickel mining firm in the
 

country continues to imports its coal due to
 

price advar.t.ge over local coal. Ironically,
 

the government passed a decree exempting the
 

firm frem paying taxes including that on
 

imported coal.
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ABSTRACT
 

Most of coal deposits in Thailand are found in 
 ash disposal are also being studied.
 
tertiary basins scatterly located in the Northern
 
and the Southern part of the country. Their qualities i. BACKGROUND

rank from lignite to high volatile C bituminous. Ex- 1.1 Geology and Reservesplorations to determine the total 
reserves are still 
 Most of coal deposits in Thailand wereircomplete. Base on 
the current available data, it 
 formed in the Cenozoic era. The exact ages of
is anticipated that the 
total possible reserves will 
 most of them have not yet been identified owing
be around one billion metric tons. 
 to insufficient study, but by means of paloconto

logy, some can be estimated to lie somewhere in
History of coal development in Thailand can be 
 the Miocene epoch. 
They have been found mostly
traced back as fat, as 
1892 when the first coal mine 
 in Tertiary basins throughout the country. About
was put into operation. 
 In 1960, the first lignite 
 80% of their seams are stratified in small strucfired power plant of 12.5 MW was commissioned. However 
 tural basins scattering in the Northern Region.
during the cheap oil era, the development and utiliza-
 Their quality are low grade, ranking from lignite
tion of coal had been very limited. Suffering econo-
 to high volatile bituminous C according to the
mic adversity resulting from the oil crises, in 1980, 
 American Standard (ASTM, Part 26, 1977). 
 The ma-
Thailand formulated the fifth-five years national de-
 jority of these resources are lignite of low cavelopment plan (1982-1986) ainied at reducing the de-
 lorific value (2,500-3,000 kcal/kg) due to its
pendency on imported oil 
from 75 to 46 percent partly 
 high water content (20-35%) and high mineral ash
by the extensive development ..f indigenous energy 
 (10-47%). 
 Though the overall investigation has
sources. 
 In this plan indigenous coal was listed as 
 not been accomplished, the executed works reveajedorc of the t r. pioi 4, and is limed at i on the 49 ilu-litlia of coal deposits with probable reannual prodLction to about four folds from around 1.4 serves 
of at least 1,200 million tona. Among
million ton in 1980 to 
5.5 million ton in 1986. 
 Most these sources, the reserves of sub-bituminous coal
of this coal will be used for power generation, the 
 are relatively small in comparison with lignite,
installed capacity of' which will be enlarged from 210 
 their neat content range lies between 5,500-6,000
MW to 885 MW. It is planned that, by the end of the 
 kcal/kg with about 8% ash. 
At present, only ele-
Sixth Plan 
(1991) its capacity will further increase 
 yen deposits are being actively mined, four beto 1800 MW or about one-fourth of the country's in-
 longing to state enterprises and the rest to pristalled capacity and will 
consume about 12 million ton 
 vate sectors (Table 1 shows major coal deposits
of lienite annually. At the same time, about one mil-
 in Thailand).

lion ton of lignite will replace heavy oil in small

industries. 
 This amount accounts for only two-tenth of 1.2 
 Evaluation of lignite development in
the potential users. 
 Thailand
 

Thailand, like many others countries
Such drastic increase needs substantial investment 
 which heavily depended on import oil, has been
for development, to alleviated its burden, the govern-
 severely affected by the oil crises. 
 In 1980, the
ment has laid down a policy encouraging the private 
 share of imported oil in the country's energy supsector in mine developments. Domestic coal will be 
 ply was recorded at 75 per cent and consumed more
allocated for development according to their qualities, 
 than one-third of the country's foreign earning.
High quality coal will be mined under concession by 
 It is thus evident and is eminent the country to
private sector 
for serving industries. 
 The ability speed up the development of her indigenous sources
and flexibility of the market-oriented private sector 
 of energy 't a full pace. Lignite was listed as
provide better mobilization of resources 
and price corn-
 one of the top priorities.

petition and hence expediting the development and utilization. 
On the other hand low quality coal, unsuit-
 The development of lignite in Thailand
able for industrial use, will be mined for power 
 has a long history. In 1892, the first production
generation by state enterprise responsible for 
the of lignite 
took place in Krabi South of Thailand
same. The government has also put up measures include 
 but ceased its production four years later due to
among other, price structure, tax increase on 
imported 
 limited market and poor qulaity of lignite. The
coal, tax reduction for equipments which use coal, soft 
 chronicles of later development are as below.
loan for retrofitting equipments to use coal, prohibi
tion on the export of local coal 
etc. In addition,

research and developments on 
the means of coal utiliza
tion other than above mentioned are being undertaken
 
to find out the most economic and efficient use of coaL 
In parallel, the adverse effect on environment resulting
from the development, handling, utilization of coal and 
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1912 Department of Nines (former name 
of the Department of Mineral Re-
sources) carried out detailed ex-
ploration in the vicinity of the 
forementioned lignite mine and 
later on gave a concession to a 

All lignite mining in Thailand are limited 
only to open pit mind employing excavator and 
trucks but in some particular cases blasting may 
be needed to ease the operatio,,. 

2. ROLE OF LIGNITE AND COAL IN THAILAND'S ENERGY 
Penang-based Englishman to mine SCENARIOS 
lignite at Pongpoo-dam, Krabi. 2.1 Past and present utilization 

1911-1917 A state-own company named Siam 
Coal operated a lignite mine at 
Kiansa, Surathni. 

Coal hes been consumed in Thailand sincethe early 1900's. Domestic lignite is used for 
power generation and in small industries but at a 
limited scale. However, after the oil crisis the 

1917 Royal Siam Railway conducted coal 
ex,7loration to fuel its locomo

amount of imported steam coal for cement industry 
has been increasing rapidly. 

1927 

tive3 and discovered substantial 
hgnite reserves at Mae Moh Lam-
pang, North of Thailand and Pang-
Po0 dam, Krabi South of Thailand. 
The exploration program ended in 
1932. 

King Rams the Seventh, ordered 

Demand for domestic lignite has increased 
four folds in the last eight years from 0.5 mtpa
in 1975 to 2.2 mtpa in 1983 in 1985, the lignite 
demand totalled 3.3 mtpa. EGAT's mine mouth power
plants at Mae Moh and Krabi supplies approximately
80% of the demand. The quantity of imported coalhas increased by 7.3 fold3 in the last seven years 
from 31,798 tons in 19'7 to 225,096 tons in 1983. 

his privy minister to reserve the 2.2 Future trend 
Kianan, Pang-poo dam and Mae Moh Lnite 
lignite deposits for government 
operation for the benefit of the 
country. 

With the expansion of EGAT programme at Mae 
Moh from the existing 825 MW to 1,725 MW, cement 
plants and tobacco curing and other small indus

1950-1954 The Department of Mine with the 
co-operation of the United States 

tries, demand for lignite is rapidly increasing. 
It is envisaged that the demand of local lignite 
will reach 10 mtpa by the early 1990's. The de-

Operation Missions conducted ex-
tensive exploration in Mae Moh 
and Krabi basins and concluded 

that the estimated reserves of 

mand in cement industry is expected to increase 
from 0.3 mtpa to 1.7 mtpa by 1995. The tobacco 
curin and small industries are expected to ho 
a share of 0.23 mtpa by 1991. 

Mae Moh and Krabi basins are not 
less than 120 and 100 million Futuretrendoflignitedemand areasfollow 
tons respectively. 

(106 TONS) 

1951 Krabi Mine commenced its operation. 
POWER 

1986 1987 1988 1989 1990 1991 

1954 The government established a GENERA

state own mine at Mae Noh. Six TION 5.551 5.728 5.917 6.425 8.946 10.444 
years later it was transformed CEMENT 
to the "Lignite Authority of Thai- INDUS
land". In 1969 it was amalgamated TRY 0.490 0.620 0.810 0.890 0.960 0.990 
with other public utilities into 
the Electricity Generating Autho-city of Thailand (EGAT) which OTHERINDUS
thn ofuThailntrd twhe dev~p-
then fully controlled the develop-
ment of Mae Moh and Krabi Lignite 

TRIAL 0.155 0.165 0.165 0.165 0.175 
(TOBACCO 
CURING, 

0.230 

for power generation. ULP 
PULP 

1967 The National Energy Administration, PAPER etr.) 

in response to the demand of to-
bacco-curing industry for alter-
native fuel to replace the scarce 
fuelwood opened its lignite mine 
at Ban Pa Kha. Lampoon. With its 
high quality (sub-bituminous C) 
the utilization was expanded to 
other small and medium industries, 
including cement industry, 

Imported Coal 
Most of the imported coal is steam coal 

which is used for power generation and cement in
dustry. Steam coal imports are forecasted to in
crease from 150,000 tpa in 1984 to 495,000 tpa by 
1991 to meet partial fuel requirements cf the ce
ment plants. Steam coal use is expected to climb 
up to 

3 
. 
7 
mtpaby 1995 with the commissioning of 

the first 600W Ao Phai and 190 MW Krabi coal

1976 Attracted by the drastic increase 
in demand, the private sector 

opened several lignite mine in 
the North and the South regions, 

fired power plants. However, if more natural gas is 
available for power generation, the 1995 demand 
for steam coal could be as low as 0.5 mtpa. De
mand for coke and coal products is estimated to 
grow at moderate rate at about 12 per cent per 
annum. Forecast coal demand are as follows 
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(103 TONS) 

1986 1987 1988 1989 1990 1991POWERAO PHAT . .. - -.(4 x 600 MW) 


POWER KPABI - - - - - 
(2 x 150 MW) 


CEMENT PLANTS 200 280 335 
 365 395 495ri 


TOTAL, COAL 200 280 335 365 395
(INTENSIVE3.PLY

CONEN) 

COAL)
 

TOTAL GAS 200 280 335 365 395 495 

(INTENSIVE 

GAS) 


The coal forecast was based on a detailed analysis 

of the coal requirements by sector md an assessment 

of economic conditions, commercial energy trends, fuel
prices, national policies, and alternate fuel supplies,

pice nartionaurlc ,and awhich 

in particular, natural gas. 


2.3 Competitive fuel (Natural gas and fuel oil) 

and prices comparison 

For a clearer view on the role of lignite and 


coal in Thailand's energy scenarios, the supply and 

price of all competitive fuels namely heavy, oil, na-

tural gas, imported coal and lignite are discussed as 
follows. 


Heavy Oil 

Only about 10 per cent of oil supply are being 


produced domestically. The rest are imported from the 

the Middle Last and East Asia. The current production 

of heavy oil from local refineries exceeds the demand, 

To trade-off the potential loss in exporting the sur-

plus, the Government encourages the use of heavy oil 

for power generation to the maximum possible extent, 

by suosidizinp 	the price of heavy oil for power gene-

ration. At present the price of heavy oil is 4.08 and 

4.09 Baht per litre for power generation and for in-

dustry respectively or about 0.415 and 0.416 Baht per 

thousand kilocaloies. 


Natural Gas Naturl Gas3.2.1 

The recent discoveries of natural gas both off-

shore and on-shore has substantially alleviated the coun 
try's dependency on imported oil. The current production 
amounted to 350 MMScfd and contributed about 70 p~rcent of 
the country's energy demand. It is envisaged thL,t the oro-
duction may rise toabout 50 Scfd byyear 1990. Thenair 
customers are EGAT, cement industries and petro-chemical 
plant. The potential use of natural gas for other indus-
tries islimited due to demand and recticulatingsystem 
constraints. Till the middle of this January, natural gas 
is beingsold to EGATat 87Baht permillion Btu (0.345$/ 
thousand Kcal) and 920 per million Btu (0.365 0/thousand 
Kcal) to cement industry, 

Coal and Lignite 

Steam coal is being imported, mostly flom 


Australia. With the import duty of 10 percent on CIF 

value, the price of coal in Bangkok is about 1660 baht 


rtonor 0.278 aht per thousand kilocalories. Theprice of local 	lignite for industry varies from 260 
pric oflocl indstr vaies rom260oflinit fo 

to 500 Baht per metric ton (0.072-0.111 Baht per thou-

sand kilccalories). The cost of haulage is about 1.40 

Baht per ton-kilometre. 

It is clearly evident that the current
 
lignite price is for too low while theprice of
 
natural gas was not really attractive for the in

dustry in comparison with the imported coal.
Therefore, in the 
near future, unless some cor
rective measures are undertaken, the importation 
of coul is likely to inorease and the situation 
wheu! imported energy dominat;es the energy scena

s w l be o th r se a i n
rios will be on the rise again.
 

3. POLICY 

3.1 The Fifth and The Sixth National Economic
 
and Social Development Plan (1982-1986
 
and 1987-1992)
 
As menticned earlier, the oil crises has
 

forced Thailand to accelerate the development of
 

its indigenous sources to reduce its dependency
 
on imported energy. This can be witnessed by the
Fifth five yearNational Economic nd Social De-

Fithfe yar ntl Enomc (nd8ocia85e
velopment Plan currently in force (1982-1985)
 

called for accelerating the development of
indigenous sources namely, oil, natural gas, hy

dro power and lignite to reduce the dependency on
 
imported oil from 75 to 43 percent by the end of
 
the Plan. Lignite supply in particular, was
 
aimed at four folds in~rease to meet the require
ment of the expanding lignite-fired power plants
 
from 210 MW to 885 MW.
 

The new Sixth Plan (1987-1992) which is
 
being formulated is expect to foilow the same
 
trend. In this Plan, the lignite power genera
tion will further expand to 1,725 MW. Additional
 
goals on the promotion of lignite use in industry
 
and the role of private sector in coal exploration
 
and mining activities are also envisaged in com
bination with corrective measure to discourage
 
coal import and incentives to promote wider use
 
of lignite.
 

3.2 Polizies on Coal and Lignites
 
T enhance the above mentioned objectives,
 

several policies on coal and lignites have been
 
laid down in the following areas.
 

Utilization
 

Since coal leposits in Thailand are
 
mainly oi low quality ranking from lignite to
 
high volatile bitumirous C and varies from place
to place depending on the environments of deposi
tion to maximize benefits, due consideration have
 
been given to the allocation of their utilization ac
cording to qualities, reserves, manrkt and hauling 
distance.
 

As such, poor quality lignites which
 
do not meet the requirement of ' , industry are 
thus allocated for power ger-:, a. and consumed 
at mine mounth to reduce hauling cost. While 
higher quality lignite, for instant sub-bitumi

nous, which can compete to a certain extent is 
the natural gas and fuel oil will he promoted for 
industrial use 	 at a higher price. The moderate 
quality lignite is meant to substitute fuelwood
 
in tobacco curing industries and small industries
 
at competitive price. In addition, briquetting 

fine lignite for domestic use to replace char
oa in l areaeisoasoein uertae. 
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3.2.2 Production
 
To support the objective on utilization,


policy on production was formulated. In the case of 

production of lignite for power generation, a state 
enterprise was given the responsibilities. The rea-
son is power development required enormous financial 
investment but very modest return and this is oriented
towards national stability, the operation under state 
enterprise is deemed more appropriate. On other hand, 
supply of lignite to industry is purely market-oriented 
which is aimed at competing with other alternative 

fuels, hence it requires more flexibility and mar-

keting techniques which the private 
sector is better 

equipped with. Therefore, the private sector is being 

encouraged to participate in the production. The go-

vernment will however, be still in charge of the ex-
ploretion activities to investigate the reserves and 

quality for production allocation. However, detailed 
quitynves productiontionwi allbeinvestigations will be 

etion. H er dnetaild
undertaken by the concession-


3.2.3 Administration and Control 
To administrate and control the activi-


ties on linite development to follow the same direc
tion, a national administrative board named the Na-
tional Committee on Coal 
Policy is being established. 

This Committee shall be responsible for coal activi-

ties including overall planning for both coal demand 

and supply, exploration, mining, coal handling and 

transportation, authority to carry out utilization 

studies and coal imports to maximize the use of local 

supply, appropriate economic terms, for increase tax 

-r 
imported coal, granting of lip.nite concessic.ns to 

the orivato sector, encouragement of the private sec-

tor 
to accelerate lignite production, encourage the 

utilization of lignite to replace fuel oil and im-

ported coal by tay or 
other government incentives and 

prohibition of exporting local coal for 
the max 'lza-

tion of benefit of the country. 


3.2.4 ASEAN Co-Operation in Coal Area 
Besides the indigenous lignite activi-

ties, Thailand has joined with her neighbouring coun-

tries in coal development through the Association of 

Southeast Asian Nations (ASEAN). 
The Association was 

established in August 1967, initially consisting of 

five countries in 
the region namely Indonesia, Malay-

sia, Philippines, Singapore and Thailand. 
Later in 

January 1984, it expanded to six, when Brunei joined

the Association. 
Under the umbrella of ASEAN Concord 
which called upon the ASEAN Member Countries to assist 
each other by according priority to the supply of in-
dividual country's needs in critical circumstances 
and priority t) the acquisition of reports from Mem-
ber Countries in sesp-ct of basic commodities particularly food and energy, the ASEAN Expert Groups 
or 

Coal was 	 established to discuss ar.d draw 	 up programme
on coal co-operation. As a result several area of 

coal activities have been considered and studies un-
dertaken 	namely.
 

- Establishment of Coal Information Center
in Thailand 
intTha.ar 

-coal 
- Studies on Distribution and Utilization of
Coal 

.Joint undertakings and Joint ventures in 


Coal Mine Development 

- Joint Cooperation with Third Countries, 

- Longterm projects. 

Also the 	ASEAN Agreement on Energy

Co-operation has been drafted and expected 
to be
 
signed in the very near futures this will offer 
a good opportunity to Thailand to secure the s;up
ply of coal in the future.
 

3.2.5 Hesesrch ard Development 
In addition to the above activities 

on development of indigenous coal sources arid 
security of supply of coal, Thailand, NEA 
in particuar, nas carried out resea,-ch arid de
velopic.nt -. tnu utilization of local coal to ma
to useximizeproducethe of its low gradefuel suitable lignite especiallyfor industrial and house
hold use. 
 Even though the quality from some ofh ese e n t h gh a 5,o0t soge lof
these mine rank 
as high as 5,000 Keal/Kg, deli
vered quality has been inconsistent. For the ccment plants some of the lignite delivered has
been as 
low as 2,300 Kcal/Kg and accordingly, ie
 
industry is looking to import more higher quality
coal. It is believed that only benefication will 
provide better utilization. 

chemical processing technology is being developed.Among several other synthetic products developed,
the p r l o f n t hetiu pr t s using 

the production of nitrogenoursfertilizer usinbl 
lignite as the feedstock has also proved feasible. 
However, the lignite gasification and purifioas 

cation processes are cost intensive and constantly
 
pose technological problems.
 

Research 	 and developmont on utili
zation has been actively under taken. On the go
vernment side, Laboratory test.i 
are being carried
 
out in search of the best Linder, economically

and technically to be used in briquetting Local 
coal which has non-caking characteristic. Car
bonization of lignite for cooking fuel to substi

tute charcoal is also being studies. The dispo
sal of ash by rroducing construction materials is
aloudrivsgtonbEAT
 

also under investigation by EGAT.
 
Private sector has also actively
 

undertaken research and development on the utili
zation of lignite. For instance the cement indus
try used their run resources, manpower aridfinan
cial, to develop technique of firing system and
 
modifying the kiln to accommodate lignite to the
 
maximum possible extent. The research on 
the ef
ficient use of lignite in tobacco curing barns
 
has also been undertaken. Several boile,, manufac
turers have started p:'ogrammes to produce boilers 
and furnaces using lignite as fuel.
 

Those research and development pro
grammes support and help accelerating the production and utilization of lignite substantially andths wnd ftili tate f lignite
 
deve lpmest.
 

4. PROCEDURES
 

One of the key factor in thedevelopment is the achievement ofrole of the National Com
coldvopetiterlefthNaonlCmmittee on Coal Policy which will manage aridregu
late the 	coal activities. Procedures which the
Committee will undertake can be divided 
into two
 

stages, i.e addressing issues and policy formula
tion.
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ABSTRACT
 

Use of Texas lignite for power gene-


ration has had its ups and downs during the 


twentleth century. Its first application 


began in 1926, but ws soon replaced by a 

plentiful supply of natura, gas in 1940. As 


a result of this early application however, 

it became a I- ical choice for an energy 


soutce for the Texas Utilities boilers when 

natural gas was in short supply durino the 

1960's and early 1970's. Today approxi-


mately half of Texas Utilities' 71,906,144,000 


kilowatt-hours is generated from the use of 


Texas lignite. The large scale utilization 


of lignite has presented some interesting 


challenges in the areas of strip mining, 


reclamation and air and water effluent man-


agement. 


INTRODUCTION 


Due to .he short period of time avail-

able today, I vill give a brief overview of 


the Texas Utilities' lignite program and 

invite anyone who wishes to discuss it in 


more detail to visit with me later during 

the conference. 


The Texas Utilities Company System pro-

vides electric energy in 87 counties in 

north central, east and west Texas which 


covers about one-third of the state's area and 


approximately 4,850,000people. In addition, 


Texas Utilities is the fourth largest coal 

mining company in the U.S.A. Natural gas was 


the principal fuel for the system until 

1971. With the conversion to lignite, 


natural gas was used to produce about 48% of 


our electricity last year with lignite pro-


ducing about 51%. 


Texas lignite is a grade of soft coal 

with a heat content of 2,200 to 4,000 Kg-


Suite 2070
 
75201
 

cal/kg. The lianite is low in sulfur con

tent - about 0.6 to 1.2 percent, but high in 

ash content - 12 to 20 percent and is diff
icult to store or transport over long dis
tances due to its high reactivity and fria

bility. With Texas heat and wind, it will 
burn spontaneously or blow away. Therefore, 

careful planning must be utilized for it to 
be a viable energy resource. Lignite is 
found in a broad band stretching from Tex

arkana down to Laredo (Figure 1). It is 
estimated that there are over 100 billion 

tons of this resource available in the
 

state. However, using current economic
 
mining methods, only about 10 percent can
 

be recovered. The unconsolidated nature of
 

the overburden in Texas dictates that sur

face mining techniques be used to extract
 
the lignite and, in general, only that
 

which is within 70 to 80 meters of the
 
surface due to the thin seams. Lignite
 

seams have been logged as deep as 1,500 to
 
2,000 meters but presently are not eco

nomically recoverable.
 

Why use lignite? Although character

ized by many people as simply a poor grade
 
of dirt (some refer to our lignite plants as
 
dirt burners), lignite can be a relatively
 

inexpensive fuel. Our company has seen the
 

cost of natural gas and oil increase dra

matically since the late 1960's. The cost
 
of lignite is relatively stable when com

pared to the other fuels, because the Texas
 
Utilities System has sufficient lignite
 

reserves under lease to cover the lifetime
 

operation of the power plants. Many of these
 

reserves were obtained in the 1940's and
 
1950's when no one else was really interested
 
in lignite. Thus far, System customers
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have saved about 3-1/2 billion dollars due 
 lems were encountered with the construction
 
to replacing natural gas with 
lignite, 


Lignite is not 
a new energy source in 

the State of Texas. 
One of Texas Utilities' 

subsidiaries, Texas Power & Light, opened a 

plant at Trinidad in 
1926 to burn lignite 


coal from the nearby Malakoff mine. Figure ' 

shows a stripping shovel 
at the originr I 

Malakoff mine. It 
had a six cubic meter 

bucket. 
You can judge how large this shovel 

was by the size of the men standing at its 


base. Lignite was loaded by a 1.2 cubic 


meter shovel into rail cars. 
 The railroad
 
carried the lignite on tracks laid directly 


into the pit of the Trinidad Power Plant a 

few miles away. 


1r. the mid 1920's about 2 million tons 


of lignite were mined a year in the State. 


After an almost void period in the 1940's, 


production had risen to 32 million tons a 


year in 1984. The plant at Trinidad pro-


duced about 40 megawatts of power from 


lignite and required almost three times as 


much fuel per unit output as does one of our 

modern lignite units. 
 In the late 1930's, 


Tr i n i d a d w a s c o n v e r t e d t o n a t u r a l g a s . N a t ural gas was being flared as a waste producL 

in thase years and was therefore available 

in thsepy es aa 


Fortunately, one 
of the managers re
membered the successful utilization of lig-
nite in the 
1920's and l930's and continued 


nitein he 120'an 193's nd cntiueddragline
to acquire mineral leases during 
the 1940's 


and 1950's for the Company. This activity 

provided an extremely economically attrac

tive fuel source once the price of oil and
 
natural gas started to rapidly increase in
 

the late 1960's. When the Company returned
 
to the use of Texas lignite in the late
 

1960's, the need for generation was much
t w s
larg r t inan the 193 's. Thedragl 

System txpnion Pancaled fors
the ~supplied
System Expansion Plan called for the 7,ddi- from the power plant. Figure

shows a full size pickup truck in a buckettion of units in the 500 MW size range.
 
to give a perspective of size.
There was some question as to whether a lig-togvapescieofiz.Telnsn The links inThee ws sme
uesionas 
o wethr ahg-the 


nite furnace could bp built to handle this
 
quantity of lignite since it wculd be equiv-


alent in size to a 700 - 800 MW bituminous 


coal furnace. Although several new prob-


of the first large lignite fired plants,
 

they have been resolved and today the Jig
nite units serve as the backbone of a 17,804
 
MW system. 
Big Brown Steam Electric Station
 
near Fairfield is cne 
of Texas Utilities'
 

first modern lignite fueled plants. It has
 
two 575 megawatt units and started ope
ration in 1971. 
 At the present time, there
 
are three lignite plants operating for a
 
total of eight units and two units under
 

construction.
 

MINING
 

One of the big questions for a lignite
 

plant is how to provide the enormous quant

ities of fuel required on a daily basis? Biq
 

Brown must be supplied with over 20,000
 

tons of lignite a day. The enormous quant

ities of lignite needed for the plant are
 

obtained by strip mining. This means that
 

over 140,000 cubic meters of overburden
 

must be removed just to get to the lignite
 
seam.
seam.
 

Lignite is recovered from seams about
 

v a r y f o m t e rs .utc tdoe p t 6 0
 
vary from the surface outcrop to about 60
 

mters. The lignite seam is uncovered with
 
dragline thaL cIus a swath about 40 meters
wide and as deep as 
the lignite seam. 
The
 

heart of the mining operation is a dragline
that removes overburden. Figure 3 shows a
 
at our Martin Lake facility in far

dagline at urgMartiLake 
 t nfa
 

has a boom i10meters long and costs about
 

$25 million. The bucket on the dragiine 
can
 
hold 72 cubic meters (130 tons of dirt) and
 
can remove about 20,000 cubic meters in eight
 
hours. Remember, the bucket 
at the Mal
akoff mine was only six cubic meters. The
 

ne is electrically operated with power
 

chains are bigger than a man's leg. The
 

dragline has over 10,000 horsepower in mo

tors and consumes about as much electricity
 

in a day as an average Texas home would
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consume in six years. The overburden that
 
is removed from the top of the lignite seam 

is placed in the previ,)us pit that had been 


dug. It is not necessary to separate the 

top soil and sub-soil in Texas since ex-

perience has proven that revegetation is 

excellcnt. 


The latest addition to the mining ef-

forts is a cross pit spreader which will 

permit us to mine deeper more efficiently 


(Figure 5). It has a boom that is about 

twice as long as our regular dragline ---

205 meters. Its overall length is about 300 

meters and its center tension mast is over 


60 meters tall. The cross pit spreader will 

use two bucket wheel excavators which will 

dig at a rate of about 6,100 cubic meters an 


hour. 


Once the overburden is removed, a smaller 


shovel is used to remove the lignite and 

place it in 100 ton haulers (115 cubic 

meters) for the trip to the power plant. 


The loading shovels are about ten times 

larger than the loading shovel used in the 

old Mrlakoff mine at Trinidad. The haulers 

are powered by 755 horsepower diesel engines 

and cost about $400,000 when new. A set of 

tires alone for this vehicle costs $25,000. 


At Big Brown haulers take the lignite from 

the mine to the plant and then dump it into 


primary crushers, 


At Monticello and Martin L.ke, haulers 

carry the lignite to a loading silo where 

lignite is crushed and loaded aboard 15 car 

- unit trains for the trip to the power 

plant. All loading operations are auto-

matic and controlled by a single train 

operator. The loading silo holds 5,000 
tons of lignite and can load a 100-ton car 

in about a minute. Figure 6 shows a unit 
train approaching che Monticello Steam Elec-

tric Station which has traveled about 24 Km 

from the loading silo to the power plant 

over Texas Utilities Company railway sys-

tems. These 15 cars loaded with lignite 


will provide fuel for this power plant for 


just over an hour. 


GENERATION
 

The Big Brown Steam Electric Station
 

is typical of the lignite plants in East
 
Texas (Figure 7). It is a super-critical,
 

lignite-fired station consuming up to 20,000
 
tons of lignite a day. (That's about 1 ton
 

every 4 seconds at full load.) Lignite
 
delivered to the plant is crushed and stored
 
for use as required. A mass of conveyors
 

carries the lignite to secondary crushers
 
and then to the boilers for consumption.
 
Once reaching the boilers, the lignite is
 
stored in silos along the sides of the
 

boiler. There is sufficient lignite in
 
these silos to operate the unit for 8 hours.
 
The lignite from the silos is pulverized to
 

the consistency of face powder before it is
 
blown into the furnace for combustion. The
 

furnaces operate at about 1,3710C and slightly
 
negative pressure and supply steam at 270
 
Kg/Sq-Cm pressure at a temperature of 543 0C.
 

A major portion of a lignite plant is
 
made up of environmental controls. There
 

are several by-products of lignite com
bustion that must be removed from the flue
 
gas before it l(ves the stack. One of
 
these is fly ash, a powder-like ash that can
 

be removed from the flue gas by electro
static precipitators such as this one under
 

construction at our Martin Lake dlant (Figure
 
8). Electrically charged plates collect
 

the fine ash particles with an efficiency
 

of 98%. The 1,200 tons uf fly ash collected
 
per unit per day have commercial value as a
 

concrete add mixture, but much more is
 

produced than can be sold resulting in a
 

significant disposal problem.
 

To meet the current, more stringent
 

emission standards, limestone scrubbers have
 
been added to recent units (Figure 9). The
 

scrubbing process involves the use of a
 

limestone slurry to absorb from the
 

flue gas. Each scrubber requires 280 tons
 

of limestone per day and produces about 400
 

tons of waste sludge. The sludge is a
 

toothpaste-like mixture of calcium sulfite
 

and becomes a considerable disposal problem.
 

SO 2 
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In a year, the sludge from one unit will 

cover a 2,500 sq. km. site to a depth of 

three meters. The scrubber at the Martin 


Lake Plant cost about $23 million and con-

sumes a quantity of electricity that in a 

year could supply a Texas town of 7,200 


homes. Approximately thirty percent of 

total maintenance effort at the plant is 

spent on the scrubbers and ash handling 


equipmeot. 


At Monticello an additional environ-

mental problem concerning fly ash deve-

loped. Characteristics of the lignite burned 


at this site have resulted in electrostatic 
precipitators not being able to meet design 
specifications. An additional fly ash re-
moval system, bag filters, has been in-
stalled to insure air quality standards are 
met (Figure 10). Thi,, facility has been 
called the largest vecuum cleaner in the 
world. The bag filter system is made up of 
7,344 fiberglass bags in 36 separate com-
partments. The bags are graphite impreg-
nated fiberglass, one-third meter in di-
ameter and 10 meters long. Each bag costs 
nearly $40 and will last about two or three 
years. (This is the most expensive vacuum 
cleaner in the world - almost $300,000 worth 
of bags.) Flue gas passes through the bags 
where fly ash is deposited. About every 
hour and a half the bags in a compartment 
are emptied much like you might empty any 
vacuum cleaner bag - they are shaken. (Throw-

away bags are not practical.) 

RECLAMATION 


And, last out certainly not the least, 

comes land reclamation which has always 

been a very important part of our overall 

operation (Figure 11). First, the land is 

returned to its approximate original con-

tour and th t is prepared for planting. 

(Since we a .aot farmers, all farming is 

contracted with local citizens.) Various 

types of grasses and trees are planted on 

the reclaimed land to both help stabilize 

it and provide useful forage for grazing. 


Tests performed on the reclaimed land 


have shown it to be more productive than the
 

land previously unmined. In fact, when we
 
began baling hay on reclaimed land at the
 
Big Brown mining operation, land proved so
 
productive that more hay was produced than
 
could be disposed of easily. Much of the
 
land has now been turned over to cattle
 

grazing.
 

Texas Utilities mining operations have
 
been recognized by environmental groups for
 
significant achievements in land reclama
tion. In fact, many of the strip mining
 
laws in the state of Texas were modeled
 
after operations at Big Brown.
 

BY-PRODUCT DISPOSAL
 

In addition to land reclamation ef
forts, there is the problem of handling
 
large quantities of fly ash, bottom ash and
 
scrubber sludge. Fortune sometimes comes
 
in strange packages. This past year we sold
 
nearly 433,000 tons of ily ash and 54,000
 
tons of bottom ash. That's still a small
 
percentage of the total amount produced
 
(less than five percent), but it repre
sented $1.8 million in revenues. The savings,
 
however, are substantially more than that.
 
The savings in equipment, hauling and waste
 
site maintenance, hadwe handled thesewastes,
 
are estimated at three times that amount.
 
As a consequence we have a senior manager
 
whose primary responsibility is the deve
lopment of markets and applications for our
 
waste products: fly ash, bottom ash and
 
scrubber sludge.
 

Fly ash has numerous commercial ap
plications. A substantial quantity of it
 
is used in the manufacture of ready mix
 
concrete, blocks, pipe and stabilization
 
products. The products made from fly ash
 
are lightweight and structurally strong
 
(Figure 12) . Texas Utilities iscurrently 
working with manufacturers to determine the 
feasibility of using fly ash for making 
Rockwool insulation. 

Traditionally, the plants have been
 
able to sell only very small percentages of
 
the bottom ash it has produced. But little
 
by little that's changing. Currently, bottom
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ash is provided to the brick industry. The of electricity has presented many new and 
ash is used as a dewatering material in the intriguing problems. Over the past fiftcn 
manufacture of clay brick, increasing the years most of these problems have been 
efficiency of the process by at least ten successfully addressed, and today Texas 
percent. The company has also used bottom Utilities is extremely pleased to have 5,845 
ash on its own haul roads, but bottom ash is megawatts of lignite fired generation to 
now finding its way onto public roads as provide its most economical source of power. 
well (Figure 13). 

For the past several years, the Texas 

Highway Department has been testing Mont

icello bottom ash for the repaving of state 
and federal highways. The bottom,ash per

mits the use of less asphalt than normal, 

making it more economical. Yet the road : 
surface has better skid resistance because I 

of its gritty nature. The bottom ash is !a 1 -
very resistant to the polishing effects of ,.\ '7. 

heavy traffic over hard surfaces that norm- / 
ally make a road slick and result in hy- I _ -
droplaning. , 

Last year, a small building supply 
manufacturer produced what is believed to . - ." '
be the first 100 percent synthetic gypsum -

wallboard ever made in the U.S. It was done 

on a test production line using MF rtin lake 
scrubber sludge which had been converted 
from calcium sulfite 

sulphate (CaSO4 ) by 

(CaSO 3 ) to calcium 

the forced oxidation 

, 
Ir 
I. 

/
* TE[AS NEAR-SU!*ACELIGI-E 

systems installed there in conjunction with 
the retrofitting of additional scrubber • 

modules on all three Martin Lake units. 
The wallboard manufacturer's test re

sults have continued to be very favorable, Figure 1 
leading to the hopes that commercial mar

kets can be found for much, if not all, 
scrubber sludge produced at Martin Lake. 

Natural gypsum must be mined and, although 
abundant, the costs of mining and trans- -

portation add significantly to its price. , #.-

A source of synthetic gypsum located close 
to markets is therefore economically at

tractive. Martin Lake, with the world's 

largest scrubber operation yielding nearly 

a half million ton of wet scrubber sludge 

per year, would be a steady supply source of 

synthetic gypsum. 

In closing, the large scale utili
zation of Texas lignite for the generation Iigure 2 

113
 



Figure I 
 Figure 6 

Figure 4 
 Figure 7
 

Figure 5 
 Figure 

114
 

8 



Figure 9 
 Figure 12
 

t 
Figure 10 


Figure 13
 

7! 

Figure 11
 

115
 



COAL IN ENERGY SECTOR IN PAKISTAN
 

ABU MOHAMMAD IZHARUL HAQUE
 

ABSTRACT
 

Coal is to play an Important role in The Import bill of oil and petroleum
 

Pakistan's energy sector. This calls for proper products,which was $ 152 million in 1973-74,
 

policy and institutional framework and joint rose to as much as $ 1.7 billion, In 1981-82
 

efforts by both public and private sectors. This and was no less than $ 1.44 billion in 1984-85.
 

paper outlines the historical development of coal, In 1981-82 it was equivalent to 68.7% of the
 

its status and future prospects as an important country's foreign exchange earnings from
 

factor in the country's energy sector, at the exports and 57.6% in 1984-85.
 

same time highlighting the correlationship of When Pakistan gained independence, in
 

the growth of the economy with the development of 1947, the mali source of comnercial energy
 

this 
sector during the decade 1973-83. The wa' coal which contributed 59.1% next was oil
 

challenge thrown up by the internationale energy which contributed 37.8% and 3.1t was
 

crisis of the mid 1970s and its impact at home have contributed by hydro-ele tricity.
 

also been dealt with. Gas was discovered in 1932 and was quickly
 

Pakistan has ever-since its birth heen an developed with the result that in 1964, the
 

energy deficient country. Although the demands of contribution by coal in the commercial energy
 

rapid industrialisation, modernization of agri- went down to 5% and gas went upto 22.8%.
 

culture, increasing urbanisation, rural In 1971-72 the percentage of coal went up
 

development and the commitant expansion of the to 8.3% and gas went upto 33%.
 

transport system require greatly increased supply In 1982-83 the total primary energy was
 

of energy, the country has yet to reach the stage estimated at 23 million tons of oil equivalent
 

where it can be claimed that the supply is 1/3rd of which came from non-conmnercial energy
 

enough to cope with the increasing demands, resources like firewood, charcoal, cow-dung
 

and the like.
 
Even compared with the developing countries, The contribution from coal in the
 

Pakistan's position in the matter of energy remaining 2/3rd of 
the primary commercial
 

consumption is not very Impressive . In 1979, its
 energy, estimated to be 15 MTOE, went down to 

commercial energy consumption per capita 5.IZ and the percentage from gas went upto 

(166 k.g. of oil equivalent) was only half of the 38.7% . Contribution from oil was 39.0, 

average of all developingcountrles. It was worse hydro-eloctricity 6.0 and nuclear and 

compared with the world average and the average LPG 0.6%. 

consumption in USA i.e. 1/9th and 1/48th In 1984-85 the commrcial energy supply 

respectively. Due to the international hike of was estimated at 17.5 MTOE, with the share of
 
oil prices, Pakistan was further adversely coal at 8.4%. The share of gas was 39.7%,
 

affected In this connection. ol 34.4, hydro-electricity 16.0 and
 

Abu Mohammad Izharul Haque, B.Sc. (Engg), nuclear and LPG 0.9t.
 
Fellow of the Economic Development Institute
 
of the World Bank, Fellow I.E.,Fellow I.E.E.
 
Deputy Managing Director, Energy Planning
 
and Development Project, Planning and
 
Development DlvisionGovernment of Pakistan,
 
Islamabad.
 

The views expressed in this paper are those of
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The first few years, after the achievement 


of indipendence by Pakistan, in 1947, were of 


formative nature and 
the 5-Year Plan cycle started 


in 1955. The develcopment of energy sector continued 


within the 
framework of the over,-ll development 


strides envisaged and developed during 
the 

various 5 year Plan,. 

The period 
from 1970 to 1978, which included 


the 4th Plan period (1970-75) was, in essence, a 


per;d bared on Annual Plans. There was stability 


in international oil prices ia the fifties and 


sisties. However, a spate of p:ice hikes started 


after 1372, when the 
cost of oil per barrel went 
up from E.2 in 1972 to around S 12,in 1974. 

lh, 5th Five-year Plan was started in 

1978-79. the rain objectives of the 5th Plan were 

to improve rt r rrverall economic condition. The 


prioirty was qiven to the completion of the
 

massive projects like Karachi Steel Mill, 
Khanpur
 

Years 

1972-73 1977-78 

Population (06 1 65.9 76.6 

GOP (106 R5. 1959-60t prices) 35,179 45,054 

CDP per capita (Rs) 534 588 

Manuf!' urinq cc tor 
P.S. 1959-60 prices) 

GDP( 106 
5,678 6,996 

AgriCrl ture rector 
i959-60 Prices) 

.DP(106 Rs. 
12,821 14,368 

Prirary cor- ercial enerqy supply
(MTDE) eciurlini feedstock 7.33 10.11 

Priur, ry energy supply per capita 
K.C. ,.fO.E.) IMl 132 

Electricity (106 Lwh) generated 8,377 12.375 

Electricity per capita (kwh) 127 1(2 

Dam, Hub Dam and Port Qasim. The diversion
 

of sieable capital "esources to complete such
 

big projects, reduced the availability of funds
 

for many other sectorsi ncluding the energy
 

sector.
 

The 5th Plan envisaged the streamlining of
 

growth of different sectors of economy and the
 

maintenance of balance between growth of 
sectors
 

of economy and infrastructure. During this
 

period, i.e. 
in the late 1978 second round of
 

oil price hike started and the price at
 

official level 
went upto $ 34 per barrel with
 

higher spot prices.
 

The comparative position of growth in
 

different major parameters of the eronomy
 

dritng this period compared with the previous
 

one is reflected in the following table:-


Annual growth rate (%) 

1982-83 1973-78 1978-83 

89.1 3.05 3.07 

61,600 5.07 61.6 

691 1.95 3.28 

11,445 4.26 10.35 

17,609 2.30 4.15 

15.72 6.64 9.23 

176 3.53 5.92 

19,697 8.12 9.74 

221 5.00 6.41 
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The annual compounded rate of growth 

of GDP during the 5th Plan (1978-83) was 


6.461 whereas in the earlier 5 years, i.e. 


frem 1973-78 the rate of growth wac 5.07'. 


In the manufacturing sector, the 

rate of growth of GDP was 10.35,'
 
whereas in the earl ier five years period this 


was less than half at 4.26. 

Similarly, in the case of agriculture 

sector, the annual compounded rate of 

growth was of the order of 4.15, whereas in 

the earl icr five years it was almost the 

half,i.e. 2.30-:. 

Naturally this indicates that an 

impetus was given in the MnufactUrinq 

and gj, icu! ture scotirs, dur inq the 5th 

Plan period ith the result that the 

rate of growth of coirinerc ial erergy supply 

during the 5th Plan periord ( 1978-83) 

went upto 9.23' per annuls aia ins t 6.64 

in the earlier five years. 


In case of ele,.-tricity generation 


also, the rate of growth was recorded as 
9.74, whereas in the earl ier five 'fears period 
it was only 6.12'. this was mainly 

due to the increase in the product ion of hydel 

energy which has since 1969-/0 accounted 

for more than 15' of the comr-ercial energy 

supply as against only 3.1,' at the t ime 

of Independence in 1547. 


In addition to hydel eneray, thermal 

energy was generated iaiinly by using gas, 

which was cheaply available supplemented
 

by the furnace oil and, to some extent, 

high speed diesel oil. Coal played only an
 

Insignificant role in power generation. 

Efforts were made to match the supply 

with demand hut at the last part of the 

5th Five year Plan, it wa, sen that power 
loadshedding had to be resorted to. The 

factors contrihutng to power load shedding 

included the deferment of Tarbela unit 9 

and 10 of 350 MWcapacity for a study to 

instal bigger units, delay in the 

completion of Bin Qasim unit N0.1 of 200 MW 
capacity due to financial difficulties, 

the hydel generat ion was less than the 

envisaged and the uncerti in supply due to 

fuel difficulty t roi 133 MWnuc lear power 

station in Karachi al so added to the power 

def icit. In case of pa , ,jilnq winter
 

months when thermal enerat ion is Tuech
 

needed, it was difficult to feet the dail 


peak demand necessitat ing gas load
shedding.
 

The 6th Plan launched in itly1983 

envisages the rate of growth of 9.6, per 

annum in pr mary coMMerc ial energy i.e. 

from 15 MTOF, in 1982-83, to 23.-4 MTOE, 

in 1987-88. In 198/-88, the coIpos it ion 

of commerciaI enerqy is envisaged to be 

42.2Y oil, 35 gas, :4. coal, 16.9 hydel 

and I nuclear and tIPG. The lain 

strategy is to ,lk. necessary 

adjustments to high energy prices at 
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international level, a) Baluchistan
 

BASIC OBJECTIVES (I) Sor Range - Sinjidi Degari.
 
(ii) Pir Ismail Ziarat.
 

The basic objectives of the Plan include the (iil) Mach-Abegum.

development of demand management through (lv) Kohst-Shahrig-Nakus-Harnai.


(v) Duki
 

efficient use of energy and conservation, (vi) Chamalang.
 

inter-fuel adjustments with the objectives of b) Punjab
 

minimising import dependence and,among ,'hers, (i) Eastern Salt Range
 

to develop known indigenous resources, including (ii) Central Salt Range.
 
(iii) Makerwal - Gulla Khel
 

coal. The coal 
can be a viable and promising (extending into NWFP).
 

source of fuel for generation of thermal energy, c) Sind
 

if properly explored, developed and exploited. (i) Lakhra
 
,


Let u examine the position of coal as a source (ii)(iil) Jtidpir -Sonda Ileting
 

of power generation.
 

The availability ef coal in the country was
 

known since the last century. However,it was with COAL RESERVES
 

the starting of rai lway system at the turn of the Fnr the firt time, in 194 , the Powell
 

last century that the exploitation of coal got Dulfryn Technical Services Ltd. assessed the
 

impetus. Between 1880 and 1890 limiicd coal reserves of coal in Pakistan on the basis of
 

requirements of North Western Railways wers met their survey of coal teld, and esamination of
 

from coal mines located in the Punjab and geological data av:iilable it the time and they
 
Baluchistan. estimated the coal rf'serves at 168 million
 

During the seroond v.orld war (1939-45) the metric tons.
 

coal mines in Punjab and Baluchistan were furtiner same
In 1959 the firn reviewed and
 

exploited and the coal was used 
as fuel in the confirmed their earlier estimates. II 1960
 
locomotives despite its inferior grade. After oal
sizable deposits of estimated at
 

World War two, theproduction again declined, around 244 million metric tons were found
 

Commercial deposits of coal at..available in Lakhra,ir, Dadu district.
 

in the Salt Range Potowar area of Punjab and in Recently Geological Survey of Pakistan
 

Baluchistan and parts of Sind. the important coal 
 came up with a coal reserve figure of
 

fields in these areas 
are: 796 mill ion tons. In 1985, the Chemical
 

(1) Sore Range and Sharigh. Consultants Pakistan Ltd. reviewed the coal
 

(2) Makarwal -Salt Range reserves and they crim i) wi th 770 mi Ilion
 

(3) Lakhra-Jhimpir. 
 tons with 90 milIIion tons a_ ,;cdsured, 160 
Apart from the above, coal was also found million tons as indicated and 520 mill ion 

in several other locations like Chhoi, in tons as inferred. (For details see
 

Kalachitta Range, on Chirat Hills near Nowshehra, T"able-I)
 
,
in Gulla Khail near Kalabagh, in Mianwali District, These reserve figure include the coal
 

in Pir Ismail Ziarat,Oehlot and Darki areas near 
 reserves now me-sured, indicated and inferred
 

Loralai, at Johan near Kalat, in Kotli area of 
 to be 498 milleoti ton in Lakhra, 8.6 million
 

Azad Kashmir, etc. 
 tons in Ulukiand 57 million ton:, in Sonda.
 

The following ray be categorised as the At Lakhra the proven reserevs wf,:reshown to
 

major coal fields of Pakistan. be 62 million tons. However,subsequent 

investigations have revealed that in Lakhra,
 

the measured rnd proven quantum of coal are 

11fi.1
 



now estimated to be over 110 million tons; 


measured, indicated and inferred coal reserves 


in Duki, 44 million tons and in Sonda (Thatta) 


500 million tons. 


It is thus seen that the quantum of coal, 


including the proven ones,indicated and inferred 


would exceed 1,200 mill ion tons. However, 


geologically coal reserves are considered to be 


about 2 billion tons. 


The quality of coal varies in different 


geological structures, from lignite to sub-


bituminous with calorific value ranging from 


5,000 BTU per pound to 12,000 BTU per pound. 

Sulphur content varies from 5' to 10, ash 


content from 7' to 50, and volatile materials 


from 25, to 38,-. The moisture content varies 


from 3.5, to 27'. (For details see Tible-2) . 

During the recent years the production of 

coal has remained steady and has ranged from 

1.5 to 1.9 million tons per annum. In 1984-85 


the reported prodoction of coal was 2.24 

mill ion tens and imports were estimated at 

0.72 million tons br;nging the total to 2.96 

mill ion tons. There is an element of unreported 

coal also for which authentic figures are 

not available but may be estimated around 0.5 

riIinn tons, thou the total consumption of -oal 

works out zo about 3.5 million tons. 

)he imported coal is being used in Karachi 

Steel Mill. In 1984-85. of the reported 


production of coal, 
 97' was used in brick 
industry, about 1.5/ (32,000 tons) in power 

generation at Quetta and the re:aining 1.5.1 

in householId, cement industry etc. Power 

qeneration at Quetta, based on coal, comprises 
two 

units of 7.5 MWeach with a total derated 

capacity of 12 MW. 

Coal can be used more and more for power 

generationin substitution of furnace oil, in 


cement plmnts,as a substitute of bagasses, in 


Sugar mills, as fuel,in other industries. 


However, the maior prospects of coal consumption 


are in the i of power generation, 


Based on a detailed study conducted by Chemical
 

Consultants Pakistan Ltd., they have come up
 

with the feasibility to use 0.4 million tons/
 

annum of coal in sugar industry based on
 

Plr Ismail Ziarat and 1.25 million tons in
 

Cement Industry (Possible sources 0.5 million
 

tons from Lakhra, 0.65 million tons from 

Baluchistan and 0.100 million tons from
 

Makarwal).
 

lo get an idea of the like'* power
 

generation based on coal in future very briefly
 

it can be said that the diversified power
 

demand in 1984-85 comes to 4,481 MW and after
 

the rate of growth of 9.6z per annum, as
 

envisaged in the 6th Plan, is applied, by the
 

en(. of the century,i.e. by the year 2000 the
 

demand works out to 19,000 MW.
 

Taking into consideration the maintenance
 

reserves, spinning reserves, and the effect
 

of seasionlity in case of hydel generation
 

the total required installed capacity works
 

out to 25,000 HW. The installed capacity in
 

December, 1985 was as shown in table given
 

below.
 

LW 

Hydel Steam Gas Nucl Total
 
Turb- Turb- ear
 
Ines ines
 

WAPDA System 2897 930 512 - 4339 

KESC System - 913 225 137 1275 

Total 2897 1843 737 137 5614 

It moans that during he next 15 years
 

we 
should provide for 
the iistalled capacity
 
of 20,000 MW taking into osideration
 

retirements and derating effects of olt
 

generating units.
 

A detailed power supply and demand 

study, trking into account the Monthly power
 

demandthrmal generationhydel availability
 

due to seasional fluctuations, maintenance
 

and spinning reserves and also the viability
 

of installing different generating units,
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in the 15 years period from January, 1986 to 

December, 2000 the following generation is 


envisaged: 

MW 

Hydel 8935 
Steam 6480 
Gas Turbine 1100 
Nuclear 3600 

Total: 20,115 

Out of 6,480 MW from steam it Is estimated 


that 2,700 MW can be produced by using coal - 900 


MW on Lakhra coal with three units of 300 MW 


each and 1800 MW on a suitable location with 3 


units of 600 MW each. For 90U MW Lakhra cc.f1units 


the requirement works out to 5.4 million tons 


per annum (average calorific value 5,120 BTU/Io) 


and the quantum of coal for 30 years life of the 


plant works out to 162 million tons while for 


1,800 MW to be based on better quality of coal 

(say average calorific value 8,500 BTU/Ib) the 


requirement of coal estimated at 6.5 million tons 


per year and quantum of coal for the life of the 


plant is 195 million tons. Therefore, the total 


requirement of coal for the generation of 2,700 MW 


by Lhe end of the century will be 11.9 million tons 


per annuv with a proven reserve of 357 million tons. 


Development of Lakhra coal
 
and Power Generation Project 


Under the Energy Planning and Development 


Project (ENERPLAN), with the assistance of 


USAID, the investivations have been updated and 


the latest feasibility study shows the availability 


of coal to the extent of more than 110 million tons, 


average calorific value being 5,120 BTU/Ib and rate 


of production 4.3 million ton per annum. This 


can sustain two units of 350 MW each. Further 


confirmation of reserves will provide more 


generation. 


Other Power Projects 


With the assisiance from the World Bank, 


exploration in Diikiarea hat been carried out, 


preliminary geoloqlical evaluation was also 


carried out by GSP and WAPDA and their report
 

dated May, 1985 has come up with the reserves 


of coal estimated to be about 44 million tons out 


of which about 2 million tonnes have a seam
 
thickness of 73 centimetres and for the rest
 

42 million tonnes, the seam thickness is
 

30 centimetres. Average calorific value Is
 

about 11,000 BTU/lb. The use of Duki coal
 
for power generation is being investiy0L d by
 

WAPDA.
 
In Sonda Thatta where Inferred and
 

indicated reserves are estimated to be about
 

500 million tonnes, with some 7ntensive
 

drilling and proving of the reserves it is
 

expected that generation to the extent of
 

600 MW can be based.
 

Detailed feasibility studies will further
 

open 	up the feasibility of adding power
 

generation to the exter, if 3,000 to 3,500
 

MW on coal may be possible by the end of the
 

century if concerted efforts are made,
 

Coal 	Resource Assessment
 

In order to explore and develop coal on
 

proper lines unde- the Energy Planning and
 

Development Project, c.,alassessment is being
 

carried out by the Geological Survey of
 

Pakistan. Work is based on carrying out
 

systematic integrated studies to assess the
 

grade reserves and potential of coal which
 

will 	help in achieving tne coal production and
 

utilization during the 6th Plan and subsequent 
plans.
 

Under phase-I, National Coal exploration
 

Plan is being developed by GSP, in collabora

tion with the experts of USGS, which will make
 

proper assessment of coal resources of Lakhra,
 

Sonda-Thatta, Coal fields and wil develop
 

National Coal analytical laboratory system,
 

particularly under PCSIR, and a National
 

Geo-data Centre will be developed and upgraded.
 

Proper emphasis has been laid to train
 

geologists, chemists and cumputer specialists
 
in order to implement the above Plan. The
 

National Coal Exploration Plan, in its second
 

phase, will also look into the priority of
 

undertaking investiga*ions in other structures.
 

Coal 	briquetting
 

Under the Energy Planning and Development
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Project, 
Pakistan Ccuncil of Scientific and 


Industrial Research (PCSIR) is responsible for the 


component pertaining to coal briquettes. Coal 


briquettes will be used to .ubstltute scarce 


firewood and kerosene 
in domestic, con.-rcial and 


small industrial sectors, 


A market survey forthe use of coal 
briquettes 


has been conducted. A Fuel Research Centre has 


been established by PCSIR which 
is being further 


expanded so that different types of tests on 


coal and other R&D activities in respect of 


briquetting of coal and production of smokeless 


briquettes can be done by PCSIR. 


Besides PCSIR, Punjab Mineral Development 


Corporation (PUNJMIN),Pakistan Mineral Development 


Corporation (PMDC) ar also working on coal 


briquetting. 


In Quetta, coal briquettes (non-smokeless) 


have been produced by PMDC since 1942, current 


production is about 10,000 metric 
tons per year. 


National Coal Authority 


The Sixth Plan envisages the !xploring 


of the possibility of setting up o,'National 
Coal 


Authority which will be the focal point for 


management and coordination of policies relating 


to exploration,prospecting and development of 


coal resources and its use for generation of 


power and substitution to other energy resources. 


The authority is envisaged to be set 
up in the 


Federal Government and Board of Governors will 


be having te members from the provinces, 


institutional arrangements 


Pakistan's 1973 Constitution postulates 


geological survey, mineral investigations and 


assessment of coal 
to be a Federal subject. The 


Provincial Governments determine and ccntrol 
the 


management and rate of development of coal. 


Government attaches the 
highest importance to 


the participation of theprivate sector in the 


economic development of the country. The public 


sector is already over burdened with the demands 


of the infrastructure in the form of 
energy, 


road, communication, etc.,besides 
the requirements 


of the social sector comprising education, 


health, rural uplift and urban development. 


Moreover, irrigation and management of
 

basic industries consume a large proportion
 

of the limited resources of the private
 

sector. Therefore, it is essential 
that the
 

private sector plays an increasingly greater
 

role in economic development and reduces the
 

bu:.en on the public sector 
to enable the
 

latter o attend to more pressing needs of
 

the infrastructure and 
social services.
 

In the Sixth Five-year Plan, Government of
 

Pakistan has laid snecial stress on the
 

participation of t'ieprivate sector 
in the
 

field of energy development. Pakistani and
 

foreign entrepreneurs may take part in the
 

development of energy sector, including
 

coal. Foreign entrepreneurs can also form
 

joint ventures with Paki;tanis for the
 

development of coal and/or 
for the entire
 

complex of coal development and construction
 

of power station based on coal.
 

The difficulties that the coal-mine owners
 

generally experience include the lack of
 

assured and sustained demand, lack of funds,
 

difficulties in infrastructure facilities,
 

lack of modern mining technologies. Due to
 

shortage of funds 
the private mine-owners
 

also experience difficulties in carrying
 

out exploratory work 
to find out the quantum
 

of coal and quality of coal. Lack of proper
 

equipment -.
nd accessories also pose serious
 

problems.
 

As we have seen earlier development of
 

coal, apart from other aspects, particularly
 

for power generation has to play a very
 

important role and, therefore, it provides a
 

very good opportunity to theprivate sector
 

mine-owners, both local and foreign, to come
 

up and help develop coal sector.
 

Suggestions
 

A well coordinated plan of action is
 

needed to optimally exploit the national coal
 

resources. We have already that it is
seen 


possible to substantially increase the 
use
 

of indigenous coal for power generation.
 

For achieving this, the following steps are
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considered essential: 
 (5) 	To help the mine owners in their
 

(I) 	The exploratory activities being conducted day-to-day work, it would be helpful
 

by GSP need be accelerated so that the to have one or more pools of mining
 

known resources of coal are firmed up in and allied equipment for supply, on
 

terms of quantum and also their rental basis or for sale, against
 

characteristics be properly found out. easy instalments,to parties requiring
 

Efforts to find out new coal-fields also them.
 

need be accelerated. For carrying out these (6) Maximum use of indigenous coal be made
 

activities GSP should be properly for the purpose of power generation.
 

strengthened and should be provided with If the coal has to be imported for
 

exploratory rigs and training of personnel power generation, due to the non

for this work need be expedited. availability of the indigenous coal
 

(2) 	In view of the dearth of trained personnel in quantum needed or quality desired
 

and technical know-how in the field of or due to financial/economic
 

exploration and the preparation of considerations it need be ensured that
 

feasibility reports, the Geological Survey the import of coal in no way hinders
 

of Pakistan should extend all technical the progress of the development of
 

assistance to the private sector also indigenous coal.
 

in this behalf. (7) Commercial banks should be liberal
 

(3) 	The laboratories, which are being set up by in providing credit facilities in the
 

Pakistan Council of Scientific and energy sector in general and for
 

Industrial Research, in Karachi, for coal the development of coal in particular.
 

analysis and R&D work should be provided (8) As a step towards self-sufficiency
 

with the latest equipment and adequate serious consideration need be given
 

arrangements be made to train sufficient for the manufacture in the country
 

number of experts to man the same. It may of modern plant and equipment for
 

be worthwhile to have similar laboratories exploration and development of coal.
 

in two more places namely, Quetta and
 

Lahore,to take care of the analysis and
 

R&D work in the region.
 

(4) 	As improvement in infrastructure
 

facilities with respect to the private
 

mines is essential for increasing
 

production. Provincial Governments may lay
 

special attention on this work. In this
 

,connection some formula may be evolved
 

for the sharing of the capital cost between
 

the private mine-owners and the provincial
 

governments. Assistance in this behalf
 

by the Federal Government may also be
 

"-consdered.
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Table-1
 

SUMMARY OF COAL RESERVES
 

Current Recoverable Reserves
 

(Million tons)
 

Major Coalfield 
 Measured Indicated Inferred Total
 

Punjab/ 	 Makerwal - Main 3.0
NWFP 	 7.0 2.0 12.0
- New seam  5.0 5.0
 

Gullakhel 
 - 2.6 2.6. 

Eastern & Central
 
Salt Range 	 4.0 36.0 
 13.0 53.0
 
Western Salt Range 
 - 0.36 0.36 

Misc. Chp.rat  0.04 0.04
 

Baluchistan 	 Sor Range-Sinjidi-

Deghari 
 7.6 22.9 - 30.5
 

Khost Shahrigh-Nakus-

Harnai. 
 0.3 8.3 19.4 28.0
 
Mach 0.5 
 5.5 7.5 13.5
 
Abegum 0.1 2.4 
 6.5 9.0
 

Pir Ismail Ziarat 0.1 
 1.7 2.7 4.5
 
Duki (Private) 0.1 2.0 
 3.9 6.0
 

Duki (public) 	  - 2.6 2.6
 

Chamalang 	  - 6.0 6.0 

Sind 	 Lakhra -
Main Area 62.0 44.0 274.0 380.0
 
- Subsid ,ry 
Area - - 118.0 118.0 

Jhimpir/Meting 5.0 10.0 25.0 40.0
 
Sonda 
 6.0 19.0 32.0 57.0
 

Total: 88.7 158.8 
 520.6 768.1
 

Rounded-off 90 160 520 770
 

Source: 	 Feasibility study on the utilization of coal substitution
 
of other fuels by Chemical Consultants (Pakistan) Ltd.
 
January, 1985.
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TabIe-2
 

REPRESENTATIVE ANALYSIS OF PAKISTANI COALS
 

Field Proximate Analyses Ultimate Analysis % 
 Calorific Value Analyzed
 

(Btu/lb) by
Mcisture VCM Ash FC C H 
 Sulhur Chlorine Gross Net
 

Baluchistan
 
Sor Range 14.7 36.4 7.1 41.8 
 51.2 4.1 5.0 0.02 9969 9431 (Al)

Sinjidi 10.6 25.9 19.8 33.7 51.2 3.9 
 4.0 0.01 8764 8290 (Al)
 
Deghari 12.1 35.5 
 18.C 34.4 50.9 
 4.2 2.2 0.02 8840 8326 
 (Al)

Pir Ismail Ziarat 10.7 38.1 8.1 43.1 60.2 
 4.5 4.1 0.02 10566 10036 (Al)
 
Dukki 
 6.2 33.4 17.6 42.9 57.6 
 4.2 6.0 0.03 10636 9577 (Al)
 

Pun jab
 
Makerwal 3.6 37.6 20.8 38.0 
 - - 6.11 0.08 10065 - (A2) 
Padhrar 4.2 33.5 21.8 38.7  - 9.96 0.04 9942 (A2)
(Cent. Salt Range) 

Katha 5.2 31.8 32.0 31.0 
 -5.64 0.06 8024 
 (A2)
 
Nil! 3.5 25.0 47.0 24.5 
 - - 5.26 0.05 6121  (A2)
 
Ratucha 3.9 
 23.2 50.0 22.9  - 7.82 0.07 5147  (A2)
 

Sind
 

Lakhra (North) 26.9 25.9 24.3 22.9 34.4 
 2.9 4.3 
 0 ,5 5804 5251 (Al)
 
Lakhra (Central) 24.9 30.3 17.4 27.5 
 41.4 3.2 4.2 
 0.11 7073 6516 
 (Al)
 
Lakhra (South) 22.7 32.0 14.2 31.2 45.1 
 3.3 6.1 0.28 7732 7190 (Al) 
Jhimpir-Meting 12.25 33.98 31.23 22.54 -  - - 7136 - (A3) 
Sonda 13.4 30.3 27.5 26.7 NA NA NA NA NA 
 NA GSP
 

Analyzed by (Al) - Holderbank A.G. Switzerland
 
Analyzed by (A2) -
 N.C.B. Yorkshire Regional Laboratory U.K.
 
Analyzed by (A3) - PCSiR Lahore
 

* Differs from Chemcon's I - 4 percent analytical results.
 

Source: Chemical Consultants (Pakistan) Ltd., 1984
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COAL EXPLORATION TECHNIQUES
 

E. R. Landis
 
U.S. Geological Survey


Branch of Coal Resources
 

Exploration has been defined as 
"searching 


through or into, penetrating or ranging over 
for 


discovery, examining throughly, striving to attain 


by search." 
 In ana'ogy with research, exploration 

may be basic  with few or no preconceptions about 


that which may be found, or, rrre commonly, 


applied  designed to yield information of certain 


types about particular subjects. 
 In practice, 


exploration consists of a great number and variety 


of physical and mental activities conducted over a 


broad spectrum of information creation, 


Coal exploration generally begins when 
a 


material believed to be coal 
is observed and 


reported in some manner. 
Verification of reports 


of coal 
is usually required and may constitute the 


begining part of a phase or stage (Standards 


Associated of Australia, 1982 and Sauders and 


Brown, 1981) of exploration activity that is 


commonly referred to as 
the "Reconnaissance 


Stage." The Reconnaissance stage 
can be defined 


as: the establishment of the presence of coal 


in a geographical 
area aridthe gathering, 


compilation, and synthesis of enough 
information 


to allow reasonable inferences to 
be made about 


Box 25046, MS 972
 
Denver, CO 80225
 

the locdton and general distribution of coal

bearing rocks and coal beds in the area,
 

The Reconnaissance stage may lead to an
 

"Early Exploration Stage" which can be defined
 

as: a research stage during which the pre

existing data 
base is evaluated, Information
 

gaps are identified, and existing information
 

supplemented by traditional 
geologic surface
 

methods such as geologic mapping, detailed
 

stratigraphic description and measurement,
 

and structural analysis. 
 In addition to
 

ground surveys, remote sensing applications
 

of all types are commonly applied during this
 

exploration stage. 
Both drilling and geo

physical studies may be made during this
 

stage for establishment of the stratigraphic
 

and structural framework of the area. 
The
 

aim of this stage is to determine the
 

feasibility of proceeding with further
 

exploration and if that is warranted, to
 

allow intelligent planning of subsequent
 

exploration activities.
 

The same type of information-gathering
 

activity may occur during both "Early
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Exploration" or in the succeeding stage here 


designated "Exploration Stage I." However, 


the major difference in the two stages is 


the information, or resource assurance-


category that is desired at the end of a 


particulir stage of exploration. For 


example, 'he bulk of resources estimated 


during "Early Exploration" may be in the 


inferred (possible) assurance-category while 


the bulk of the resources estimated during an 


"Exploration Stage I" study should be in the 


demonstrated category (Wood and others, 1983 

measured plus indicated or proven plus 

probable)." 


Consequently "Exploration Stage I" is 


defined as "the stage during which correlation 


and lateral continuity of the coal seams and 


strata are determined along with preliminary 


information on possible exploration methods and 


utilization potential. This is commonly largely 


achieved by the drilling of exploratory bore 


holes on a relatively widely spaced pattern. 


Surface studies including geophysical 


applications may also be conducted during 


this stage. The aim is to define potentially 


economic coal resources and estimate available 


quantities to an assurance-category of indicated 


(probable). 


Exploration Stage I can be succeeded by
 

Exploration Stage II, which is defined as:
 

those activities that raise information to
 

higher confidence levels to provide the basis
 

for evaluation of mining methods, costs, and
 

potential ary.ets by mining engineers and
 

mineral economists. Commonly, an increased
 

density of information points is required,
 

as well as such studies as pilot and
 

preparation utilization and costing studies
 

and market surveys. As defined, the bulk
 

of the estimated resources of an area at the
 

end of Exploration Stage II will be in the
 

assurance-category of measured (or proved).
 

Information creation activities that follow
 

exploration Stage II are usually considered
 

to be in tha category of development or mine
 

planning. Considerable more information can
 

be required, particularly in areas of
 

geologic complexity, but most authorities
 

do not include those activities in
 

exploration."
 

Exploration, to be intelligent, effective,
 

and economical must be conducted in such a
 

manner that as each piece of information
 

is gathered it is integrated, synthe

sized, and summarized with all pre

existing information (Sanders and Brown, 1981,
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and Mathewson and Gowan. 1981). 
 Consequently, 


resource hypotheses are commonly in multiple, 


flexible, and constantly changing formats as 


information is created during exploration. The 


geologist or engineer actually conducting the 


exploration must 
be able to change or modify the 


exploration plan 
as new information changes the 


hypothesized stratigraphic and structural 


framework, geometry, and depositional environmeni 


of the coal deposit being investigated, 


Coal resource assessment has a long history 


of attempts to standardize the philosopy, 


methods, and techniques of resource 
assessment, 


In the United States, general approaches to 


resource 
estimation had been formulated and 


followed, but standardization in pursuit of 


comparability was initiated in 
a national 


assessment program by Paul Averitt of the U.S. 


Geological Survey in about 1948. 


Beginning in about 
1972, vastly increased 


interest in the use of coal 
in place of oil and 


gas led 
to further development of standardized 


approaches to coal 
resource assessment. Much 


discussion and preliminary working documentation 


recently culminated in USGS Circular 891, 
"Coal 


Resource Classification System of the U.S. 


Geological Survey" (Wood and others, 1983, and 


Grace, 1984). The described system is usable 


for traditional hand-methods of coal
 

resource evaluation and also for the use of
 

computerized approaches. 
Standardization of
 

methods of coal 
sample collection,
 

description (Chao and others, 1983), 
and coal
 

analytical methods received further Impetus
 

in the United States by Inaguration of a
 

program to 
create and organize, for
 

computerized data-handing, the coal 
analytical
 

information resulting from a widespread
 

program of standardized sample collection,
 

description, packing, handling, and storing
 

followed by detailed analyses to yield
 

standard proximate and ultimate analyses
 

plus determinations of 
heat value, forms of
 

sulfur, Haoagrove grindability, free-swelling
 

character, ash-fusion temperatures, specific
 

gravity and equilibrium moisture. 
 Not all
 

tests were done on 
all samples but most were
 

done on all. In addition, major, minor, and
 

trace element analyses were done on the coal
 

and/or the resulting ash for a variety of
 

uses 
ranging from the chemical character of
 

the ash for prediction of slagging and fouling
 

characteristics to determlnatinn of such
 

elements as 
mercury which might be pollutants.
 

To date, about 12,000 of 
these modern detailed
 

analyses have been completed and have been
 

119 



computerized for use. Swanson and Huffman, 


1976, established the guidelines for sampled 


collection and analytical methods for this 


coal quality program. 


Coal exploration programs can yield a 


great variety and quantity of information 


that is desired or necessary for complete 


geologic and economic assessment of the 


coal resource potential of an area. A 


cost-effective exploration plan should 


attempt to satisfy a wide range of data-needs 


for a broad range of disciplines. For 


example, geologists, geophysicists, mining 


engineers, mineral economists, and civil, 


mechanical, and chemical engineers, and 


probably others, can all derive useful facts 


from a drill-hole If they are aware of, and 


involved in, the planning at an early enough 


stage. The information could cover the whole 


broad spectrum from geologic setting to 


utilization. 


During the course of exploration It almost 


always becomes necessary to develop subsurface 


information about the coal and coal-bearing 


rocks. In most parts of the world, subsurface 


information is most economically created in a 


timely manner by drilling exploration bore 


holes. The classical form of bore-hole drilling 


is done with drill rigs designed to recover cores 


of the material penetrated hy the borehole.
 

Coring from "the grass roots" to total depth
 

is commonly done. In relatively recent years,
 

much exploratory drilling for coal has been
 

done with rotary-type drill rigs designed to
 

make only a hole (while also yielding rock
 

cuttings as drilling progresses) and not to
 

recover cores. In essence, core drill rigs
 

are designed to make a hole while recovering
 

a sample of the material penetrated; rotary
 

drill rigs are designed to make solely the
 

open hole in the material penetrated.
 

However, to complicate matters, core drill
 

rigs can drill open holes and not recover
 

cores, and rotary drill rigs can recover
 

cores. Both drill rigs do produce cuttings
 

of materials penetrated regardless of
 

whether they are coring or making open hole,
 

and with both types of drilling, core-recovery
 

is seldom 100 percent and may be much less
 

(particularly in coal). Both types of drill
 

rigs have advantages and both types have
 

disadvantages (Hobbs, 1979, and 1979B, and
 

Australian Institute of Mining and Metallurgy,
 

1977).
 

In modern practice, geophysical methods
 

are used as supplements to both forms of
 

drilling. Geophysical bore-hole logging
 

supplies much Information about the rocks
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penetrated by the drill holes. For example, 


the geophysical log con often identify where 


loss of core has taen place and also what 

rocks were not recovered during coring. In 

rotary drilled open holes, the geophysical 

bore-hole log can establish the location 


and thickness of particular rocks in the 


sequence that was penetrated. Obviously, 


geophysical logs can be of crucial 


importance in activities 'uch as cOdl 


exploration where "quantity" information 
-

presence, deptn, thickness - is vital. 

Geophysical logs dlsn can be used for prediction 

of some "qliality" factors such as ash content, 

and much research is underway for other 

applications. A great variety of these geo-


physical methods have been employed in coal 


exploration. Electrical sounding and both 


high-resolution and conventional seismic 


methods are used to help define the
 

stratigraphic and structural setting of coal
 

beds, zones, and coal-bearing rocks. Magnetic
 

methods have been applied with considerable
 

regional and local success in areas where
 

coal bees have burned in place, and both
 

gravity and magnetic methods have been used to
 

delineate intrusive rock masses and buried
 

hills. Satellite imagery, particularly with
 

computerized enhancement, has been widely used
 

to determine the extent of coal-bearing and
 

related rock units and to locate faults and
 

fracture systems that are not observable to
 

their full extent in ground or lower level
 

photographic studies. New techniques such
 

as side-looking airborne radar imagery may
 

help 7rjSLudies of structuraily and stratig

raphically complex areas. In essence, almost
 

every method of study applied to other geologic
 

problems either has been, or will be, applied
 

in coal exploration (see Argall, Jr., 1983,
 

1981, 1978, Muir, 1976, and Knutson, 1983).
 

The discussion herein is very wide
 

ranging and non-comprehensive in scope or
 

depth. The major point to be derived is that
 

coal exploration is far from mundane. The
 

most successful explorationists are those with
 

the most Imagination, cooperative practices,
 

and applied energy.
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SONDL, As-: FIUT 

Oarhat !Iusain 
Geological 6urvey of Pakistan
 

,,.BzTRC:T 

Gjeolod]ical a Irvey of Pakistan 

hids esFtab'lished Sonda-'1'hattz' Coalfield 

duringi the last five y'ears ?'y drillin'i
 

23 .ore hair's a. lth a cu'nn lat iv, :,_,".
 
ri~illji - i n adi atdd f aJ1:Oi~t 

'-.;.It is iocated On the both sid~es 

of .u ional I i h .' ,t, -tv'n Tnatta and
 
:ydrabaad to'.n.s 6 ,nd i 130 kms; :roi,
 

:.arachi, tlaim ilva%, Iite passes thro-ur . oth c lie passsPaistn 

Li Ji tic c~al c,.iJ car1bonace0os 

shale ca icts ar de'elded i I the jara
 
'oraatio, of ioleocene ae at Lakhra, 


V.L'ttaL nd .;uja-Al. u,,ibe: of coal be-Is 

,2r,"e elcoun tred in ti. caril ij ,ni 

ran ie in thictioss ro,. :!,,l tI* 

7.4 1is. .he ,ai coa cod i. , tued 


"dn(i . %,,!,"jhJch is i-0 ,est
obed 

thl ii r 'ole.s , d is con!oicerd to 


) ,.vn o s ,,b e C~s s ,,c: in its 

extension. in Iia~ t oei of 
Lensoici -),-I '(Is a re ',jro'aunce( vhicll 

n.j t 011-1 a t-i I) ift reAL, (Iiffc'au I t
 
, ' :;utharat a.tt "f t ,r etioroad 


C'.,a.)her- i tie )'!ra , th 

coal bear c , :, - a : - ' i ta .si. 


of their - 1ol)lacc/tra-, t)! 


t i ii :QhJic ilU,,l,. ai ['o' aav,, iroster 


tIt cknrrs. o.ia r'et tez cant.~. t~ .i t,] 


1 teeth icralseiia te ,ortrna area. 

oal re.serves air, esti .,torl to 

"e "aore that 20 oill io, t ,,ueS I the 

ey2,aored are-,of .aondc, .' ratt, Coaficala. 

\:D i:::. 

-o,a, is a villi' I. .lcate-do 
th 'at ional ,i ihway, 3 kns: ram 

'hatta andI 13C kois foi ,urach Lo%.ards 

C COALFIELD OF Pi IbAU 

lyderabad. It is the centre of activities 
of geological exploration for coal by the
 

eologjical Survey of Pakistan since 
t9.3J. In jetieral, the area lies in the 

rast and north-east of Kalri lake inDistrict Thatta and falls in Toposheet
:o . 40- )/I and 2,/4 (Fii. ) . It extends 

fro Jherruck to Thatta in norlh-east 

aid south-vest direction and Jhimpir to
sujaval in north-south direction.P~sa ~i~'v 

ailas mainline passes alongthe nor'thern side of this area.
 

Previous Investi.ation
 

\,r.;,aheeduddin ,%hmad presently 

Director General of Geological Survey 

of PaKistan mapped the area geologica-


Ily on one inch to one mile scale in
 

the field season of year 1)51-1952.
 

%vgain in 1961, he was responsible for 

iiitiati tithe drillin, activities 

in the area hich resulted in establish
in., oonia- herrucl Coalfield. 

tckiowledjenent 

,au'cer" of geologists and driller,
 

of the Geolo.jical survey of Pakistan
 

have participated in this investigation.
 

initiall,', the investigation- were rest

'ricted to sub-surface infoimation throu

jh drillin. operations to '.est the
 

structure, depth aid thickness of coal
 
and associated rocks. Later geologists 
ueis .1- lAssociated with the project 

Lo pret-ire a detailed Ieoloqical map 

of tite area. 

The alithoi expresses his appre

ciution for the cooperation and effective 

efforts of all those who have partici

a ,t~l in these investiations specially 
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Iqbal Ahmed Khan and Mohamnad ziddiq han. units include only alluvial d(,osjOit~s i,)
 

,ir. Waheeduddin Ahmed deserve special thA- generdi.
 
nks for his personal interest in this pro
ject. His dynamic leadership ,nade it *iorierali.s,(d t,, le of tlro rgDks
 

ex .)osed J,i ,tnr],i idt t - , . . , -. ,
is as under:-

WAPDA is thanked for prvidin i/vith
out which irillin-.1 of so many holes voli i_
 

not have been possible. 	 ..lluvur . .?
 

District ,uthorities irovided v.ell Ii
 
located and comfort~ale came sl)elt(,r utici, 
 .'iC.t) V. it

is gratefully acknowee ed. 	 FL I 

Physiography 
Ls .
t 


The mapped area is a part -)f Ielt.ic • . .Unc,:D -r.'ity................
 
plains mostly covered b, alluvium i d L&:;
 
lying hills. Mangiroves, Swa'n.F, murl .orm.ullo SuLd.,
i Li:'.,.
and sanO 'ars characterised by chi'n i.,i: sto 10, ;,,t i 1
 
out-let of the River Indis are part ,)f 1hale,,.'til I 

deltaic area. River In us has left m,', o Jri \eris) 

imprints on its alluvium in the forr, 1f
Zoce~le125 i,!Cston e,il.!g,. 
cut-off meanders, bar-uplands, erosioo, metres ban,ston,'ariLAtrit 
ic C] :N,s

scars* sand levels, meander scars 	 nand jIhl a H LonticiLar 
flood plains. coal in t.e 

lbosul part. 

Structure ir" this area Jlas -n i-np- ........ nconformity................
 

ortant part in the evolution of land form.s Lahra 
and drainage pattern as the di,)s ,rEc1ow Foinat ion(J ,)er ,Jart 
and beds are almost norizontal vith minor f the ,,ani

fold structure and flatten out for,,,in i .,ot or'nation 
vast plateaus like surface. F'Aleocene, 100 'ossiliferous, 

:ont.Li L metres Ld'nostonp,
Due to wind action, san( bars are LandigiS,rj C,-nClstn0, 

Jalys tone or 
formed in the plains which are in active 
 sha
 

form. 
Ltara 

Relief in this area is mostly deposi- 'ormatioi 
(Lover arttional due to fluviatile processess but 
 of the 1anii

wind action ha.- also played part. 	 *Vot k'rna
tio-)1. 

General Geological 	 IDornian to 9 ,Jnqstone, 
t:ont.:,I ,netrep 6hale or Clay. 

Stratigraphic units in and around 
 stone, coal, 
devoid ofSonda area range in age from Paleocene to 
 meja fauna. 

Recent. krom oldest to youngest, the bed 

rocks units are i3ara Formation, Lakhra COAL . 

Formation and Laki Formation. Surficial 
 Li jnitic coal and carbonaceous
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halo !,'eds are develu'jj in the Jara zorma-
ti )'i (ec L o(r iikot) of lI leocerie 1,lo 

±t uiOt,.. .L'.,ta ,nd _ujvadl. -jl'a 

,cW tes- f atn'tlI-e hAwduri. 

A-J'),a I ieo 0oI ' U1 Ullj !, i - c o alre
bo.s1in of l1,/Oraboci-Uijh " indlicalte tiat in
 
the ncrthern regiQ(l of 1.dkhraoeD,,1 
 is' form

ed in 'b-ack-1barrii ' en tb-l,%.h s 
in the southern r -i i i i n a ad au ja al 
the coal boris ar,rc eposjted in Lover deltaic 
plai.. lmmeditelV afterwards the indo-
Iok istur, PLAtP and Eurasian *ilaLe collidol 
i-i the Late ,aleocolc, time. Jased on this 

snption, total area coalof bearini 
basin is considered to be more 
than 152 
s,. k-us. Tarlet in the 1.st-Pha.se of explora-
t1 n %as 650 .q.k-ns.° on the western side 

of the River Indius (Fiq.2). In the explore-

of 3985. The maximum depth of a hole in 
the area was 365.74 m in LH-18, three
 
kilometres south east of 
Meting. 

Six holes drilled north of Sonda

between ;.:eting Jherruckand show better 

su l ts th an th e se ven teen d r i l l h ole s
 
probed around 
and south of Zonda towards

lhatta side. The thickness of the coal
 

its continuity and the quality
 
of coal has improved north of Sonda.
 

Geophysical logger has been used
 
for the 
first time by the Geological
 

6urvey of Pakistan in drill holes 20,
 
21 and 22 which counter-checks 
 the core 
lojying done physically and the core 
loss during drilling. Three logs, 

Gamma iiUD,47 density and Gamma 

Neutron were used. 
tion area of the 2nd-Phase towards east of
 
the River Indus 30 to 60 metres a".luvium 

covers 
 the bed rock. In the first dhasp 

Df coal exploration, -eological survey of 

Pokistan drilled 
its first bore hole near 

Lhaduri 
 ridge alon .i the i(iver Indus,where 


the exposed thickness of jara Formation 

%bhich hosts 
 the coal beds is only 9 metres 

(?ic.3). Eleven lijnitic beds of variable
 

thikness were proved ithin a depth14i47 0 01 e-ItrsO a i m u n t ic k ofe s sc 

of the coal bed in this drill hole as 
recorded 1.32:n 
at the depth of 133 metres. 
Seventeen bore holes drilled south and 
vest of Sonda proved coal seams from milli-
,metre to more than a netre in thickness 

(Table II). 


The broad strateny of the explora-
tion was to cover the ,ni imum area by drill
ing bore holes in the least amount of money 

spent, therefore closed drilling on grid 
pattern was avoided. About 250 sq.kms.area 

has been o.oically explored for coal by 

drilling 23 bore holes with a cummulative 
depth 505( metres drillin4 until the end 

The excact thickness of coal beds 
in rnany holes is not known because of
 
core loss. in qeneral the core loss
 
occurs at the 
 top of the core because
 

it is subjected to a longer 
period of washing by drilling water. 
In some holes however, core loss may
 
have occured at the bottom or middleof the cored section. 
Core recovery in
 

l ays tone , sh ale a nd c oal w as about90 percent. in 
friable sandstone beds,
it was less than 1.5 percent. 

For future coal exploration 
in ionda-Jherruck Coalfield, Phase-I 
area is divided into three segments 

on the basis of dip depth. These seg
ments are named as Feasible High, Feasible Medium ad Feasible Low (Fiq.4..). 

Proposed bore holes by Geological
 
Survey of Pakistan for Sonda-Jherruck
 
Coalfield in 
the first phase of explo
ration are fifty in number which are
 

loc,-ted 3x4 kms., apart in a grid 
pattern. Drilling of these bore holes
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would enable the GSP to estinate tile seams e lcouuiteredc in te bore holes arc 

geological coal reserves with reasonable placed in three(3) different coal ?onef 
like 'Jpwerwidcdle an2 Lover on the baa: 

Control of data. More bore holes would be 
of t,2eir poOitio in the eolouical/

required for converting and proving the ofrtijralt il th(o 5,7. Th 

who
geological reserves into mineable reserves. S 111 coluons 
,nai,, -nirddle cool oem is termed " ondla 

Coal Characteristics seam" vhich is c nsi.ered to have a
 
reasonable consistency in its eytpeino
 

Sonda coal may be called as good altho'h it could Lo cliscoli-uuous or
 
quality lignite and is brownish black to change to carbo'uareous shalo 0-1" ",'C
 

black in colour. It has dull black 
 lustre uash OUt benOM,' tMP videly soi.j-'m: 

ind black and brown streak. It is soft, 0r1l ho~s. MY YA ;PWIS in th

flaky, brittle and breal-l into small chips. optjet ; 'onp c,'(, the alo e Wonda sel
 
i'm t!ie gteolo jic ejlum are ter,:ed


the coal is medium hard,	 '5 
In some places, 


Whaduri beaLs", v.herea the nnor
 
flakes and fills of purities and resins are "iJbh ick Ceans " is assi.jne.d to the
 
irregularly distributed. The depth at (Jm01 Sd lilJ iim the l.wer coo'
 
which coal seams are encountered, their ;:une "lc o the onda oe,* in the geo]
 
thickness, and chemical compo'ition is jical calu1, 'hr ce Dthnr spx encoL
 

given (Table II).The grade of air-dried tare i u ,.-2C and position -vis(
 
coal of Sonda coal seam varies as under:- 11inq just .1bove the v>,Wdo loal -Pamn
 

Mt sture % 9.0 39.4M 
 ad fallini i1 ,lidrle coal zone 're,
Volatile 
Matter .34 - 44.5 " ajatabad beams". 

Fixed
 
Carbon A 35.02 - 58.8 Coal .Psorves
 

Ash ,A 	 3.29 - 39.2 C. eserves of sond. oai 

Sulphur, 	 0.4 5 55'stly of " indcate(1" ,,'1 :Iterror" 

6.,- 95 cU a influence each bcSTU/Lbs. 	 9599 
Coal beds oe. _r-, to 500 metrer ra6ius is 

conpi'Jr-iel foi ,)rr.r:-r reserves, 5UC 
In addition to being generally 1COL ".-.etres for inlic'mtn,' and 1600 t 

thin, the coal beds of Sonda are also -500 -irers rac~ius for i rr rer.c 
commonly lenticular, partly as a result of Area outsj e 1C'LO- radius Whit 
original deposition and partly as a result 0 linked vith M ' (-an e oljc l iu~ ihtl 
of post deposition erosion. and partly as eXtenin of on., CuD.l (,<rr Q CO, 
a result of folding and faulting during ,ered for th. cyo-, )f yplotmet 
which the coal beds are bent, squeezed and 
broken into complex, distorted, discrete
 

lenses and isolation patches. 'ore, Coal is estahlisn'd fr 

the ehch ot :i7 "nntrea ,t uhmanri , 
Pinching and swelling of lensoid 11-l to 240 ,netres at Y:etily in Li!

coal beds are pronounced which make the eor c'o!,neecial ex:,Irdtion. , cut

correlation of seams difficult. The 'tds thickne:s of 0. oUmetre is co.qidr-. 
are almost horizontal to 2 degree dippina for the reserves calculation. 6ondh 
towards west. 
 j an ulone has a total of ,to-jt Jei( 

In general the number of coal
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million tonnes of coal in an area of about area, 280 million tonnes of coal would 
250 sq.kms. Out of which 13.59 million be available. Hyphothetical reserves are 
tonnes are proved, 46.69 million tonnes worked out d2 million tonnes for Sonda 
indicated and 77.74 million tonnes inferred 6eam only. 
reserves. An additional hyphothetical reser

ver of 32 ,Iillion tonnes are worked out for 
the ,ond Cosl Seam vith the cut-off thick

ness of 0.Q0 metre: within 87 ";q.k'na area. 

(Table I). 

coal reseirves from cnayatabad 

oea'ns ( middle coal rone ) are estimated 

to be 2.7 million toins proved, 8.14 

nillion tonnos indicated and 13.54 million 

ton, es infeired where more than 0.60 metre 

thickness of three(3) searo is taken into 
account. lotal coal reserves from Enayatabad 

-oal seams would amount to 24.38 millio-i 

tonnes. 

The Dhar-uri Sears (Jper coal zone) 
vith 0.-0 rrtre thickness has proved reser

ves of 2.35 :ilIlion tonnes, indicated 

q.r3 million tonnos anrl inferred 34.36 

,illicol tonnes, totalini 25.84 illion 

tonnes )r coal uhich would be available from 
jjp,'r zone coal seaq. liso Dhaduri eam 

vith v.3 to 0.r mtr- thickness vould jive 

-C5 .nillion tounes )roveri reserves of coal 

12.34 ',tlijon to -'s indicated reserves 

; .:53"villion tonnes inferred reserves. 

wqa. i lower horizon which 

are tereo as " ,-h-rr.jc% eam " and above 

L.- netr' CuL-off thickness show 2.93 

nillicn to'op of )rv'-d reserves of coal, 

S I ',llon tonnis Qf indicated reserves 
andq 1,7n tillio'n tenni-n inferred reserves. 

th-'s makini a total of 2r-.06 million 

tonnes. Jhrrruc, -eam vith 0.3 to O.r
m'ntre thickness has groved reserves o 1.7 

millioi toonos, 5.13 million tcnnes of 

indicated and L. aillion tonnes of 

inferred reo,rves. 

To sum Jp all the catejories of 
coal reservos in -onda and north of Sonda 
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TABLE- I: DIFFERENT CATEGORIES OF "GEOLOGICAL' COAL RESERVES OF SONDA -THATrA COAL FIELD, SIND, PAKISTAN (IN MILLION TONNES) 

ADDITIONAL 
RESERVES BETWEEN 

0.60 51 CUTOFF THICKNESS OF COAL SEAM 0.6-06 0 M THICKNESS OF COAL SEAM 

COALSEAM PRYPED. 

ZONE PROVED INDICATED INFERRED THETICAL PROVED INDICATED INFERRED HYP.THETIOCAL TCALEERE_______ RSRVSRESERVES RESERVES RESERVES RESERVES RESERVES RESERVES 

I 
 'I 
HAOURRESULTS 

ARE SHOWN ON OF 23 . ,ATACOAL SEAM
(UPPER) 2.85S :8.63 14.3 25.84 4.05 1234 20.53 HOLES DRILLED IN AN AREA OFIODSSOUARX33 I..UPPER K 

ALL CATEGORIES OF GEOLOICAL ESE

2INAVATABAO RVES ECLUO;NG HYPOTHETICAL ISER-
IHYAABO 


VE ORKE OU AS 220 MILLION TONNES. 
LENSOID 13 52 7 >.1m 24.38 1INAATABAD 

LENSOID COAL SEAM FOUND
COAL SEAM .
 
COAL SEAM 1d DH-20 ONLY.
4669 77.7a 8 COAL SEAM A.N W.D4SONDA 
 1.22 3.7 6.14 I.0I 

ADDITIONAL 82 MILLION TMNEICO AL8COULD BE EXPECTED FROM SOINDA COA',U SEAM ONLY. IN nEMAINING 87 SGUAAE ....... KILOMETRP.ES. .... 1.1MILLIO T..... 
CAL SEAM 2.9) 8.88 74.79 26 77 57 .2  7.LOWERI 26 17 Si 6 

GRAND TOTAL: 280.31 MILLION TONNES '82 MILLION TONNES HYPOTHETICAL RESERVES. 

http:ILOMETRP.ES


TABLE-. DEPTH, TUICKNESS OF COAL SEAM & CHM:ICAL ANALYSIS 
OF OALFSODA -JHERRUCK CALFIELD 

Dx0J THICKNESS , of g4ols- Vcoa- ixed.HtE OF j SEAM I Ash Sulphur Laborato|OF COAL jCore ture ?tile lCarbon' % ries per-NOO HULE Irom o SEAM.'S, feco % t1% formed 
In very ers% , analysis.

metrs in mitres j metre" t 

DH-1 233.2 65.73 66.14 0.41 14.73 34.31 33.08 17.88 8.25 G.S.P. 
80.11 80.62 0.50 
 13.39 26.16 
20.42 27.52 4.92 GSP
 
84.02 84.81 0.78 
 8.49 26.16 23.45 41.90 9.21 G3P
 

118.34 119.68 1.32 24.75 32.76 31.34 11.15 0.69 G@P

45.90 46.15 0.36 90% 
 - 39.9 41.4 18.7 4.5 PITC 

DH-2 224.6 45.90 46.15 0.36 90% - 39.9 41.4 18.7 4.5 P,2IC 
24.68 31.82 39.13 12-77 4.o6 GOP 
10.9 38.00 51.30 10.50 4.5 PCSIR 

175.7 176.6 0.9 
 70% - 39.3 41.4 18.7 5.2 PITDC 
21.61 34.25 33.17 10.97 
 5.29 GOP
 
9.00 39.40 55.90 13.5 5.1 PcSY2 

215.00 215.11 0.20 90% - 47.6 45.1 7.3 3.1 PIMC 
7.00 46.6 64.9 7.0 2.54 
 PITC
 

DR-3 244.1 172.4 173.3 0.90 70% 
 - 41.7 45.4 12.9 3.1 PIDC 
15.55 36.68 36.23 
11.51 2.12 GSP
 

DH-4 183.2 46.2 46.6 
 0.40 90%  32.4 34.3 33.3 
 4.3 PTIC 
14.86 28.05 28.57 28.57 4.76 
 GSP
 

120.87 121.2 0.3 15% - 44.2 48.8 7.00 2.00 PMI)C 
14.06 40.54 40.20 5.20 1.17 
 GSP
124.135 124.38 0.32 87% - i48.1 44.6 7.3 1.6 P1DC 

- - - 25.10 33.17 36.14 5.69 1.5 GSP
 

DH-5 178.6 97.5 98.1 0.55 56% 18.44 31.20 30.19 
20.17 4.6 CoP 
DH-6 218.54 139.12 139.47 0.36 62% - 32.8 47.9 19.3 1.36 PNDC 

- 34.5 36.75 16.19 5.13 GSP 
173.38 173.63 0.25 100% - 34.5 48.0 17.5 8.3 nMC 

- 32.21 35.69 13.18 6.05 GSP 
DH-7 155.0 131.82 132.0 0.41 48% Not ana-lysed 

.,137.5u 137.80 0.30 52% Not analysed 

153.3 154.25 0.91 75% - 35.6 58.8 5.0 1.0 PMDC 
- 33.35 30.21 3.96 0,56 GSPDH-8 185.O 82.11 82.57 0.46 100% - 41.3 50.3 8.4 1.0 PMDC
 



TABLE-Il 

.(1J 12),. (.3 (4 ,. 5) 6 J  (7) (8) (7) (10) . 2 

DH-8 - - - - - 33.55 34.28 6.44 0.41 GSP 
96.4 96.92 0.53 100 - 33.7 57.0 9.3 1.5 P1.U3D 

- 30.95 30.21 3.96 0.56 GSP 

DH-9 185.0 b7.1 67.31 0.25 75% Not analysed. 

DIi-IO 188.0 139.3 139.9 0.61 100% - 37.1 46.4 17.5 4.8 Pla0C 
- 31.25 34.57 12.63 3.02 GSP 

145.1 145.4 0.30 727, - Not analysed 
175.7 176.6 0.91 100% - 39.5 49.3 11.2 2.9 PIMDC 

- 34.74 37.54 8.11 1.96 aSP 

176.9 177.2 0.30 50% 

DH-11 209.0 146.4 146.9 0.48 ? - 15.94 38.17 6.41 3.05 OSP 
- 40.2 45.9 13.9 4.5 PmDC 

DH-12 213.3 139.7 140.9 0.33 55,5 - 39.2 38.4 22.4 5.1 PI.DC 
167.4 167.7 0.33 98% - 26.35 19.97 32.82 3.63 OSP 
206.8 207.6 0.74 100"" - 33.3 27.5 39.5 1.5 PNDC 

- 19.92 35.99 21,54 4.76 OSP 

DH-13 226.1 161.7 162.1 0.36 75% 23o58 18,62 32.71 3.90 OSP 
40.1 36.6 43.3 5.2 P141C 

219.7 220.3 0.67 975 - 31.87 27.76 26.36 5.95 OSP 

45.1 37.7 17.2 7.1 P140 

DH-14 192,0 67,4 68.3 0.86 60%' - 17.76 17.06 20.33 5.84 GSP 
136.8 137.0 0,20 71% -

14,0 141.4 0.41 94% - 30.95 25.97 19.37 2.37 OSP 
- 41.7 34.9 23.4 2.00 PtMDO 

Dh-15 185.0 92.5 93.0 0.46 100', 17.05 32.3 36.9 30.8 4.5 PMOC 
31.55 23.79 27.61 3.96 GSP 

115.0 115.7 0.71 30% 17.29 42.0 41.5 16.5 5.9 PMDC 

- 32.86 23.71 26.15 3.0 OSP 
117.3 118,1 0.79 95% 23-00 38.9 32.0 29.1 4.1 P14DO 

- 33.62 12.58 30.08 4.02 GSP 

148.1 148.7 0.61 17.5% 26.98 44.5 49. 6.1 1.4 P1MD0 
- - 38.41 15.02 29.15 0.83 GSP 

DH-16 228.0 130.0 130.3 0.23 45% Not analysed 

171.7 172.0 0.3 96; 33.53 35.32 18.43 4.58 GSP 
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TABLE-Z 

(2), TII 1 ' iZ L _ _ " )C) ) F 12) 
DH-16 172.5 172.8 0.36  30.85 31.42 19.21 5.12 GSP
 

180.9 181.3 0.40 86r 
 -	 Not analysed 

DH-17 185.0 53.51 53.62 0.10 40'; Not analysed
 

DH-18 366.4 45.6 45.90 955
0.30 10.47 17.97 18.02 53.54 8.69 CSP
(Sonhari coal seam ) Pak Steel
 
186.8 187.1 0.30 22.10 35.5010, 	 28.01 16.39 3.42 -do

27.4 8 30.76 	 33.36 19.00 3.81 
225.9 226.2 90'4 23.520.36 	 11.3o 37.29 27.69 5.48 -do

15.03 30.76 29.60 29.14 5.32 
240.8 242.7 100
1.9 	 17.96 27.14 5U.14 4.76 1.24 -do

20.53 36.41 	 44.17 5.72 - -do
299.16 299.38 
 0.39 	 95% 16.72 13.31 15.64 54.33 0.64 -do

,.10 21.63 17.92 53.75 8.63 -do
356.6 357.4 
 0.71 1001; 	 14.48 24.27 44.26 16.99 4.39 -do

18.09 35.72 	 32.98 21.95 3.81 
359.3 360.6 70', 26 . 60.76 	 17.32 42.09 13.90 3.54 -do

19.25 36.80 36.66 15.69 3.24
 

DH-19 305.1 131.7 132.1 
 0.46 1001: 	 13.42 32.93 41.12 12.53 4.27 GSP 

146.5 147.0 0.43 10,: 18.87 31.69 	 37.81 11.63 3.89 G:jP 

164.4 185.2 0.76 14.44 38.55I00; 	 21.81 25.20 2.18 GSP 

25,".6 259.5 0.91 100j 9.81 31.25 43.21 15.73 4.16 GSP 
261.1 261.9 0.76 6C; 14.79 27.31 36.88 21.02 3.51 GSP 

DH-20 219.8 1If8 119.5 99.0.61 	 11.28 33.55 46.42 8.75 2.35 GOP 

124.7 125.6 0.91 95;; 	 12.00 34.61 44.36 9.03 3.55 GSP 
131.7 133.1 1.37 100' 	 12.50 34.89 45.97 6.64 1.50 GSP 

139.2 141.6 100;'2.43 14.76 26.21 53.05 5.98 0.81 GSP 
DII-21 148.7 150.4 1.82 87, 14.32 28.01 46.72 10.95 2.59 GSP

DH-22 
 259.1 87.4 87.8 0.13 82, tinalysis not yet received
 

153.0 153.3 0.30 -55 -do
179.5 181.1 0.13 10W' 
 -do
184.6 185.4 0.76 1oy5 
 -dO

DH-23 233.8 220.5 221.9 1.37 80; -do
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CONTRACT DRILLING FOR MINERAL EXPLORATION
 

AND
 

DEVELOPMENT INPAKISTAN
 

Mohammed Istifa, M.D.
 
Mineral & Engineering Services (Pri.vate)
 
Ltd.
 

Drilling exploration and development in 


the minerals :ndustry is a vast subject
 

and has over the years evolved into a 


precise technology in terms of drilling 


techniques and development of drilling 


equipment. Diamond bit core drilling is 


still the most acceptable method of 


mineral evaluation. The recover, of the rock 


or? enables geologists and engineers to 


fully evaluate mineral properties in 


terms of rock types, geochemical analy-


sis, ore grades and thickness, and 


correlation of rock strata in the sub-


surface, 


Sophisticated methods of mineral explo-


ration have developed over the years as 


the easily discovered or long known 


mineral deposits throughout the world 


have been depleted. Techniques such as
 
remote sensing, geochemical sampling of 


soils ;,nd water and trace mineral ana-


lysis of rocks have lead to the initial 


discovery of many new ore deposits, but 


it is still the diamond drill that does 


the bulk of the work and provides the 


rnst valuable information about the 


mineral deposit. 


This paper deals with the history, 


advances, and available technology in 


the diamond core drilling industry and 


how it relates to contract drilling in 


Pakistan. 


HISTORY OF DIAMOND DRILLING
 

The principles of core drilling
 

comes to us from remote antiquity,
 

the ancient Egyptians used tubular
 

drills for boring short holes in the
 

construction of the Pyramids.
 

Examples of early Egyptian cores and
 

drill holes may be examined in the
 

museums today. W.M. Flinders Petrie
 

in "Pyramids and Temples of Gisch"
 

(1885) argues that the tubular
 

drills imi.t. have been set with gem

stones, but it is more likely that
 

abrasive powders were used. The
 
ancient Egyptian drills were undoubt

ly hand operated and probably
 

drilled holes of a depth measured
 

in inches rather than in feet.
 

In 1858, the Mt. Cenis railway
 

tunnel through the Alps between
 

Italy and France was started. Driv

ing a tunnel through solid rock was
 

a formidable undertaking. To
 

advance the phase of the tunnel,
 

men had to drill a pattern of two
 

inch diameter holes six or more
 

feet into solid rock using hand held
 
drill steel and ten pound sledge
 

hamiers. It was very time consu

ming and a hard process. The holes
 

were drilled and then loaded with
 

blasting powder and detonated. The
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Mt. Cenis task was too great for the 


means available and it became clear 


that, if the eight mile long project 


were to be completed, a better way had 


to be found to drill holes into the 


hand rock of the tunnel face. 


In 1862, Jean Rudophe Leschot, a Swiss 


Engineer living in Paris, conceived 


the idea of using diamonds in an annu-

far ring. This revolutionary idea was 


the forrunner of the modern diamond 


core drills, which today can bore holes 


upto a mile or more in depth. Leschot 


built the first machine in about 1862-


63 with the help of a mechanic named
 

Pihet. This first hole drilled by this 


diamond drilling rig was used for blast 


hole drilling. The machine had hand 


rotation and feed and was operated by 


two men. The bit had an inner diameter 


of 30 mm and outer diameter of 40 mm. 


In 1864, Leschot built a steam driven 


machine with a speed of 20 rpms, which
 

was used on the Mt. Cenis tunnel. The 


machine was capable of a penetration 


rate of 25-30 cm/hour in hard granite, 


The core was 31 mm and the outer ci:.-


meter 43 mm. A bit cost from 14 to 21
 

dollars. 


In 1867, M.C. Bullock patented a steam 


driven diamond drill. The machine 


operated at 250 rpms. He drilled the 


first deep hole for coal in 1870, near 


Pottsville, Penn. The hole was 215 


meters deep. 


By 1870 drills driven by 5-7 HP steam 


engines and speeds greater than 360 


rpms were available on the market. The 


steam engine proved an excellent source 


of power for diamond drilling. It had 


ideal speed/torque characteristics; 


the speed of the engine was simply
 

controlled by throttling the steam
 

inlet to the engine by means of a
 

valve. It was necessary to generate
 

steam at the drill site and coal was
 

the common fuel, and was usually
 

available in developing coal mining
 

districts, or anywhere within reach
 

of a railhead. When the search for
 

minerals took the prospector and
 
driller to more remote areas, local
 

sources of wood tapped for use as
 

fuel. With the development of the
 

internal combustion engine, steam
 

as a main power source was replaced.
 

In 1872, Major Beaumont designed
 

a diamond drill in England and in
 

1875 drilled a hole 698 meters deep.
 

This hole was 130 mm in diameter.
 

It drilled 2.22 meters in 12 hours
 

and since it only drilled 25 percent
 

of the total time it was not very
 

effective.
 

In 1886, the Germans had designed
 

a combination diamond drill with
 

cable tool bits for softer rocks
 

and drilled a hole 1748 meters deep.
 

In the closing decades of the
 

nineteenth century diamond drill

ing became attractive to prospectors
 

and developers of mineral deposits.
 

The introduction of a swivel head
 

that could be swung out of the way
 

when the drill rods were hoisted
 

or lowered, the inclusion of a hoist
 

with the machine, the adoption of
 

the double tube core barrel, the
 

application of hydraulics, and the
 

introduction of the wire line sys

tems raised the productive rate of
 

drilling. Over the years pronounced
 

improvements in the quality of steel
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used in the drilling rods and driliing 


accessories, and the use of grandular 


diamonds (bortz) in mechanically set bits 


and reaming shells were very marked 


advances. Developments such as these 


are continuing to improve the design 


of drills and dtilling accessories.
 

USE OF DIAMONDS 


In theory the principles of drilling 


rock with diamonds is simple, although, 


its practical application requires con-


siderable ingenuity, both in the design 


of equipment, and in its use to achieve 


acceptable results. 


The diamond is pure carbon, the hardest
 

substance found in the earth's crust 


In the fierce heat and pressure of deep 


seated, intrusive, igneous pipes, carbon 


is crystalized into the isometric form 


of diamonds. Industrial grade diamonds 


are set into the face of a tubular bit, 


rotated at proper speed and pushed with 


the right pressure against the rock. 


When this happens the diamonds will cut 


away the rock, allowing a core to enter 


the interior of the tube. 


The earlier diamonds used were the
 

black diamonds obtained from the 


Brazilian diamond fields, discovered 


in the first half of the 18th century, 


almost 130 years before the diamond 


discoveries in South Africa. The 


Brazilian diamonds were costly being 


located in the remote Eastern 


Brazilian highlands, about 300 miles 


inland from the Atlantic port of 


Salvador, ,00 miles northeast of the 


present day city of Brazilia, the 


deposits were alluvial and the diamonds 


were scattered over a wide area in 


stream beds and upland gravel depo

sits. They did not lend themselves
 

to large scale exploitation, and
 

most of the diamonds were discovered
 

by prospectors and adventurers,
 

working alone or in small groups.
 

The price of diamonds in 1890 was
 

$20 per carat. By 1900 the price
 

doubled to $40 per carat and subse

quently increased at steady rate to
 

a peak of $175 in 1929. After the
 

crash of 1929 the price tell rapidly
 

and by 1935 reached $60 per carat.
 

In the late 1930's diamonds from
 

Africa began to penetrate the world
 

market.
 

Recently synthetic diamonds have
 

been introduced and are now widely
 

used in diamond drilling tools.
 

Polycrystalline synthetic diamonds
 

are available in the form of trian

gles that are set in a metal matrix
 

by the drill bit manufacturer.
 

Because the diamonds are thermally
 

stable to 2192 degrees F.(1200
 

degrees C.) under inert atmospheres
 

they can be adapted to existing high
 

temperature metal bond systems.
 

Due to the polycrystalline micro
 

structure, the triangles do not have
 

the inherently weak planes of mined
 

diamonds. The tiny diamonds in the
 

polycrystalline triangles have
 

strong carbon to carbon bonds so they
 

resist fracturing in all directions.
 

Individual facets fracture during
 

drilling, which expose fresh, sharp
 

cutting edges. As a result, the
 

polycrvstalline diamonds have far
 

less of a tendency to polish or wear
 

smooth as do single crystal natural
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diamonds. This results in consistently 


efficient cutting action throughout 


the long life of the synthetic diamond
 

bit. 


HISTORY OF DIAMOND CORE DRILLING IN 


PAKISTAN 


Diamond core drilling in Pakistan was 


started at the Warsak Dam site in 1949 


for geotechnical studies. Two Swedish 


core drills were imported by the 


Central Engineering Authority (CEA) with 


only one size of drill rods and three 


different sizes of core barrels The 


core barrels were single tube core 


barrels. The drilling rigs and pumps 

were driven by electric motors through 

transmission shafts and flat belts, 


The drill rigs coul, be easily broken 

down into parts which could be carried 


by manual labourers on foot paths to 


drill hole platforms on sometimes 


hilly terrain. A water pipe-line was 


laid from the Kabul River to storage 


facilities at the project site, then
 
pumped into the hole by the reciproca-


ting pump at the drill, 


An investigation for the dam founda
tions and the underground power house 


were carried out. The most interesting 


and challenging job was drilling for 


bedrock. The drill rig was mounted on 


a b.rge made of two boats and anchored 


at four '-ints by wire cables to the 


banks of the river. Before reaching 


bedrock, the overlying alluvium consis-


ting of gravel and boulders had to be 

penetrated by percussion drilling 


methods and frequently the large boul-

ders were drilled through and blasted, 


The progress was slow, and when the 


casing reached bedrock core drilling 


began. Warsak was the firdt project
 

where core drilling was started.
 

There were two foreign drillers
 

appointed to this project and one
 

Pakistani who had some experience in
 

drilling. The CEA wanted to appoint
 

qualified engi.neers for this pro

jeci and Mr. Mohsin Ali, then
 

chairman of CEA had the vision and
 

foresight to see the importance of
 

diamond core drilling to Pakistan.
 

He wanted engineers to come into
 

this profession with a good starting
 

salary, but had problems attra-.ting
 

qualified engineers for this blue
 

collar job. Our engineers in those
 
days did not like "getting their
 

hands dirty". As a result only two
 

engineers were appointed as Assis
tant Drillers with one leaving after
 

a short period of time, leaving only
 

one, who somehow stayed on because
 

of the Chairman's persuation and
 

advice.
 

Since the infancy of core drilling
 

in Pakistan the lack 6f trained
 

personal has always been felt.
 

At the conclusion of the Warsak
 

project, the core drills were trais

fered to the Mangla Dam Site. The
 

core drilling was done by the Publi,;
 

sector because there were no
 

Pakistani drilling contracting
 

companies with the equipment and
 

expertise in core drilling. The
 

private sectors experience background
 
was in water well drillinq. These
 

private sector companies had no
 
knowledge of core drilling or its
 

future importance to the development
 

of Pakistan. Since they lacked ir
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the tc. inical know-how they were slow 


into entering into this field.
 

A second and equally important factor 

was the lack of investment capital 

available to the private sector drill-

ing companies. 


When core drilling projects developed
 
in Pakistan foreign drilling companies 

came to Pakistan and did the work. 
 The 

private sector attempted to bid on this 

work, but could not be considered com-

petitive because of the 
lack of proper 

drilling equipment and trained personnel. 

What they did have was old machinery and 

drillers unfamiliar with the type of
 
drilling required. Once again the 

lack of trained personnel and proper 

equipment "nbibited the Public sector 

from taking the private sector seriously. 


DRILLING FOR MINERALS 


Drilling for mineral exploration differs 

from drilling for geotechnical site 

investigations in a number of ways. 


One, the average overall depth of 
a
 
drill hole is usually much greater for 

a nineral exploration hole than that 

of a geotechnical hole; two, geotechni-

cal/civil engineering projects are 

usually concerned with the near surface 

rock materials, whereas in mineral 

exploration the major concern 
is 


usually with rock at depth; three, geo
technical projects are concerned in 

recovering undisturbed samples for 

geomechanical testing whereas mineral 

exploration is concerned with, 
core 


recovery and ore grade values.
 

Diamond core drilling is the most 


acceptable method for
 

(1) Obtaining geological data,
 
(2) Mineral exploration and develop

ment
 
(3) Blocking out ore reserves,
 
(4) Designing mine pits and mine
 

development.
 

The most reliable method of obtaining
 
subsurface geological data is core
 
drilling. The core can be physi
cally examined and analyzed. Coring
 
is also done to help in the inter
pretation of the stratigraphy and
 
collect data on mineral occuronces.
 

The largest application of diamond
 
core drilling is in the field of
 
m4. eral exploration and development.
 
Drilling is done to locate mineral
 

deposits, to assess the deposit, that
 
is to gather information on the geo

metry of an ore body, to identify

the geological processes that may
 
have disturbed it 
, and to evaluate
 
the quantity and quality of the ore.
 

By core drilling, anomolies such as
 
fault can be identified in advance
 
of mining and potentially save
 
large sums of money that may have
 
been expended by having to do explo
ratory drifting, cross cutting, or
 
raising or sinking a shaft.
 

Information secured by drilling
 
enables the workings to be laid out
 
with maximum effeciency from the
 
stand point of haulage and extraction.
 

When a prospect has been trenched,
 
mapped geologically and by geophy

sical methods, and properly drilled,
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the ore reserves can usually be compu-

ted with reasonable accuracy as to 


tonnage and grade. 


Economic minerals deposits occur in 


varied types of geological environment,
 
flat lying, such as coal deposits; 

massive ore bodies, such as porphyry 


copper deposits; vein deposits, such as 

precious metals. These different type 


of mineral deposits required varing
 
types of drilling patterns. 


The diamond drill, of course, only 

punctures the ore body and can hardly 


be said to open it up. In consequence,
 
the estimate of an ore body unless 


intersected at a large number of points 

by drill holes, has to be carefully 


considered. The layout of bore holes
 
will vary depending on the type of 

mineralization and geological structure 

incountered. Some minerals require 

rectangle or square drilling patterns 


using vertical holes, others parallel 

sections using inclined holes. 


The geologist must decide on the proper 

spacing from data available. This is 

very important if the cost per proven 

ton is to be kept low. 


FISTORY OF MINERAL DRILLING IN PAKISTAN 


Drilling for minerals was started by 

the Geological Survey of Pakistan (GSP) 

in 1957. ICA (International Corporation 


Administration now known as USAID) pro-

vided four diamond Core Drilling Rigs 


with E size accessories and screw feed 

drilling heads.ICA also sent a drill-


ing advisor to GSP for starting the 


drilling programme.
 

The accessories with the rigs were
 

too small in size. Subsequently
 

larger size accessories were impor

ted and the drilling heads changed
 
from s-irew feed to hydraulic.
 

Lack of trained drillers was the
 
main problem. GSP could get only
 

one Drilling Engineer and two Asstt.
 
Drilling Engineers.
 

Constrains of equipment, personnel
 

and logistic support did not allow
 
for the operation of more than one
 
drilling rig, at a time.
 

The first mineral drilling was done
 

for Manganese in Lasbela District
 
and then for coal in the Sor Range.
 

A training programme was started
 
with the help of ICA drilling advisor.
 
The duration of the training was
 
2 years, including 3 months in GSP
 

workshop, on the repair and main
tenance of drilling equipment, a
 
few lectures were also arranged.
 

Most of the training was on the job
 
training at the drill machines. At
 
the end of the 2 year programme an
 
examination was held conducted by
 

ICA drilling advisor and director
 

drilling of GSP. A diploma in dia
mond core drilling was awarded to
 
the successful apprentice drillers
 

with most of the apprentices being
 
absorbed by GSP. When other Govern
ment and Public Sector organisation
 

started buying their own drilling
 
rigs for mineral exploration and
 

development, the GSP trained drillers
 
joined the organisations and are now
 

heading the drilling sections.
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The training programme was a success 

and much of the credit goes to ICA. 

The 	drillers produced were very good and 

the demand for them increased. GSP 


trained drillers also went abroad and 

served in the Gulf States, Saudi 

Arabia, Nigeria, Canada, Libya, 

Australia, Papua Newguinea. Whereever 

they served they were successful and 


there services were appreciated. 


At this time GSP imported new drills
 
ranging from 5,00 ft capacity to 5000 ft. 


capacity, and started operation in East
 
Pakistan (now Bangladesh). 


Drillers of GSP drilled the deepest 

core hole (in Pakistan) at Bahadurkhel
 
District Kohat. The depth of the hole 

was 	1375 meters using "N" size core rods. 


The drilling capacity of GSP increased 

tremendously after the import of drill-

ing equipment and the availability of 

trained drillers. GSP at one time were 

operating 7 drills. GSP drillers also
 
had deep drilling experience in coal 

drilling in former East Pakistan. 


After the start of core drilling geolo-


gists insisted on examining the core
 
of mineral deposits for correct evalua-

tion. The demands for core drilling 

increased when organizations dealing 

with minerals imported their own drill-


ing machinery as they wanted to have
 
the information available as soon as 

possible. Drilling sections were star-

ted in Pakistan Industrial Development 

Corpn./Pakistan Mineral Development 

Corpn.,/Pakistan Atomic Energy Commission/ 


Punjab Mineral Development Corpn./Sarhad
 
Development Authority. 


It was not possible to keep the
 
drilling rigs continuously in
 
operation by the Government/Public
 

Sector but they could afford to
 

keep the drills idle and pay their
 
personnel. It is not possible for a
 
private drilling contractor to keep
 
his staff except key personnel and
 
let the other staff go to work for
 

another contractor on into service
 

with the Government.
 

CONTRACTING DRILLING FOR MINERALS
 

Contract drilling for minerals
 

has exhibited slow growth for the
 
following reasons
 

1) 	All the minerals exploration
 

and development drilling was
 

carried out by the Government
 
and Public Sector. They impor
ted the drilling equipment and
 
started their own drilling
 

sections.
 

2) 	Private mine owners generally
 
did not go for core drilling as
 

they thought it not necessary
 
for their mine development.
 

3) 	Contract drilling company could
 
not afford to buy drilling
 
machinery because of the lack of
 
consistent work.
 

4) 	Initial investment and mainte
nance of drilling equipment is
 
high with tool requirement vary
ing according to the type and
 
depth of drilling.
 

a) The capacity of rig depending
 

on the depth of the hole.
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b) Type, size and quantity of 


accessories, 


c) Requirement of the diamond tools 


needed to drill a particular strata. 


5) It is difficult for drilling contrac-


tor to maintain a large inventory, 


which would require the backing of 


large capital since these drilling
 

items are not available in Pakistan 


and each and every item is to be 


imported. 


6) Payment of Custom duties, and trans-


portation to Pakistan makes the 


equipment even more expensive, 


7) Difficulty in hiring and keeping 


qualified drillers as the continuity
 

of work is not guaranteed. 


8) 	Cost per meter increases when the 


drillers are hired for short duration. 


9) Reluctance of the banks to arrange 


financing, 


Recently Mineral & Engineering 


Services Ltd. applied for loan 


against Pak-U.S. Import Programme. 


Bank raised querry after querry and 


demanded almost 250 percent cover 


before the loan was sanctioned after 


three and half months. 


10) With the increase demand for energy, 


the hole depths are increasing and 


the minimum acceptable size of core 


has also increased which means more 


investment. The drilling industry
 

has been slow to accept the change 


and is now in trouble to fully 


accept the challenge. 


Historically, the drilling
 

industry has been a high risk
 

business with a very low return
 

to the contractor. There are
 

few, if any, high risk business
 

ventures that will accept the
 

low return that has been common
 

in core drilling.
 

For this reason the pay scale for
 

drillers is normally lower than for
 

other positions demanding equal
 

skills. This alongwith the problem
 

of working under less than the ideal
 

conditions and constantly moving
 

from town to town makes it difficult
 

to live and keep qualified and
 

experienced drillers.
 

Because of the low return, the con

tractor may find it difficult to
 

purchase new drills or tools and he
 

then finds it impossible to compete
 

with those who have the latest
 

equipment. This can only lead to
 

eventual failure.
 

The contractor cannot simply raise
 

the prices, since there are optional
 

methods of investigating ore bodies
 

other than core drilling. The
 

biggest advantage for this industry
 

is that core drilling produces a
 

representative spmple that proves
 

without doubt t' existence of a
 

mineral deposit. No organisation
 

would spend a large sum of money to
 

open a mine without confirmation of
 

the facts.
 

However, it goes without saying
 

that unless core drilling produces
 

good samples and the cost is kept in
 

line other methods will be used in
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its 	place, if not totally, at least in 

part. 


Contractors are therefore required to 

increase production and control costs, 

to achieve this they haveto be uptodate 


with the latest development of equip
ment and drilling technology. 


The first and most important task is to 

understand as much as possible about 

the 	tools that are available, 


New 	drills can provide features that 

will greatly improve production but 

again the Contractor should be totally 

committed to understanding exactly how 

the 	drill is to be operated and main-

tained or he will 
not only fail to 

realise increased production but will 

have extremely high repair costs, 


The 	hydraulic systems that are 
mecha-

nically efficient and give the best
 
results operate at very high pressures 

and are highly vulnerable to contami-

nation damage. Pumps and motors of this 


type can be totally destroyed in a
 
matter of few seconds if exposed to 

contamination. 
To have the advantages 

of hydraulic system, contractor should 

be aware of proper operation and servi-

cing of hydraulics. 


This is best done by training programmes 

which should include courses in basic 

hydraulics, trouble shooting and a 


complete review of the hydraulic systems
 
used on the drill to he purchased. 

Unless this is done the 
cost of opera-

ting this type of drill will be 

extremely high and the benefits lost. 


Contractors should have the uptodate 


knowledge about the diamond tools
 
available for drilling through
 

various formations. Unles3 the pro
per bit is used and operated in the
 
correct manner the potential of
 
this may not be fully realised.
 

They should also be aware of the
 

latest developments in drilling
 
chemicals. The proper use of the
 
chemicals can improve core recovery
 
and 	progress considerably.
 

New 	or modifications to previously
 
daveloped techniques of exploration
 
are making definite inroads in the
 
exploration field with down hole
 
hammers, reverse circulation drill
ing and the use of non-coring
 
drilling tools combined with coring
 
tools will play an important role
 

in the future of the core drilling
 
industry.
 

To be competitive and profitable
 
the contractors must consider the
 
following things
 

1) 	Develope highly qualified and
 
trained operators. An attempt
 
by a good driller to operate
 
a drill or 
a new set of tools
 
without proper training may
 

result in poor performance and
 
costly down time. New drills
 
and tools are more susceptible
 
to damage than the older models.
 

2) 	If contractors want to stay
 
abreast of change they should
 
communicate with other drillers
 
not 	only locally but should also
 
be done on the national and
 
International levels.
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3) Investigate the types of tools 

and drilling procedures to be used, 

and when purchasing new drills make 

certain that they have the flexibi-

lity to function effeciently under 

the expected condition. This is very 

important to remain competitive.
 

4) Purchase quality products that will 

give good results and which are 


backed up by the supplier. Cheap is 


not necessarily the best.
 

5) Establish good line of com%,unication 

with suppliers and insist on good 

technical aids or training programmes, 

on the use and care of equipment. 


6) Be prepared to discuss cost saving 

procedures with customers. Obtaining 


good samples in smaller sized holes 

by use of drill chemicals, special
 
core barrels or drilling techniques 

may result in savings over drilling 

large holes to achieve good recovery, 


Drilling contractors must approach the
 
future with an open mind. 
 If they are 

rigid in thinking and not prepared to 

use different tools or techniques, the 

future may indeed be less than prospe-

rous and bright, as customers will use
 
modern techniques for exploration. 


The fyture of contract core drilling in 

Pakistan is not bright because of the 

following factors 


I. The job of core drilling is mainly 

with the Government/Public Sector 

and they are reluctant to contract 


work to private sector as these 

organisation have or want to have 

their own drilling section. 


2. The job being offered by private
 
mine owners and other private
 
companies are not large enough
 
for the establishment of a core
 
drilling section by drilling
 

companies.
 

3. The core drilling footage
 
offered for contract drilling
 
does not justify the import of
 

latest machinery.
 

4. Private contracting companies
 
cannot keep the good drillers
 

continuously on their payrolls,
 
and when employed on job to job
 
basis, the drillers salary is
 
higher thereby increasing the
 
cost per meter with the rate
 
becoming les- and less competi

tive.
 

5) Lack of support from the Govern
ment for the import of latest
 
drilling equipment in the form
 

of
 

a) levy of custom duty on
 
machinery and spares.
 

b) non-availability of loans from
 
the bank.
 

It may be added here that under
 

Pakistan-US Import Programme, USAID
 
has given $10 million to two banks to
 
be given as loan to private sector
 
for the import of machinery and
 

commodities in energy and agricul
ture sector. With personal
 

experience 
 it can be said that the
 
full amount cannot be utilised
 

because of beaurocratic and proce
dural delays. What is required is
 
more liberal attitude from the banks,
 

instead of being overly conservative.
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What the banks are for ? If they cannot 

take even small risks.
 

USAID is helping the Private Sector 


drilling companies and this is very 

commendable. 


Mineral & Engineering Services Ltd.
 
(MESL) was awarded the first contract 

for Lakhra Coal Drilling Project by 

USAID. M.E.S.L. was awarded the next 

contract for the same project by John 

T. Boyd Company. The contract was ex-

tended for Phase II also. 
 MESL drilled 

65 holes with a total meterage of 6800 

meters upto Phase I. 


SUGGESTIONS FOR ESTABLISHMENT OF PRIVATE
 
DRILLING COMPANIES. 


The following suggestions which are 

offered will help the growth of the 
core 

drilling industry in Pakistan. 


i. Import duties on complete core drill-


machine,.accessories and spares be
 
abolished. 


2. Banks should open the Letter of Credit 

against a margin of 15% only. They 

should hypotheticate the imported 

machinery for extra cover, 


3. The core drilling job which is being 

done by Government/Public Sector, be 

offered to private contracting Com-

panies. Contractor will do the job 

economically, effeciently and quickly. 

In this way the Public sector will not 

have to maintain a drilling section 


even when there is no work. The
 
saving in maintenance of drilling 

machinery, logistic support and 

maintaining an establishment will be 


quite substantial.
 

4. Core drilling is an industry and
 
should be treated as such it
 

should be given at least five
 
years exemption from all the
 
taxes including incometax.
 

5. The industry should also be
 
allowed to import new tools for
 
modernisation. 
The new tools
 
mean the newly developed accesso
ries for improved core drilling.
 
This will not only help to reduce
 
the cost per meter but will also
 
give better results for assess
ment of a mineral deposit.
 

6. Executives and employees of
 

private drilling companies should
 
be allowed to travel abroad to
 
attend seminars symposium and
 
drilling courses. They should be
 
given adequate foreign exchange
 
for that period.
 

7. They should also be allowed to
 
attend International mining shows
 
exhibitions in order to acquaint
 
themselves with the latest deve

loprnt in drilling machinery
 

and technique.
 

8. Private drilling companies should
 
be encouraged to hold lectures in
 
Pakistan by inviting foreign
 
guests reputed in thpir field.
 
In this case the fee paid to the
 
lecturers will have to be
 
repartriated.
 

9. The mining rules should not be
 
applicable to drilling contractors
 
as drilling is not mining and the
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contractors drill for other leage 


holders. 


By bringing the private sector into core 

drilling, Pakistan will be able to 

appraise its mineral wealth quickly. 


This will ultimately result in cost 


saving as this will advance the develop-

ment of mineral in the country. 


THE FUTURE OF CORE DRILLING 


It is difficult to envisage any revolu-

tionary change in the mid-future, such 


as on-line monitoring of the drilling 


fluid and cuttings, that will replace 


core drilling for obtaining truly rep-


resentative samples of metalliferous 


ores. There will continue to be 

u
developments aimed at improving percen


cage recovery and recovering core more 


economically. Indication of borehole 


deviation without withdrawing the drill 


string, using perhaps a fluid pulsing 

technique for data transmission, is a 


possible core barrel development of the 

future; for in addition to obtaining 


representative samples it is equally 


necessary to know in three dimensions
 
from where the samples originated. 


The use of open hole drilling down to 


known horizons, e.g. a well defined, 


marker bed, followed by core drilling 


will probably increase but the main 


increase in open hole drilling will be 


in those deposits where down-the-hole 


geophysical logging can provide most of 


the information required, e.g. coal. 


The accurate determination of coal hori-

zons, seam thickness, the presence of 

groundwater or overburden, roof and 


floor strengths roof caving characteris-


tics etc. may be determined by block 


neutron-neutron and focussed resis

tivity logs; in some geological
 

settings ash content may be deter

mined by cross plotting density log
 
traces with other log traces; a
 
sul~lur determination log is still
 

some way off but does not look
 

intractable; while analysis of coal
 
cuttings is well established. Some
 
coring is however still necessary
 

for rock strenght calibration pur

poses; for accurate ash fusion
 

temperature determination;and for
 
swell and caking properties since
 

these can deteriorate for cuttings
 

suspended for sometime in moisture.
 

With the increasing use of mechani

sed coal mining in the Gondwana
 

coals of India, Southern Africa and
 

Brazil, the problems of the abra

siveness of these coals arc becoming
 

apparent. Mineralogical examination
 

of thin qections of the coal backed
 

up by XRD techniques may be necessary
 
to determine whether special measures
 

are necessary to combat abrasion,
 

and core samples are essential for
 

this purpose.
 

Future mining operations will
 

increasingly be in lower grade
 
minerals in remote locations, where
 

large scale cpcrations to achieve
 

economies of scale will be essential.
 

With the high capital costs involved
 

and the relatively large errors that
 

can occur by imprecise sampling of
 
low grades, the mining industry will
 

be seeking maximum possible reco

very of large diameter cores, with
 
excellent surface finish so that
 
fines are not eroded from the peri

phery of the core, all at an econo

mic price. Undoubtedly there will
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be an 
increase in open hole drilling, 

but the mid-future will require more 

and better core drilling and that will 

provide a challenge for contractors. 


TECHNOLOGY AND NEW IDEAS 


a. Combination drills capable of rotary 

drilling to 4000 ft. and then diamond 

drilling to 6000 ft. 
are presently 

being built and used. 
These drills 

are equipped with automatic drillers 


which regulate pressure on the bit,
 
rpm, torque and pump pressures. The 

drill operator always has the over-

riding capability to not only change 

the variables of the automatic drill 

units, but to control the drilling 

operations as required from present 

instrumentation. Future drills may 

be powered by diesel electric and/or 


diesel-elecf-ric-hydraulics.
 

b. High pressure fluids, 1000 to 3000 


lb/in 2 and higher should be consi-

dered that would assist in creating 

failure of rock types during the 

drilling process thereby increasing 

penetration rates of 
the bit. These 

fluids may have 
to be pulsated or 

could he continuous and possibly have 

inclusions of materials and/or 

chemicals added to 
them. Pumping 


capabilities for these pressures are
 
presently available and tool joints 

should withstand these pressures, but 

in some cases may have to be modified 

as well as the plumbing system from 

the pump to the drill pipe. 


c. Polyurethane foams will be one of 
the 

new methods of combating lost circu-

lation. 
 One gallon of material will 

make 10 to 12 gallons which has 
a 


compressive strength of 1000 lb/
 
in2 
after setting hQur. Nominal
 
setting times vary from 5 to 30
 
minutes. Downhole tools wili be
 

necessary to place these grout
 
materials in the precise location.
 

d. Polycrystalline Diamonds: Look for
 
changes to come about in design
 
of synthetic diamonds as well as
 
bonding agents which adhere the
 
stone to the bit.
 

e. Large diameter holes are 
once
 
again gaining in popularity and
 
wireline tools are being made
 
which will cut a 146mm size hole
 
and 102mm size core. Several
 
manufactures are making tools
 
101mm diameter capable of drilling
 
to 10,000 ft.
 

f. Christensen has developed an 
anti
jam core barrel device that works
 

well in haid broken rock forma
tions. The principle is to
 
vibrate the inner tube of the core
 
barrel until block's is freed or
 
coring is stopped. Care needs to
 
be exercised in coring as the
 
core may be ground away before
 
enough force is created to
 
activate the anti-jam mechanism.
 

New ideas and techniques are evolv
ing constantly within the core
 
drilling industry. Contractors
 
should be open minded and work with
 
new products and ideas in their
 

development, for that is what will
 
not only create better returns on
 
investments but will also attract
 
the kind of people into the Industry
 
who will be creative, innovative and
 

153
 



interested in their future and the
 
future of the industry.
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COAL MINING OPERATIONS IN THE PUBLIC SECTOR
 

A.A. Malik, Ex-Chairman
 
Pakistan Mineral Development Corporation
 

5YNOPSIS 


The coal 
fields in Punjab and Baluchi-

stan were the first to be discovered in the 

sub-continent. 
 The railways developed a 

few mechanized 
units during 1800-190U. 


After relinquishing the mines in 
1906 the 

coal mining in chese to
areas relapsed 

scattered small 
scale operations under the 

private 
 sectoi and producticn fluctuated 

between 55,000 and 
 300,000 tons. 
 After 

independence, production gradually 
rose to 

1,400,000 
 tons in 1968-69, 
 out of which 

four public sector mines 
 produced about 

250,000 tons. Eighty-five percent of the 

lease holdings were held by 
 the private 

sector. The 
current overall production was 

about 250,000 tons. 


The known coal reserves have been 


tentatively estimated at 
1.2 billion tons
 
and more than half of 
 the reserves are 

located in Sind. There is 
 considerable
 
potential of locating sizeable 
reserves in 

the future. The 
coal is lignitic to sub-

bituminous in character with high ash 
 and 

sulphur content. 


Due to lack of a regular market except 

brick kilns, the industry is stagnant. 

There 
 is a lack of infrastructure and 
 in-

vestment. Except 
 for the public sector 

operations 
 and a few notable exceptions, 

the mining methods are primitive and work-

ing unsystematic, 


The share of coal in the energy mix 

has come down to 6%. Most of the mines are 

located in Baluchistan and 
 Sind, whereas 

the major 
 market is in Punjab and NWFP. 

There is a glut of coal 
in the market and 

stock- at public sector mines have risen to 

142,000 tons. 
 Subject to expansion of the 

coal market and the firming up of coal 


reserves, the Sixth Five Year 
 Plan en
visaged coal production of 5.40 million
 
tons in 1987-88, 
out of whihh the public
 
sector will produce 2.07 million tons,
 
including 1.4 million 
tons required for the
 
first 
 300MW unit at the Lakhra Power Sta

tion.
 

There 
 is a need to streamline the
 
mining code and make it 
 more investment
oriented and promote joint ventures between
 
private and public sectors and foreign
 
entrepreneurs. 
 In order to promote devel
opment 
 of the coal mining industry, Gov
ernment has 
 to provide infrastructure
 
facilities in mining areas 
 and special
 
assistance to the private sector 
to explore
 
their properties, rationalize their opera
tions and develop new production facilities
 
to meet the projected demand for 
coal.
 

HISTORICAL BACKGROUND
 

The existence of coal 
in the North
 
West Regions was known and 
recorded in the
 
early part of 
the last century. The North
 
Western Railway 
 had opened several col
lieries in the Salt Range, Sor Range and
 
Khost-Sarigh areas between 1890 and 1900 to
 
provide fuel 
for its locomotives. These
 
collieries were well planned and fairly
 
mechanized and on 
 the average produced
 
about 100,000 tons Fer annum. 
 After the
 
discovery and growing use of 
 high grade
 
bituminous coal from Bengal and Bihar, 
 the
 
railways relinquished most of 
the leases,
 
and from 1900 onwards the history of coal
 
mining both in Baluchistan and Punjab 
was
 
that of scattered and small scale opera
tions by private mine owners and petty
 
contractors. 
 The production dropped from
 
115,283 
 tons in 1906 to 54,120 tons in
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1929. During World War 
I the coal produc-

tion steadily increased to about 3,000,000 

tons, of which Baluchirtan produced nearly 

half. After independence in 1948, the 

production dropped to 250,000 tons and 

again rose to 744,400 tons in 1959. The 

public sector operations were confined to 

three units in Laluchistan and one unit in 

Punjab. These 
were either inherited as 

state operations or given over the public 

sector agencies in later years. In 
the 

meantime there was a phenomenal increase in 

lease holdings, from a few dozen in 1947 
to 

several hundred covering vast acreage of 

virgin coal field areas. 
 The production 

increased to 1,428,000 tons in 1968-69 from 

numerous small operations and again dropped 

to 1,129,000 tons in 1973-74 because of 

market restraint. Out of this quantity 

nearly 250,000 tons were produced from the 

four collieries under the control of the 

Pakistan Mineral Development Corporation.
 
According to an estimate, the present coal 

production in the country is not less than 


2,500,000 tons, which includes both re
ported and unreported production. 


BESERVE POTENTIAL AND CHARACTERISTICS-_T 


The potential coal bearing 
areas are 

located in Sind, Baluchistan and Punjab 

with total reserves estimated at 1,178 

million tons (Table I), which in terms of 

heat value are equivalent to 526.6 million 

tons of oil. 
 More than half of the tntal 

reserves are available in an area of 700 

Km2 
 in Lakhra and Sopda. Since all the 
coal fields in the country have not been 
explored and evaluated, the current esti-

mates are highly conservative and relate 
to 

the areas in operation. The estimates are 

based on projection of geological data and 


some subsurface drilling. 
 The coal bear-

ing formations extend over large areas 
 in 

Salt Range, North East of Baluchistan and 

Sind. The detailed exploration and evalua-

tion of the existing, as well as new coal 


fields, will make significant additions to
 
the currently estimated reserves.
 

The coals found in Pakistan are high
 
grade lignite to sub-bituminous with high
 
ash and sulphur. There are marked physical
 
and chemical variations, both within the
 
individual coal seams as well as from one
 
coal field to another. The coal belong to
 
tertiary age have heating value of 10,000
 
BTU/Ib on the average, with high volatiles
 
ranging from 30% 
to 40%. High sulphur and
 
high volatile content make it particularly
 
amenable to spontaneous combustion, 
 cre-
ating specific problems of storage and coal
 
handling. The quality as such does not
 
figure out against its use in heat genera
tion or gasification processes. However,
 
due to high variations in quality the coal
 
fields need to be thoroughly investigated
 
to determine the range of variation and
 
optimum utilization.
 

PRDUCTION AND PRESENT CONDITION OF COA
 
MINING INDUSTRY
 

The production of coal in Pakistan 
 is
 
showt, in Table 
II and coal production unor
 
the public sector in Table Ill. The level
 
of coal production has been fluctuating due
 

to restricted demand and 
increasing use of
 
natural gas and fuel 
oil. The industry is
 
stagnant at present.
 

Over 85% of coal is pioduced bY a
 
large number of small nrines under the pri
vate sector. Lack of infrastructure,
 
restricted demand, 
 inadequate investment,
 
too 
 wide a dispersal of productive eftort 
and dependence cr, "ox holc" mlning of 
easily accessible coal. has retarded the 
growth of this basic industry. A large
 
portion of the coal ucarinq area iu-s L een 
leased out in a nuober of small sized 
blocks which iiakeE It un:;uitable for sys

tematic planning and rational long term
 
development.
 

The miniig methous die generally prim
itive and most ot the operations are con
tined to outcrop working and selective 
mining up to water level. There 1t a 
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eral lack of essential mechanization and 

safety equipment. Often the economical 

depth of working was not more than 800 feet 

from the outcrop because of a lack of 

essential equipment for pumping, mechanical 

ventilation and haulage facilities. Naked 

lights and non-flameproof equipment 
 were 

used in some mines without any considera-

tion for mine satety. 


As a result of unsystematic mining, 

not more than 60% of the coal was re-

covered. Except for some notable excep-

tions, mineowners manage to keep the 
 cost 

of production low by selective mining of 

easily accessible coal from shallow depths. 

The mines under the public sector, however, 

have been planned and developed for sys-

tematic mining in depth with essential 

mechanization, provision for mine safety 

and optimum recovery of coal reserves. As 

a consequence, their cost of production was 

high as compared to the private sector 

mines. The ccntrol of Government agencies 

over conservation of reserves and planned 

development of mines was nominal 
and there 

was a disconcerting increase in the number 

of accidents occurring at the mines. The 

industry as a whole was neither 
 organized 

for economic production on a long term 

basis nor geared to meet the more demanding 

requirements of a particular group of con-

sumers. Essentially because of lack of 
 a 

regular market for indigenous coal, no 

organized effort has 
so far been made by 

the industry to pool its resources and 

encourage higher value use of coal 
 for 

meeting the long term energy needs of 
 the 

country. 


TRANP_TATIONAND MARXETI_ 


The current use of coal was restricted 

to the brick kiln industry, which consumed 

over 90% of the production. The remaining 

quantity was used for power generation and 

domestic heating. According to a recent 

survey, the share of coal in the energy mix 

has declined from 35.1% in 1958 to 7% 
in 

1983-84, whereas the share ot natural 
 gas 


during the same period increased from 8.5%
 
to 34.2% and of hydro power from 0.8% to
 
18.5%
 

The marketing of coal, the mode of
 
transportation employed and location of the
 
mines with respect to the main consuming
 
centers had a direct bearing on the 
 pre
vailing prices and level of 
 production
 
achieved from a particular region. Punjab
 
and NWMFP together consumed 85% of the total
 
coal production, whereas their output 
was
 
hardly 27%. These provinces depended
 
heavily on Baluchistan for their coal 
 re
quirements, which produced 52% of the coal
 
while itself only consuming 6% of the total
 
production. In recent years there has been
 
a phenomenal increase of productiol from
 
Sind which has more than offset the in
creased demand of brick kilns in Punjab and
 
NWFP during the brick burning season.
 

Nearly 50% of coal was transported by
 
rail and the remaining quantity was cleared
 
by trucks directly from the mine heads to
 
the brick kilns. In spite of the higher
 
cost of transportation through trucks, road
 
transportation was gaining ground because
 
of the chronic shortage of railway wagons
 
in Baluchistan for coal loading during
 
brick burning season. The kiln owners
 
preferred to take delivery by trucks
 
directly from the lines in order 
 to meet
 
their day to day requirements and to keep
 
their inventories low. Baluchistan coal
 
has an edge for its better quality, but
 
with the easy availability of cheaper coals
 
from Sind, Baluchistan coal was gradually
 
losing its attraction and in the foresee
able future its demand will drop unless
 

more industries and power plants are used
 
in Baluchistan on local coal.
 

The present production in the country
 
is more than sufficient to cater to the
 
current needs of the brick kiln industry.
 
At present there is a glut of coal in the
 
market because of overproduction and
 
restricted demand. This has adversely
 
affected the coal mining industry. The
 
prices have come down by about 40% and the
 
production has decreased. 
 The stocks at
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the PMDC mines, as on December 12, 1985 

were 141,732 tons - the highest in the 
history of these mines. The projected 

annual increase in demand from the brick 
kilns will not be more than 5% over the 
next 10 years, provided the brick kilns are 

restricted to 'ise coal only. PMDC, with 
its share of less than 15% in the overall 
market, is not in a position to play any 

significant role in determining the sale 
price of coal. The price of PMDC coal is 
negotiated with Government agencies and it 

is tendered on behalf of others on an an-

nual basis. At best it can serve as an 

indicator to the private mine owners to 

adjust their prices to suit their con-

venience. Dependinq on the quality, they 


tend to regulate their production and sell 

at the highest price during the peak sea-

son. 


SIXTH PLAN TARGETS 


Subject to the firming up of addi
tional coal utilization avenues, the Sixth 


Five Year Plan envisaged coal production of
 
5.40 million tons by the end of the plan 

period in 1987-88. 


Million Tons 


1983-84 2.7 

1984-85 3.1 


1985-86 3.5 


1986-87 4.5 

1987-88 5.4 


The above requirement is for power genera-

tion, cement plants, industrial process and 

domestic heating and brick kilns. The 

share of targets fixed for public and pri-

vate sectors at the end of the plan period 

was 2.07 million tons and 3.33 million tons 

respectively. Under the public sector 

program PMDC is required to produce 1.97' 

million tons, including 1.4 million tons 

for the first 300MW unit of the Lakhra 

Power Station and "PUNJMIN" will produce 


another 100,000 tons.
 

The above targets were fixed on the
 

following assumptions:
 
- Estimate of indicated reserves will
 

be upgraded through detailed geological
 
exploration and evaluation and sizeable
 
capital will be provided for the purpose.
 

-. Development oriented Mining Conces
sion Rules will be framed and smaller
 
leaseholds will be grouped together to fc
 

larger economic units.
 

- The prices of competing fuels will
 
be rationalized.
 

- Additional market avenues will be
 
firmed up and infrastructure will be im
proved.
 

- The efficiency of Pakistan railways 
will be improved to handle increased coal
 

production.
 

- Institutional arrangements will be
 
provided to ensure continuous policy atten

tion and to coordinate planning, explora
tion, research, mechanization and finan

cing.
 

POLICY CONSTRJINTS AND PROSPECTS
 

The leasing rights rested with the
 
provincial Governments and each province
 

had its owon set of Mining Concession Rules
 

being administered by the Directorate of
 
Industries and Mineral Development. Simi
larly, the administration of the Mines Act,
 
regulations, rules and bylaws concerning
 
safety of mines and workers was the respon

sibility of the provincial Chief Inspector
 
of Mines. Attempts are under way to incor

porate a uniform set of Mining Concession
 
Rules and Mines Safety Code and to make the
 
rules more investment oriented and suited
 
for long term planned development of the
 
industry and in order to attract the for
eign entrepreneurs to join in equity par
ticipation with private sector and public
 
sector agencies in Pakistan. The Mineral
 
Coordination Board, under the aegis of the
 
Federal Ministry of Petroleum and Natural
 
Resources, provides a useful forum to coor
dinate these efforts between the provincial
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and federal agencies, as well 
as the public 

and private sectors, 


The major part of coal bearing pros-

pects 
was held by the private sector con-

trolling nearly 85% 
of the leaseholds. The 

detailed exploration and evaluation of the 

properties involving large risk capital was 

beyond the resources of private mineowners 

to undertake. A specially equipped agency 

has to provide these services out of neces-

sity 
 in order to assist the private sector 

to plan and develop their mines 
on a long 

term rational basis. 


Too wide a dispeLsal of production 

effort 
 needs to be checked and concentra-

tion of output from a fewer number of well 

mechanized 
 larger units employinq latest 

technology should be encouraged through 

joint ventures between 
 the private and 

public sector and with foreign partners of 

repute whenever it was feasible, 


The coal market should be expanded as 

a matter of priority and national policy by 

setting up coal based.power plants in the 

coal fielcis. 
 The use of coal in the cement 

industry and domestic sector should 
be 

actively promoted. 
 The price of competing 

fuels should be rationalized and a uniform 

sales policy and adequate coal handling 

tacilities be provided to 
regulate sales 

throughout the year. 


Lack of infrastructure facilities 
 in 

the mining areas has inhibited the develop

ment of the coal mining industry on a sound
 
footing. 
 The majority of mineowners do not
 
have enough resources to provide for the
 
basic facilities. It is imperative for the
 
Government 
 to provide these facilities in
 
mining 
areas for the benefit of the indus
try of mine workers.
 

Paucity of skilled manpower calls for
 
proper deployment and development of avail
able skills through the implementation of 
a
 
well-conceived and comprehensive program of
 
training of various categories of employees
 
and transfer of technology in different
 
aspects of modern mining practices.
 

The added value use of coal 
 in the
 
domestic and industrial sectors needs to be
 
promoted through a sustained program of
 
research and development, together with
 
establishing economic processes for large
 
scale commercial utilization of indigenous
 
coal with high ash and sulphur.
 

The private sector should be 
 encou
raged 
 to invest in the development of new
 
production facilities and adequate 
 credit
 
facilities, 
 both in local and foreign cur
rency, 
 should be extended to them on con
cessional terms 
 and such entrepreneurs
 
should be assisted in putting together
 
bankable mine development plans. They
 
should be allowed liberal import of mining
 
machinery and equipment and tax holiday to
 
rationalize their operations.
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TABLE I
 
fOAL RESERVES ESTIMATES
 

PUNJAB
 
Makerwal/Gullakhel* 


Salt Range 


BALUCHISTAN
 
Sor-Range/Degari-Sinjidi 


Khost-Sharigh-Harnai 


Mach 


Duki 


Pir Ismail Z.arat 


Abe-Gum 


Chamalong 


Sor-Range-Kutch 


Lakhra 


Meting-Jhampir 


Sonda-Thatta 


TOTAL 


*NWFP
 

(Million Tons)
 

IEDC'S ESTIMATES
 

1982
 

Indicated/
 
Proved Inferred Total
 

1 15 16
 
6 80 86
 

12 33 45
 
10 50 60
 
6 15 21
 

-- 40 
 40
 

-- 100 100
 

......
 

.....
 

-- 30 
 30
 

62 178 240
 

5 35 40
 
-- 500 500
 

102 1076 1178
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TABLE II 

NATIONAL COAL PRODUCTIO 


PRODUCTION IN 

YEAR METRIC TONS 


1947 363,488 


1948 244,643 


1949 337,643 


1950 443,763 


1951 512,807 


1952 609,661 


1953 593,100 


1954 562,634 


1955 537,441 


1956 655,104 


1957 523,125 


1958 606,077 


1959 744,398 


1959-60 830,319 


1960-61 915,324 


1961-62 955,022 


1962-63 1,242,391 


1963-64 1,256,898 


1964-65 1,231,506 


1965-66 1,291,170 


1966-67 1,280,000 


1967-68 1,239,000 


1968-69 1,428,000 


1969-70 1,269,000 


1970-71 1,324,000 


1971-72 1,255,000
 

1972-73 1,204,000
 

1973-74 1,129,000
 

1974-75 1,314,000
 

1975-76 1,138,000
 

1976-77 1,147,000
 

1977-78 1,279,000
 

1978-79 1,387,000
 

1979-80 1,569,000
 

1980-81 1,577,000
 

1981-82 1,750,000
 

1982-83 1,609,000
 

1983-84 1,870,000
 

TABLE III
 
AB1JC SECTOR COAL P-jgo
 

PRODUCTION
 

YEAR 
 TONS
 

1960-61 213,695
 

1961-62 232,591
 

1962-63 256,670
 

1963-64 262,899
 

1964-65 295,866
 

1965-66 296,349
 

1966-67 332,426
 

1967-68 453,983
 

1968-69 434,215
 

1969-70 472,193
 

1970-71 386,997
 

1971-72 377,008
 

1972-73 343,467
 

1973-74 321,232
 

1974-75 298,317
 

1975-76 255,002
 

1976-77 258,900
 

1977-78 235,174
 

1978-79 237,042
 

1979-80 253,660
 

1980-C1 206,940
 

1981-82 204,147
 

1982-83 171,632
 

1983-84 220,436
 

1984-85 257,041
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PAKISTAN'S EXISTING MINING POLICIES AND REQUIRED CHANGES
 

Abdul Khaliq

Managing Director
 
Amin Fabrics Ltd.
 

I propose today 
to discuss primarily 

the need for formulation of 
new policies 

and changes in existing policies which 
 are 

essential for rectification of past 
mis-

takes and required to ensure future 
 prog-

ress. 
 The subjects discussed in this paper 

are: 


- Background of 
the Industry; 

- Mining Laws; 


- Mining Technology and Manpower 
Training; 

- Combustion Equipment and Technology; 

-
Capital and Resource Mobilization; 

- Energy Policy; 

- Conclusion. 


Background 


Except for 
 a short period of three 

years, during 1959-62 when the Bureau 
 of 

Mineral Resources was operating, no mining 

policies have ever been formulated in Paki-

stan. 
 It is true that production and in-

vestment 
targets were established under all 

the 5-Year Plans, but 
these targets were 

all set 
 up in a vacuum; no efforts were 

made to assess, 
 much less provide the in-

puts required to achieve these targets, 


In the case of coal mining the posi-

tion has 
 been further aggravated by 
 the 

fact that control of mining 
 was vested 

initially 
 in the Provincial Governments, 

then transferred to the Central Government, 

transferred again the
to West Pakistan 

Government 
and lastly transferred back to 


Provincial Government.
the These changes 

have not helped in the formulation of long 

term policies. 


It has been rarely appreciated in 

Government 
that mineral projects have pecu-

liarities 
 of their own requiring special-

ized procedures for evaluation and financ

ing. Unlike an industrial venture, a min
eral prospect 
passes through successive
 
stages 
 of unknown to known potential, and
 
the elements 
 of investment 
 risk remain
 
until the potential of the prospect is
 
firmly established. Development loans are
 
not available 
to the mining industry, part
ly because the overall effect 
 of mining
 
laws is to render mining assets "non-bank
able" for purposes of security, and partly
 
because financial institutions do not 
 have
 
the expertise to evaluate mining 
 proper
ties, and their development potential.
 

Coal mining in Pakistan is essentially
 
carried out 
on a small scale. It functions
 
with a low capital base, in 
relatively
 
small production units, 
selling against

only short term contracts or on the 
 basis
 
of spot sales, and operates with modest
 
levels of 
 technical expertise. Coal 
 is
 
almost 
 entirely consumed by brick kilns,
 
where the 
 level of combustion technology
 
required is minimal.
 

While coal prices have been based 
on
 
normal commercial considerations, the price
 
of competing fuels have been subsidized or
 
fixed at artifically low 
 levels. Indus
trial users 
 have been to a large extent
 
protected 
 from the effects of 
 oil price
 
increases.
 

Tax and corporate laws favor 
 indivi
dual proprietorships, 
 and considerable
 
disincentives exist which prevent the 
con
version of proprietorships and partnerships
 
to limited companies. The position of mine
 
owners under 
 the Mining Laws is more or
 
less that 
 of tenants-at-will, 
 and this
 
prevents both 
 large scale and entrepre
neurial investment as well 
as the flow of
 
credit.
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Mining Laws 


It is unfortunate that mining is 


viewed in Pakistan only as a potential 


bonanza, where high profits are achieved 


providentially and without efforts. As a 


result Provincial Governments tend to view 


grant of prospecting licenses and leases as 


special favors. Peculiar and discrimina-


tory conditions are attached to the grant 


of each license. In some cases auctions 


are held, while in the majority of minerals 


the first right of refusal is given to 


Government controlled corporations, e.g. 


PMDC, PUNJMIN, B.D.A. and others. 


Examples can be cited where mineowners 


have been producing minerals for decades, 


yet mining leases have not been granted; 


where minerals were discovered by indivi-


duals, yet mining rights were conferred on 


State-owned corporations or to other inter-


ests; and where prospecting licenses 


granted to mine owners were cancelled and 


the respective mining areas allotted to 


Government controlled corporations. 


As a result exploration activities 


have come to a virtual standstill and in-


vestment in mining has not kept pace with 


needs, 


Mining laws therefore need to be 


amended to provide a legal framework which 


is designed to encourage exploration, pros-


pecting, development, and production. The 


present mining laws and terms of mining 


leases are extremely defective and one 


sided in that the mining companies have 


little or no legal rights and the Provin-


cial Governments are vested with absolute 


discretion to determine and terminate min-


ing leases, and allot such leases to third
 

parties. 


Committees have been set up, from time
 

to time, initially by the West Pakistan 


Government and subsequently by the Central 


Government, to review mining laws. This 


exercise has been going on since 1964. 


However, because all Committees set up to 


date have uniformly recommended that the 


discretionary powers of Pro,.incial Govern

ments need to be circumscribed, and pro

prietary rights of mineowners reinforced,
 

these recommendations have never been im

plemented.
 

There is no provision in the Mining
 

Concession Rules for exploration of large
 

areas, and delineation of prospective areas
 

be followed by intensive drilling to estab

lish reserves, and planning and development
 

of large scale mining operations. To pro

mote large scale and systematic development
 

it is necessary to ensure the enactment of
 

Mineral Concession Rules which provide for
 

the following:
 

- Grant of Exploration Licenses over
 

large areas on a first come first served
 

basis for three years, during which the
 

concessionaires survey the entire area and
 

delineate prospective areas with the aid of
 

some exploratory drilling. Such licenses
 

would also carry the right. of conversion to
 

Prospecting Licenses and Mining Leases;
 

- Grant of Prospecting I.icenses for up
 

to three years over such areas as are con

sidered prospective for purposes of proving
 

and establishing reserves and preparation
 

of schemes for e'ploitation of reserves;
 

- Grant of Mining Leases over areas
 

which are large enough, and where reserves
 

are sizeable enough to warrant large scale
 

exploitation for a period of not less than
 

60 years;
 

- Security of tenure to mine owners as 

are necessary to ensure free flow of credit 

for the exploitation of reserves; with 

provisions for evaluation of mineral re

serves for purposes of compensation in the 

event of cancellation or withdrawal of 

leases or nationalization thereof. 

Mining Technology and Mnpower Traininq
 

Current mining methods and techniques
 

are well suited to the present scale of
 

operations. They have the virtue of being
 

simple and cost effective. However, they
 

are wholly unsuitable for large scale coal
 

production.
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Large scale mining represents a total-

ly new order. It will require changes in 

mining methods, techniques and extensive 

mechanization. 
 New skills will be needed 

and existing skills in respect of mining 

methods, operation of sophisticated plant 

and machinery and its maintenance will have 

to be improved. Technical manpower capable 

of acquiring these skills alreacy exists in 

the country. The basic infrastructure for 

training minina engineers ano gcoscientists 


is in ploce and functioning. With the 

creation of job opportunities, mining engi-

neers and geologists will 
become available 

in greater numbers. However, the same does 

not hold true 
in the case of skilled man-

power required 
 at the nine floor level, 
Here there is a need to supplement existing 

facilities by an institution specially 

oriented towords training of overmen, fore-

men, electricians, 
 and mechanics for coal 


mines, 


The mining industry does not utilize
 
consultants to any significant extent 
 at 

present. However, 
 this situation must 

change. Access to credit and to risk capi-

tal both require the induction of consul-

tants capable of authoritative 
evaluation 

of reserves, and of engineering companies 

witni design and mine development capabil-

ities. The association of Pakistani con-

sulting and enyineering firms with 
expatri-

ate consultants and engineering 
 companies 

appointed for the Lakhra project wnulo go 
a 

long way towards creation of the required 

expertise anu experience, 


It the trtendous effort which will 
be 

expended in nobiliziig for LaKhra mining 
is 

net to be allowed to waste 
ILselt in subse-

quent stagnation, It is necessary to postu-

late plans now for tLrainin manpower capa-

ble of developilg other coal 
 tields in 

other areas. Notwithstanding pressures 

which may be brought to bear on Government, 

Pakistan 
should insist that engineering 

companies and contractor; employed for 

Lakhra must 
do the bulk of design and engi-

nleering work 
in this country. It shoula 
further be uIjor; Inlot .,uc fng i-

neering companies and contractors who enter.
 
into 
 joint ventures with Pakistani engi
neering contracting companies will be given
 
preferences in the award of 
contracts.
 

Considerable criticism has been voiced
 
in 
 the past to the effect that even though
 
vast projects have been set u,) in 
the coun
try by WAPDA, all the desig 
 nd engineer
ing work was done abroad and all the 
 con
tractors were foreign. 
 The country has
 
therefore acquired very little 
 capability
 
for design, engineering and execution 
 of
 
-similar works. In a neighboring country,
 
all foreign contractors and consultants are
 
required 
to enter into joint ventures with
 
local counterparts, 
 and are required to do
 
the major part of project design work in
 
that country. As a result, that country
 
has been able to make significant advances,
 
part-cularly in its engineering capdbil
ities. Pakistan should benefit from 
 this
 

example.
 

Combustion EIcuipment and Technolo y 
Over a period of 30 years, as a result 

of cheap and plentiful natural gas avail
ability, no industrial users of fuel have
 
ever used coal. Therefore apart from the
 
fact that 
 users have been cushioned from
 
the effects of high petroleum prices, total
 
lack of expertise and experience of using
 
coal is a sizeable constraint to its utili
zation. Coal 
 burning technology is vir
tually nonexistent in the country. 
 Hence,
 
even in such industries like cement 
manu
facturing, where 
the cost cushion has been
 
removed, there 
is considerable hesitation
 
in converting from expensive residual fuel
 
oil to coal. 
 Though the current cost dif
ferential betrween coal and 
residual fuel
 
oil on an equivalent BTU basis is 
 3:1 in
 
favor of coal, there is 
little active in
terest being taken 
in conversion from fuel
 
oil. The 
 central image associated with
 
coal burning, by and large, remains that of
 
blackfaced stokers 
 shoveling coal into
 
smoking combustion chambers. 
 It is rarely
 
appreciated that coal 
today is, from the
 
point of 
the user, a relatively clean fuel
 
which can be ted automatically into combus
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tion chambers under the most controlled 


conditions, 


The mining industry is equally ig-

norant of the needs of industrial consumers 

in respect of coal quality. The prevalent 

attitude appears to be that coal is avail-

able, as made by nature, and regardless of 

quality variations from seam to seam and 

mine to mine must be accepted by the con-

sumer. Few attempts have been made or have 

been required to olend or otherwise treat 

coals !o as to provide a coal of more or 

less uniform characteristics. This is an 

area to which the industry must devote its 

immediate attention if it is ever to sell 

coal, over the long term, to industrial 

consumers, 


To overcome the traditional distaste 

for coal, it is necessary that industrial 

users and coal producers be educated in 

respect of modern methods of coal combus-

tion as well as available equipment and 

technology; fuel technology be introduced 


as a discipline in educational and training 

institutions; financing and loans should be 

available for conversion of exiL :ing equip-

ment to coal, on very soft terms; coal 

firing equipment and accessories should be 

exempted from customs duty; and tax credits 

for B14R should be extended to cover instal-

lation of coal firing equipment, boilers, 

steam turbines, and the like, along with 

the ben, fit of accelerated depreciation. 


The initiative in this behalf must be 


taken by Government because they own most 


of the cement plants and all the power 


generation facilities in the country. 


Government institutions alone have the 


capability to develop training facilities 


and programs on any significant scale. 


Capital and Resource Mobilization 


The mining industry is almost entirely 


self-financed. The most difficult time for 

any mining venture is the initial period, 

i.e., the time between the discovery of the 

mineral and the time when mineral produc-


tion can be organized. During ' period 

the availability of funds depends !,:oly on 


the mineowners personal resources. No
 

institutional credit can be obtained be
cause mining assets are not considered
 
"bankable assets."
 

Risk capital is shy because there is
 
no way of assessing mine potential. Pros
pecting, developments, and extraction are
 
undertaken contemporaneously, and are al
most never undertaken in clearly defined
 
phases. The prime objective is always to
 
obtain saleable product as soon as possible
 
in order to offset capital expenditure.
 

Large scale mining is not feasible in these
 
conditions. There is an obvious need to
 
induct more risk capital in the exploration
 
and prospecting stages; and institutional
 
credit for development and extraction.
 

In order to induce risk capital, there
 
is a need to make more mining properties
 
available through liberalization of poli
cies for grant of leases and licenses.
 
Owners of mineral concessions, because of
 
the scarcity value of such concessions, are
 
apt to set too high a price on them. This
 
scarcity of mining properties is artifi
cial, considering the need for more explo
ration. Liberal grants will ensure that
 
sufficient mining properties become avail
able for exploration and development.
 

Availability of capital is also hin
dered by Pakistan corporate and taxation
 
laws which do not provide for any partici
pation arrangements other than Partnerships
 

and Joint Stock Companies. These forms are
 

rarely used in exploration and prospecting
 

for minerals. In fact, foreign companies
 

operating in Pakistan have, almost always,
 

set up joint ventures for exploration as
 

well as production under special arrange

ments with the Government. Such special
 

arrangements are not available to Paki
stanis. The virtue of such arrangements is
 

obviously that persons coming together for
 

a mining venture do so only to the extent
 
of providing funds for the work, sharing
 
expenditure, and offtake of the minerals.
 
Each i!.re!;ponsible for his sales and his
 

taxes. These arrangements have become
 
popular on a world-wide basis, because
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there is no partnership as such and any one 

participant in a joint venture is not in 

any sense accountable for any liability of 

the other joint venture participants. 

Amendments 
in Tax Laws should be made to 

cater to the special needs of the mining 

industry. 


In addition, the growth of consulting 

firms of geo-scientists capable of authori-

tative evaluation of reserves 
will have to 

be fostered because risk capital cannot 
be 

forthcoming unless mining properties can be 

properly evaluated. A considerable handi-

cap exists in that there are no contractors 

and consultants capable of undertaking 

design, engineering, and execution of mine 

development works. This limitation is 
forcefully brought home, particularly to 
financing institutions, because even if 
they take over mining properties, they 

cannot cause be
them to converted into 

productive assets. It is therefore highly 

desirable that mining contractors be estab-

lished, with capability of undertaking mine 

operations and development. This would 

yreatly facilitate attraction of risk capi-

tal into mining ventures. 


Banks presently provide loans on fair--

ly strict terms, at 14% interest, subject 

to a debt/equity ratio of 60:40. 
 The cri-

teria for 
 determining debt/equity ratio,
 
debt coverage, and security prescribe that 

a zero value be assigned to mineral re-

serves. 
 Only mining machinery and build-

ings are assigned value, 
 while the princi-

pal asset, 
 namely the mine, is considered 

just a hole in Lhe ground. These criteria 

cannot be considered as wholly rational. 

There is an obvious need to create 
 spe-

cialized expertise within the banking sys-

tem to cater to the mining industry, 


The same criteria are more or 
 less 

required 
 to be followed for the valuation 

of shares if offered for public subscrip-

tion. In fact, because tax laws permit all 

expenditure incurred on mining to be writ-

ten 
 off, the value likely to be put on 
 a 

mining company's assets by the Controllor 

of Capital 
Issues is likely to be even less 


than the value assigned by banks. Mining
 
companies, therefore, 
 for practical pur
poses, cannot increase their equity base by
 
converting themselves into public limited
 
companies. Since laws and rules 
 relating
 
to public offering of shares have other and
 
far reaching implications, the only other
 
alternative 
is to seek a revision of the
 
tax rates applicable to mining companies.
 

The present tax laws pertaining to
 
mining are based on similar laws pertaining
 
to oil and gas. However, in the case of
 
oil and gas, the depletion allowance is
 
worked out on sales; in the case of coal,
 
it is worked out on profits. The depletion
 
allowance on coal therefore stands substan
tially reduced. Since a quantum jump is
 
involved 
 in expansion of coal production
 
from existing levels to the projected
 
levels required in the future, 
 the mining
 
companies should be enabled to set aside
 
substantially more 
funds for future devel
opment. 
 It would therefore be appropriate
 
for Government to consider amending the
 
provisions for depletion allowance so 
as to
 
bring them into conformity with the provi
sions applicable to oil and gas; and in
 
addition to tax at a reduced rate all funds
 
set aside by mining companies as reserves
 
for future development.
 

Energv Policy
 

Coal has particularly suffered because
 
Government absorbed 
 the shock of high
 
petroleum prices and effectively prevented
 

it from taking its due share ot the 
 fuel
 
market. Even today, natural gas is 
 sub
stantially under priced, 
being abo.t one
fourth of the international level. 
 Coal
based power generation, intended to be
 
established at Lakhra, 
 lies 7-8 years
 
ahead. Meanwhile, the coal industry has
 
the problem of L.rviving these 7-8 years.
 
In this period the coal producers can sur
vive and expand only if they have access to
 
industrial consumers, 
 whose individual re
quirements lie between 5 tons to 500 
 tons
 
per day, such as cement plants, textile
 
mills, vegetable oil ghee factories, other
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industries still operating on a cost plus 


basis, and power generating plants operat-


ing in thv private sector. 


Power generation in the private sec-


tor, particularly coal based power genera-


tion, has not really progressed because the 


terms on which excess power can be sold to 


WAPDA apparently cannot be agreed upon. 


Since coal based power generation will 


always be more capital intensive, special 


financing arrangements will have to be
 

provioed. The terms under which power may 

be sold and if offered, must be purchased,
 

need to be laid down by Government. In 

other countries, experience has shown that 


inevitably the large utility companies will 


not buy power unless compelled, and will 

cheerfully let their consumers suffer, 


It is therefore necessary to formulate 


a well-defined policy, which should provide 

the following: 


Withdrawal of all subsidies on im-


ported fuels over a period nct exceeding 


three years; 


An audit of all industries operating 

on a cost plus basis to ensure thaL the 


most competitive and not the most con-


venient fuels are being used; 


Extension of very soft term loans, 

carrying interest rates of not more than 7% 


and repayment period of not less than 15 


years to private sector entrepeneurs estab-

lishing coal based power schemes of 10 Mw 


and above; 


Enactment of laws on the pattern of 


similar laws pass n the U.S.A., compelling 


the utility companies to purchase surplus 

power generated by the private sector at 

prices equal to the incremental cost of 


such power generation by the utility com-


panies; 


Expansion of coal and other indigenous 


fuels production;
 

Amendment of Mining Laws so as to
 

promote exploration for coal and encourage
 

prospecting and production;
 

Availability of capital resources
 
through joint ventures, creation of re

serves and flow of credit from the banking
 

sector;
 

Developmeng and manufacture of plant
 

and equipment appropriate for use of coal
 

in industry;
 

Transfer of mining and combustion
 

technology and training of manpower;
 

Establishment of a National Coal Board
 

to coordinate all activity relating to coal
 

devleopment.
 

ConclusiQn
 

Throughout this paper, 1 have had to
 

stress the need for Government to take
 

various initiatives. In Pakistan's pecu

liar situation there is no alternative but
 
to call on Government for help and action.
 

By Government I do not necessarily mean
 

Islamabad and the Provincial capitals. In
 
fact, I include in this term the large
 

industrial and energy producing corpora

tions owned and controlled by Government.
 

We live in an age of Big Government and it
 

is necessary that we should be realistic.
 
The imporLant point is that there will
 

be other coal fields like Lakhra, and there
 

must be more power stations equal to and
 

bigger than Lakhra. It is essential that
 
we utiize the Lakhra experience to acquire
 

the ability to develop future coal fields
 

and future power stations.
 

This conference has been a unique
 

opportunity to call attention to the prob
lems faced by the coal mining industry.
 

Institutional, infrastructural, and policy
 

changes will be needed. None of these
 
required changes are new or revolutionary
 

in character. Some of these changes have
 

been considered, reconsidered and agreed by
 

Government and others flow from the suc

cessful experience of other countries.
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ABSTRACT
 
The successful development of the proposed 


Lakhra coal mine/power plant project is in the best 

interest of Pakistan. It creates employment, 


promotes development uf domestic resources, 
results 


in the construction of a modern community, and 


assists in alleviating tie current electrical 
power 

shortage. 
 The master coal mire plan produces 


4.3 million tonnes annually to fuel the proposed 

700 MW electrical power generating station. 
 Two 


modern surface mines, each producing 2.0 oillion 

tonnes per year, and one underground mine, producing 

0.3 million tonnes 
per year, are incorporated into 


the master mine plan. 
 Technically challenging, the 


Lakhra Coal Project requires a high capital invest-

ment and an 
estimated 5.5 to 6.5 years of development 

time to achieve-design capacity. 
 If the goal of pro-


ject financing by international donor agencies is to 

be realized, then the full 
support of the Government 


of Pakistan, Province of Sind, and private sectors 
in 

both Pakistan and internationally is essential, 


INTRODUCTION 


Although on-site exploration and numerous 

technical studies were completed to assess the 

feasibility of major coal mine development of the 


Lakhra Coal Project lignite reserves, pre-1984 work 

was regarded as inadequate by international donor 

agencies. 
 Under the sponsorship of ISAID/Pakistan, 

WAPDA retained the services of John T. Boyd Company 


(BOYD) to re-examine available field data and 

technical reports, and complete an 
independent coal 

mine feasibility study. As shown on Figure 2, 

installation of the proposed Lakhra mines is the 

final step or culmination of a well organized 


development plan. 


GOAL: Clear definition of the goal must be 

recognized prior to beginning work. 
 The objective of 


our assignn..nt was to complete an independent coal 
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mine 	feasibility study. It, in turn, is 
to be used
 
as an 
integral part of the project objective: a new
 
electrical 
power station fueled by coal produced from
 
Lakhra Coal Project. The ,ol, however, is somewhat
 

different; it is to obtain necessary financing from
 

the intprnational 
donor agencies. This difference
 
between objective and goal is much m'ore than
 

terminology. The BOYD organization has 
the technical
 
expertise and international experience to meet the
 

objective. We have studied the concerris of the don(er
 
agencies regarding the status of work completed prior
 
to 1984 and have endeavored to address these issues.
 

Within the guidelines of our objective, we have
 

attempted to be cognizant of 
the goal. This project
 
is now under review by the various lead donor
 
agencies, and we will soon knowd if the goal will be
 

achieved.
 

REVIEW: An examination of available technical
 

information was completed 
to compile reliable base
 
data for use in he on-going investigation. Adequate
 

time was spent in-country in an 
effort to overview
 
the existing industry capability. Key issues must be
 

addressed:
 

* Current mining practices
 

* Labor availability and capability
 

* 	State of technology (including non-mining
 

industries)
 

* Equipment procurement practices
 

* Identification of potential operational problems
 

In addition to underground inspections of 13 coal
 
mines in the Lakhra area, BOYD representatives also
 
visited PMDC's Khewra Sai. Mine and Makerwal Coal
 
Mine, Pakistan Steel Mills Corporation, and Pakistan
 

International Airlines. Excluding personnel assigned
 

directly to the field studies (exploration) program,
 
BOYD team members spent an aggregate of 600 mandays
 
in Pakistan researching existing in-country
 

practices.
 



FIELD STUDIES PROGRAM: Based on our review of 
 investment, etc.); available data was 
incomplete; ano
 
previous technical information, a 65 drill hole field 
 accuracy of the estimates was intended to be within
 
studies (exploration) program was developed. By 

assignment the objective of the initial 
Phase 1 field 

studies program was to define a minimum of 42 mill ion 

tonnes of demonstrated, recoverable lignite reserves, 


Drilling activity was limited to the Upper 


Coal-bearing Beds (Seams No. 1 through 4o. 
5, in 


ascending order) and to select portions of the Lakhra 


Coal Project property, as identified in the earlier 


JICA report. In addition to achieving a minimum 


reserve tonnage objective, Phase I program was 


designed to provide comprehensive data on in situ 


(raw) and washed lignite quality and to develop 

additional technical information on hydrology, 


environmental, geotechnical, etc. 
 During the course 

of the field studies program, an on-site vertical 


test shaft was completed to permit bulk sampling of 

the lignite seams and examine the stratigraphic 


conditions above No. I Seam. 


RESERVES: Upon completion of Phase 1 field 


studies program, a new seam data base was compiled 

using results of the 137 drill-holes available within 

the study area. [Figure 3] Using our in-house 


computer facilities and criteria assigned by BOYD 
to 


reflect modern mining limitations, estimates of total 

lignite resources and alternative reserve estimates 

were completed. As shown on Figure 4, the ability to 


recover available resources is significantly improved 


through the use of surface mining methods. Depending 


on mining method(s) and economic limits, est imated 


reserves vary from 23 to 
122 million recoverable kOM 


(run-of-mine) '-nes. 


QUALITY: oased on analytical test data 


developed during the Phase 1 field studies program, 


the estimated average quality of the Lakhra lignite 


on an 
as mined ROM basis is: 321 moisture, 5.0 


sulfur, 24.7% ash, and 5,120 Btu/lb. (2,840 Kcal/kg). 

Beneficiation of the ROM product by mechanical 


washing did not appear warranted and was eliminated 


from further consideration, 


MASTER MINE PLAN: Selection of the master 

mine plan involved two stages of economic analysis 


and consideration of non-economic factors. 
 A 
preliminary assessment of alternative mine designs 

was completed in June 1985 to select the method(s) of 
mining for further in-depth investigation. Only 

direct mine costs were considered (excluding 


infrastructure, mine management fee, return on 

20 percent. [Figure 5]
 

As agreed upon by USAID/Pakistan and WAPDA
 

representatives in June 24-25, 1985, review meetings
 

held in Lahore, Pakistan, the master mine plan to
 

produce 1.4 million ROM tonnes 
per year included:
 

(a) a single surface mine in the West Pit (high grade
 

plan) producing 745,000 tonnes per year using the
 

Case 3 approach (combination dragline and shovel/
 

truck); (b) a series of underground mines in the
 

Central and East areas, producing a total of 655,000
 

tonnes per year using the Case 4, Lakhra Upgrade
 

approach.
 

This section of the master mine plan was based
 
on the following rationale: (a) assurance of supply
 
would be maximized by the inclusion of a surface mine
 

component in the overall plan. 
 The combination
 
concept (Case 3) provides reliability of operation by
 

the use of multiple units of diverse excavating
 

equipment; (b) economics, capital, and operating
 

costs clearly favor maximizing underground
 

production; (c) technology required to operate the
 
mine should advance current practices but not require
 

a "quantum 'wnp" which would be unattainable; (d) the
 

overall mine plan should be compatible with the
 

identified demonstrated lignite reserves.
 

In October 1985, a comparative analysis was made
 

of four alternative mining concepts to aid in the
 

final selection of the master mine plan. All 
cost
 

estimates are considered preliminary in nature and
 
are intended to reflect an accuracy within 20
 

percent. 
 The optimum mining methods, as identified
 

"n our Alternative Mine Design analysis, were used in
 
all four cases (i.e., surface mining employs a
 

combination dragline/shovel-truck approach and a
 

Lakhra Upgrade mine plan is used in all underground
 

mining scenarios). Annual coal production levels are
 
based on final ROM coal quality estimates. The 1.8
 

million tonnes per year production capacity
 

represents the revised ROM lignite requirement to 
fuel one 300 MW unit. Based on our independent 
reserve 
estimate for maximiiing reserve conservation 
through an aggressive surface mining concept, the 
expanded production case (4.3 willion t'nnes per
 

year) was determined. The larger wine size was also 
considered prudent relative to projected future 
Lakhra thermal units (total 1,200 MWcapacity) and 
the need to have allimproved order of magnitude to 
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offset project capital requirements. The 700 MW 


generating station capacity (two units at 350 MW 


each) was calculated based on assigned coal mine 


production capacity. FFigure 61 


During Lakhra Project contractor review meetings 


held October 3-9, 19H5, the objective of the overall 


project was revised to better address the total power 


generaticn needs of the GOP. This expanded approach 


also achievea , magnitude of scale more consistent 


with modern international mining project development. 


Using the current coal reserve estimate of 121.7 

million ROM tonnes, recoverable using an aggressive 

multiple surface wine concept, the master plan was 

revised to include: (a) two modern surface mines, 


each producing 2.0 million ROM tonnes annually. 


Diversity of supply (production) is achieved through 


the use of two primary laryc capacity draglines in 


each mine. Multiple fleets of shovel/truck equipment 


complete prestripping (removal of upper overburden in 


deep cover areas) in advance of the draglines; 


,b)one underground mine, producing approximately 


0.32 million RO', tonnes annually, in the southern 


portion of t'e Central Area. Overburden depth in 


this area exceeds the practical limits of surface 


mining. 


An ROM, selectively mined, and hand-picked 


product will be delivered to the 700 MW Lakhra power 


station, 


The rationale used to support the current master 


mine plan includes the following: (a) reserve 


conservation through maximum recovery of the 


demonstrated lignite reserves; (b) increased capacity 


to better address the existino critical electrical 


power generating station construction schedules; 


(c) development of a mining operation offering 


improved economics through magnitude of scale to 


support required investment in equipment, facilities, 


and project infrastructure; (d) ability to attract 


qualified international mining companies to manage 


operations and improve equity participation in the 


venture. 


In addition to the two mining components 


(surface/underground), the master mine plan study 


includes a common facilities cost center to account 


for costs associated with operation of the main 


office (general administration) and common coal 


handling/loadout facilities, 


Accuracy of capital and operating costs are 


intended to be within 10 percent. A management fee 


for services of the expatriate mine manager is
 

subject to future negotiation and is not considered
 

in the report. Three interest rates are applied to
 

initial capital financing and amortization (0, 5, and
 

10 percent), with a life-of-project (30-year) term of
 

repayment. All monetary values are expressed in
 

constant mid-1985 U.S. dollars (does not consider
 

inflation).
 

Annual Production
 

Standard work schedule is 8-hour shifts,
 

Saturday through Thursday; 300 days per, year.
 

The Surface Mine Plan projects contemporaneous
 

development of the East and Wez.t Pit reserves
 

throughout the 30-year mine life. Reserves to be
 

mined from each area, together with waste volumes to 

be moved over the project life, are summarized below: 

Effective* 

Pit Strip Ratio
 

East 17.77
 

West 17.02
 

Total 17.41
 

*Total waste volume (overburden, interburden,
 

and rehandle) per recoverable ROM tonne
 

lignite.
 

Annual surface mine lignite production is
 

scheduled for 4,000,000 ROM product tonnes over a
 

30-year life with production nearly evenly divided
 

between the two mines (pits). Ability to develop
 

rapidly to a high production mode operation in both
 

pits is constrained by the reserve character, e.g.,
 

absence of outcrop (or shallow cover) access,
 

substantial depth of cover (averaging 65 meters of
 

overburden depth to the top of the lowermost No. 1
 

Seam), and the multiple seam/split seam nature of the
 

lignite reserve. Accordingly, in order to develop
 

the pits to the point where the full annual tonnage
 

requirement can be consistently mined, a significant
 

amount of prestripping is necessary. Access to the
 

deposit by preproduction stripping (utilizing box
 

cuts) in each pit is planned. Overburden depth is
 

fairly uniform and a near steady-.tate stripping
 

condition Is achieved once mine development is
 

completed.
 

Identified underground reserves are limited to
 

Mine No. 1 (No. 2 Seam) in the southern portion of
 

the Central Area. Estimated underground reserves are
 

adequate to support the assigned production level of
 

approximately 326,000 ROM product tonnes for 14 years
 

at full production, with reserves depleted in year
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D+19. Additional 
reserves would be identified to 
provide additional underground replacement tonnage as 
Mine No. 1 is depleted. 

Due to spontaneous combustion problems 
associated with the Lakhra lignite, mine site 
stockpile inventory will be minimized. Tiresurface 

mine will carry sufficient in-pit inventory, where 


approximateiy 100,000 to 500,000 tonnes will be 

available for mining, to provide coal supply 

reliability (over any extended production shortfall 


from the mines, major electrical outages, and/or 

other production interruptions). In addition, a 

long-term dead stockpile ranging from 5n0,000 to 

2,500,000 tonne is also planned to provide makeup 

tonnages during emergencies and low production years. 


Labor 


In all cases, staffing of the mines is based on 

Western practice and does not overstaff the mine 

simply to maximize employment, 


A reliable 
source of labor must be secured for 

the year-round operation of the proposed mines. 
 This 

is not considered a serious problem for the surface 

mine since it is less labor intensive and experienced 


equipment operators should be available. Maintenance 


personnel should be available but will 
require 


specialized training for specific pieces of equipment 
purchased for the proposed Lakhra mines, 


Under present practices, underground workers are 

migratory workers, returning to their homeland for 

the summer months. 


Any operation will be more efficient with a 

permanent work force, and we have included several 


improvements in the overall mining plan to accomplish 
this, namely: improve-underground working 

conditions; better compensation and fringe benefits; 

establish a modern colony, 


Securing the services of a qualified mine 

management organization is essential 
to the success 

of the Lakhra Coal Mine. 
 We estimate the selection 

of the expatriate mining company could affect capital 

and cost estimates by a factor up to 20 percent. 

That is, exceptional performance by the mine manager 


could achieve a cost reduction of 20 percent below 

estimates, 


It is common practice for a mining company, 

having armequity inlerest or management contract for 
a foreign mining operation, to have parent company 

participation in the selection of personnel managing 
the mine. In addition to senior mine management, the 

expatriate mine operator will 
provide key technical
 
staff to supervise engineering, daily production,
 

accounting, training, and maintenance.
 

A phased reduction in expatriate staff is
 
planned, with Pakistani counterpart staff members 
assuming these responsibilities as the number of
 
expatriates is reduced.
 

Capital Estimate
 

In accordance with WAPDA instructions, capital
 
estimates are 
limited to initial capital expenditures
 

for equipment and facilities to achieve design mine
 
capacity. Working capital, spare parts, and
 
consumable supplies inventory are 
included under our
 
capital estimate. Operating costs incurred during
 
the mine development period are expensed on a current 
basis.
 

Essentially all equipment and machinery for both
 
surface and underground mines must be imported. A 
policy of equipment standardization is strongly
 

recommended, as well as grouping of similar types of
 
equipment under a single bid solicitation. This will
 
facilitate training, reduce the number of specialized
 
mechanics, encourage technical 
support from the
 
manufacturer, and minimize inventory. 
 Equally
 

important with capital cost will be 
a manufacturer's
 

ability to provide technical support such as on-sitr,
 
training in operation and maintenance and availabil
ity of spare parts. Standardization should extend to
 
motors and all common components wherever possible. 

The surface mine contemplates using equipment
 
larger than, but similar to, that commonly used in 
Pakistan in construction of dams, irrigation systems,
 

and roads, as well as 
in limestone quarries. The 
system of mining proposed for the underground mine is 
more mechanized than current manual practices but
 
only marginally so. It is intended to be
 
progressively upgraded as 
worker proficiency and
 
production demands permit.
 

Equipment was sized based on projected mining
 
requirements. In surface mine equipment selection,
 
preference was given to demonstrated units and major
 
manufacturers. 
 Wehave lowered normal equipment 
availability by 20 to 25 percent 
as compared with
 
typical U.S. standards. This is considered
 
conservative but appropriate, based on 
third world
 
experience--operatifg interruptions, reduced operator 
efficiency, prolonged repair time, and below average 
maintenance. This is a key area where superior minr 
management (maintenance organization) can achieve 
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significantly higher productivity (performance) 


levels, 


To minimize the fleet size and simplify 


maintenance, we have selected large apacity surface 


mine units and assigned them multiple functions. For 


example, a hydraulic backhoe is used for both 


selective interbu'den removal and lignite loading, 


and a single rock truck model is selected for 


overburden/interburder .3nd lignite haulage. 


[Figure 7] 


Equipment costs are based on prices supplied by 


the equipment manufacturers. Quotes were obtained
 

from suppliers in Pakistan who distribute equipment 


sold in-country and from manufacturers in the U.S. 


for the large trucks, overLirden drills, draglines
 

and shovels. Based on current low market demand and 


availability of used equipment, attractive prices are 


being offered by major surface mine equipment 


mairufacturers. We have assumed full on-site training 


instructions covering operation and maintenance are 


included in the capital cost estimate. All prices 


are applicable to the Asian market. The capital 


costs include estimated shipping from factory of 


origin to port, heavy lift charges, ocean freight, 


off-loading charges in Karachi, brokerage and
 

handling fees, transportation costs to Lakhra mine
 

site and, when applicable, erection charges. Fleet
 

discounts are not included in the equipment capital
 

costs. Depending on the expatriate mine management
 

company selected, surplus used equipment may be
 

available. This could reduce total capital cust
 

estimates by a factor of 5 to 15 percent.
 

Local construction costs for mine buildings were
 

developed in conjunction with Engineering
 

Consultants, Karachi. This wzs intended to insure
 

compatibility with local construction practices and
 

costing methods. Fnce the proposed coal
 

handling/loadout 'acility would be the first such
 

installation in Pakistan, we have assumed this work
 

would be completed by an international material
 

handling contractor on a turnkey basis.
 

Operating Cash Cost
 

Included in the operating cash cost estimates
 

are: labor cost (including tringe benefits), parts
 

and supplies (maintenance and rebuild parts,
 

operating supplies, fuels), electrical power
 

equipment replacement expense, production incentive
 

payment, insurance, miscellaneous, and a 10%
 

contingency factor. Provincial severance related
 

charges (royalty at 15 Rupees per long ton and
 

miners' welfare fund at 2 Rupees per long ton),
 

-management fee, return on investment, finance costs,,
 

etc., are not included.
 

Equity distribution and terms of future
 

financing are not defined at this time. For purposes
 

of this report, we have calculated amortization of
 

initial capital (including development expenses)
 

using three annual interest rates: 0, 5, and 10
 

percent (real interest, exclusive of inflation) and a
 

30-year term of repayment. [Figure 8]
 

Following this page are:
 

Figure No. Description
 

I General Location 

2 Development Plan 

3 Drill Hole Data Base 

4 Resource/Reserve Estimate 

5 Analysis of Alternative Mine Designs 

6 Comparison of Alternative Mining Concepts 

7 Listing of Major Equipment 

8 Estimated Production Cost, Including 

Amortization 
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Figure 2 

Lakhra Coal Project Development Plan 

L Identification of"Goal 

Review of Existing Technical Dat 	 Overview of Existing
Pakistan Coal Industry 

Program
StudiesField 


(On- Site Exploration)
 

Reserves 
Quality 

Other Technical Aspects 

Othrechicl AptsPreliminary Mine Design Alternatives 

(Selection of Mining Methods) 

Preliminary Mine Concept

Selection of Final Method and Mine Capacity
 

Development of Master Mine Plan/Mine Feasibility

(Surface Mines, Underground Mine, Common Facilities, Infrastructure) 

*Ainual Production Requirements 
*Lair Force- Worker, Staff, and Management 
*Initial Capital Expenditures 
*Operating Cash Cost 

I 
Implementation Schedule 

Donor Agency Review 	 Selection of Mine Manager 

Project Financing
 

Donor Agency Commitment/ Private Sector Equity Participation
 

By
John T. Boyd Company

Mining and Geological Engineers 

February 1986Coal Mine Development/Power Plant Construction 



FIGURE 3
 

EXPLORATION SUMMARY
 

No. 

Source 

of 
Drill 
Holes 

Aggregate
Meterage
Drilled 

Geological Survey 

of Pakistan 3 343 

PMDC 19 1,845 

JICA 50 5,203 

USAID Interim 10 1,111 

USAID/BOYD 55 5,877 

137 14,379 

Date
 

mid-1960's
 

Dec. 1975 - June 1976
 

June 1979 - Nov. 1979
 

Oct. 1984 - Dec. 1984
 

Jan. 1985 - May 1985
 

By
 
John T. Boyd Company


Mining and Geological Engineers
 
February 1986
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FIGURE 4 

SUMMARY OF ESTIMATED COAL RESOURCES AND RESERVES 

(A.) TOTAL RESOURCES 

(B.) ALL UNDERGROUND 

(C.) WEST PIT SURFACE (HIGHORADE)
CENTRAL/EAST UNDERGROUND 
(SEPTEMBER 1985 PLAN) 

(D.) EXPANDED WEST AND EAST SURFACE 
UNDERGROUND MINE NO. 1 
(OCTOBER 1985 PLAN) 

5 TRESERVE CLASSIFICATIONS 

z 
O MEASURED 

+ 
' " 

INDICATED 
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z 
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John T. Boyd Company


Mining avcd Geological Engineers 
Frbritary 1986 



FIGURE 5
 

PRELIMINARY ANALYSIS OF ALTERNATIVE MINE DESIGNS
 

CASE 1 

Surface 

2 3 

Underground 

4 5 

Descri 'on Dragline Shovel/Truck 

Combination 
Dragline 

Shovel/Truck 
Lakhra 
Upgrade 

Mechanized 
Longwall 

Annual Production (ROM tonnes - 000) : 745.3 745.3 745.3 354.0 346.7 

Effective Strip Ratio (total BCM/tonne): 16.2 11.2 13.8 -

Projected Payroll (total no. employees): 305 359 372 555 318 

Productivity (avg. tonnes/manshift) : 9.4 8.0 7.8 2.6 4.3 

Estimated Costs ($US-OO0) 
(excl. import duty and 
related taxes, royalty) 

Initial Capital 
Direct Mine (incl. development)
Interest During Construction* 

Total 

108,236 
13,959 

122,195 

91,714 
7,402 

99,116 

115,029 
14,007 

129,036 

19,274 
3,015 

22,289 

28,106 
2,921 

31,027 

Amortization (30-year term)/year* 7,872 6,385 8,312 1,436 1,999 

Average Annual Direct Mine Cash Cost/Yr. 
Labor 
Supplies (excl. Power) 
Power 
Other 
Contingency 

Subtotal 
Equipment Replacement 

Total 

1,474 
7,962 
830 

1,258 
1,152 

12,676 
2,832 

15,508 

1,597 
12,146 

507 
1,300 
1,555 

17,105 
3,730 

20,835 

1,624 
8,919 

738 
1,313 
1,259 

13,853 
3,059 

16,912 

1,738 
940 
132 
638 
345 

3,793 
497 

4,290 

1,305 
1,080 

164 
558 
311 

3,418 
1,224 

4,642 

Total Direct Mine Annual Cost 

(incl. Amortization and Interest) 

23,380 27,220 25,224 5,726 6,641 

$/Tonne 31.37 36.52 33.84 16.18 19.15 

Present Value of Estimated Total 

Direct Mine Costs** 

280,679 326,664 303,170 6b,390 79,536 

*Calculated at 5% annual interest rate 

**Calculated at 5% annual discount rate, 

includes 5-year development period and 
30-year mine life. 

By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

February 1986
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FIGURE 6
 

COMPARISON OF ALTERNATIVE MINING CONCEPTS
 

Power Station Capacity 300 MW 
 300 MW 300 MW 700 MW (2 Units @ 350 MW ea.)
Mining Method 
 Combination All All 
 Combination
 
Surface Underground To-t-aT Underground Surface Surface Underground Total
No. of Mines 
 1 5 6 
 9 1 2 1 
 3
Annual Coal Production
 

(ROM tonnes-O00) 770 
 1,030 1,800 1,800 1,800 4,000 
 300 4,300

Estimated 30-year Coal
 
Requirement

(ROM tonnes-000) 23.1 30.9 54.0 
 54,0 54.0 120.0 9.0 129.0
 

Estimated Identified Coal
Reserves (ROM tonnes-O00) .7 (e)
23 19.3 43.0 23.3 115.8 115.8 5.9 121.7
 
Estimated Labor Force (No. of
 

Payroll Employees)

Staff 85(a) 395
310 a 600 150 190(a) 90a)
Worker 


425 (a) 1 800 (a) 2 925 3 500 800 1 100a 520 a 1 620
 

Avg. Tonnes Produced Per Day
 
Per Payroll Employee(b) 5.0 1.6 
 2.3 1.5 6.3 10.3 1.6 7.5


Estimated Initial Capital
 
(SUS-millions)

Direct Mine(c) 82 
 65 147 120 180 325 15 340
Mine Development 38 18 56 
 30 90 142 1 143 

Subtotal - Mine Site 1 83 2-1 9 M - W 
Infrastructure(d) 54 77 50
Development Expense 57
 

9 13 9 
 4
 
Subtotal U 9 N 61Total Investnent 
 266 240 329 
 544
 
S/Annual Tonne of
 
Production 148 133 183
 

Operating Cash Cost (S/tonne) 138
 
Direct Mine
 

Labor 
 1.85 6.90 4.73 
 7.70 1.25 1.10 5.35 
 1.40
Supplies 13.35 
 4.50 
 8.30 4.50 14.00 14.00 4.20 13.30
Power 
 0.80 0.45 0.60 0.50 1.00 
 1.10 0.45 1.05
Other 0.55 0.40 0.46 
 0.40 0.60 0.60 .0.25 0.55
Contingency 1.65 1.25 1.42 1.30 1.70
1.70 1.05 1.66
Equipment Replacement 4.05 3.90 3.95 3.90 3.70 
 2.65 2.75 2.65
Suhtotal 
 775 17.40 19.46 T6-z TJ- T4T-u MU T
Common Facilities 1.00 
 0.50 0.72 0.70 0.75 0.50 
 0.50 0.50
Suhtotal - Mine Site 
 M1 9 Tro TUm T T4T-3 2ITITInfrastructure(d) 
 0.85 1.00 0.65 

MTO m M-9 T 

0.55Total 

Amortization (Capital +
 

Development Expense
 
@ 30-year term)


0% Annual Interest 
 4.93 4.44 6.09 
 4.25
5% Annual Interest 
 10.33 8.80 13.07 
 9.15
10% Annual Interest 
 23.67 15.80 18.2016.76
 
Total Mining Cost (incl. 
 26 1 0 8
 
Amortization)


0% Annual Interest 
 25.97 24.44 29.44 
 25.91
5; Annual Interest 
 31.37 28.80 36.42 
 30.81
10% Annual Interest 
 44.71 35.80 41.55 
 38.42
 
Relative Ratin s*
 
Reserve jQuantity) Position Adq. Inadq. Inadq. Poor Excs. 
 Adq. Inadq. Adq.
Reserve Conservation 
 Good Poor Poor Poor Good Good Poor Good
Mining Risk Low High Mod. High Low Low High
Capital Investment High Mod. High High 

Low
 
Mod. Mod. Low Mod.
Operating Cost 
 High Mod. Mod. 
 Mod. High Mod. Low 
 Mod.
Labor Requirement Mod. 
 High Mod. High Mod. 
 Low High Low
 

Notes: 
(a) Includes allocation of common facilities and infrastructure labor force.
 
(b) Estimated using 300 days per year operating schedule.
 
(c) Includes allocation of common mine site facilities (i.e., coal handling/loadout facility).

M Infrastructure estimate based on 
Nhanot power station site.
 

West Pit hiqh grade (lowest strip ratio) reserve estimate.
 
* Adq. = Adequate; Inadq. = Inadequate; Excs. = Excess; Mod. = Moderate 

By
 
John T. Boyd Company
 

Mining and Geological Engineers
 
February 1986
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FIGURE 7
 

SUMMARY OF MAJOR EQUIPMENT
 
LAKHRA COAL PROJECT
 

EAST PIT / WEST PIT SURFACE MINES
 

Major Stripping Machinery
 

6 Overburden Drills (BE 55R, or equivalent)

2 Interburden Drills (BE 355R, or equivalent)

4 Rubber-tired Loaders (Cat. 980 C, or equivalent)
 
4 - Powder Trucks
 
4 - Supply Trucks
 
4 - Electric Walking Draglines - 58 cubic meters each
 
4 - Bulldozers (Cat. D-10, or equivalent)

4 - Bulldozers (Cat. D-8, or equivalent)
 
2 - Electric Shovels - 27 cubic meters
 

45 - End-dump Trucks - 136-tonne capacity

9 - Bulldozers (Cat. 0-9, or equivalent)
 
6 - Graders (Cat. G-16, or equivalent)
 
5 - Water Trucks
 

14 - Scrapers (Cat. 657-E, or equivalent)

3 - Backhoes (OK RH120, or equivalent) 
3 - Front-end Loaders (Cat. 922, or equivalent) 
2 - Scrapers (Cat. 631-D, or equivalent) 
2 - Front-end Loaders (Cat. 988, or equivalent)
 
4 - Scrapers (Cat. 632-D, or equivalent)
 

UNDERGROUND MINE NO. I
 

Underground Machinery
 

3 - Diesel Tractors for Supply Transport
6 - Diesel Scooptrams, 2.5 cubic meter capacity 
1 - Road Maintenance Machine 
6 - Diesel Personnel Vehicles - 6 passenger
5 - Diesel Personnel Carriers - 24 passenger 
6 - Belt Conveyors, 914 mn width, 37 KW 
4 - Belt Conveyors, 914 mm width, 75 KW
 
6 - Air Compressors, Electric, 37 KW
 
4 - Air Compressors, Einctric, 56 KW
 
4 - Pao Conveyors, 11 KW
 

700 - Hydraulic Roof Supports

1 - Set Bulk Rock Dusting Equipment
 

Surface Machinery - Underground Mine
 

1 - Portable Crushing Plant, 400 TPH
 
I - Radial Stacker
 
1 - Lignite Hauling Truck, 30-tonne
 
1 - Front-end Loader
 

By
 
John T. Boyd Company
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February 1986
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FIGURE 8 

ESTIMATED PRODUCTION COST 
_(INCLUDING AMORTIZATION) 

Component 
Initial 
Capita1 

($US -Millions) 
Interest 
During Total

Development Development Amount
Expenses Period Amortized 

Average 
Operating 
Cash Cost 

$US/Tonne 

Amortization 
(Principal 

+ Interest) 

Total 
(incl. 
Amort.) 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
11.0 

340.1 

0% Annual 

136.0 
0.0 
6.8 

142.8 

Interest Rate 

- 451.4 
- 13.7 
- 17.8 

- 482.9 

21.15 
14.05 
0.50 

21.11 

3.76 
2.33 
0.14 

3.78 

24.91 
16.38 
0.64 

24.89 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
iI.0 

340.1 

5% Annual 

136.0 
0.0 
6.8 

142.8 

Interest Rate 

49.9 501.3 
1.4 15.1 
1.8 19.6 

53.1 536.0 

21.15 
14.05 
0.50 

21.11 

8.07 
3.91 
0.29 

8.03 

29.22 
17.96 
0.79 

29.14 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
11.0 

340.1 

10% Annual 

136.0 
0.0 
6.8 

142.8 

Interest Rate 

105.6 557.0 
2.9 16.6 
3.8 21.6 

112.3 595.2 

21.15 
14.05 
0.50 

21.11 

14,67 
6.11 
0.52 

14.51 

35.82 
20.16 
1.02 

35.62 

By
 
John T. Boyd Company
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CONSIDERATIONS 
IN MECHANIZATION
 

Morgan J. Barber
 
Managing Director
 

British Mining Consultants
 

flNTRODUCTION 


As a result of recent droughts in 

Pakistan, the electricity produced from 


hydroelectric power stations has been 
 low, 


with a large shortfall from the industrial 


demand. This presents a severe obstacle to 


development in Pakistan. To 
overcome this 


potential shortage in 
the future, the Gov-


ernment is planning over 15,000 MW of 
 new 


generation capacity by the turn 
 of the 


century. 


In the Sixth Five Year Plan, which 

began in 1983, the Government was co-,.,tted 


to the mining and use of indigenous [tii to 


fire large scale power generation plants, 


of which the first of 300 MW is 
to be built 


near Iyderabad. 
 The Lakhra lignite field
 
close by is to be developed for this pur-


pose.
 

The total annual lignite production 


from Lakhra is currently all from private 


mines and is reported to be about 500,000 


tonnes per year.
 

The lignite area is divioed into a 
checkerboard of conc(r.,sions held by private 

mining companies and uy the Pakistan 1in-

eral Development Corporation (PHDC). Pri-


vate leases make up most of 
the total rum-

ber and these nlave still to be explored 
fully to estatlish proven reserves. 


The Government of Pakistan 
is firmly 


committed to a pulicy of giving the nw)imum 

private participatioi in the Lakhta liring 

project, which would ensure that long-term 
contracts are awardea to pr ivate mine 
owners for the supply o1 fuel to the power 

plants, 


The fuel required for a 300 MW iowvr 

station would be of 
the order of 1.4 mil

lion tonnes. This would require 
a threefold
 

increase in the amount currently being pro
duced. As the projected generating capa

city 
 in the Lakhra area is increased to
 

2,000 MW, then the 
lignite required would
 

be 20 times the current output.
 

How can this challenge be met? 
 Mech

anization fo the mines could be the 
answer.
 

The following thoughts attempt 
to list some
 

of the aspects for consideration before
 

mechanization is undertaken, 
 so that the
 

development of the Lakhra 
 area can be
 

soundly 
planned on a firm economic base,
 
without having 
to undergo the mistakes made
 
elsewhere, and ensure a secure Eupply 
 of
 

tonnage of a different order trom that
 

presently availahle.
 

OBJECTIVES QF MECHANIZATION
 

The 
 objectives of mechanization are
 

profitability, concentration of 
operations,
 

and safety.
 

Profitability
 

In assessing the effect 
 of coalface
 

mechanization upon profitability, the fol

lowing adverse, as well 
 as beneficial,
 

factors must be consicered:
 

Advantages:
 

- Decreased face labor cost.
 

- Increased output leading to a higher 

recover- of the fixed expense of 

clberat ion. 

- Less hard manual labor.
 

- More regular output per hour which
 

reduced output fluctuations.
 

- Increased safety.
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Disadvaitages: 


- More capital expenditure required. 


- Increased cost of maintenance, 


- Increased power cost. 


- Increased likelihood of output loss 


due to machinery breakdown, 


Concentration of Operations 


To be fully beneficial, mechanization 


requires large tracts of coal, free of 


washouts and faults and with uniform gradi-


ents and coal thickness. This is desirable 


to ensure the uninterrupted use of equip-


ment without downtime and delays. An
 

ideal, perhaps; nevertheless, this has to 


be aimed for in a mine design.
 

With mechanization comes the concen-


tration of men and equipment with the need
 

for close supervision and control, if the 


completion of the tasks and operations is 


to be assured. If disruption of mining 


activity due to geological problems arises, 


then major organization problems ensue, 


Unlike the winning of coal from the tradi-


tional pillar and stall system, mechaniza-


tion longwall mining cannot readily be 


transferred to areas of improved geology 


without the cessation of output and the 


organization of a major movement of equip-


ment elsewhere, 


in order to avoid precipitate or unex-


pected transfers of equipment, it is neces-


sary to plan the mine with as much geologi-


cal data as possible, with boreholes to 


internationally accepted standards both in 


number and quality of rock dat,: obtained. 


Safety 


The concentration of mining activities 

allows close monitoring and control, and 

substantial moves have been made in remote 

monitoritlg of environment and also equip-

ment "health". Safe methods of working are 

paramount in running an efficient industry 

if the days lost due to accidents to work-

men are to be a minimum. In th. ri, safety 

legislation has grown with t- 'Vent of 

mechanization. The implementation of this
 

legislation by mutual cooperation of the
 

mine managers of the National Coal Board
 

and the mines inspectorate has been suc

cessful. in a period when there has been a
 

widespread increase in the use of mechani

cal equipment, coal production has in

creased enormously, while the accident rate
 

per 100,000 manshifts worked has decreased
 

to the lowest ever.
 

In taking the step from manual methods
 

to mechanized mining, safe methods have to
 

be designed in from the start and call for
 

judgment and experience.
 

THE CHANGES IN PHILOSOPHY
 

Management Style
 

In all disciplines, engineers welcome
 

a challenge, especially one which involves
 

new methods, new ideas and a learning proc

ess where new problems have to be solved
 

and few case histories from which to draw
 

on for a solution. Mechanization in Paki

stan could be such a challenge.
 

To begin at the root of the matter,
 

the style of management must change from
 

that where a mine manager is obsessed with
 

the tine detail of the enterprise to one
 

who heads a number of engineering depart

ments, each with a senior engineer with
 

freedom to make decisions and who is held
 

accountable to the mine manager for the
 

financial and technical contribution of
 

that department to the whole undertaking.
 

The duties of each senior engineer
 

need to be clearly defined so that the
 

long-term planning of the business is the
 

function of the mine manager, while that
 

for the short-term is the function of the
 

senior engineers.
 

The long-term planning would include
 

establishing market demands and preparing
 

and evaluating alternative production
 

plans.
 

The short-term planning would be to 

implement the plan most suited to the 

applied constraints of manpowe, machines 

and money. 
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THE REOUIREMENTS OF MECHANIZATION 


Size and Shape of Reserves 


Where the reserves are comprised of 


small irregular shaped areas of coal, it is 


often uneconomic to establish short life 


mechanized longwall faces where the effort 


of assembling the equipment outweighs the 


financial return. Although mechanization 


is possible by the introdurction of heading 


machines in these cases working a modified 


pillar and stall method, only modest out-


puts can be achieved, unlike the mechanized 


lngwall systems which are geared to pro-


ducing bulk output. The flexibility of the 


systems used is dependent upon the degree 


of geological and physical data available 


and the skilled use of this by the mining 


engineer, 


Variable Seam Section
 

In the organic mass of debris which
 

formed the coal seams initially, the regu-


lar stratification and thickness of the 


seam is more the exception than the rule. 


After millenia of sedim,:ntary deposition 


and increasing cover load, the coal forming 


debris has been squeezed into varying 


thicknesses, interspersed in some cases by 


sediments of sand or shale, or often eroded 


by water courses which meandered through 


the partially compacted plant debris, 


Mechanized longwall methods, with very 


little flexibility to vary the workable 


seam section, may not always be as useful 


for total coal extraction as traditional 


pillar and stall methods. In some cases, a 


decision has to be made for coal to be left 


behind where the immediate thickness is 


beyond the range of the supports used. 


Customer Satisfaction 


Size of Products - Whether or not the 


market demands influence the size of coal 


produced is a factor to be considered. 


Although there are machines on the market 


which auger the coal and produce a larger
 

product, it .s true to say that coal pro

duced generally by shearer loaders is below
 

25 mm diameter. Therefore, if coal size is
 

a governing factor then provision must be
 

made for a machine to be used which will
 

give the requisite size, possibly the need
 

to prepare the coal by screening and dirt
 

extractioti in order to satisfy the custo

mers' requirements. 

Consequently, mechanized coal mining 

triaynot be as flexible as the conventional
 

manual method in producing large coal, if
 

this is a market consideration.
 

Beduction of uhur Dirt Content -

In cases where the market demands that the
 

coal is washed to reduce the ash or sulphur
 

content, because of the high percentage of
 

small coal produced by mechanization, care
 

must be taken in the plant design to avoid
 

overloading the fines circuit.
 

Compatibility of Equipment
 

To contemplate uprating a mine from
 

conventional manual methods to mechanized
 

mining, it is essential that the output
 

required from each production face is as

sessed realistically.
 

The face design must ensure that the
 

equipment proposed is capable of producing
 

the amount of coal in the available shift
 

time, with due allowance for ancillary work
 

being carried out on the face which is non

coal productive.
 

The equipment must be such that it is
 

able to pass coal at the rated output and
 

that the infrastructure is compatible with
 

it, so that coal is brought to the surface
 

without delay on conveyor belts or in mine
 

cars. Adequate bunkerage must be proviaed
 

to smooth out production peaks and store
 

buffer stocks for dispatch to the customer,
 

as required.
 

In the transition from manual to
 

mechanized longwall, the existing under

ground supply roads must be checked to
 

ensure that there is sufficrent clearance
 

for the trains of supplies to pass safely.
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The capacity of a supplies system must 

be such that the requisite amount of 
mate-

rials and equipment can be taken into the 

mines as required and that the most 
 bulky 

or 
 heaviest piece of equipment in use can 

be hauled on purposely built rolling stock 

to the point of use with a minimum ot delay 

and human effort. Only in this way will 

underground development roadwaYs 
 progzesis 

at the rate required to prepare new working 


faces and 
 explore further areas and the 
mechanized longwall faces will produce coal 


continuously at the rated output.
 

Engineering Services 


An adequate power and 
 water supply 

must be available for a mechanzied mine to 

function, 
2 to 4 MVa being the power rating 
for a mIMe producing 1,000 to 2,000 
tonnes/day. With a fully mechanized face 
and, say, fLive development roadways, tile 
water requirement pue day is apIproxiinatel 
200 cubic meters. The:etre the control 

and distribution of these two essential 
items is costly and reqluires riuh care and 

attention in the design.
 

Repair an'lMaintenance 


Repair and maintenance of equipment 
rec]uirec well equipped workshops, skilled 
personnel and a system of planned main-

tenance. Rout ne mai ntenance i!, car r ied 

out to I ixed schedules which r ecord the 

extent and Ireuency of the worrk, 
 so that 

repl acem:nt of work or damaged pats takes 


)lace befo,(eIlure occurIi, which right 
otherwise result in a major breakdown with 
Ioss Of outtpiJt. 

Stock!s of the most frequently conrniend 
spare [partn; should bt readily avalilabije at 
the mrine t-o (Aiable expensive equipmunt to 
be kepIt running, 'Ihi/ requlesru egree o, 
forward plann.ncl and ordering of sto es to 
agreed work rg levels. Consequently an 
ef [otLive a rchasing and store; depar tmient 

is essent..iaI to a rechanized mine. 


Similarly the rate of, say, 
 roadway
 
supports 
will change dramatically in a
 
mechaniied mine in contrast to one using
 
manual methods. The increased output from
 
the mechanized 
 face will necessitate the
 
quicker replacement fo working faces 
 and,
 
as a result, 
 a faster late of development
 
roadway 
 d.ivage will be required. Conse
quently, the stores administration is a key
 
one in mechanized mining.
 

Transportation
 

To supply a fixed daily output from 
the mine to a power station, for instance, 

requirE3 a critical examination of 
 the
 
existing transport system to verify that it
 
is capable of a sustained workload at mini
mum cost. The transportation of small
 
loads by private companie.; is one thing; to
 
convey 4,000 tonnes/day to a power station 
by the tame means could be totally ineffi
cient. Rail or belt conveyor could be a
 
much more economic alternative. 

Manpower Pequirements foi Mechanization
 

L_,_abor/SuperyisoryCapobijitie 
 - When 
moving from, manual methods to some form of 

mechanization, management must recognize 
the existing skills fo the workforce and
 
buIla on these esources to create a nu-

Cleus Of competent workmen to staft the 
 new 
sy.;temb. 

The di t er Ing skills of operatives
 
required on a mechanized longwall face
 
necessitate the selection of persons who
 

have an ilnterest in mechanical matters and 
a keen awareness,; to detail, as the opera
tives required to work a mechanize long
wall face succe'!;sUlly mu';t be readily able 
to abnorb technology and use it to maximum 
effect. With tile Use of mechanical and 
elect ical equipment the e in;a l;hilt from 
a preponleraice ,of manual to ski ] led work
e1rn tor the nially oprel at ion, mar irt enance 
and repai r of equI piment . In addit. ion, tile 
number andI skills, of ;upervinor y staff are
 

increased, as tile sUcce;s of 
all aspects of
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mechanized mining depend upon the 
 compe-

tency of junior management and the willing-

ness of senior management to delegate
 
responsibility to that level so 
 that it 

functions smoothly. Consequently, there 

should be no responsibility without auth-

ority. 


Training and Operational Assistance 
-

Pakistan is anxious to expand its 
 indus-

trial base and superstructure. This re-

quires further expansion of the power in-

dustry. in that process, the transfer of 

appropriate technology from the developed 

countries to the developing ones has an 

important part to play. Education and 

training 
 are as important in successful 

transfers as 
the provision of machinery or 

other equipment. 


To 
 turn the Pakistani workforce from 

the traditional manual methods to more 

productive mechanized methods will 
 require 
all aspects of training: 

- classroom training at home and 

abroad; 
- on the job training at home and 

abroad; or 

-the use of expatriate labor and 

supervisor 
to carry out the work of winning 

coal and the development of the mine while 

trainina 
 the Pakistani workforce on a one 

to one basis. 


The mining company must call for 

assiutance 
to determine the following re-

quirements so that the transition from hand 

to mechanizeo methods can 
be orderly and 

planned: 


- Assess the training needs; 

Specify the training objectives; 
- Design the training program; 

- Select the training methods; 
- Conduct the training; 

- Evaluate the training given, 
Any real Increase in p-roductivity of a 


mine due to mechanzlation is. uependent, 
almost exc. isIvely, upon the degree of 

confidence 
 that exists between management 

and men, particularly regarding the future, 
and this means training in its many 
aspects. The appreciation, understardillg 

and guidance of its people in this 
 matter
 
is management's most urgent problem.
 

The Learning Period
 
To train and obtain the necessary
 

experience as a mine worker requires time:
 
time to see the operations carried out by
 
an expert, time to develop the 
 confioence
 
and skill to carry out the work safely.
 

Training by example is the best means
 
of teaching. With the innate willingness
 
of the Pakistani worker to learn, "on site"
 
training with a large teacher 
 to pupil
 
ratio can yield good results quickly.
 

The development of the Kakul Phospho
rite Mine in Abbotabad in the NWFP Pakistan
 
is such a case. On site training nas been
 
given to the workforce, together with UK
 
based experience for the management. With
in two years the mine is operational, al
beit at a modest output.
 

lITEJjUlm STEPS IN MECHIANIZA IQ
 

Mechanization of mining operations can
 
be carried out in stages so that there is 
a
 
gradual evolution from manual methods to
 
full mechanization with the latest 
design
 
in powered supports to hold up the roof
 
supports.
 

To convey the mineral from the working
 
place by belt conveyors can be the first
 
significant step in improving output. 
 it,
 
in addition, the distribution of supplies
 
to all parts of 
the mine can be done quick
ly on modern rope or locomotive systems,
 
then the development headings of the 
mine
 
can be driven reasonably quickly by hand
 
methods which can be fully mechanized at a
 
later stage.
 

With the need for bulk output, long
wall coal faces are required of 100 to 200
 
meters in length, equipped with machines
 
which 
 can cut and fill the coal at a rate
 
of several hundred tonnes per hour. 
 As the
 
coal is cut and conveyed out of the mine,
 
tae ground exposed is supported temporarily 
in one of a number of ways to allow men 
(ree access along the coal face. 
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These operations can be carried 
out by 

equipment 
varying in cost and sophistica-


tion and it is 
in this area of raechaniza-

tion that mush debate has taken place as 
to 

how a mine can best maximize profits from 

bulk output as the conversion is made from 

handgot methods to fully mechanized mining, 


Very often the criterion is cost and 

varying deqrees of mechanization are em-

barked upon for this reason, 


EXAPL OF FAILURE F ECHANIZATION PR0J-


ET 


Evidence is available which shows that 


mechanization projects have failed as a 


result 
 of one or more of the following
 
essentials having been ignored. 
 They are:
 

- Lack of exploration of the geologi

cal structure.
 

- Lack of 
 adequate planning of the
 
mine: the rates of development re
quired to ensure continuity of output
 

with the provision of men and equip
ment; and the detailed design of face
 

mechanization.
 

- Decisions made without technical or 

financial justification. 

- Unsuitable training of the manage

ment or workforce.
 

- A lack of (.perienced fitters and
 

electrizians.
 

- A lack of spare part', for equipment
 

repair.
 

- Inadequate funds to pay for ther.
 

requirements.
 

BENEFI1j OFDEVELOPINGTHE LAKRA AREA
 

In conclusion, the rewards of careful
 
planning are high if the visionaty is far
 

seeing.
 

When the Lakhra area is ueveloped tu a
 
unified plan it will result in 
thn employ

ment of an additional 1900 Pakistanis 
 and
 
begin the development of a modern large
 

scale coal industry.
 

Generating electricity with Lakhra
 
fuel would cost 30% less than that 
 obtain

able using imported oil. The cost of gen
eration using imported coal is the same as
 
that when using Lakhra fuel, with the 
 ex
ception that an 
additional $38 million/year
 

of foregn exchange would be needed, which
 

the country cannot afford.
 

With the model design of the Lakhra
 
area, other coalfields in Pakistan would be
 

developed 
which would make available low
 
cost coal for other energy applications. A
 

cumulative effect of harnessing the re
sources and capabilities of Pakistan's
 
private sector would be rapid growth and
 
prosperity.
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CHEMICAL, PH'SICAL, MINERALOGICAL, AND PETROLOGIC CHARACTERIZATION
 
OF COAL AND THEIR ECONOMIC AND ENVIRONMENTAL :'IGNIFICANCE
 

Dr. Nisar Ahmad 

Fuel Research Centre 

Pakistan Council of Scientific 


and Irdustrial Research 

Karachi 39, Pakistan 


ABSTRACT 


Coal is a sedimentary rock which contains fnore 

than 50 percent by weight and 70 percent by 


volume of carbonaceous material, Differences in 


plant material, depositional conditions, degree 


of metamorphism, and concentration of mineral 

matter are the basis for methods of the 

classification of coal by type, rank, and grade, 

Laboratory tests to determine the chemical and 

petrological composition and physical 

characteristics of coal have been devised by 

national and international organizations to 

assure biyers of coal a fair value for their 

money and the sellers a fair price for their 


product. Tie three most commonly applied 

coal-classification systems require that the coal 

be tested differently and determinations used in 

one may not be used in otheLs. The similarities 

and differences of test methods required for a 

large number of tests have been developed for the 

purpose of determining the chemical composition 


(ultimate and ash analyses) and physical 


characteristics of coal. The suite of chemical 


and physical tests used to evaluate a coal 


resource can have a significant economic and
 

environmental impact on the power, cement, steel, 


and synfuel industries. Coal-quality studies are 


important in plant design and in reduction of 


plant-downtime due to fouling, slagging, erosion, 


and corrosion. 


Dr. Frederick 0. Simon
 
U.S. Geological Survey 
Mail Stop 956 
Reston, Virginia 22092 
U.S.A.
 

INTRODUCTION
 

Coal is defined at "a readily combustible rock 

containing more than 50 percent by weight and 

more than 70 percent by volume of carbonaceous 

material, formed from compaction or induration of 

variously altered plant remains similar to those 

of peaty deposits. Differences In the kinds of 

plant materials (type), in degree of metamorphism 

(rank), and range 

characteristics of 

The classification 

the most commonly 

of impurity (grade), are 

the varieties of coal." (I) 

of coal by rank (ASTM 0388) is 

used system in the U.S. as well 

as In many imdtustriflized nations (2). Tile 

position of a coal in a progressive series
 

stiirting with peat (least coalifiee) and ending 

with graphite (most coalified) is dependent on 

the temperature and time of burial and, to a
 

lesser extent, the pressure which tile coal has 

been subjected. The chemical, biological, and 

physical changes that occur prior to and during 

coalification will affect economic factors such
 

as calorific value and ash yield of a coal which
 

can be readily determined in the coal-testing
 

laboratory.
 

Partially decomposed plant remains were buried
 

for millions of years and altered to petrographic
 

constituents of coal (macerals) which can be
 

examined microscopically in both transmitted and
 

reflected light. Major differences in the
 

composition of coals results from the differences
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in the types,"of original plants, the mineral 

matter ;idded by hydrologic and I processes 

and Inherent in the plants, the depositional 


,nvironment in the peat 
 .swanp (factors such as p1i 

and E), and factors such as andtime temperature 

ut burial. The quantities of vari,,us macerals, 

the moisture, volatile matter, and carbon 

contents, and the 
type and quantities of the
 

various minerals present in a coal 
are the 


characteristics or attributes that differentiate 

one coal from another. Inorganic elements can be 

prvs,ant is diiscrete minerals or bonded to organic 

functional groups, commonly as saIts of organic 


acids .
 Mneral phases can be present as cleat 

fillHings or intimately mixed with 
the organic 

material (inherent ash). 


toa has traditional Iy been used 
as a source of 


heat, a feedstock for the chemical 
or synfuel 


industries, and 
a raw material for the production 


of coke. The various uses of 
coal have varied 


somewhat over time and 
reginally. 
As a source 


of thermal energy, it is used for electric power 


,eer,ition, in cement 
plants, as process heat in 


various industries inc',,ding brick kilns (which 

currently is the major use 
of coal in Pakistan), 


and for domestic home heat. More 
than 50 percent 


if the coal produced in the world is used for the 

.4neration of electricity (3). During the 
last 


decade, the production of synthetic gaseous and 

liquid fuels from coal became increasingly 


Important, but 
recent economic developments 


Indicate that, except 
for captive economies, 


synfuels will not 
be a major consumer of coal for 


the remalner of this century. 


The use 
of coal to produce coke and fertilizer
 

and as feedstock for the -hemical industry has 

been known for a long time. 
 In 1982,
 

approximately 12 percent of the world's
 

urea-based fertilizers were produced from coal,
 

and coke manufacturing accounted for 
15 percent
 

of Lte wocl1d coal production (4).
 

The utilization of coal 
requires technological,
 

economic, and environmental evaluations of data
 

such as the coal 
type, rank, grade, and elemcntal
 

contents which are 
potentlil environmental
 

contaminants of both air and 
water. The economic
 

evaluation depends 
on the end-use of the coal 
but
 

generally requires data from the determination of
 

calorific 
value, ash yield, and moisture, and
 

'onstitutents that 
cause slagging, erosion and
 

corrosion. 
 Some end-uses require coal with
 

specific compositions--for example, 
coke strength
 

can be predicted from maceral composition and
 

other parameters--and, therefore, coal 
contracts
 

commonly specify compositional ranges for 
some
 

zonstitutents. Contamination of the 
air and
 

water have caused concern in countries where coal
 

is utilized and in neighboring countries which
 

are downstream from the 
source of the air and/or
 

water pollution. 
The major environmental
 

concerns are the contamination of the atr by
 

sulfur and nitrogen oxides (precuriers of acid 

precipitation) and volatile toxic 
elements such
 

as mercury, irl the contamination of surface and
 

ground water by compounds such as rulfuric and
 

nitric acids and toxic elements such as arsenic, 

selenium, and mercury. Properly equipped
 

laboratories can determine the chemical,
 

physical, mineralogical, and petrologic
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CHARACTERIZATION OF COALdermntos 

Sampling. Coal Iis acomplex and heterogeneous 

! I ' : ;  •'i:;?: : ;. : • 


tests and methods for evaluation. In order that 


material for which there is a wide variety ofon
 

different laboratories (usually commissioned by.
: ": " . . ..
. .. : ,> 


the buyer and seller) obtain the same analytical
:-.." -th . ., .. , 


result (within prescribed limits of error) for a:: .. .. . .
 
given constituent oe parameter; various
 

organizations such as the American Society fordrm 


Testing and Materials (AST) and the
 

International Standards Organization (IS)) have 


established standardized procedures for the 

analysis of coal.
 

A representative portion of the coal being 

ianalyzed must"~~ be obtained carefully by following 

prescribed sampling and sample preparation. Forg~~~~ -. . 

a given determination, one gram or Less may ... 

represent the coal in an entire unit train, tie 

production ot 
 ...
a coal mine, or millons... .af tonnes
 

of resuur'ces. Sampling must be carried out 

S pr,. - " iu with extreme care because it will 

at i,nificance of all additional work.. 

' o'or somePro. * .s,.. sampling methods .have been 

'.e t I- iedby AST9 (ASTN D2 34) a d lso ( ISo 
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' i n et.' uhaa physical tsts Factors suchas 

whether the sape .erset.te... .. 

thickness of the bed or the thickness o r 

- .".,;single bench and whether the sample includes or2 
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uut especially ash and sulfurrdeterminations, 
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To utilize the .anaLysis of a cnal sample, it is 

t n t bas u . w the 
necessary to know tie basis upon which the 

results are being reported. The 'iost- common 

bases are: 
I) s received, 

- air-dried,il)air-dried, L ; ii 

i) d omster ()I) 


f d h- (dat),
 

I","dry or moisture-free (mf),
 

v ) dry,.a sh-free (daf),
 

v dry, mineral-matter-free (dmmf),
 

vi) mollit, mineral-matter-free (m,mmf):.
 

The determination of tile true (total bed) 
.

moisture content of a coal bed by heatIng is 
(I ff t because ot several" factorsI the 

loss of moisture during snple prelparation, 2) 

the temperatures at which surface, inherent, and A 

c. c m a w of
" hemical ly cumbined moisture andawater of
 

hydration are liberted, and 3) oxidation (which
 

uftiits moisture Loss). 
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Classification. The two most generally used 


systems for classifying coal (fig. 1) are the 


iASTM classification of coal by rank and the ISO 


system; the National Coal Board (United Kingdom) 


coal classification system is similar to 
the ISO 


system. Most classification systems used 


throughout the world use calorific value, fixed 


carbon or volatile matter, and the agglomerating 


properties of the coal. 
 In some systems, 


additional tests further classify tilecoal by 


utilizing free (crucible) swelling index,
 

dilatometer, and lep.i commonly, carbon and 


hydrogen contents. The ASTM system utilizes 


calorific value (moist, mineral-matter free) and 


fixed carbon (dry, mineral-matter free); the 


agglomerating charac-er (free-swelling index) is 


necessary to differentiate between subbituminous 


A and high-volatile C bituminous coals. 


Recently tireEconomic Commission for Europe 


adopted a new codification system for classifying 


coals which is based upon vitrinite reflectance, 


the crucible swelling index, volatile matter, 


inertinite content, 
and gross calorific value 


(5).
 

Chemical composition. On a moisture-free basis, 


coal consists of an organic fraction and an 


inorganic (or mineral) fraction and the 
proper 


characterization of coal requires the analysis of 


both fractions (fig. 2). rhe ultimate analysis 


consists of Lhe determination,of the carbon, 


hydrogen, nitrogen, oxygen, and sulfur and is 

generally thought of as referring 
to tileorganic 


fraction, although all of the elements listed 


above also occur in minerals found in coal. The 


calorific value of a coal is generally determined
 

directly with a calorimeter and can be estimated
 

f.am the proximate and ultimate analyses. There
 

is an inverse relationshIp between the calorific
 

value, and the ash and moisture cop Lent-; the
 

calorific value (CV) can be calculated from the
 

Mott-Spooner formula (6):
 

CV(mj/Kg) - 0.336C + 1.42H - 0.1450 + 0.094S
 

where C, H, 0, and S are the 
carbon, hydrogen,
 

oxygen, and sulfur contents, respectively.
 

Coal ash is the inorganic residue remaining after
 

the combustion of the organic matter and should
 

not be confused with mineral matter. 
 There are
 

several formulas which relate the ash content 
to
 

the mineral matter content; the Parr formula used
 

in the ASTM system or some modification of it is
 

the most common (7): Mineral matter = 1.08 x asl 

+ 0.55 x sulfur, The as-received-basis results
 

are generally used by consumers to evaluate coal
 

for end use. The dry, ash-free; dry,
 

mineral-matter-free; and moist,
 

mineral-matter-free bases 
are used for
 

classification and chemical comparisons.
 

Sulfur in coal exists primarily in two
 

forms--pyritic and organic; thirda foim, sulfate 

sulfur, occurs in minor concentrations. In some 

coal fields in Pakistan (including the lakhra 

coal field), weathering of the coal has increased 

the amount of sulfate sulfur even at overburden 

depths greater than I00 meters. Knowledge ot the 

forms-of-sulfur is particularly Important tor 

predicting the efficiency of coal beneficlatlon 

plants. Organic sulfur, which is chemically 

combined with the organic matter, cannot he 
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CLASSIFICATION TESTS FOR COAL 

ASTM ISO 

aloiific value (D2015 or D3286) Agglomerating character 

(ISO 501) 

Volatile matter (D3175) 

Roga agglutinating 
Agglomerating character (D720) coefficient (ISO 335) 

Calorific value 

(ISO 1928) 

Volatile matter 
(ISO 562) 

Gray-King caking test 
(ISO 502) 

Audibert-Arnu 
dilatometer (ISO 349) 

Figure 1. Classification parameters of ASTM and ISO. 

CHEMICAL ANALYSIS OF COAL 

ORGANIC INORGANIC 

Proximate analysis (moisture, - Major/minor 
volatile matter, ash, fixed carbon)j elements 

Ultimate analysis (C, H, N, O, S) Trace elements 

Sulfur forms (organic, pyritic, sulfate) 

Figure 2. Chemical analysis of coal. 
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removed by the physical methods used in most 


beneficiation plants. Some chemical cleaning 


methods will partially remove organic sulfur but 


they result in a degradation of the heating value 


and are presently too expensive for most coal 


applications. Pyritic sulfur can be removed by 


physical cleaning, but only if it is not too 


intimately mixed with the organic matter, 


Framboidal pyrite is an example of a form that is 


commonly too finely disseminated to be removed by 


moat physical methods. 


Elements determined on coal ash and generally 


thought to be associated with the mineral matter 


in the coal includes silicon, aluminum, iron, 


calcium, magnesium, sodium, potassium, and 


approximately 70 additional trace elements, 


Many, if not all, of these elements can also 


occur as part of the organic fraction. Most 


chemical analyses of coal do not attempt 
to 


separate the elements associated with the organic 


fraction from those associated with the minerals.
 

The major constituents in coal ash are classified 


as to whether their oxides are acidic or basic in 


nature: 


Acidic oxides 
 Basic oxides 


Silicon dioxide-Si0 2 Calcium oxide-CaO 


Aluminum oxide-A1203 Magnesium oxide-MgO 


Ferric oxide-Fe20 Ferrous oxide-Fee
3 


Titanium dioxide-TIO Sodium oxide-Na20
2 


Potassium oxide-K20 


The ash fusibility of a coal is substantially 


affected by the relative amounts of the acidic 


and basic oxides: Fe203 , CaO, MgO, Na20, 


and K20 lower the viscosity of the silicate 


melt formed from the heating of coal ash. During
 

combustion, pyrite (and marcasite) are oxidized
 

to ferric oxide and contribute to the lowering of
 

the ash viscosity, but these elements also cause
 

serious corrosion problems through the production
 

of acidic gases and by direct attack of internal
 

furnace surfaces by molten iron sulfides prior Lo
 

oxidation. The presence of shale partings in a
 

coal, which consist of mainly silica and alumina,
 

will raise the ash fusion temperature, whereas
 

calcite and dolomite serve as fluxes and lower
 

the ash fusion temperature. Acid/base ratios,
 

total acidic oxides, and total basic oxides, are
 

used to predict ash-fusion temperatures, slag
 

viscosity, corrosion, and high- and
 

low-temperature fouling (8, 9). Mht fouling
 

indexes in the literature are limited in
 

application; an index that is applicable to
 

eastern U.S. coals may not be applicable to
 

lignites or even similar L.als from another
 

region (10).
 

Sodium and potassium are the major contributors
 

to the fouling of large boilers. The high vapor
 

pressure of the alkalis at the operating
 

temperatures of a power plant causes the
 

vaporization of these elements, which then
 

condense on boiler surfaces and cause 
the
 

reduction of heat transfer. 
 Anions that increase
 

the vapor pressure of the alkalls (for example,
 

chloride) can increase the fouling rates or cause
 

a fouling problem where the alkali contents are
 

too low to be a problem separately. The
 

alkaline-rich condensates on boiler tubes and
 

superheater elements serve as a sticky surface to
 

trap particles (fly ash) being transported by the
 

flue gas (ID).
 

192
 



Laboratory tests to determine the major element
 

composition, the 
ash fusion temperature(s), and
 

the temperature at 
which the ash attains a
 

viscosity of 250 poi, 
 (T2 50 test) assist in
 

the design of boilers with minimum fouling Table 	I
Selected minerals in coal
 

(Modified from references 12 and 14]
problems.
 

Mineral group 
 Mineral
 
Clay minerals 
 Kaolinite
 

Mineralogy. For practical purposes, most users Illite
 
Chlorite
 

classify the mineral 
matter in coal as 	 Montmorillonite
"inherent" 

Mixed-layer clays
 

or "adventitious" (l1). Inherent mineral matter 
 Carbonates 
 Calcite
 

is the inorganic minerals 	 Dolomite
too closely associated 

Siderite
 

with the organic matter to be 	 Ankerite
readily separated
 

Sulfides
and usually applies to mineral matter interpreted 	 Pyrite

Marcasite
 

as part of the 
plant precursers; adventitious 	 Sphalerite

Galena*

Chalcopyrite
 

mineral matter 
is the material less intimately 

Arsenopyrite
 

associated and interpreted as having been 
 Oxides 
 Quartz
 

transported Hematite
into the peat (detrital) or formed 

Magnetite
 

from Solution (authigenic, syngenetlic, 	 Goethite
or 

Rutile
 

epigenetic). 
 Some researchers have classified 
 Sulfates 
 Gypsum
 

minerals in coal according to their origin (12): 	 Anhydrite
 
Barite
 
Jarosite
 
Szomolnokite
 

--detrital deposited by wind 
or
 
water; 
 Phosphates 
 Apatite
 

--authigenic formed in place; 
 Chlorides 
 Halite
 

--syngenetic 
 formed simultaneously 	 Sylvanite

Biachofite
 

with coal;
 

Other minerals
--epigenetic 	 ZLrcon
formed after initial 

Garnet
 

coalification. 

Sanidine
 

Table I lists some of the Orthoclase
more common minerals 

Albite
 

found in coal; 	 Epidote
the table should not be considered 

Kyanite
 

inclusive because more 
than 100 minerals have 	 Augite

Biotite
 

been Identified in coals.
 

Low-temperaturj ashing of coal (13), 
combined
 

with x-ray diffraction and infrared spectroscopy
 

techniques have been used to determine the gross
 

mineralogy of coal. 
 These techniques generally
 

do not 
detect minerals present in c ncentratjons
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less than 5 percent. Scanning electron 


microscopy, combined with energy-dispersive x-ray 


spectroscopy, has been effectively used to study 


minerals present in coal in minor or trace 


concentrations (14).
 

The inorganic elements present in coal as 


discrete minerals are a major cause of problems 


in using coal as a source of energy. 


Performance, reliability, and efficiency of coal 


burning power plants are limited by the slagging 


and fouling characteristics of the coal; 


corrosion and abrasion of the heat-receiving 


surfaces are a functiou of the type and amount of 


mineral matter in coal. The efficient operation 

of slagging gasifiLers are also dependent on the 

slagging, rooling, and abrasive nature of the 

feedstock and filtration an~d catalysis steps in 

liquifaction or !olvent-refined-coal processes 


also require coal characterization for efficient 

operation. The identification .iniqualtification 

of elements and minerals in the ash are major 


steps in dealing with the slagging, fouling, 


abrasion, filtration, and catalysis problems 


encountered in coal utilization and in minimizing 


the operating costs of a power plant.
 

Coal h 'nefcation can change the mineral and 


chemical composition of coal ash by selectively 


removing some mineral constituents. Inherenl ash 


is generally not affected by coal benefication; 


adventitious mineral matter, which commonly 


occurs in coal as cleat fillings or other 


discrete entities which are sufficiently large, 


can be partially separated by conventional
 

gravity separation methods. Previous coal
 

benefication studies have concentrated on the
 

removal of sulfide minerals to reduce the SOX
 

emissions and on the removal of moisture and ash
 

to reduce transportation costs.
 

Petrography. Coal consists of two basic classes
 

of materials (see fig. 3): 1) inorganic,
 

crystalline minerals, and 2) organic, phytogenic,
 

non-crystalline macerals. The macerals form the
 

carbonaceous, combustible fraction of the coal
 

and must form 50 or more weight percent. The
 

more common maceral types are *i':od in table 2; 

the usefult,ess of this type of data is
 

widespread, from pure scientific investigations
 

such as characterizing sedimentary environments 

of the coal-forming peat swamp to the more 

practical uses such as predicting various aspects 

of coke quality or liquefaction yields. In the 

conversion of coal into metallurgical coke, coke
 

strength, coke yield, coke reactivity, coke size,
 

and coking pressures can be precicted from the
 

maceral and mineral compositiuns. In the
 

conversion of coal into liquids, the conversion
 

yield is proportional to the amount of "reactive"
 

macerals (vitrinite + exinitQ) present (15).
 

Physical properties. The uses of physical
 

properties and thoir measurements include not
 

only basic studies of the chem'r-I composition
 

and structurp of coal, but also to mechanical and
 

plastic properties which are important to the
 

power and steel industries. Some of the tests
 

devised to evaluate the mechanical and plastic
 

properties are briefly described in table 5.
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Table 2
 
Partial list of coal macerals
 

[Modified from ref. 
161
 

Vitrinite 
 An oxygen-rich, medium reflecting maceral that comprises the
humic fraction of coal and is 
produced by the gelification

and alteration of plant cell walls.
 

Fusinite 
 Highly ceflecting maceral consisting of carbonized woody
material and 
produced by the rapid charring 
or chemical 
alteration of plant cell walls.
 

Micrinite 
 Highly reflecting, granular maceral which shows 
no
 
plant-cell structure and is 
commonly found in the attrital
fraction of coal; 
it is produced by the fragmentation or
granulation and subsequent coalification of plant
 
substances.
 

Exinite 
 A hydrogen-rich, medium reflecting maceral that comprises

the attrital fraction of coal and are derived from the waxy
cell secretions such as 
plant cuticles and spore and pollen
 
exines.
 

Resinite 
 A hydrogen-rich, medium reflecting maceral that 
are derived
 
from the resinous secretions of plant cells.
 

Macrinite 
 Highly reflecting particles derived from humic 
material and
 
which do not display cell wall organization.
 

Table 3
 
Physical tests for coal
 

Calorific value 
 This is 
the single most important test for coal. 
 Methods to
 
measure this parameter 
usually employ an oxygen calorimeter
which measures the gross calorific value (water exists as 
a
liquid at the completion of the process); the net calorific
value is obtained by correcting for the heat of vaporization
 
of water.
 

Grindability 
 The most 
common approach to determinE the grindability of a

coal is 
to supply a fixed energy input and evaluate the
fraction of the sample reduced 
to a suitable fineness
 
(Hardgrove grindability). 
An alternative approach is to
 
measure 
the energy required to grind the sample 
to the
 
specified fineness.
 

Plasticity 
 Determining the plasticity characteristics of coal

difficult because of the heterogeneous 

is
 
nature of coal. 
 As
the coal is heated, chemical and physical changes 
occur both
concurrently and sequentially, making attempts to describe
and characterize the changes difficult 
at best. A number of
tests, mostly related to 
the coking characteristics of 
a


coal, have been devised and are described briefly in the
 
next section.
 

Density 
 Three categories of density are determined for coal: 
 I)

bulk density is the weight 
per unit volume, measured by
weighing 
a box of known volume full of crushed coal; 2) true

density (sonetimes referred to 
as helium density) uses 
a
fluid, usually helium, to dotermine the volume by
penetrating the pore spaces of 
a weighed amount of coal;
3) apparent density uses 

and 
a iluid such as mercury that does
not penetrate the pore spaces to determine the volume.
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PETROGRAPHIC TESTS OF COAL 

I I 
MACERALS MINERALS
 

- Vitrinite - Clay minerals
 

- Fusinite - Carbonates
 

- &Ilcrlnlte - 0a lfIdes
 

- ExInite - Oxides
 

-- Rolee lto - Sulfates 

Macrlnite - Phosphates 

- Chlorides 

- Accessory minerals 

Figure 3. Petrographic tests of coal. 

Carbonization (coking) tests. The formation of Table 4
 
Carbonization Tests
 

coke from coal involves the interaction of a wide
 
Test Property measured
 

range of chemical and physical processes at
 
I. Crucible swelling No. agglomeration
 

elevated temperatures. The properties of the (Free-swelling index)
 

coke formed--reactivity, yield, and strength--are 2. Gray-King test changes in volume
 

dependent on the plastic (surface flow caused by 3. Audibert-Arnu dilatometer changes in volume
 

the pressure of gases at elevated temperatures), 4. Gieseler plastometer plasticity
 

F. Roga coefficient agglutination
agglutinating (binding quality), agglomerating 


(tendency to form coke), and swelling (volume 6. Jenkner retort quantity of coke,
 
tar, gases, and
 

change at elevated temperatures) properties (3) water.
 

of the coal used and on the carbonizing power plants, sulfur in flue gases, the ash
 

ascertain these yield, and boiler-tube corrosion and slagging
conditions. The tests used to 


caused by contaminants are the major deleterious
 

factors. In a few instances, trace contaminants
 

properties are summarized in table 4. 


in coal ash can be economically recovered. In
DISCUSSION 


Economic aspects of coal analysis. The coal-conversion processes, some contaminants have
 

impurities in coal (grade) have a substantial a catalytic effect and are beneficial.
 

impact on thq economic value of Lhec(.I, For Therefore, in addition to the analyses needed to
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classify coal according to rank (calorific value 


and proximate analysis), many different analyses 


are 
required for coal commerce 
(e.g., calorific
 
value, ash yield, sodium and chloride contents, 


and ash-fusion temperatures) and for determining 


the environmental effects of coal 
use (contents 


of sulfur, nitrogen, and toxic 
trace elements 


such as mercury, arsenic, and 
selenium), 


Improper boiler design can lead to excessive 

down-time because of fouling caused by burning 

coal with high ash yields or with an 
improper 


ash-tusion temperature. The amount of sulfur 


removed from a coal by 
a coal-cleaning plant 


depends on 1) the relative amounts of organic and 


inorganic sulfur, and 2) the particle size and 


distribution of the inorganic (pyritic) sulfur. 


The removal of ash-forming elements and minerals 


also depends on particle size as well as whether 

or not the minerals are present as
 
cleat-fillings, discrete 
layers, or nodules, or 


whether they are 
intimately mixed with the 


vegetal matter (inherent ash). Coal testing 


laboratories can provide data needed to 
answer 


questions concerning the economic use of 
a 


particular coal and insure 
that the buyers and 


sellers agree to 
a fair and equitable exchange. 


Environmental aspects of coal analysis. 
Coal 


production will increase in the world and 


particularily in Pakistan at 
an accelerated rate 

with the major portion of the increase being used 

to provide fuel to generate electricity, 


Therefore, 
trace element occurrences and 

distributuions must be evaluated geologically, 

gevcbemicplly, geographically, and 

environmentally in order to minimize the impacts 

of mining, benefication, use, and disposal of
 

coal wastes, on human health.
 

Contamination of the air and water by sulfur and
 

nitrogen compounds and toxic trace elements can
 

be reduced or evaluated by knowledge of the
 

contaminants in coal and the utilization of
 

adequate safeguards during mining, beneficiation,
 

and use. During exploration and mine planning,
 

failure to prove the environmental safety of a
 

proposed fuel can jeopardize funding by
 

international lending institutions such as 
the
 

World Bank and the Asian Development Bank. 
 In
 

some areas, coal ash may be crop
beneficial to 


growth because it serves 
as a source of
 

trace-elements essential to plants. 
 Examples of
 

these essential 
trace elements are sulfur,
 

calcium, boron, and zinc (17).
 

The chemical composition of coal is specific
 

according to site, coal bed, and location within
 

the coal bed. 
 Boron, mercury, lead, molybdenum,
 

arsenic, cadmium, antimony, and selenium are more
 

abundant in coal than in the earth's crust 
(17).
 

However, because large quantities of coal are
 

uaed to generate elect 
 ity,.large quantities of
 

certain trace-elements can be mobilized in 
wastes
 
and by-products to potentially contaminate the
 

air and water. Volatile elements such as 
sulfur,
 

nitrogen, arsenic, fluorine, mercury, and
 

selenium are of particular environmental 
concern
 

because of their ability to be transported in the
 

atmosphere and move across 
national and
 

continental boundries. 
 For a 300-MW power plant
 

using lignite containing one part 
per million
 

(D.O001%) contaminant, more 
than one tonne of
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that contaminant will be mobilized annually. The 


amounts of selected trace elements being 


liberated annually in the world and for a single 


power plant have been estimated (18). This 


estimate is based on the distribution of these 


elements in U.S. coals which were deposited under 


a variety of conditions and include all coal 


ranks. Table 5 lists the estimates of the
 

amounts of selected trace elements mobilized for
 

a single 300 MW power plant and for the world in 


the years 1978 and 2000. The coal quality of the
 

Lakhra and Sonda-Thatta coal fields in Pakistan 


is currently being evaluated by tileGeological 


Survey of Pakistan and the U.S. Geological 


Survey, and although these data are not yet 


available, both toxic and beneficial trace 


elements will be present. 


Table 5 


Quantities of trace elements mobilized
 

as a result of coal producL!on 


[Modified from ref. 17; data are I,i ;hoi' tons.] 


300 MW 

power World World 


Element plant (1978) (2000) 


As 5.1 19,000 47,000
 

Be 1.4 5,1OU 13,000 


Cd 0.14 510 1,300 


F 65. 230,000 590,000
 

fig 0.09 328 843 


Pb 7.1 25,000 65,000
 

Se 1.7 6,200 16,000 


The U.S. National Committee for Geochemistry 


convened a panel on the "Trace Element 


Geochemistry of Coal Resource Development Related 

to Health" which concluded (16) that besides the 

troublesome compounds of carbon, sulfur, and 

nitrogen, tileelements of greatest concern are 

arsenic, boron, cadmium, lead, mercury,
 

molybdenum, and selenium. Elements of moderate
 

concern are fluorine, venadtium, chromium, nickle,
 

copper, and zinc; elements of minor concern are
 

lithium, sodium, manganese, cobalt, germanium,
 

chlorine, bromine, strontium, and barium. Their
 

recommendations are applicable to all nations:
 

chemical and mineralogical form of
 

trace-elements related to health should be
 

determined:
 

a trace-elements-in-coal data bank should be
 

maintained;
 

more data are needed on the trace-element
 
mobility in topsoil, overburden, and
 

underclay;
 

more and better data are needed on
 
trace-element mass balance and migration
 

pathways;
 

standard reference materials certified ior
 

critical trace-elements are needed.
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ABSTRACT 

to 32 kilometers (20 miles); beyond this distance
 

This 	
thuir advantage fades sharply. 
 In special
paper discusses the various alternatives 
 situations where the terrain may necessitate cir

for transporting coal from the mine to the power cuitous road or rail routes, an overland belt con
plant, i.e., road, overland conveyor, and rail; veyor system that could follow an 'as-the-crow

also the systems generally enployed for unloading, flies" path may have an acvantage. Single flight
stackout, and reclaiming coal at the power plant. conveyors as 
long a 850 meters (28,000 ft) have

Capital-intensive and labor-intensive systems are been used in 16 kiloleter (10 mile) systems.
reviewed. 
 System reliability and maintainability 
 Overland conveyors can be regarded as 
a capital

considerations 
ae discussed. 
 Silo design features intensive, low energy, low labor use system.
 
and safety conriderations in storing and handling

fuels prone to spontaneous combustion 
are iden-
 On highway systems, trcks arelimited to
 
tified. 


around 40 tons. In situations where private roads
 

can be constructed specifically for the transpor-

OAL DELIVERY 


tation of coal from the mine to the power plant,
 

Coal deliveries overland to the 	 "Off Highway" trucks capable of hauling loads up topln. site 136 tonnes (150 tons) can be utilized. As stated
receiving station may be by wy of truck, overland ca-,1ier, trijc's are energy intensive and the fuel 
belt conveyor, unit train, 
or any combination. The 
 costs are very sensitive to the length of the haul.
 
delivery mode used depends 
on such factors as plant In 
areas 
where low labor rates prevail this can
 
location, distance from the mine to plant, daily offset the impact of the fuel costs.
 
"burn rate" under full-load conditions, available 
coal-yard acreage, and the relative costs of the 
 It should be mentioned that coal slurry pipe
competing transportation modes, lines are also used to transport coal. In addition 

Trucks are generally used in short haul 	
to the pipeline, a slurry preparation plant at themine and a slurry storage facility at the power

applications and are particularly suited where 
 the plant is required. The product is dewatered and
 
power plant is located at the mine mouth. Compared stored dry. Economics favor slurry pipelines when
to railroads, trucks use about four times as much coal has to be transported over significant distan
energy per ton mile. In situations where a good ces. The 437 kilometer (273 mile) long Black Mesa 
road highway system exists, trucks represent the 
 pinmeline runs from northeastern Arizona to southern
minimum snort-term capita' expenditure. Ir the Nevada. Coal is reputed to be delivered for about 
USA, ab'ut 10% of the coal is transport-. by truck, half the cost of shipping by rail. 

Overland belt conveyor systems are also 	 Experience has 
shown in the USA and elsewhere
ideally suited for mine-mouth plants. Overl and that unit trains, more than any other transport
belt conveyors have been used to transport coal up mode, are the most efficient way to haul large 

volumes of coal over distances.
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A typical modern unit coal train comprises 

about 100 cars, plus three to five locomotives,
 

with each car carrying 89.3 tonnes (10U tons) of 


coal. This 893U tonnes (10,0U0 tons) train con-


tinually operates back and forth between the source 

of coal and the generating plant remaining as a 


unit and operated as a shuttle, 


The average unit coal train is over a mile 


long. Therefore, enough track must be provided at 


the plant site to allow both loaded and empty 


trains to remain clear of the main rail line, or 


such other interferences as grade crossings, access 


roads, shunt rail lines, etc. 


Generally, a loop track is Jsed to get the 


longest possible track layout in the least space. 


Often, the coal storage and reclaim system and a 


locomotive and car maintenance and repair facility
 
are located inside the loop. In some cases, 


straight track may be used for both loaded and 


empty trains where the right o- way is available 


parallel to the railroad line. 


Lengtn of track around the plant's unloading 

loop establishes the maximum length of the unit 


train that can be handled since the most economical 


operation requires that the train be handled as a 


unit, not separated into sections. 


A train of a hundred 89.3 tonnes (100-ton) 


cars each about 16 metres (53 ft) long plus three 


locomotives will extent a total of about 1700 


metres (5,600 ft) head to tail. 


Such a unit train has a gross weight of about 


13.000 tonnes 115,00 tons). Loops can also be 

designed which require the train to go around the 
loop twice, once to conduct the string of )oaded 

cars clear of the main line and bring the first 

coal car into the unloading station, and the second 

loop to unload the cars in sequence and store the 

empty cars clear of the main line. This can some-


times save a considerable amount of track, as well 


as space, but has the disadvantage of increasing 


track -.ear and train turnaround time. 


System Design
 

The main objectives in the design of a coal

handling bystem are to provide a system which will 

be reliable and maintainable with as simple a 

design as possible, based on a thorough 

understanding of the characteristics of the coal to 

be handled. In addition to these general con

siderations there are other factors to be eva

luated. Systems may be dcsigned to be labor
 

intensive as opposed to capital intensive where low
 

cost labor is available. To the greatest extent
 

possible the country's naturil resources and manu

facturing capabilities should be utilized to mini

mize the expenditure of foreign exchange. The
 

systems provided must be capable of being main

tained consistent with the level of craft skill
 

available locally.
 

In planning a new coal-fired power plant, it
 

is recomnended that the coal-handling facility
 

layout should be developed in the early stages of
 

the.total nower plant planning and closely coor

dinated with the location and orientation of the
 

balance of the plant. For example, in the case of
 

a plant having multiple units, it could be advan

tageous to arrange the entry of plant feed con

veyors in the center of the plant, rather than at
 

the end of the plant. This approach will enable
 

silo feed in both directions simultaneously with
 

less conveying equipment and will improve system
 

availability. Coal handling layouts should be
 

developed with a minimum number of transfer points. 

Coal receiving, stockpiling, reclaiming, and plant
 

feed sub-systems should preferably be arranged for 
"one-way" coal flow pattern to minimize conveying 

distances.
 

A coal-handling system must alsn feature a 

broad redundancy of equipment: in-plant coal

handling facilities; facilities for direct feed; 

emergency temporary storage; active and inactive 

storage; coal-storage reclaim. A coal-handling
 

system can be broken dcvn into five functional sub

systems: (1) receiving/unloading; (2) crushing/
 

screening; (3) direct (live) feeding; (4) storing;
 

(5) stacking, reclaiming.
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Such ancillary operations as coal sampling 

dnd analjsis, dust suppression and collection, fire 

and explosion prevention, and manual and automatic 

controls, are generally superimposed across all 
these basic subsystems. 


The authors' company has designed coal 


handling systems to cover a wide range of fuels 


such as bituminous, subtuminous and lignite.
 

Presented here today are four basic systems, 


shown on Figures 1, 4, 6 and 8, which have been 


used for plants in the USA and overseas. It is not 


implied or construed that these are the only solu-

tions available in the design of a coal handling
 

system. 


Figure 1_- Coal-Handling System 1 

Unit twain cars arriving at the plant site 

proceed to the rail car unloading building. When a 

rotary dump system is employed, the rail cars are 

of the top-dump gondolar type. Alternatively, bot-

tom dump cars which empty directiy over the 

receiving hoppers can be of tihe saw-tooth con-

figuration or the rapid disc;harge bottom-dump type, 

where virtually the entire coal supporting area is 

opened for quick unloading. For purposes of this 

discussion, the latter type of oottom dump car is 

assumed. Whereas we have ,iiy-tioned 89.3 tonnes 


(IO ton) rail cars, cars cf lesser capacity, say 


6.5 tonnes (10 tons), are available.
 

Figure 2 sliows a rotiry car dumper. A 

rotary-dump gondol car has no bottom hoppers or 


side gates for unloading; it is simply a box on 

wheels. To discharge its load at tme unloading 

facility, the car is literally turned upside down. 

To permit this, a rotary-swivel (oupling, rather 

than a conventional interlocking Coupling, is used. 

For rotary-dump unloading, the unloading sta-

tion must have equipment tidat preCisely positions 

each car, holding it locked in position on the 

rails and then rotating it nearly Jpside-down. 

Dumpers are rotated by an electromechanical 
drive. The mechanical portion consists of a gear-

reductiorr drive through either a rack and pinion, 

wire rope on a drum or capstan, or a chain. One or
 

both end rings may be driven. 

A rotation of 140 to 160 degrees usually will
 

empty cars of free-flowing material. Normally a 
dumper is designed to rotate over and back in 30 to 

35 sec.
 

A variety of factors can distort the time
 
required for any of these functions. Under ideal
 

conditions, mild temperatures and dry free-flowing
 

coal, a 100-car-unit train can be unloaded in less
 

than 3-1/2 hours.
 

If conventional interlocking couplings and
 

manual positioning of the car are emrployed, then 
the overall time to unload tee unit train would be 

in the order of 6 hours. Factors to be considered
 

in establishing a unit train size will be 

influenced by the round trip time, unloading time, 

plant burn rate, and the investment required to 

purchase rail cars. 

For bottom-dump unloading, the hatches of the
 

hoppers are opened as the car moves over the 

unloading facility. The hatches can be trip-opened
 

manually or automatically. When the hatches are 

opened, the coal falls through a metal grating 

(grizzly) between the track rails into large coal
 

hoppers.
 

The newest quick-dump, 89.3 toiines (100-ton),
 

hopper car can empty its load in about 15 sec. 

These cars have steep interior slopes with clean
 

lines to minimize areas for coal hangups.
 

Transverse hatches--up to 12 per car, two on each
 

of six hoppers--form the major portion of the bot

tom of the car. When these hatches are automnati

cally thrown open, most of the bottom of the car
 

disappears, in effect, and the coal drops out 
smoothly and quickly. 

When provided with the necessary capacity in 

the receiving hoppers and coal take-away conveyors, 

the entire 89.3 tonnes (100 ton) car unit train can 
be unloaded automatically in about 3 hours. If the 

car bottom dump natches are manually tripped, the 

time required would be greater. 
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The receiving hopper design for bottom 


dumping is similar to that for a rotary car dumper. 


The total depth of pit required is around 18 metres 


(6U feet); subsoil conditions and water table ele
vation can significantly affect costs of these 


underground structures. Bottom dump cars cost more 

and require more maintenance than rotary dump car's. 
During the life of the plant, the rail cars may 
have to be replaced once and tnis fact should be 
considered in any evaluation. However, the imme-
diate offshore capital expenditure would appear to 

be minimized by the use of a bottom dump pit sub-
system. 


As shown on Figure 1, the coal is conveyed 

from the receiviig hoppers under the railroad track 


to the crusher tower. In the event that the 


crusher tower and the conveyors downstream leading 
to the plant silos cannot receive the cnal, provi-


sion is made to stackout the capacity of a unit 
train. A separate conveyor may be used for 
emergency stack out purposes. Under normal cir-

cumstances, coal from the receiving hoppers is sent 

via the crusher tower to replenish the in-plant 


coal silos. The function of tne equipment in the 

crusher tower is to remove tramp-iron via magnetic 
separators before entering the surge bins feeding 


the haminer mills where the coal is crushed to a 
maximum of 1.9 cm x 0 (3/4" x U) lump size. 

Samples of the "as fired" coal for laboratory ana-


lyses are obtained at tnis location. Analyses are 

performed to deternine the heating value and the 
chemical constituents of the coal to assure the 
quality of te coal and to optimize the furnace 

operation. The coal is tnen conveyed via dual belt 

conveyors to the plant. Provisions are made to 
transfer from one belt to another in the event that 


one of the conveyor belts is unav,;lable. For all 


four systems discussed herein, the arrangement from 


tilecrusher tower to 
the coal plant silos is essen-

tially the same. 

When the plant silos are full, the coal is 

discharged to the active pile utilizing a rail 


mounted stacker reclaimer canveyor located on 


concrete beams at gra,. .
 

The active pile usually contains 72 hours of 


storage and is stacked out on both sides of the
 

track. It is available for immediate use hy the
 

plant and can be reclaimed by remote control
 

without the use of mobile equipment. 

Reclaiming is achieved by a boom-mounted
 

bucket wheel which contains a series of scoop

shaped baskets which dig into the pile, scooping uLp
 

loads of coal. The coal then falls from the wheel 
into a surge bin and on to the conveyor belt. The 

machine is capable of stacking out and reclaiming 

over the length of the pile. Coal can be moved to
 
and from the active and inactive pile by mobile 
machinery, as required.
 

The coal-handling system fur the Cross
 
Generating Unit, South Ca-olina, USA, which is
 

based on System 1, is shown in Figure 3.
 

Figure 4 - Coal Handling System 2 

System 2 is similar to System I except for 
the method of stackout and reclaim. As shown on
 

Figure 5, the coal is stacked out by travelling
 

tripper mounted on an overhead conveyor. Coal from 
the active pile falls by gravity into the slots in
 
the bunker' and is then scraped onto conveyor belts
 

by rotary plow feeders which travel the length of 
the active pile. In a multi-unit plant, the slot
 
bunker and travelling tripper length can be 
installed to suit the needs of the initial units 

then extended to meet the needs of the subsequent
 

units. Tuis allows the plant construction costs to 
be tailorcd to the need of the units actually in 
operation. Construction costs of the slot-bunker
 

can be adversely affected by subsoil conditions and
 

high water table elevations. Extensive dust and
 
fire protection services, sump pumps, etc. 
are
 

required in all underground structures particularly
 

when handling fuels prone to spontaneous
 

combustion.
 

The machinery equipment is simple in design
 
and is considered maintainable by even inex
perienced craft labor. The offshore capital expen

diture for System 2 should be less than System I. 
Since dual rotary plow feeders are provided, an 

emergency reclaim system is typically not required. 
The elevated covering is intended to keep rain off 
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the active pile and is only necessdry in areas 


which 	have abundant rainfalls.
 

Figure b -_Coal.-Handling System 3 


System 3 is based upon bottom dump cars 
unloading over a trestle as shown on Figure 7. The 

trestle is about 15 metres (5U feet) high and the 
length is dictated by the size of active pile. On 
an 8 unit 21OU 14 plant in Venezuela, drigned by 
the aUthors' company, the trestle was 5UO metres 

(1640 feet)long. 

Two significant advantages of this system 

are: 


1) 	 Reclaim is above ground, and
 

2) 	 The unit train can be dumped without the
 
trencher reclaimer or yard conveyors being in 


operation, 


Above-ground reclaim as opposed to 


underground reclaim does not require sump pumps, 


ventilation systems, fire protection, and exit 


points for personnel safety.
 

The trencher reclaimer requires a skilled 
operator but is easier to operate than the stacker/ 


reclaimer in System 1. It also requires less main-


tenance since no reversing belts are employed and 


the controls are simpler. The system is niot
man-

power intensive and will require some expenditure 


of capital offshore. However, an above ground 


reclaim system has significant safety advantages
 
over below ground systems, particularly when 


handling fuels with a propensity for dusting and 

prone 	to spontaneous combustion. The additiorial 


transfer towers will add capital and maintenance 


costs to the system. The long drop of coal can
 
create dust problems which may necessitate the use 


of sprayed wetting agents. An emergency reclaim 


facility is provided to supply coal when the 


trencher reclaimer is unavailable, 


Figure 8 - Coal-HandlingSYstem 4 

System 4 also employs trestle unloading and
 

stackout as shown on Figure 9. Reclaim is
 
underground via rotary plows. Both plows feed onto
 

conveyors which, in turn, discharge to a centrally
 
located conveyor taking coal the crusher tower.
 

This system probably has the lowest machinery cost
 
of all systems. I' has low offshore capital expen

diture when compared to the systems requiring
 

either a stacker/reclaimer or trencher reclaimer. 

Subsoil and high water table elevation can
 
significantly impact the cost of underground stV-uc
tures. The underground strurture will require all 

the previously mentioned services.
 

Silo Uesign
 

All of the systems described are designed to
 

deliver coal to the in-plant sils. The plant
 

silos normally hold enough coal to keep the plant
 

operating at 100%,load for at 
least twelve hours.
 

The system used to deliver coal to the pulverizer
 
is shown on Figure 10.
 

The coal leaves the silo primarily under gra
vity flow, usually through a coal valve and
 

downspout and into a belt type feeder. 
 The feeder
 
controls the rate of flow of coal 
into the
 

pulverizer, and thereby is the key element in
 

controlling the firing rate of the boiler. 
 Coal
 
leaving the feider passes through a transition to
 

the pulverizer via the inlet pipe.
 

One of the major considerations when dealing
 

with low-grade fuels which tend to have 
a dispro
portionate quantity of fines is the design of the
 

silo.
 

In the U.S., the National Fire Protection
 

Association (NFPA) has mandated that coal 
 silos
 

will be designed on the mass flow principle. Mass
 

flow means that the coal which enters the silo
 

first will leave the silo first.
 

In the past, little attention was paid to the 
flowability of material, and the slope for bunker 
and silo walls was around 55 to 60 degrees.
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Storing low-grade fuels with high surface 


moisture and clay content in these s;los has 


resulted in "funnel flow" as opposed to "mass flow" 
as shown in Figure !I. 


In essence, coal stuck to the sides of the 

silos, and the last coal in was the first coal out. 

Since the sable content of the silos was reduced, 


coal had to be fed to the silos more frequently. 
Coal supply to the feeders was often interrupted 

due to the intermittent nature of the flow, causing 

operational problems. The most serious problem of 
all was that the static coal ignited, 

For these reasons it is important for, any new 

fuels, particularly lignite, that flowability tests 


be carried out to determine proper silo angle and
 

optimum size of the silo outlet. 

On a recent project burning lignite, with 33% 


average moisture, in which the authors were 


involved, a 78 degree angle and a 91.4 cm (36 


inch) opening were required to ensure mass flow in 

the silo. The silo hopper sections were lined with 

stainless steel and all corners were curved and 
smoothed. 

All silos should be provided with connections
 

that allow the coal to be emptied via temporary 

chutes to trucks in an emergency situation. In 

operrtion, it may be necessary to store less than 

the silo design capacity to lessen the possibility 


of fire. All hoppers and bins used in the coal
handling system should be designed to ensure mass 


flow. 


COAL STORAGE SAFETY CONSIDERATION 


Normally, inactive storage requirements are
 

governed by the reliability of the coal supply and 

transportati on system.
 

Provision to store from 60 to 120 day supply
 

of coal is generally made in the plant design. In
 

recent years, due to the large capital investment
 

in maintaining such huge reserves, many utilities
 

In the USA have been endeavoring to reduce these
 

quantitips to around 45 days.
 

Minimizing the inactive storage could be a
 

significant safety consideration when storing fuels
 

prone to spontaneous clnbustion. Inactive storage 
piles are generally formed in layers around 12 

inches deep up to a height of about 40 feet.
 

The pac;fed eensity is carefully controlled to
 
preclu :, voids. By reducing the supply of oxygen, 

the potential for spontaneous combustion and the
 

resultant fires is reduced. Goee-ally, crusting 
agents are applied to the pile to minimize dusting 

and weathering of the coal. Weathering of the 
coal, particularly lignitic fuels, can degrade the 
heating value of the fuels. Coal piles are 

generally inspected fo, "hot-spots" on a daily
 
basis. Hot coals are removed by mobile equipment 

and spread on the ground to cool.
 

It is important in the design of the coal 

handling system that every effort should be made to
 
detect fires and prevent the generation of dust.
 

Fire protection and dust control measures must be 
provided as necessary, particularly in underground 

reclaim facilities and other enclosed structures,
 

and maintained in working order throughout the life
 

of the plant. All measures to facilitate good
 
housekeeping, such as vashdown systems and heavy

duty systems should be provided. 

In spite of all the provisions made in the 

design, successful and safe operation will depend
 

on the vigilance, discipline, and training of tne
 

operating personnel.
 

We trust that the views offered in this paper
 

will be of value in the successful and safe opera

tion of the coal-handling system chosen for the 
Lahkra project.
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ABSTRACT 


Lakhra coal is a lignite mined in Pakistan 
that is characterized by a high ash, high moisture, 

and high sulfur otitent. This lignite is unique 
because of its unusualIy high iron pyrite content, 
Most lignites in the United States are not 
especially amenable to convent ional methods of coal 
cleaning, such as heavy iertia washing, because tle 
specific gravity ot their .iah is not much higher 
than that of the lignite itself. The coal 

particles are normally so large that much of the 
ash and iron pyrites are still attached to the 
coal. It has been suggested that. heavy rcedia 
washing of the Lakhra coat, using a specific 

gravity of 1.6-1.8, will remove part of thP sulfur 
and ash. lowever, this process probably would not 
he cost effective, 


One alternative would be to blend the lignite 
with an importrd bituminous col as a leans of 
lowering the ash and sulfur content. If a 
bituminous coal with l-percent sulfur ,ere blended 
with an equal amount of a 6-percent sulfur lignite, 

the sulfur content of the mimttnre would still be 
3.5 percent. This would raise the heating value of 

the mixture by 42 percent as well as lowering the 

ash content by 30 percent. The imported coal would 
cost abotut $60/mt. In addition, tile two coals 

would have to be blended very well because 


improperly mixing the 
 lignite vitb bituminous coal 

would increase the probability of spontaneous 


combustion, 


One of the new cleaning technologies provides 

another alternative. Electrostatic cleaning has 
been used to clean high sulfur bituminous coal. It 
is a dry method and will clean coal with a top 
particle size of 400 mesh Rev:ause of the iLgh 
sulfur in tile Lakhra lignite, it is thought that 
this method can usedbe i.it h good results. 
Advanced Energy Dynamics, Inc. has improved th--
method so that the small particles can be handled 
without an 
appreciable loss in combustibles. 

INTRODUCTION
 

Lakhra coal is the indigenous coal resource of
 
Pakistan. It is a lignite bordering on a sub

bituminous C coal ( ) 
Lignites' are geologically the 

youngest coal. They are characterized by a high 
moisture content and a low heating value. They are 
a very reactive coal. It takes less energy to 
release their volatile content than for higher rank 
coals. The volatiles that are released have lower 
boiling points and therefore are more volatile. 

The high moisture content and volatiles are 
released very rapidly when introduced into the high 
temperature of a flame. This causes the coal 
particle, o burst into many pieces, increasing the 

surface area and the reactivity of the lignite. 

Because of Lakhra lignite's high ash and high 
sulfur content, 
 it would be most helpful to 
beneficiate Lakhra lignite to reduce maintenance 

and reduce emissions. The sulfur and ash in Lakhra 
coal should be reduced. If the ash can be reduced 
by one-half by cleaning, the impact on the boiler 
and auxiliaries will be much less. Sulfur is the 
major caise of boiler corrosion, and buth sulfur 
and ash cause serious slagging, problems. Sulfur 

emissions are also a severe threat to the 

environment. 

Lignites are not 
 easily beneficiated by
 
conventional ways. The following is an excerpt 

from a UniverEity Northof Dakota Energy Research
 

Center (IINDERC) report 
 on the washability data of 
) western coals~z


"Washability curves produced from coal washing 

datd suggest that float yields are related to rank 
of the samples. All samples produced minimal 
amounts of float fraction at 1.3 specific gravity. 

Differences 
 in float yields, however, became 
obvious at 1.4 specific gravity. The flagel and 
Beulah-Zap Iignites produce only 17 and 
cumulative weight pelcent of float, respectively, 

at this density, the sub-bituminous coals produced 
74 to 86-percent float, and the bituminous coals 
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produced from 91- to 92-percent float. 


Approximately 90 cumulative weight percent of the 


lignites floated at 1.6 specific gravity, whereas
 

nearly 100-percent (by weight) of the higher-rank 

coals floated at 1.6 specific gravity." 

Figure 1 and 'Fables I and 2 show the 

washability data for the coals mentioned above, 

derived from samples ground to a 65 mesh (0.21mm) 

top size. Conventional coal washing, even for 


level 4 or 5 cleaning, uses coal sizes of 3-inch x 

1/4-inch and 1/4-inch x 28 mesh (0.59rm-) ( 
3 t . This 

size does not allow as good ash and sulfur removal 

ai carbon recovery as the smaller particle size. 

LAKIIRA LIGNITE 

Low rank coals are more susceptible to 

spontaneous combustion than higher ranked coals. 

Lakhra lignite in particular is vunerable to 

spontaneous combustion because of its high iron 

pyrite content. Extreme care should be taken when
 

storing Lakhra lignite. 


Float'-sink studies to determine washability 

characteristics were done in a 1981 study by Japan 

International Cooperation Agency (JICA). ( t) 

Results of that study (Table 3) show the difference 

between I. and 1 .11 specific gravity for ash 

reanova I, cal ori1 ic value, and percent yield, 

Table It shows solfur content and removal rate at 

1.8 specific gravity. In the JICA tests 10 samples 

were taken from the core samples. Float and sink 

tests were carried out on the 10 samples at 1.30, 

1.35, 1.40, 1.50, 1.60, and 1.80 specific gravity. 

The raw coal a:h content for the washability tests 

fluctuated from 9.41 to 33.69 percent. After the 

review of the specific gravity of the coal portion, 

it was clear in general that the intermediate 

fractions between 1.3 arid 1.6 were more corrmiion in 

the raw coal. It. would be difficult to benefictate 

the raw coal wi.h a medi um having a specific 

gravity lower than 1.6. This float-sink test was 

made with 10nm top size coal. A commercial washing 

plant would use, larger coal and the recovery rate 

and ash re oval rate would not be as good as shown 

it this study. 

(,onventonrial coal washing, being a wet method, 

requires the coil to bc dried. The coct of (trying 

would hive to le accoulted for. This cost would 

lepeorl (in the cost uf fuel for the drier . It 

review of the ,ICA dat a others have tondIItIrted their 
own washahllity sttlies; they cotic luded that 

conventional coal washing would not produce enough
 

benefits to offset the carbon loss.
 

COAL BLENDING
 

At. alternate way to reduce the ash and sulfur 

in Lalkhra lignite sisto bled it with a low sulfur, 

low ash, bituminous coal. This coal would have to 

be imported. For example, blending an Australian 

coal (4) with 11,500 Btu/lb (6389 k Cal/kg) ;itd 1.0 

percent sulfur with lakhra lignite with 68.30 Bu/lb 

(3794 k Ca) ikg) and 5. 88-percent sulfur, 

3.88-pounds of Airstrali an coal would be needed per 

1.0 pound f Lakhra lignite to reduce the sulfur to 

2.0 percent. This wou Id cost approx ilrIaLe I y 

$41.61/ton of bleitded produc':.. It would increase 

the heat content of tile mixture to 10,543 litu/ilb 

(5857 k Cal/kg) and decrease the ash percentage to 

15 percent. The blended prioduct will cost $1. 79/mm 

Btu and the Austral tan coal w) II cost $I . b/sni filto. 

ADVANCED COAL CLEANING NH HOD - EI.ECTRoTt'AI11 

PROCESS 

Advanced Energy Dynanics, is(. (AEID) II.. 

developed an ultr.,fine coal (IFCl dry vltLtrstatti 

cleaning process that could be used to buet ir ate 

Lakhra I1tgij Le. The I!YC procS!,, .1 ,11 ( i Ii, ruig 

method, would eliminate the cost t trylilg the coal 

that would be ctecessary for a htiav,! sril i ,,ishilg 

method. It can he used to ir,i I',l r, Zibest ul. 
tcoal where 20- to O-percent of tn Iit- Is snht I I 

than 4O mesit 137ii tron ,). AlI) 1,,s ,.vt ri olie test 

data on a 1-ton/hr (I-TiIl) siigle init d ui lill

demonstrating a I-'TPHI mult istage uii .a p.Iit oh a 

U.S. Department of Erergy .i'lvanted til e ittatig 

project. o provide a -t- t,, J-),r(,rit ash piodutt 

front a 10- to 20- perctrt ash toal , AiD has data 

for several coals that slow "5-t,.r(e nt carbon 

recovery. 

The AIEDU!FC process was used to bentfficiate a 

ROM Ili)vet ized l,akhra I ignite with the results 

shown in Table 5. 

I'he sit! hr ditti trid I t :.,.,.vcrv :rIati is1 nt 

a tisori i s rS) I d. !h'-, S.itp],, tts not ideal, it 

was pttlvtril..l and ,'ot litrrl itt .- hrrtteI itt a set 

crril itihlt Sr thvr,- wats )rotl v ('tt, ! rlbe 

I.lie price it Attytralii coal is pro oly hligher 
than the Ii itres I haye shtost here. Thi,. t ri-

StrtiCtutre Iros Quasits to .litshlrt is tI not ill piattIto hantIle the aIritt i t'oa) th,it woull bie needed. 

222
 



oxidation of the coal and sulfur. The 
amount of and a. significantly lower ash (12.64 percent 

oxidation was, not determined.. In view of the vs 31.53 percent) than the run of mine coal.
 

amount of ash reduction and Btu enhancement of this
 

.sample, further testing should be done on a much REFERENCES
 
llarger and better prepared sample. This sample was 1. Japan International Cooperation Agency,
 

only recycled twice. It was projected that with Feasibilit Report for Lakhra Coal Mining and
 

* five recycles, 87- to 92-percent ash reduction 
 Power Station Project, February 1981.
 

could be achieved. One attractive feature of this
 

cleaning method is that it can be placed between 
 2. David J. Brown et al, Washability Data Base of 
the pulverizer and the burners. I' This would Very Fine"Wp'e'rn Coals, University of North
 

* eliminate a separate coal washing plant. 
 Dakota Energy Research Center, Society of
 

Mining Engineers of AIME annual meeting, New
 
CONCLUSIONS 
 York, New York, February 24-28, 1985.
 

Lignite is difficult to clean by conventional 

heavy media washing. Lakhra lignite is more 3. 
 Hutton, Cynthia A. et al, Cleaning Up Coal - A 
susceptible to spontaneous combustion than lower Study of Coal Cleaning and the Use of Cleaned
 

sulfur lilnites. 
 Coal, an INFORM book, Ballinger Publishing 
Coal bl'.ading 
is one way of reducing ash and Company, Cambridge, Massachusetts, Page 112. 

sulftr, but imported coal would have to be used. 

The advanced cleaning method using an 4. Coal Weekly International, :McOraw-Hill, Inc.,
 

electrostatic process looks promising, but Vol. 6 No. 48, December 4, 1985, 
 Page 5.
 

additional tests should be run on a better and much
 

larger sample. 
 ACKNOWLEDGEMENTS
 

David Brown and M. L. Jones, University of North
 

If 72 percent of the combustible product was 
 Dakota Research Center, for furnishing test data on
 
recovered 
which had a higher heating value of beneficiation of coals of different rank.
 

10,903 Btu/lb (6057 k Cal/kg) the total heat
 

content recovered would be 7850 Btu/lb (4361 Mr. Albert W. Deurbrouck, U.S. Department of Energy 

k Cal/kg). The feed had a heat content of 7789 and Mr. Douglas Huber, The John T. Boyd Co., for 

Btu/lb (4327 k Cal/kg). This could probably be furnishing a sample of Pakistan lignite. 

improved if a fresh sample was used. The reduction
 

in ash alone would be reason 
 enough for further Mr. Stanley R. Rich and D. E. Heyburn of Advanced 

investigation. Thus, the cleaned product has a Energy Dynamics, Inc. for beneficiating the
 

slightly higher HHV, 7850 Btu/Ib (4361 k Cal/kS), Pakistan lignite.
 

TABLE I
 

RAW COAL DATA 

(65 MESH x 0 TOP SIZE) 

Total Pyritic 
Coal Rank. Ash () Sulfur (%) Sulfur ) Btu/b 

Hagel Bed,
 
McLean Co., ND Lignite 6,8 0.6 0.01 
 9,907
 

Beulah-Zap Bed Lignite,
 
Oliver Co., ND Lignite 8.5 1.0 0.11 10,031
 

Wyodak-Anderson Seam,
 
Campbell Co,, WY Subbit. 5.1 0.4 0.01 11,058
 

Lower Deadman Seam,
 
Sweetwater Co., WY Subbit. 8.5 0.7, 0.07 11,810
 

lied78, Bottom, High Vol.,
 
Carbon Co., WY C Bit. 4.5 0.9 
 0.10 11,895
 

FF Bed, High Vol.
 
RioBlanco Co., CO 
 B Bit. 3.7 0.3 0.05 12,178
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TABLE 2 

WASHlABILITY DATA OF SELECIED WESTERN COALS
 
(65 HESI X 0 TOP SIZE) 

-- _ Direct 
 Cumulative
 
Total 
 Total 

Ash Sulfur Sulfur
Coal Product Wt. 
 % - -%- Btu/lb Wt.% Asbh A Btu/Ib
 

fagel Bed, 
 F - 1.30 
 2.6 3.8 0.6 11,349 2.6
McLean Co., ND 3.8 0.6 11,349
1.30 - 1.40 14.6 
 4.8 0.8 10,620 17.2 
 4.7 0.8 10,730
1.40 - 1.60 79.3 6.8 0.6 9,533 96.5 5.8 0.6 
 9,746
S - 1.60 3.6 53.5 4.6 4,213 100.0 
 7.5 0.8 9,557
 

Beulah-Zap Bed, 
 F - 1.30 3.4 5.3 0.8 
 10,848 3.4 5.3 0.8 
 10,848
Oliver Co., ND 1.30  1.40 30.2 7.0 0.8 10,396 33.6 
 6.8 0.8 10,442
1.40 - 1.60 58.2 9.8 0.9 9,782 91.7 
 8.5 0.9 10,034
S - 1.60 8.3 62.2 4.6 
 3,236 100.0 13.1 
 1.2 9,470
 

Wyodak-Anderson 
 F - 1.30 0.5 4.0 (1.4 x 0 5 4.0 0.4Seami, Campbell 1.30 - 1.40 x
85.4 4.4 0.4 
 10.942 85.9
Co., 4.4 0.4 10,878
WY 1.40 - 1.60 
 12.5 7.6 0.5 10,374 98.4 4.8 0.4 
 10,814


S - 1.60 1.6 57.8 3.2 
 3.313 100.0 1j.6 
 0.5 10,694 

Bed 78 Bottom, F - 1.30 4.0 2.5 0.6 12,946 4.0 2.5 0.6
Carbon Co., 12,946
WY 1.30 - 1.40 86.9 3.1 0.7 12,230 90.9 
 3.1 0.7 12,262
1.40 - 6.9
1.60 20.1 1.2 9,676 97.8 
 4.3 0.7 12,079

S - 1.60 2.1 47.6 9.4 
 5,096 100.0 5.2 
 0.9 11,920 

Lower Leadmaii F - 1.30 1.6 3.8 (1.5 12,951 1.6 
 3.8 0.5 12,951Seam, Sweetwater 1.30 
- 1.40 72.8 4.3 0.6 
 12,022 74.4
Co., WY 1.40 
4.3 0.5 12,042
- 1.60 15.3 14.1 0.5 10,651 89.7 
 6.0 0.6 11,805
S  1.60 10.3 65.1 2.6 3,394 100.0 12.1 
 0.8 10,938 

FF Bed, F - 1.30 0.3 1.6 0.4 X 0.3 1.6 0.4RioBlanco Co., CO 1.30 - 1.40 X91.7 2.7 0.3 11,769 92.0 2.7 (.:1 
 11,734

1.40 
- 1.60 6.8 11.8 0.5 11,117 98.8 
 3.3 0.3 11,692
S - 1.60 1.2 65.0 10.7 
 3,427 100.0 4.1 
 0.4 11,591
 

X = Insufficient sample for analysis. 

TABLE 3
 

COMPARISON OF SEPARATION
 

Specific gravity of separation medium 1.8*
1.6 

Raw coal ash 
 19.7 
 19.7
Clean coal ash 
 9.2 

Calorific value (Clean) kcal/kg 

12.0 
6,556 
 6,293
 

(dry basi3) (dry basis)
Yield 
 73.2 
±0.1 near gravity 

82.2 
12.3 
 7.5
 

*estimated from washability curves
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TABLE 4
 

M'l FUR CONIENT AND REMOVAL RATE 

Sample Total Sulphur % Removal 
Raw Coal Clean Coal* Rate % 

JT 5-1 6.70 3.88 
 42.1
 
JT 7-5 9.50 7.31 23.1
 
JT24-1 13.21 7.30 44.7
 
JT29-7 14.43 8.10 43.9
 
JTIO-4 8.02 
 5.72 28.8
 
JT34-7 10.00 5.86 41.4
 
JT45-1 5.10 3.27 35.9
 
Average 9.57 5.92 38.1
 

*Separatlcn medium with less than 1.8 specific gravity
 

TABLE 5
 

UFC LIST OF CLEANING OF UNWASHED PE-PULVERIZED
 
PAKISTAN LAY-HRA IIGNITE
 

Sulfur -__ 
 Ash______ Combustible
 
Wt% lb/I0 Btu wt% lb/Ia Btu Btu/Ib Kcal/Xg Recovery
 

Feed (Start) 4.35 5.58 31.53 40.48 
 7,789 4,327
 
Cleaned Product 4.02 3.69 12.64 11.59 10,903 6,057 71-72%
 
%Reduction or increase -7.59 -33.9 -59.9 -71.4 +40 140 

0

o0

20-
 LEGEND
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ABSTRACT 


Large volumes of solid wastes will be 

generated by modern coal preparation plants 

and coal-fired 
power plants in 
Pakistan. 

Well-planned and managed disposal 
areas and 


PLANNING FOR ECONOMICAL DISPOSAl OF
 
COAL WASTE PRODUCTS IN PAKISTAN
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systems for 

critical 
to 

operation of 

facilities. 


coal rejects and ash are 
Lhe economic and efficient 
mining and power generating 

This 
 paper focuses on 

innovative methods, which have been used 
for 

economically disposing of wastes 
generated 

during the preparation 
and/or burning of 

coal, and discusses how these methods apply 

to the coal production antl 
power generating 

operations 
 in Pakistan. 
 Methods 
 of 

assessing the 
capital 
and operating costs 

associated 
with these operations 
are also 

presented 
for a variety of 
potential 

disposal methods. 
 Two existing disposal 

sites located 
in geologic 
and topographic

settings similar to 
those found 
in Lakhra 

are described 
to shot; how an 
iniitial 

economic assessment 
was used to select the 

disposal mode, how 
the actual .;posal 

operation has progressed 
and h'w the 
economics of coal production and power 
generation were affected over 
the short- and 

long-term, 


1TPODCT ION 


Data developed from the 
exploration of

coal in Pakistan 
indicate that the 
raw coal 

has a relatively high 
ash content 
on the 

order 
of about 
thirty percent. 
 This hiqh

ash content results 
from impurities in 
the 

coal, 
such as shale, rand, silt, 
clay and 

gypsum. 
 When the raw coal is burned in 
a 


- Geologic Asociates, litc. 
 (a subsidiary of
 

modern power plant, 
the large quantities of
 
ash can result 
in rapid degradation of 
the
 
plant equipment and costly handling of the 
ash throughout the 
 plant system.

Consequently, the construction of a coal 
preparation 
 plant 
 will likely be
 
cost-effective 
 in removing 
 a large
 
percentage of the 
impurities before the coal
 
is burned at the pcwer plant.
 

Typically, 
the rejects from a 
coal
 
preparation plant 
consist of 
coarse refuse
 
(rejects larger 
than a Tyler No. 
28 mesh).
 
Because 
of their relatively high specific
 
gravity, these 
rejects can 
be removed from
 
the lower specific gravity 
coal by using
 
water in a heavy 
media separation system.
 
The 
removal of a significant quantity of the
 
impurities 
in 
the coal preparation plant
 
will reduce the 
ash content of the 
"clean"
 
coal to about 
five to ten percent.
 

Utilization of the wastes generated at
 
coal preparation r.ants and power plants 
is
 
well-documented 
and includes 
the use 
of
 
the.se wastes 
as 
road base, engineered fill
 
for embankment construction and additives 
for concreteM) 
 Unfortunately, because of
 
the relatively large quantities 
of wastes
 
that will be generated, only about 
ten to
 

twenty percent of 
the coal wastes are
typically utilized. 
 The remainder of 
the
 
wastes must 
be disposed.
 

Worldwide, 
there 
are numerous 
cases
 
where poorly designed disposal facilities at
 
coal preparation 
plants and 
prower plants
 
hinder the efficient and economic operations
 
of the facilities. 
 For instance, wastes
 
disposed at 
random and at 
relatively short
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distances from the plant during the early dike or dam. Clarified water from a wet 

phases of its operation may be handling system can be returned to the plant 

cost-effective only in the short-term, as process water after being decanted from 

Photograph I shows a small, deep mining the slurry which has been placed in the 

operation in Lakhra where spoil has been slurry impoundment. 

disposed a short distance from the mine Dry handling systems consist of 

shaft opening. This photograph exemplifies dewatering the waste at the preparation 

on a small scale how such random placereot pl.nt and then trucking or conveying the 

may impede access to other disposal areas, wastes to the disposal site. Water removed 

which may be required durina later phases of from the wi:stes at the plant can be recycled 

the plant and mininq operation. A-" as process water. After being transported 

described in the 'rl lowing sect ions, a hey to the site, the wastes can be spread and 

aspect ef the dosion of a disposal facility compacted into a nron-impounding fill. 

wasteis the selectior of the optinum method for Figure I shows an example of the 

efficiently and economically handling these disposal facilities typically constructed 

wastes, for wet handling and dry handling systems.
 

MODES OF COAL WASTE DISPOSAL CASE 1S1TORTES OF COAL WASTE DISPOSAL SITFSPOTENTIA, 

The potential modes of trinsportation IN TIfF UNITED S'!'ATFS 

of coal wastes froi a plant to a disposal iihsplint Site; Harlan County, KY 

into -:t hand]ng From 1977 to 198(2, tihe Iighsplint Coal area can be divided 

ryscems and dIty handlin s;ystems. Wet Preparation Plant operated a dry ha, dling 

of putmpina a system for coal refrrse produced at thehandling syst ems consist 

waste and water (slurry) mixtrrr from the plant. Specif ically, fine refuise was 

plant to the disposal site. Tho:se slurriel dew-tered in the plant an( mi::ed with the 

wastes can Lo ii:rr;e, witltJir arn impoundro",s COaTm ut' 'hi,. was then.i se. cemb ited re fuse 

created by a (idr or a dike constructed conveyed to a fill wIhere it was spread and 

acrcs a mamrow valI c y or canyon. comnrpatrd with hailldozers. Irocause tire 

i a of coarse capacity in the rn.-i;tino f IlI was nearl.'
Alte .at ively, 1artion the 

d, plans we'-e initiated in lQG1 to
waste!n can be sepaated at tire -.ant or at deplet 

to as de:igin and build a new dispcsal f-cility.th, disposal site servo borrow irk the 

construction of additional stages of the 

C OPEI A' -C1 rN !,A1IN -/HATII., I)Ei.,' ri-;1-'I 
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ML1 OF -%SH.rOAftS9 qKFU91.AWDOfOt 
OIUATtato rima nErusc 

EXIStIIte ORLIVI SU "Act (TypI 

CROSS - SECTION OF WASTE 
DISPOSAL FACILITY FOR DRY 
WASTE HANDLING SYSTEM 

STARTER CAM 

CROSS-SECTION OF WASTE DISPOSAL FACILITY 
FOR WET WASTE HANDLING SYSTEM 

FIGURE I 
TYPICAL DISPOSAL FACILITIES FOR WASTES GENERATED DURING 
THE PROCESSING AND BURNING OF COAL 

A cost study was performed for both a less maintenance of the road 
new dry handling facility and a new wet around the plant and of the road
 
handling system. Generally, the cost study 
 from the refu-3e conveyor to the
 
indicated that the capital costs associated refuse area,
 

with a wet handling system were nearly 
identical to those of a dry handling system. 
 - substantial reductLon of the 
However, the study showed that based on equipment required to spread and 
operating costs, approximately $1 .00 (U.S.) compact the refuse, 
for every ton of clean coal produced at the 
plant (i.e., the plant produces - reduced cleanup costs at the 
approximately 1,000,000 tons 1907,029 metric plant. 

tons] of clean coal per year) could b:esaved 
with a wet handling system as compared to Based on the results of the study, thecost 

the dry handling system. Such a cost facility was converted to a wet handling 
savings could be realized due to: systcm. A starter dam was constructed and 

the fine refuse slurry was pumped to the new 
- elimination of the dewptering impeundment for disposal. The coarse refuse 

system in the plant, was used to builhd additional st tr'es cf the 

(am. .in-ec the wet hadidlng system became 
- reduced maintenance cost on the nperational in 1982, the coal company has 

refuse conveyor including belting, actually saved an estimated $1.50 (U.S.) per
 
machinery and cleanup costs, ton of clean coal compared to
as the
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(a11100z O " :"' ... S*. ifi~FINE " ruum o,'iarrurEW KMN rPico~ars 

000 liuT /.. rTD'iCALI 10 " " "r :

(4064.04) 31,10 .C'(ON S{I ..) .......
 Of 

FIGURE 2 S' AT,Ohl ?ioTE: XtUERsIN PARErHEIS ARE 
CROSS -SECTION OF HIGHSPLINT COAL WASTE lIPOUNDMENT MEASU,5:EIf.1TS (5 MElrst. 

previous costs assuciated with operating a $l0,000,0On0 (U.S.) greater for the we~t
dry handling system. handJ jog system than for thle dr-y handling

]A key to the safe construction of the system. When amort .zed over the 30-year
iighsp] i t Pefuse Impoundment is the use of life of he. faci1lity, he dry handling

syn' etic wick drains for dewatrng the system proved to the .ore econica[ system.
fine refuse. Pe'cause of the terrain in the The ne:w di~spsa] site was desigooed to 
area of the plant, the facilIity bad to be he sqituate-d adjacent to the previous refuse 
hb ilt by t be ups t roam method. As' s hown on piIe . The fire 'e fuse wi 1l coott flue to be
F'jgure 2, during u~pstrea.m cons truct on, the dewaterect i,o he plant and mixed wi.tol the
latr stages of the, fa(ilitv ,-re 70onst ruc ted coarse refuse. The comabined re fuse wi}l be
using coarse re fuse, which .t pinaced c'onveyed, to an ,-xist incj refuse bin where it 
upstream ci the previoustuge. will be loaded on trucks and transported toConsequetly, the he,(r aulical Iy placed fine the new .mi,'. 'e[he combined nrefuse will also
refuse becomes a pa t of the foundation for conti nue to be spread and ec, mpacted ae the
tile darn. The svyn',tetic wick drain., allow new disposal -nite using bulldozers.
 
dissipation 
 of excess pore, pressures
(dewate, inq) of tihe fi ne refuse as the P)OTENTIAL COAl, WASTE DISPOSAL TN IHE ,AIIIRA 
coarse refu. is placed ov'er the fre refuse ARIEA
 
throuqho~ut the' Lconstruct ion dlam (21  
of the General
 

(larion Site; Miarion 
Conty_ West In the developnment of the Lakhra area
 
Virginia 
 in Pakistan, it is likely that a coalThe Marion Pre~para tion Plant has preparation plant and a coal- fired power
operated as a dry handling system for plant wil hIe situated adjacent to the
several years. In 1984, plans were made for Lakhra coal field. This is a_ desirable 
designi no a new di sposal site because arranqemnent because wastes producmed at the 
capacity in the exist ing facilIity was nearly preparation plant nd the power plant. can
depept-ed. A cost study intli cat ed that be co-mingled end disposed in a comnmon
approximately sn.30 (U.S.) per ton of clean disposal area. The actual mode of handling
coal could he sa-ed by operatingI a wet and disposing the wastes should be
handlinq system as compared to a dry determined based on a cost assessment as 
handling system, Hlowever, the capi ' . ts previously described. 
for the wet handling system would be :, 
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CANYONS WITHIN AND ADJACENT TO THE LAKHRA COAL FIELD
 

As shown by Photograph 2, several 
canyons are located within and edjacent to
the L-3khra coal field. Most of these 
canyons will be 
suitable for disposal sites 

built from either wet handled wastes 
or dry

handled wastes. Presented in the following 
sections are two potential options for the 
coal waste disposal system in Lakhra. 


Potential Dry Hal _gS. stem 
Onle option for the Lakhra Coal Waste 

Disposal Facil~ity consists of dry handlingof the ash in the power plant and dewatering 


of the fine refuse and 
coarse refuse in the
preparation 
plant. From 
each of 
the 

respective plants, the wastes could be 
conveyed 
to a central location. 
 From there,
the ash, fine refuse and coarse refuse could 
be transported along a single conveyor to 

discharge 
 into the selected canyon. At thedisposal site, the waste from the conveyor 

could be discharged 
 over tho edge of the 
canyon, and 
the bulldozers could be used to
spread and compact the w,ste. 
 As a portion

of the canyon is filled with waste, the 
conveyor could be 
extended to 
discharge into 

an adjacent section of the canyon.

One advantage of the dry handling
system ir that water can be removed in the 
dewatering system at the plant and then 
recycled, thereby reducing the amount of 

operating water the plant will require.
 
Also, dry handled wastes- are 
more conducive 
to resource recovery (util[ization) than are 
wet handled wastes. 
 onle disadvantage with
 
the dry handling system is that 
a relatively

large capital investment. will be required to 
construct the extensive conveyor system 
and/or haul roads. 
 Some of the 
capital and
operating costs that will have to be 
estimated in the cost assessment of a dry 
handling system will include: 

- thickener, including 
flocculent
 

css
 
- dewatering 
 equipment (vacuum, 

filter, belt filter, 
filter press,
 

etc.) ,
 
- transportation 
 system (conveyors 

and/or trucks),
 

-
-

a c s 
labor, 

n al 

eq i m n fo 

cmatn h 
watsiepprton
 

prcs wae 

rccigsses 

Wet. Handlipaf__SL 
Another 

r a s 

sp 

ats 

ad g a d 

aquito an 

option for handling the wastes 
from a potential. power plant and preparation 
plant in Lakhra. would consist- of 
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constructing a pipeline from the nearby 


Tndus River to the power plant and the 

preparation plant. Coarse refuse from the 

prtonration plant can be crushed and mixed 

with 	the fine refuse and the ash. The waste 


mi::ture can then he slurried and pumped to 

one 	of the selected canyons for dispcsal.
 

Prier to heginniig of waste disposal, a 

relatively small starter dam would have to 

be built at the mouth of tho canyon. The 

waste could then he discharged upstream of 


the starter dan'. The coarser wcstes will 


then settle near the dam, and the fine 

wastes will settle near the rear of the 


canyon. The settled cnare waste could then 

be used as borrow t-o build additional staqes 

of the dam to prcvide additional disposal 

capacity for the slurrie'd waste throughout 


the life of the plant. tWater from the 

impoundment could either he discharged or 

returned to the plant for processing. If 

properly constructed, the impoundment can 

also be used to store rain runoff from the 

short rain seanon to aid in the plant 

operati on. 

Some 	 of the capital and operating costs 

which %.ill have to be estimated in the cost
 

assessment of a wet handling system include: 

- starter darn and decant system, 

- pumping system from the Irdus 

kiver to the plants and from the 

plants to the disp,-s'a canyon, 

- access and haul roads, 

- crushing equipment for the coarse 
refuse, 

- labor, 

- equipment for rehand ] ing the 

coarse waste at the disposal site 

and using it to build additional 

stages of the dam, 

- waste site preparation, 

- process watei rcocvlinn. 

Selection of Waste.Uandlinc; System 

In our opinion, either of the above 

options would be feasible. The seloction of 

the preferred disposal mode should h), based 

on a detailed cost as:;cssment of Ihe various 

options. As a miinimum, each op tion shou]e 

provide disposal capacity for the life of
 

the facilities. Also, each option should be
 

constructed in a safe and environmentally 

acceptable manner. The facility which meets
 

these requirements and has the lowest costs
 

should be selected as the disposal mode.
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ABSTRACT 


Because the activities associated with coal 


utilization are diverse, annly';is of their environ-


mental impacts must consider all ,nvironmental 


media, ircluding land, air, water, biological, and 


cultural resources. Major impcts; on each of these 


media 	are discussed relative to 
coal mining, prepa-

ration, transportation, and 
use. Their relevance to 

Pakistan's regulatory apparatus and environment is 


then summarized, citing the Lakhra devlopment as 
an 


example. 


INTRODUCTION 


We have been asked to use 
our few minutes to 

provide an 
overview of the environmental considers-


tions associated with the development and use of 

coal resources. In order 
to do this, it is helpful 


to recognize that the several components of the coal 

utilization process have their own 
and sometimes 


unique impacts on their surroundings. Surface mines 


have different impacts, for example, than do under-


ground mines, and both exert 
difterent environmental 
influenrces than does transportation of their 

product. For purposes of this discussion, there-


fore, 	we have segmented the process into the
 

following divisions:
 
MiningBiolo-

Surface 


Underground
 

Beneficiation 


Transportation 


Truck 


Rail 


Barge 


Pipeline 


Industrial Burning 


Conversion 


Gasification 


Liquefaction

Ex o tConversion
 

Similarly, when we discuss environmental 


impacts, we must recognize that the term 


"environment" includes everything 
around us, and 
it
 

is helpful to consider components of this totality
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and
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individually. 
For present purposes, we have elected
 

to define these segments broadly as (1) biological
 

resources, (2) land resources (land use), (3) water
 

resources (ground water as well 
as surface water),
 

(4) air resoureq, and (5) cultural 
resources
 

(historical, traditional values, quality of 
life,
 

etc.).
 

In the following presentation, we will attempt
 

to relate each of these 
rerource categories to each
 

of the coal utilization components in order 
to
 

conceptualize the environmenLal 
concerns that should
 

be considered in an orderly and constructive manner. 
The major relationships are summarized in Table 1, 

which 	provides broadly generalized evaluations.
 

Each of these will be discussed in closer detail
 

below. The relative kragnitudes of impacts
 

associated with each activity will 
be examined, and
 

certain approaches to impact mitigation will be
 

considered. Finally, 
we will attempt to relate some
 

of these generalizations to coal development 
in
 

Pahistan.
 

Table 	1. Summary of Resource Categories Potentially
Impacted by Coal Utilization Activities. 
 X - Poten
tial Impact; 6 = Potential Major Impact. 

B 


Activity gical 


Mining
 

Surfhce 
 a 

Underground X 

Beneficiation 
 X 


Transportation
 

Truck 
 X 

Railroad X

Barge 
 -

Pipeline X 


Industrial Burning M 


Gasification 
 X 


Liquifaction X 


Export 
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Resource Category
 

Land Water Air Cultural
 

6 H X a 
X a X X 

X a X X 

X - X U 
X - X M 

- -

R a - X 

X 1 U K 

1 	 9 a X 
H [a X 
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LAND RESOURCE IHPACTS 
 normal productivity of the 
area is lowered even
 
Impacts on land 
use can result directly 1rom 
 beyond the boundaries of the mined area proper.
 

coal utilization activities, or they may be 
 After the coal is removed from the site,
 
secondary results of air 
or Water pollutionl 
 surface mines may generally be "reclaimed" and
 
(Figure 1). This discussion concerns only direct 
 returned to a desirable productive state, but this
 

land use impacts. Furthermore, it should be
 may generally be accomplished only if a well
 
understood that tliedegrc of impact associated with 
 designed reclamation plan was followed trOM the
 
any industrial activity varies according to the
 outset ot miniog activity. Topsoil must be
 
characteristics of the region 
in which it occurs. carefully saved, and must be properly replaced on
 
NiniM 
 fill material. The fill material itself must be
Direct impacts of smining on land use are selected and placed 
so it will
generaily very direct ad restricted to the local 

not affect ground
 
water quality, compact and 
slump, or 
allow fine
mie area. mpact are generally associated with topsoil particles to migrate through 
it. The land
 

mechanical alterations, such as habitat 
removal, 
 must be graded approriately forits future uses,
 
erosion, floodplain change.,, blasting effects, or 
 and to prewnt subsequent erosion. The area muet be
 
subsidence. 


reseeded with appropriate species, and fertilization
Surface mining ipois the most 
obvious changes and irrigation might be necessary to 
provide a
 
in an area, in that it renders the surface area
 healthy beginning to a self-sustaining and
completely unsuitable for previous or alternative developing ecosystem. The proper planning and
 
uses while the mining is underway. execution of reclamation is very complex, and 
can be
 

Since a surface mine is essentially a large difficult 
in fragile ecosystems, but it can often be
 
hole in the ground, the former uses of the surface successfully accomplished. 
area are 
entirely disrupted, whether the site wasA
 Aside from the obvious impacts of mine-mouth.
used for a town, a forest, or as farmland. 

facilities and 
support roads,
Disruption of the land surface, the prima:y land useand the
 impacts of underground mining are associated with
sometimes loud activity associated with surface 
 slimping". Slumping is the collapse of land 
mining, generally decreases use of the surrounding structures caused by the caving in of underground 
area by wildlife as well as by people. Thus, the 

rooms or caverns. Such slumping can damage manmade 

Surface Mine 

Underginund 
Mine Transport 

44 

Beneficlation . 7 

Direct Impact 

indirect impact 

Conversion 
Plant-n r. 

Industrial uming
Facility 

Figure 1. Generalized Land Use Impact Zones Assoctated with Coal Utilization Activities 

Source:ESE.1l0. 
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structures such as 
roads, water and gas pipelines, 

and buildings, 
as well as 
change land drainage 

patterns, river 
flows, end ground water 
fiow 
patterns. 
 Severe and irregulsr slumping can also 
cause difficulties 
in using the land for 

agricultural purposes, 


A major problem associated with slumping 
is 

that it may occur 
long after a mine is closed and 

abandoned, which makes long-term planning 
for 

construction or other uses of 
the land difficult, 

These problems can sometimes be avoided by leaving 

large pillars in place 
as mine roof 
supports, or 
to 

control slumping as the coal is mined, such as in 

longwall mining. 

BeneficistFun 

Direct land use 
impacts associated with coal 


preparation are 
associated primarily with the
 
removal of smalla amount of land irom its former 
uses. This 
land is used for 
the preparation 

factlities themselves, for coal 
storage and waste 

piles, and transportation corridors. 


The visual 
or other impacts of beneficiation 

facilities may, however, 
affect the dsirability of 

surrounding land for other 
uses such as residences. 


Surface transportation of coal 
imposes effects
on the right-of-way of the transportation corridor. 


Roads and railroads 
require the dedicated use of

strips of 
land that can in aggregate comprise very
large acreage. Pipelines may or may not have
 

similar impacts, depending on whether they are 
above
 

or below mainenaceeven a f buried pipeline requiresground, but csericecoridu.BrgeFigure 

maintenance cf 
a service corridor. Barge

transplrtation does not require 
such corridor 


construction unless
Indutria
canals mustBuri~ngThe
be constructed.
 

IndustrialB urn i 


associatedThe direct land
ih snthladorcntuinofcomponents
use effects of burning are 

with using the ofland for construction
the industrial facility, for 
storage of 
fuel coal, 

and for disposal of combustion wastes. 
 The most 

Severe of these is disposal 
of ashes and sludges, 

which can require up to 
several hundreds of acres, 

depending upon disposal practices, type and
the 


amount 
of coal 
burned, pollution control 
equipment,

and the typo of facility. 
Conversion 

Direct land use impacts for 
coal conversion 

facilities are 
approximately the 
same as for 

burning, except that 
the land area required for 

waste disposal may be 
 lessextensive, 


WATER RESOURCE IMPACTS
 

Impacts of coal utilization 
on water resources
 
differ from those on land resources to the extent
 
that pollutants introduced into water systems may be
 
carried substanrial 
distances and 
exert their
 
effects Somewhat distant from the coal 
use activity.
 
Coal utilization 
can affect both water quality and
 
water quantity, and 
it can alter land drainage
 
characteristics and g.-ound 
-ater supplies. A.
 
indication of relative 
impac*.


3 that coal utilination
 
activities exert 
on satrface 
and ,;,round wter
 
resources 
is presentt.d 
in Figure 2.
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Surfaze and2.Impacts of Coal Us. Activities on Surface and 

Groundwator Syutems
mining 

primary impact,; of coal mining on watcr 
relate to the addition of dissolved or suspended
 

to the water system. Particulates are 
contributed 
to 
the water when rain washes through or
 
over piles (f 
tred overburden 
in the case of
 
surface mining. Similarly, waste piles gcnerate
 
dissolved and 
suspended solids 
to the water, often
 
indicated by elevated levels of 
sulfates, calcium,
 
carbonates, and similar iinic contributors 
to water
 
hardness.
 
ad e s
 

A particularly troublesome problem associated
 
with coal mines containing substantial ralounts of
 
pyrite (iron disulfide) is acid mine drainage. 
As
 
the pyrite is exposed and reacts with 
water and air 
it forms sulfuric acid and iron.pH exerts a direct effect 

The resulting low 
on water quality, 
but it
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also enhances conditions for Ehe dissolution of the 


iron 	and other, potentially mure harmful .ttalq, 

such as zinc, nickel, and mtanganeoe, 

In addition to thle direct toiic eft,.ctr that 

low 	 pH and mete I a,: rt ont organ i ;ss in surface 

water ecosystems, some of these metals may be 

concentrated through the ecosvytem's food chain, and 

be ultimately ingestud by higher organis:ns, 

including man. It is poss-ille th.it these materials 

can 	 be sufficiently concentral-ed to exert toxic 

effects on thtse cosmoers; zinc and nickel are, for 

example, known carcinogens, while mercury and 

cadmium can cause severe neurologicsl problems. 

Just as surface water quality i6 ir-pacted by 

such contaminants, so is ground water. Mine water 

and 	 rainwater cn seep into aquifers through soil 

layers, via fractures caused by mining activities, 

or by direct contact with intercepted aquifers. 


Once these materials enter the 4round water, the 

contamination problem may, of course, be very 


persistent. 


Acid rain is not generally a problem in areas 

with alkaline soils, but in such areas, water 

salinity may be greatly i:reased by time leeching of 

sulfates, chlorides, and other soluble ions from 


waste and overburden piles. 


Sedimentation of surface wvaters by runoff and 


erosion at mine sites often has severe secondary 

effects. Heavy sedimentation call smother organisms 


and 	fish eggs living in or on strem and lakt 

bottoms, thereby disrupting the aquatic food chain, 


Even lesser degrees of sedimentation can have 

similar effects if it alters the composition or 

physical characteristics oL the natral sedinenL. 

Flooding also sometimes occurs adjacent to 

mining operations that catse sedimentation of the 

area's surface waters. leavy siltation decreases 


the 	 carrying capacity of streamheds, iw.'rairing their 

ability to carry excess water away. 


Well water supplies can be impaired if a mint 

is located below the water table aiil if 2onditions 

allow seepage of ground water into the mine 

sufficient to lower the wat,-r table. Additionally, 

ii the mine intercepts the aquifer serving the 


wells, it may contribute contaminants, rendering tile 

water unfit for its intenled use. 

Beneficialion 

Coal and waste piles at beneficintion plants 

are capable of contributing to the sane kinds of 

water quality problems as discussed relative to 

mining activities. The quantities involved are 

smaller, however, and are therefore easier to 

contrul by mechanical means. 

Transportat ion 

Transportation of coal by vehicles hs little 

direct effect on water quality, although 

conatruction of roadbeds, loading facilities, etc. 

can cause sedimentation or other problems, 

Coal slurry pipelines, oi the other hand, exert 

a very substantial impact on water resources. In
 

particular, a great deal of water must be used as a 

carrier in an operating pipeline sy-tem, which 

impacts the quantity of water available foc other
 

uses. At the discharge end of the pipelin!, this 

water must be either removed and managed at a 

potentially ptlluting waste, or it must be "burned" 

with the coal. 

Industrial Burning 

Tle 	primary water quality impacts associated
 

with burning coal in major industrial facilities, 

such as power plants, result from the need for large 

amounts of cooling water to carry waste heat froma 

S:he 	 system. This practice has three distinct and 

immediate effects:
 

I. 	 It removes substantial quantities of water
 

from the source water body;
 

2. 	 It introduces potentially massive amounts 

of heat int thoe receiving ':ntr hody; and 
3. 	It damages or killst very large. numbers of 

small organiitsms carried ittthe water 

through tile cooling ';vsttm, or larper 

organisns trappel ag:iin-it prt,,ctive water 

intake strictures, such as rce,ns. 

In systems that recirculate c-)Iing water, 

salts and other water quality compoutrs become 

concentrated, and their discharge could potentially 

impact the quality of receiving waters. Adequate 

control technology for this pollution ,ouirce is 

readily available, howevei. 

Conversion 

The 	 conversion of coail to gaseous or liquid 

fuels consists to a degree of renoving certain 

components of coal from th- final product , including 

sulfur, some hydrocatbuns adrl metals, al, and other 

materials. Depending upon the proces!,.., u:sd, ;o.ne 

or all of these compon,-nts cat, occur it plant 

wastewater, and muqt h,, controlled. Also, raw cal 

and 	waste piles cal contribute to waler (ltality 
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problems just as such storage facilities do at 


beneficiation facilities, 


AIR RESOURCES 


Emissions into the air from coal use activities 


are generally related to dust release or to 


combustion products. Most concern relates to 


combustion products, which are discussed separately 


below, bur .unt is capable of causing substantial 

negative impact in the imnedinte area of release, 

Air quality emissions are sumnmarized in Figure 3. 

Dust is released by virtually every cal 

handling facility, including mines, waste piles, 

bent."iciation and conversion plants, transportation 

facilities (excepting pipelines), stockpiles, 

industrial siteg, and transshipment facilities, 

Dust releases are usually controllable by covering 

the coal, watering it, or by chemically sealing it. 

Combustion 

The primary impact to air quality results from 

burning the coal, whether in q controlled indutrial 

setting, or in unccntrolled or spontaneous fires in 

mines or stockpiles. The primary pollutants 

released include oxides of sulfur, nitrogen, nnd 

carbon; smaller amounts of trace organics, 

hydrocarbons, and radionuclides :.re also emitted, 


Depending upon local meteorological conditions, 


these materials may either be carried long distances 

by air currents, or they may accumulate in high 

concentrations under more stagnant conditions. Once 


released into the atmosphere, these materials may 


react with other compounds to form less or more
 

bothersome compounds. Because all terrestrial 

organisms, including planti, live in a milieu of air 

required for cont inued I ife, these pol lutants have 

the potential for exerting ,!ramat.ic deleterious 

effects on .ll plant and animsl life, including 

ourseelves.
 

The primary cause of vegetation damsge by coal
 

combustion is rela se of ct. fur dioxide (SO.2 ). Very 

low levels of SO, can r e product:ion in rye 

grasses, alfalfa, pine tree%, and many lower plant 

species. Slightly higher levels can reduce 

important crop yields, such as fruits, nuts, and 

vegetables. The:se impacte are niost notable under 

conditions of high SO, (and HiO,) levels associated 

with direct plume contact with the ground in the 

presence of a tempecature conversion. 

In addition to direct toxicity, both SOx and 

NO have been associated with the phenomenon of
 

"acid rain". After being euitted as combustion
 

products, these pollutants are oinidized, forming
 

acids that lower the pit of subsequent rainfall. 

Acid rain pi1 commonly occurs within a range of 3 to 

5 pit units -4 compared to a typically normal 

rainfall pi1 of 5.7. Resulting acidic conditions can
 

have very severe impacts on crops and other
 

vegetation, on soil chemistry, and on aquatic
 

ecosystems; it is a major environmental problem in
 

some industrialized areas of the world.
 

Of additional immediate importance are the
 

effects that coal combustion products can exert on
 

.1?' 

- Combution Products. 

Particulates, Organics, CO, 

CO ,, SO,, NO,, 

PAH Radlonuclildes, PAH, etc. Fles 

1,| Funies 

Surface 
FMlno 

Underground 

Oslo-Pilo Beneflclation 
Plant 

Slorage 
Facility 

Trsnsport Industrial 
Burning 
Facility 

Ccnvorslon 
Plant 

_ _Souca: 

Figure 3. Generalized Air Quality impacts from Coal Use Activities 

Modllsd ailc OTA,1975. 
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public health. 
 Prolonged inhalation of sulfates and 

suspended particulates have been associated with 

elevated public mortality levels. 
 Although the 


degree of cause 
and effect within this association 

in difficult to 
quantify, that 
such an effect occurs 

tinder long-term, chronic exposure 
conditions is 


generally accepted, 


BIOLOGICAL RESOURCES 


Most impacts on biological resources are 

secondary impacts of 
factors already discussed. For 

example, removal of land 
acreage from biological 

productivity can impact 
the stability of wildlife 
or 

vegetative populations occurring beyond the 
zone of 

immediate impact. 
 Water and air pollution can be 

directly toxic 
to components of the 
local biological 

system, which may have unanticipated but 
profound 

effects on food-chains, predator-prey relationships, 

stabilizing communal 
roles, and equally important 

community dynamics. Virtually every impact on 
land, 

water, and 
air resources has 
one or more impacts on 

the biological 
resources 
they support. 
 The ultimate 

results of these 
impacts depe-id upon the 

interactions of the 
primary impacts with each other, 

and with 
the very specific environmental conditions 

occurring at 
the site of concern. 


CULTURAL RESOURCES 


Cultural impacts of coal use 
are also 

exceedingly site specific, and 
relate directly to 

the 
social values of people living in 
the area of 

development. 
For example, the 
aesthetic appearance 


a small sravel
of pit may assault the sensibilities 

of inhabitants of 
a surrounding exclusive 

residential area, while a macsive surface mine 

project 
in a remote area might offend almost 
no one. 

Similarly, the impacts of each component of the coal 

use 
cycle should be evaluated according to site-


specific conditions relative to 
local values of 

visual, aesthetic, religious, historical, noise, and 

olfactory impacts. 


Although these evaluations sometimes have to be 

accomplished on a subjective basis, 
a public 

concensus of 
standards of acceptability is genernl,y 

achievable. 


APPLICATION TO PAKISTAN COAL DEVELOPMENT 


Most of the major coal deposits in Pakistan are 

located in 
the provinces of Baluchistan, Sind, 
and 


Punjab. Consideration of the potential
 

environmental impacts of development of these
 
resources 
is s function of the applicable policies
 

and reguli.tions which exist and 
tiletype of
 
biological, 
land, water, air, and cultural resources
 
found in the 
areas where iuch development will 
take
 

place.
 

At the present time, there are no environmental 
standards or regulations reiating to 
coal
 
development specific 
to the Province of Sind or to
 
Pakistan in general. 
 The Government of Pakistan 
has
 
initiated policies that will 
lead to the future
 
development of standards and 
regulations.
 

Although the Pakistan 
Environmental Protection
 
Council was administratively 
established by
 
ordinance in 
1984, its membership has yet 
to be
 
approved. 
The Pakistan Environmental Protection
 
Agency (PEPA), the executive arm of the 
council to
 
be responsible for 
formulating national
 

environmental policy and developing and enforcing
 
national environmental quality standards, was 
also
 
established by ordihance in 
1984. PEPA has not 
yet
 
been staffed or provided wirh an operating budget.
 

Environmental management activities at 
tle
 
Federal level 
are undertaken by a variety 
of
 
organizations, including the Imnpector General of
 

Forests office and the National Council for
 
Conservation of Wildlife 
in Pakistan (NCCW) within
 
the Ministry of Food, Agriculture, and Cooperatives
 
and 
the Water ard Power Development Authority
 

(WAPDA).
 

The Inspector General of Forests office is
 
responsible for 
developing policies and coordinating
 
programs and budgets 
for the management of
 
Pakistan's Government-owned 
forests. 
 This office
 
advises the Ministry of Agriculture on forestry
 
matters and coordinates the 
activiL! 
i of the
 
Provincial forest departments. 
 In addition, it
 

administers 
the Pakistan Forest 
Institute in
 

Peshawar.
 

The NCCW is a division of 
the Ministry of Food,
 
Agriculture, and Cooperatives and forms poliies for
 
the conservation of wildlife 
in Pakistan; it also
 
coordinates the implementation of these policies by
 
the Provinces and provides 
liaison with
 
international agencies and non-governmental
 

societies for conservition of wildlife. in
 
addition, tireCouncil allocates Federal 
funds for
 
Provincial wildlife programs 
and provides assistance
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to various Government bodies, such 
as the Pakistan 

Forest Institute. 


WAPDA is charged with development and 

management of hydro-electric resources and with the 

overall operation of national irrigation schemes. 


It it concerhed with problems relating to 
rapid 

sedimentation of hydro-electric v'eservoirs 
and with 

irrigation-related problems such as 
salinity and 

waterlogging. 
WAPDA has originated watetshed 


minagement programs 
in the Hangla and Tarbela 

watershed:3 and operates 
land reclamaLion 


laboratories to combat the problems of salinity and 

waterlogging. Watershed programa 
include 


rforestation activities, 
institution of grazing 

controls 
and development of goat-resistant plants. 


Land reclaation labs test 
for salt contamination 


levels and water depths and devise reclamation 

plans. 


At the Provincial level 
in Sind there are no 

institutions concerned specifically with 


environmental proftection, although there 
are a 

number of Provincial Departmrents that 
are concerned 

with issues relating to environmental management, 

These include the Department of Forestry and 


Wildlife, the Department of Public 
Health 


Table 2. 
Relationship of Applicable Environmental Policies 


Development
 

Applicable

Policies/ 
 Air 


Engineering, and 
the Provincial Irrigation and Power
 
Department. The Department of Forestry 
in Sind, as
 
in all other Provinces, is responsible 
for
 
implementing forest policy decisions made by the
 
Federal Government and 
for managing the government

controlled forests in 
the Province. 
The Wildlife
 
Section of 
the Department of Forestry is responsible
 
for implementing policy decisions made by 
the NCCW
 
and for carrying our:all 
wildlife management and
 
protection activities. 
 The Department of Public
 
Health Engineering in Sind 
is responsible 
for water
 
supply and sewage facilities throughout Sind (except
 
in Karachi and Hyderabad). 
 The Directorate of Land
 
Reclamation within the Provincial Irrigation and
 
Fcweer Department is concerned with problems relating 

to waterlogging and 
salinity.
 

The Lakhra Project
 

In lieu of the 
lack of standards and
 

regulations for the environmental analyses being
 
conducted for the Lakhra Coal 
Project, the general
 
environmental guidelines of 
the World Bank and
 
environmental policies 
of USAID and applicable
 
standards of the U.S. Environmental Protection
 
Agency (EPA) 
are bging used. 
 Table 2 surmsarizes the
 
application of these guidelines, policies, and
 

and Guidelines to Resources Affected by Coal
 

Guidelines 	
Land Water Biological Cultural
Resources 
 Resources 
 Resources 
 Resources 
 Resources 
 Other
 

PakistanGovernment 
of
 endangered general
species 


environ

mental
 

World Bank policy
SO2 , NOx surface 
 cooling 
 secondary
particulate 	 pesticides
mining, 
 waters 
 growth
emissions 
 sedimentation 

related


fugitive dust and erosion 
 effects
 
noise 
 control,
 

reclamation,
 
solid wastes
 

U.S. Environ-
 stack height 
 wastewater 

pesticides
mental Protec-


discharge and
tion Agency 

treatment
 

World Health 

potable water
Organization 

supply
 

U.S. 	Department 

of Interior 
 endangered
 

species 
U.S. 	Agency '7or 


environmental

International 
 e sment
 
Devlopmnassessment 
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standards to the major components of coal 


development, 


Resource impact considerations can only be 


considered on a case-by-case, site-specific basia. 


For this paper, coal development at Lakhra in the 


Province of Sind will be used to illustrate some of 


these issues. The'Lakhra coal site is an undeveloped 


location 35 km north and 25 km west of Hyderabad. 


Since there is no development in the area, the air 


quality is excellent. The topography is generally 


flat with a mixture of limestones, sandstones, and 


shale. There are no permanent surface water systems 


and the ground water is of poor quality. The region 


is characterized as a thorny scrub ecosystem and 


appears to contain flora and fauna representative of 


this ecosystem. Grazing by local tribal animal 


herds occurs in the area, which contains scattered 


villages of the Khosa Baluch group. A number of 


small mines occur in the area and are worked 


seasonally by miners from the Northwest Frontier 


Province. Roads and transportation systems are 


poorly developed in the area. 


The procedure used at Lakhra was to apply a two-


step test for determining the significance of 


impacts from a particular development activity, 


First, an evaluation was made as to whether the 


action violates some policy, guideline, standard, or 


regulation. Second, if no such guidelines exist, 


the predicted effect is examined to determine 


whether its magnitude or societal importance render 


it worthy of additional attention. If the proposed 


action meets either one of these criteria, then an 


alternative action or mitigation is sought, 


For surface mine development at Lakhra, impacts
 

to both air and cultural resources were considered 


most important. Potential fugitive dust from the 


mining will affect air quality in the area. The 


increase in the number of mine operators and miners 


will affect the existing cultural values and 


patterns in the area, as well as require development 


of community services such as hospitals, schools,
 

police and fire protection, roads nnd colmuncation 


systems. Secondarily, land and biological resources 


will be affected by the impairment of these
 

resources during mining. Although large areas will 


be mined, the sizes of these areas and the existence 


of wide expanses of similar undisturbed land and 


biological resources makes these impacts less 


significant than the impacts to air and cultural
 

resources. Impact to water resources is considered
 

high, but not as significant as the other resource
 

impacts since no permanent surface water systems
 

will be affected. Although ground water systems
 

will be affected, these systems are not now used or
 

planned for use in the future.
 

Transportation impacts are not considered
 

particularly significant. Some combination of rail
 

and truck transportation is likely, so only small
 

amounts of land and biological resources will be
 

affected by the transportation corridors. No water
 

resources will be effected. Unless the roads are
 

paved, significant fugitive dust will result.
 

Because the major impacts will be on or adjacent to
 

exicting roads and highways, the road and highway
 

system should be upgraded if large quantities of
 

coal are to be transported out of the area.
 

Storage and cleaning impacts will involve air
 

and cultural resource impacts such as fugitive dust
 

from uncovered coal. Since this quality of coal is
 

subject to spontaneous conbustion, safety problems
 

can arise unless preventative measures are taken.
 

The most important impacts from the power plant
 

will be to air and cultural resources. Sulfur
 

dioxide and particulate emissions will result. As
 

with the mine, a large number of people will be
 

required to build and staff the power plant. The
 

influx and presence of this population will affect
 

the existing cultural and socioeconomic systems of
 

the area. If the power plant is built in"
 

conjunction with the mine, therefore, a small town
 

may have to be created to support workers and their
 

families.
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ABSTRACT
 
This paper discusses special 


considerations that must be applied to tradi-

tional thought and practices for power block 

and balance of plant design parameters to be 

able to successfully utilize indigenous 

Lakhra coals found in Pakistan. 


A brief history of past and current 

studies and reports concerning Lakhra lignite 

is presented. 
 Results of the comprehensive 

1985 combustion testing program which burned 

both "run-of-mine 
and washed Lakhra coals 

are presented. Results of the 1985 

washability analyses are discussed. 
 The 

effect 
on boiler design and plant effluents 


of washed versus 
run of mine fuel is 


discussed.
 

The various furnace design parameters 

for a 2 x 350 MW pulver^ized fuel power plant 

are defined and delineated. 
 Other parameters 

defined for Lakhra lignite in a power boiler 

are 
the limits of the furnace envelope, 

maximum furnace exit gas temperature, excess 

combustion air and air heater exit gas 

temperature. 
 These parameters are contrasted 

wihh those applicable to other fuels such as 

W.-own coal, sub-bituminous coals and 

bituminous coals. 
 The impact of utilizing 

off-specification higher grade steam coals is 

discussed as are 
the effects of firing 

blended coals from different sources such as 


unrelated coal 
seams. 


INTRODUCTION
 

In 1855 Baluch Nomads reportedly struck
 
a seam of coal of about 2.43 m (8 ft.) 
while 

sinking a well for water at 
Lakhra. System-

atic surveying was started in 1870 (1). 
 In-

vestigations were carried out by the Geologi-


cal Survey of Pakistan (GSP) and the United
 
States Geological Survey (USGS) in the
 
1960's. 
 There followed other investiga
tions by West Pakistan Industrial Develop
ment Corporation (WPIOC); Lurgi; a Polish
 
Consultant; Japan International Cooperation
 

Agency (JICA); Stone & Webster Engineering
 
Corporation (SWEC) and the current work
 
commissioned by the United States Agency
 
for International Development and
 
Pakistan's Water and Power Development
 
Authority, (USAID/WAPDA), conducted by J.
 
T. Boyd Company concerning mining and
 
Gilbert/Commonwealth International 
Inc. (GC
 
II) concerning Power Plant design
 

considerations.
 

Qualitatively, previous investigations
 
have shown that Pakistan coals were
 
geologically immature and of inferior
 
chemical quality. Conclusions from
 
previous study work showed that tie coals
 
ranged from lignitic to sub-bituminous and
 
had high volatile matter (26-45 percent),
 
high sulfur (0.5-10.5 percent) and high ash
 
(3-38 percent). 
 The gross calorific value
 
(GCV) ranged between 3390-6890 Kcal/kg
 
(7000-12400 Btu/lb). 
 Coal quality was
 
known to vary widely from field 
to field
 
and even within a specific seam in a given
 
field. Lakhra coal demonstrates high mois
ture, high sulfur and 
low fixed carbon and
 

it is about one half of Pakistan's known
 
coal reserves (2).
 

CHARACTERISTICS OF LAKHRA COAL
 

The current investigation by J. T.
 
Boyd Company has produced very definitive
 
information about Lakhra coals in the
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Pakistan Mineral Development Corporation 


(PMDC) 52 square kilometer lease area of the 


Lakhra field. The data for various analyses 


of unwashed Lakhra coals are shown on Table 1 


(3). The mean GCV of Lakhrd ;coal is 3014 


Kcal/kg (5100 Btu/Ib) as recuived with 32 


percent moistute. The 32 percent moisture as 


received range of GCV is 2289-3380 Kcal/kg 


(4121-6085 Btu/Ib) compared to previous data 


of 3390-6890 Kcal/kg above. The proximate 


analysis on a dry basis is: 


Ash 26.17-41.87 Percent 


VM 32.15-39.58 Percent 


FC 23.68-35.82 Percent 


Sul 6.02 -9.85 Percent 


These data compare fairly well with 


previous information concerning Lakhra coal, 


but are more specifically related to the PMDC 


Lakhra lease area. The J. T. Boyd survey is 


based on the 21 composite analyses and 6 


arithmetic average analyses on Table 1. More 


specifically, the daily and monthly averages 


of expected production of coal for the Lakhra 


Power Plant shows a wide variation of quality 


as follows: 


Daily Basis: Aver. Range 


Kcal/kg Dry 4167 .500-4833 


Btu/lb Dry 7500 6300-8700 

Ash % Dry 35.0 26.0-46.0 

Sulfur % flry 7.4 6.5 -9.5 

Moisture % 32.0 25.0-45.0 

Monthly Basis: Aver. Range 


Kcal/kg Dry 4167 3833-4500 


Btu/lb Dry 7500 6900-8100 


Ash % Dry 36.0 30.0-42.0 


Sulfur % Dry 7.4 6.8- 8.3 


Moisture % 32.0 28.0-40.0 


Note the mean deviation of GCV on a 

daily basis is 943 Kcal/kg (1697 Btu/lb) com-

pared to a mean deviation on a monthly h'sis 

of 472 Kcal/kg (849 Btu/1b). The expe, 

monthly range in the GCV of coal received
 

and burned at the Lakhra Power Plant will
 

show a wide variation even though it is
 

fifty percent of the daily basis. The
 

range of ash is tighter, 26.0-46.0 percent,
 

versus, 3.0-38.0 percent, as is sulfur at
 

6.5-9.5 percent, versus, (.5-10.5 percent.
 

The volatile matter range from Table 1 is
 

32.15-39.58 percent, again tighter than
 

26.0-45.0 percent as previously thought.
 

The ash loading entering the furnace,
 

neglecting that rejected with the pyrites,
 

ranges from 56.5-124.4 kg/Million Kcal
 

(31.4-69.0 lbs/Million Btu), with a mean
 

value of 86.4 ig/M-Iillion Kcal (48
 

lbs/Million Btu). The mean coal flow rate
 

per 350 MW Lakhra steam generator is
 

expected to be 348 tonnes/hour (384
 

tons/hour). Thf ash will be 24.5 percent
 

of that, at 85 tonnes/hour (94 tons/hour)
 

and the sulfur flow at 5.0 percent of the 

coal input will be 17.4 tonnes/hour (19.2
 

tons/hour). The furnace bottom ash and
 

flue gas fly ash collected will range from
 

25-34 tonnes/hour (28-38 tons/hour) and 51

60 tonnes/hour (56-66 tons/hour)
 

respectively. The Fuel consumption for the
 

2 x 350 MW [akhra Power :lint is expected 

to be 4,300,000 tonne, per ,nnui. 

Data for the variois composite 

analyses on a washed basis are shown on 

Table 2, (4). Note these are the same
 

composite analyses as Table I except they 

are washed. The ash content is 23.0 

percent as received, dry basis, compared to 

unwashed coal at 36.0 percent. This 

reduction in ash content is dramatically 

shown by the comparison of an ash loading 

of 43.6 kg/Million kcal (24.2 lbs/Million 

Btu) for washed lakhra coal versus P6.4 

kg/Million Kcal (43 ilbs/Million Btu) for 

unwashed, nearly a fifty percent reduction. 

The sulfur flow is reduced from 17.4 

tonnes/hour (19.2 tons/hour) to 12.2
 

tonnes/hour (13.5 tons/hour), a reduction
 

of nearly 30 percent.
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A specific comparison of unwashed versus 
washed coal is shuwn on Table 3. It is 

interesting to note that washing reduces ash 
and 	sulfur loading in Lakhra coal 
and 


increases the GCV, but iz does riot 
significantly alter the mineral content, nor 
tile slagging/fouling potential of the ash. 
The classic method of determining slagging 
and fouling indices used in this paper was 
developed for Eastf-rn U.S. 13iturainous coals, 
This method can be alied tr i.0hra coals 
for 	comparison purposes only. No conclusions 
should be dr ,airf're:such a cormparison that 
can not be supported by other qialLatiye 
methods such as lahoratory testing fieldor 
testing in an iperating unit or, preferably, 
both. The method of calculating the base to 
acid 	ratio, slagging index and fouling index 


is shown in Table 4 (5). Iakhra coal 

classifies as severe slagging and medium 
fouling. The potential for slagging and 
Fouling can be determined with a high degree 
of confidence by laboratory testiug of tile 
coal in question aridcomparing the resulting 

data 	with the data that has been compiled for 
other coals tested in that same test 
faclity. Ideally the test 	facility will 

have 	ca'ibrateJ their test results of tile 
many coals test fired with field data of the 

same 	 coals in operating power plants, 

TESTING OF LAKHRA COAL 


GCII 	 engaged Combustion Engineering, 
Inc. (CE) of Windsor, Conn., USA as 
a sub 

contractor to test burn Lakhra coals at the 
Kreisinger Development Laboratory (KDL) of CE 
in Windsor, Connecticut. 
The 	test burns were 

conducted in three phases: 


I. 	 Burn 45 tonnes b(o tons) of Lakhra 
coal from PMDC mine #2 to determine 
baseline data. 

2. Burn the cleaned 32 tonnes (35 
tons) output of PMDC #2 coal 
from
 
a conercial scale washery to 
determine the effects 
on steam
 

generator design of using washed 

Lakhra coal. 

3. Burn 16 tonnes (17.5 tons) of 
Lakhra coal from a test shaft in 
the West area 	 of the PMDC lease 
to determine the similarity of
 
on--lease and off-lease area 

coals.
 

The Phase 1 test burn determined that 
Lakhra coal was severe slagging and medium 
fouling as expected. The critical test 
furnace temperature above which furnace
 

deposits could not be cleaned was
 
determined and verified bv 
 2 sucessive
 
burns of Lakhra baseline coal. These and
 
other data were reduced by KDL and trans
lated to furnace design parameters by CZ's 
Steam Generator Engineering Department.
 
The 	 tests also determined that Lae:ira coals 
are very corrosive in high temperature 
zones on those traditional metals used for 
high temperature service in the superheater 
and reheater sections of the boiler and in 
the burner zone where care must be taken to 

maintain an oxydizing rather than a
 
reducing atmosphere.
 

The Phase 2 test burns with washed
 
Lakhra coal determined that there is no
 
difference with respect 
to furnace and
 
boiler design parameters, nor for slagging
 
and 	 fouling potontioll for washed versus 

unwashed Lakhra coals, (6). Tile 
differences in the steam generator 
arrangement for wrauled versus unwashed 
Lakhra coals would be in the coal handling, 
ash handling aridair quality control 
systems. The improved GCV of washed coal 

will reduce coal flow by nearly 20 percnt 
from 340 tonrmes/hour to 236 tonnes/hour. 
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The higher GCV and lower ash loading will 


,ilow the electrostatic precipitator to be 

reduced in size by about 15 percent from a 


specific collection area (SCA) of 100 meters 


squared per cubic meter per second to 85 


meters squared per, cubic meter per second, 

Tire ash loadino o the electrostatic 

prcipitator is still high even though the 


overall ash loading is reduced by nearly 


fifty percent.
 

The Phase 3 test burns with seams I & 2
 
coals from the test shaft at the BT-ll core 

bore holes showed that these coals were 


slightly worse in quality than unwashed or 


washed PtMDC 2 coals. However, the 

differences dre subjective. The slagging 


potential of PIDC 2 Lakhra coal 
is already 


severe, and "slightly more severe", for 


Lakhra coal from the PUC 
 lease area over 

FMDC 2 coal, does not niaLerially affect the 


conclusions that were 
drawn about these coals
 
from the results of 
the Phase I test burns. 


Lakhra coals will demand a lrge furnace with
 
a relatively low furnace exit gas temperature 
limit, higher than normal excess combustion 
air, 	low gas pass velocities and specific 

requirements concerning the atmosphere 
in the 

burner zone of the furnace. The design 


parameters specified for ary one of 
the 

Lakhra coals tested will be suitable for any 
of the other Lakhra coals. Urreconclusion of 

the J. T. Boyd study is that coal from PMDC 

mine #2 can be identified as one of the same 

seams of coal that occurs on the PMDC lease 

arPA at Lakhra. The fact that these are the 

same coals is further substantiated by the 


results of the combustion test burns, 


DESIGN CONSIDERATIOIS 


The manufacturers of steam generators 


have standards set specifically for their
 
design. Between suppliers these standards 


are related, but are not numerically the same 


for the various parameters of furnace and 


boiler design. For an operating company and 


his consultant to be able to evaluate tenders 


on a common and equitabe basis thtre mis 


a definition of these parameters specified to
 

the manufacturer who is bidding. This
 

procedure is not intended to dictate to 
the
 
vendor how he designs, it is only intended
 

to relate a common method of calculating
 

the various heat release rates and other
 

parameters for bid tabulation fill in
 
sheets that must be adhered to and assessed
 

during evaluation of proposals. These
 

definitions are:
 

1. 	 FURNACE LIMITS
 

The furnace evelope is defined as
 
the face of the furnace wall
 

tubes, sloping hopper tubes, roof
 

tubes and the vertical plane
 

tangent to the face of the nose 

of tireupper arch tubes, regard

less of tube spacing or tile
 

location of water cooled tubes
 

beyond that vertical plane.
 

2. 	 NET HEAT AVAILABLE
 

The net heat available shall be 
calculated on the basis of tire 
hourly rate of energy released at 
tie GCV of the fuel, less the sum
 

of unaccounted loss, radiation
 

loss, unburned combustible loss
 

and latent heat of the water in
 

the fuel aridformed by b'irning
 

hydrogen in the fuel, plus the
 

sensible heat in the primay and
 

secondary combustion air a0ove a
 

reference temperature of the
 

ambient air entering the forced
 

draft and primary air fans.
 

3. 	 EFFECTIVE PROJECTED RADIANT
 

SURFACE
 

The effective projected radiant
 

surface (EPRS) is the flitt
 

projected area of furnace 
.:s,
 

slopig hopper tubes, roof tubes
 

and the vertical plane of the
 

furnace exit.
 

246
 



4. BURNER ZONE SURFACE 


The burner zone surface is the sum 


of the area of the six sides of a 


cube defined by the furnace width 


by the furnace depth by the height 


that is equal to 3 m (10 ft) above 


and below the upper and lower 


burner rows or fuel injection 


ports. 
 If the lower row of burners
 
or fuel injection ports is less 


than 3 m (10 ft) above the 


beginning of the tube bends forming
 
the lower furnace hopper, then the 


lesser dimension shall be used. 


5. FURNACE PLAN AREA 


Furnace Plan area shall be 


calculated as the furnace width 

times the furnace depth at the 


centerline of the tp row of
 
burners or fuel injection ports. 


For Lakhra coals it is important that 


there be no platen heating surfaces in the 


furnace, regardless of whether they are steam
 
cooled or water cooled. Lakhra coals are 


severe slagging and corrosive on high 

temperature metals. 
 The high ash loading and 


severe slagging potential will produce slag
 
on platen heating surfaces and slag falls 


from such surfaces cannot be tolerated by the 


sloping tubes in the furnace bottoni, nor in 

the ash hopper throat at the bottom of the 


hopper tubes. High temperature metals, 


normally in platen superheater and reheater
 
surfaces, will not live as long as with other 


coals due to the high corrosive nature of 


Lakhra coals. These characteristics of 


Lakhra coals also dictated that the most 

technically acceptable steam conditions 


should be 12,515 kPa 510C/510C (1800 psig 


950F/g50F) 
as opposed to the more economical 


steam conditions of 16,650 kPa 538C/538C 


(2400 psig IOOOF/lOOOF). This was a
 
difficult decision 
to accept, but technical
 

considerations had 
to over ride economical
 

considerations for Lakhra coals. 
 The maximum
 

furnace exit gas temperature (FEGT) shall
 

be considered as a maximum, otherwise, if
 

the FEGT is specified as the average
 

temperature leavin the furna:e, then the
 

lower of reducing versus oxydizing ash
 
fusion temperatures shall be used as the
 

value of this parameter, which for Lakhra
 

coalt is 1095C (2000F) versus 1230C
 

(2250F).
 

The various design parameters for
 
Lakhra coals are:
 

The maximum furnace exit gas
 

temperature (FEGT) at any point enter

ing the furnace exit plane shall nat
 

exceed 1232C (2250F).
 

The maximum net heat release rate per
 

unit of EPRS shall not exceed 680
 
MJ/hr-m2 (60,000 Btu/hr-ft 2 ).
 

The maximum heat release rate per unit
 

of furnace plan area shall not excend
 
2
14,750 MJ/hr-m (1,300,000 Btu/hr

ft2 ).
 

The maximum heat release rate per unit
 

of burner zone shall not exceed 2850
 

MJ/hr-m2 (250,000 Btu/hr-ft 2).
 

The gas velocity at any point in the
 

furnace, leaving the furnace and
 

within convection heating surfaces
 
beyond the furnace snall not exceed
 

13.7 r/s (45 ft/sec).
 

The air heater exit gas temperature
 

shall be not less than 150C (300F)
 

corrected for air leakage. (Note:
 

This limit could be increased to as
 
high ds 177C (350F) if the recommended
 

future analysis of flue gas dew point
 

condensation temperature results in
 

that conclusion).
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The distance from the top row of burners 


or fuel injection ports to the upper 

furnace arch shall be not less than 


21,35 m (70 ft). 


The clear space between water cooled and 


steam cooled tubes.shall be as follows: 


1150-1230C 560 MM 


(2100-2250F 22.0 incnes) 


1010-1150C 330 MM 


(1850-2100F 13.0 inches) 


845-1010C 165 MM 


(1550-1850F 6.5 inches) 


620- 845C 100 MM 


(I150-1550F 4.0 inches) 


Up to 620C 65 MM 


(Up to 1150F 2.5 inches) 


The maximum FEGT for brown coals would 


be the same or less than that for Lakhra, 


while sub-bituminous and bituminous coals 


would be the same or a bit higher depending
 

on the value of the initial deformation 


temperature of the ash on an oxydizing basis, 


The maximum allowable FEGT isdirectly 


related to the initial deformation 


temperature of the ash and ti. slagging 


potential. A lower slagging potential may 


allow a higher FEGT and a higher slagging 


potential will demand a lower FEST. 


The heat release rates per unit of EPRS, 


furnace plan and burner zone areas are 


related to the slagging index of a coal and 


to the specified maximum FEGT. What follows 


for the allowable FEGT follows for these 


parameters. 


The limits for gas velocity and clear 


tube spacing are related to the fouling 


potential of a coal. Lakhra coals are medium 


fouling and tighter spacing than specified 


would be indicated. The combustion test 


burns determined there was a high rate of ash 


fouling buildup directly related to the very 


high ash loading inand leaving the furnace. 


While the deposits were easy to clean and the 


low sodium content of the ash did not produce 


uncleanable deposits, the buildup was
 

substantial and wide clear spacing between
 
tubes isrequired for Lakhra coals. This
 

requirement isvalid for washed and
 

unvashed Lakhra coals. The clear tube
 

spacing for other fuels such as brown coal,
 

sub-bituidnous and bituminous coals is a
 

function of sodium inthe ash and ash
 

loading to the convection heating surfaces,
 

rather than tileclassification of the coal
 

under consideration. The excess air at
 

25 percent isrequired for low grade fuels
 

such as Lakhra coals that have a high
 

content of inert material such as ash and
 

moisture or that are not very reactive with
 

respect to combustibility. Lakhra coals
 

wcald dictate an even higher percentage of
 

excess combustion air were itnot for its
 

high reactivity with respect to
 

combustibility. It is very reactive and
 

carbon burnout isvery high, exceeding 99.9
 

percent (7).
 

A steam generator designed for Lakhra
 

coal can accomodate a standby fuel such as
 

Bunker "C"furnace oil or inported
 

bituminous coal. There will be a derate on
 

either fuel urless operational procedures
 

are modified to reduce low superheat and
 

reheat steam temperatures expected when
 

firing a "clean burning" fuel such as oil
 
or bituminous coal compared to burning a
 

"dirty fuel" such as Lakhra coal. Examples
 

of these modifications are to fire with
 

higher than required excess combustion air;
 

bias fire more fuel in the upper burners or
 

"tilt" the burners upward or both; adjust
 

back pass dampers; install a temporary
 

refractory coating inthe lower furnace;
 
and install spare burners higher inthe
 

furnace to be utilized only when the
 

standby fuel isbeing consumed. The
 

combustion characteristics and quality of
 

Lakhra coals are such that a 350 MW steam
 

generator designed for them is
 

approximately the same physical size as a
 

600 MW designed for a good quality
 

bituminous steaming coal. This is
 

illustrated by Figure 1 (a).
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The firing of blended coals from 


different seams should be studied very
 

carefully before such a procedure is 


implemented. Often the ash fusion 


temperatures of such a blend are lower than 


either ot the two coals used in the blending 


demonstrated as individual coals. See 


Figure 2 (9). 


The utilization of Lakhra coals 


domestically is limited compared to the 


4,300,000 tonnes per annum of coal needed for 


a 2 x 350 megawatt prwer plant. Lakhra coal 


has been considered for blast furnace 


operations (10); gasification (11; and in 


cement plants (12). The l:itter paper 


mentions Fluidized Bed Technology as possible 


for use in power plants and cerent plants, 


The Atmospher I: Fluidized ed .nmhustor 

(AFBC) is felt to be not quite ready for use 

as the stev,, supply system for a 350 I!Wpower 

generating set. It is quite nrobable that 

multi-AFBC's could be headereo together to 

produce enough stpam to meet the required 

throttle flow of a 350 MW turbine-generator. 

This has been dorp in the power industry and 

is accepted technology for non-raheat units, 

The headered technlque would be a little 

complicated controlwise. The high pressure
 

exhaust stear would have to be split into 

individual flows to be reheated in each AFBC 

steam generator and then rejoined for 

admission to the intermediate pressure
 

turbine. The next qenmration of power plants
 

in Pakistan could well he the application of
 

AFBC technology on a one boiler - one turbine 

basis. The application of fluidized bed com

bustors is progressing in logical steps to a
 

size level that could w; see their 

application in Pakistan in the late 1990's or
 

very early in the 21st century. The presence
 

of limestone overlying the Lakhra coal
 

deposits will make for a ready source of a 

sorbent for SO, control. The sand from
 

dredgings in the Indus might well produce a
 

supply of the smooth round shaped bed
 

material nceded for an AFBC steam generator.
 

CONCLUSION
 

In conclusion, the application of
 

Lakhra coals as boiler fuel in Pakistan is
 

a step forward to displace imported fuels.
 

The successful use of this low grade fuel
 

can be acromplished if the required
 

designed parameters are idhered to.
 

Staying on the conservative side rather
 

than the commercial side of these
 

parameters is of paramount importanc2 to
 

the task of designing a power plant with
 

high reliability, high availability and
 

resonable maintenance. Burning coal
 

successfully is nct eas. , even with a so
 

called good bituminous steaming coal. It
 

requires daily attention to removal of
 

ashes and the filling of coal silos as well
 

as preventive maintenance procedures (such 

as scheduled lubrication or pulverizer 

rebuilding), to reduce forced outage time. 

These facts are even more important when 

burning a low grade fuel such as Lakhra. 

Burning Lakhra coal will not be easy, but 

with the knowledge gained from the current 

investigations it can and will be
 

successful.
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FIGURE 1
 

COMPARISON OF THE EFFECT OF COAL RANK ON FURNACE
 
SIZ!NG FOR A CONSTANT HEAT OUTPUT
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FIGURE 2 

ASH FUSION TEMPERATURES OF SUB-BITUMINOUS 
COAL FROM THE ROSEBUD AND McKAY SEAMS, MONTANA, USA;

AND THE ROSEBUD SUB-BITUMINOUS SEAM, WYOMING AND ILLINOIS BITUMINOUS COAL 

STRIP MIN!JG 
PROFILE j OVEIOURDEN 

F ROSEBUD ISEAMI7.62rn (25 ft.) 

SANOY SHALE2.44•4.$7m(8-15ft.) 

McAlAY SEAM 2.13 - 3.66ni (7-12 ft.) 

2500 -- 2500 

2400 - 2400 

2300 - 2300 
TEMP., F F2 

2200 2200 
2100 ST- 2100 

ID 
2000 2000 

1900 _ 1900 

McKAY 100 i5 s0 25 0 
ROSEBUD 0 25 50 75 100 

ID In tial Deformation Temperature
ST Softening Temperature 
FT F;updTemperature 

A. 	 Example of a blend of two sub-bituminous seams in the same field. 

2400 FT 	 2400 

" 
2300	 2300
 

TEMP., F 

2100 ST 	 2100 

2000 1 	 2000 

ID
 
1900 "-- --" 11900
 

ILLINOIS BITUMINOUS 100 75 50 25 0 
WYOMING ROSEBUD 0 25 so /s 100 

B. 	Example of a blend of bituminous and sub-bituminous coals from 
different locations. 
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TABLE1 

COIPOSITEDRILL CORE ANALYSES
 

UNWASHEO COAL (DRY 9ASIS)
 
LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

Seam 
Nu. 5 

Seam 
No. 3 

SeamNo. 2 
rrTt Seam No. I 

Arith. 
SampleAnalysis w w W-A2 W-02 W-C2 Average W-Al W-BI W-CI Average 

WEST APIA 

Analysis: 
Ash (1) 
VolatileMatter 
FixedCarbon 
Sulfur () 
Kcal/kq 
Btu/Ib. 

32.15 
36.87 
30.98 
8.87 
4397 
7,917 

28.07 
38.05 
33.8 
7.54 
4734 
8,540 

27.77 
39.15 
33.09 
8.26 
4704 

8.534 

30.51 
38.89 
30.60 
8.37 
4165 

8,033 

41.87 
32.69 
25.44 
8.46 
33b6 

6.060 

33.38 
36.91 
?9.71 
8.36 
4190 
7,544 

29.42 
39.58 
31.00 
8.85 
4606 
8.2)2 

29.23 
39.03 
31.74 
9.85 
4471 
8,050 

41.00 
35.32 
23.67 
7.65 
3661 
6,592 

33.22 
37.98 
28.80 
0.78 
4246 
7,645 

Equ. Moisture (1) 40.58 34.63 34.18 35.49 36.93 35.73 36.14 35.77 33.77 35.23 

FusionTemperatureofAsh (*F) 
Reducing: 
Initial 2066 
Sofiening 2070 
Hemp. 2073 
Final 2212 

Oxidizing: 
Initial 2262 
Softening 2309 
Hemp. 2362 
Final 2439 

-

2064 
2072 
2079 
2254 

2254 
2302 
2333 
2395 

2065 
2076 
2079 
2133 

2268 
2321 
2391 
2503 

2016 
2036 
2054 
2136 

2453 
2476 
2502 
2543 

2140 
2162 
2197 
2492 

2462 
2497 
2515 
2545 

2074 
2091 
2110 
2254 

2394 
2431 
2469 
2530 

2817 
2035 
2051 
2132 

2306 
2398 
2486 
2525 

2018 
2024 
2029 
2235 

24?1 
2493 
2508 
2552 

2108 
2152 
2208 
2312 

2382 
2451 
2483 
2521 

2048 
2070 
2096 
2226 

2346 
2447 
2492 
2533 

Formsof Sulfur (5) 
Total Sulfur 
PyriticSulfur 
SulfateSulfur 
OrganicSulfur 

8.87 
4.70 
0.69 
3.48 

7.54 
3.97 
0.56 
3.01 

8.26 
4.18 
0.55 
3.53 

8.37 
4.80 
0.58 
2.99 

8.46 
4.41 
1.56 
2.49 

8.36 
4.46 
0.90 
3.00 

8.85 
4.48 
0.61 
3.76 

9.85 
5.30 
0.69 
3.86 

7.65 
4.40 
0.40 
2.85 

8.79 
4.73 
0.57 
3.49 

UltimateAnalysisof Coal (5) 
Ash 
Hydrogen 
Carbon 
Nitrogen 
Sulfur 
Oxygen 

32.15 
3.15 

44.94 
0.77 
8.87 
10.12 

28.07 
3.43 
50.03 
0.94 
7.54 
9.99 

27.77 
3.48 
48.74 
0.80 
8.26 
11.22 

30.51 
3.36 
46.70 
1.08 
8.37 
9.98 

41.87 
2.76 
35.61 
0 75 
8.4) 
10.55 

33.38 
3.20 
43.68 
0.83 
8.36 
10.58 

29.42 
3.51 
47.2) 
0.07 
8.85 
10.14 

29.23 
3.32 
46.18 
1.04 
9.85 
10.38 

41.00 
2.85 
38.15 
0.66 
7.65 
9.69 

33.22 
3.27 

43.85 
0.86 
8.79 
10.07 

TotalChlorine () 0.13 0.13 0.12 0.15 0.14 0.14 0.10 0.12 0.12 0.11 

WaterSolubleChlorine() 0.10 0.12 0.08 0.12 0.10 0.10 0.04 0.07 0.10 0.07 

WaterSolubleAlkalies(5) 
PotassiumOxide 
Sodium Oxide 
Total 

0.018 
0.293 

0.011 
0.228 

0.016 
0.250 
U-M 

0.022 
0.226 
O7M 

0.012 
0.092 
0'1-9 

0.117 
0.19 
UT166 

0.020 
0.197 
U"( 

0.014 
0.198 
U"M 

0.014 
0.108 
0 7 

0.016 
0.168 
UT(2Tu 

MineralAnalysisof Anh 
(% IgnitedBasis): 

SiliccnDioxide 
AluminumOxide 
TitaniumDioxide 
Calcium Oxide 
Potasium Oxide 
MagnesiumOxide 
SodiumOxide 
rerricOxide 
PhosphorusPentoxide 
SulfurTrioxide 

40.8U 
12.58 
1.59 
7.54 
0.64 
2.20 
0.75 
23.87 
0.56 
8.63 

36.95 
12.12 
1.33 
8.39 
0.45 
1.94 
0.64 
25.42 
0.67 
10.55 

37.31 
20.06 
2.21 
3.52 
0.54 
2.10 
0.74 
25.53 
0.64 
6.10 

33.68 
19.66 
2.04 
2.64 
0.48 
1.42 
0.65 
33.60 
0.68 
4.80 

45.06 
20.98 
2.16 
3.8b 
0.76 
0.79 
0.48 
19.11 
0.66 
4.98 

38.68 
20.23 
2.14 
3.35 
0.59 
1.44 
0.62 
26.08 
0.66 
5.29 

38.01 
20.84 
2.07 
2.69 
0.57 
1.70 
0.58 
26.11 
0.76 
5.1b 

32.62 
20.40 
2.15 
2.80 
0.55 
1.64 
0.64 
33.37 
0.72 
4.65 

47.68 
19.62 
1.88 
2.06 
0.58 
2.54 
0.32 
17.79 
0.59 
5.20 

39.44 
20.29 
2.03 
2.94 
0.57 
1.96 
0.51 
25.76 
0.59 
5.04 

Phosphuru-(IDry Basis) 
SlagViscosity (T2 5 0 'Fl 
SlaggingIndex 
FOuling Index 

0.078 
2230 
Sey. 
Me. 

0.076 
2220 
Sey. 
Md. 

0.078 
2280 
Sy. 
Med. 

0.09) 
2210 
Sen. 
Fed. 

0.120 
2460 
Sev. 
Lo. 

0.096 
2317 
Sex. 
limd. 

0.098 
2300 
Sev. 
Med. 

0.092 
2200 
See. 
led. 

0.106 
2470 
Sev. 
Low 

0.099 
2323 
Sev. 
Med. 
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TABLE I - Continued
 

Sample Anal sis 

Seam 
No. 3 

*7 E-A2 

Seam No. 2 

E-B2 E-C2 
Arith. 
Average E-Al 

Seam No.1 

E-B! C-Cl Average 

EAST AREA 
Analysis: 

Ash (%) 
VolatileMatter()
FixedCarbon 1 
Sulfur 

Kca1/kg
Btu/II. 

34.93 
34.82 
30.25 
6.03 

7870 

35.07 
33.95 
30.98 
6.02 

7104 

26.17 
.8.01 
35.82 
6.94 

8950 

39.B9 
32.15 
27.96 
6.i8 

6650 

33.71 
j4.70 
31,58 
6.48 

7834 

27.26 
39.28 
33.46 
7.43 

8882 

27.83 
36.94 
35.23 
7.36 

8821 

35.10 
33.57 
31.33 
6.79 

7528 

30.06 
36.59 
33.34 
7.20 

8410 
CEu.Moisture(0) 44.86 40.45 39.72 41.75 40.64 40.64 44.20 50.06 44.96 

FusionTemperatureof Ash ('F) 
Reducing:
Initial 
Softening 
Hemp. 
Final 

Oxidizanq:
Initial 
Sotening 
hemp. 
Final 

2232 
2389 
7420 
2453 

2492 
2548 
-589 
2635 

2443 
2453 
2468 
2508 

2593 
2621 
2631 
2640 

2081 
2118 
2133 
2230 

2460 
2490 
2503 
2536 

2104 
2155 
2372 
2490 

2502 
2543 
2558 
2595 

2209 
2242 
2324 
2409 

2518 
2551 
2564 
2587 

2046 
2076 
2103 
2230 

2441 
2488 
2501 
2537 

2047 
2076 
2132 
2195 

2445 
2473 
2491 
2538 

2083 
2130 
219U 
2310 

2520 
2552 
2575 
2593 

2058 
2094 
2141 
2245 

2468 
2504 
2522 
2556 

Fornsof Sultur(0)
TotalSulfur 
FyriticSulfur 
SulfateSulfur 
OrganicSulfur 

6.03 
3.17 
0.44 
2.42 

6.02 
2.809 
0.31 
2.82 

6.94 
3.07 
0.60 
3.27 

6.48 
3.87 
0.68 
1.93 

6.48 
3.27 
0.53 
2.67 

7.45 
3.22 
0.46 
3.77 

7.36 
5.51 
0.42 
1.43 

6.79 
3.20 
0.86 
2.73 

7.20 
3.97 
0.56 
2.64 

UltimateAnalysisof Coal()Ash 
Hydroger 
Carbon 
Nitrogen 
Sulfur 
Oxygen 

34.93 
3.33 
44.05 
0.82 
6.03 
10.84 

35.07 
3.23 
44.13 
0.87 
6.02 
10.68 

26.17 
3.56 
50.72 
0.95 
6.94 
11.64 

39.89 
2.91 
39.26 
0.74 
6.48 
10.72 

33.71 
3.24 
44.70 
0.85 
6,48 
11.01 

27.26 
3.56 
50.7! 
0.92 
7.45 
10.04 

27.83 
3.66 
49.40 
0.91 
7.36 
10.76 

35.10 
2.99 
41.50 
0.78 
6.79 
12.84 

30.06 
3.41 
47.24 
0.87 
7.20 
11.21 

TotalChlorine (0) 0.16 0.11 0.18 0.19 0.16 0.14 0.18 0.16 6.16 
WaterSoluLleChlorine(5) 0.15 0.08 0.16 0.16 0.13 0.10 0.14 0.14 0.12 

WiterSolubleAlkalles(1)PotassiumOxide 
SodiumOide 
Total 

0.019 
0.344 

UTXD 

0.019 
0.231 

U703 

0.022 
0.269 

UT0M 

0.022 
0.241 

umE 

0.021 
0.247 

no 

0.015 
0.108 

UT70 

0.018 
0.266 

07 

0.024 
0.303 

D-.2,7 

0.019 
0.225 

"IT 
MineralAnalysisof Ash 
(0 IgnitedBasis):Silicor,Dioxide 

AluminumOxide 
TitaniumOioxide 
CalciumOxide 
PotassiumOxide 
MagnesiumOxide 
Sodiu-nOxide 
FerricOxide 
PhospliorusPentoxide 
SulfurTrioxide 

42.14 
24.70 
3.16 
2.11 
0.61 
1.67 
1.02 
19.23 
0.81 
4.43 

44.16 
26.30 
2.76 
2.88 
0.69 
1.35 
0.03 
17.02 
0.75 
3.00 

38.97 
21.00 
2.00 
3.48 
C.64 
1.92 
0.90 

22.31 
0.81 
7.15 

47.57 
21.91 
2.48 
2.13 
0.65 
1.15 
0.70 
19.92 
0.82 
2.20 

43.56 
23.07 
2.41 
2.83 
0.66 
1.47 
0.81 
19.75 
0.79 
4.11 

10.97 
18.87 
1.69 
3.63 
0.57 
1.27 
0.69 
25.16 
0.87 
6.25 

32.34 
19.22 
1.54 
4.28 
0.65 
1.82 
0.94 
31.02 
0.90 
7.20 

45.58 
22.36 
1.92 
2.61 
0.66 
1.47 
0.80 
19.40 
0.76 
4.30 

39.63 
20.15 
1.71 
3.50 
0.62 
1.52 
0.61 

25.19 
0.84 
5.91 

PhosphorusI% Ory Basis) 
SlagViscosity (T2 50 F)Slagging Index 
Fouling Index 

0.12. 
2470 
Hih 
MMe. 

0.115 
2530 
Med. 
ud 

0.093 
2330 
See. 
Med. 

0.143 
2480 
Bigh
Mel. 

0,117 
2446 
HigM
Hed. 

0.103 
2300 
Sev. 
Med. 

0.109 
2200 
Sev. 
High 

0.116 
2470 
High 
Med. 

0109 
2323 
Sev. 
Med. 
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TABLE I - Continued
 

Sample Analysis C-A3 

SeamNo. 3 

C-B3 
Arith. 

Average C-A 

SeamNo. 2 

-82 C-C2 ArithAverage 

Seam 
No. 1 " 

Analysis:
Ash (5)
VolatileMatter 
FixedCarbon 
Sul#.r (01 
Kcal/kg 
Btu/lb. 

31.87 
36.29 
31.84 
8.03 
4,575 
8,236 

32.18 
36.k, 
30.95 
6.34 
4,445 
8,002 

CENTRALA.. 
J2.02 27,68 
36.58 3.1.13 
31.39 34.14 
7.18 8.46 
4,510 4,902 
8,119 8.826 

31.97 
37.15 
30.88 
7.89 

4,508 
8,116 

31.89 
37.09 
31.02 
7.57 
4.538 
8,170 

30.51 
37.68 
32.01 
7.97 
4.650 
8,371 

29.66 
38.54 
31.08 
0.99 
4,689 
8,442 

Equ.Moisture(t) 41.49 40.32 40.90 37.73 37.85 34.95 36.84 44.61 
FusionTemperatureof Ash (*F)Reducing: 

Initial 
Softening
Henp. 
Final 

Oxidlzing: 

2012 
2045 
1072 
2189 

2047 
2074
2102 
2182 

2030 
2060
2087 

2186 

2001 
20052012 

2046 

2076 
20862102 

2180 

2086 
21182130 

2185 

2054 
20702001 

2137 

2014 
20392015 

2187 
Initial 
Softening 
Hemp. 
Final 

2421 
247 
2500 
2541 

2483 
2511 
2524 
2550 

2152 
2491 
2512 
2546 

2488 
2510 
2527 
2550 

2480 
2516 
2530 
2561 

2506 
2545 
2560 
2580 

2491 
2524
2539 
2564 

2505 
250?
2531 

2554 

Formsof Sulfur(5)
TotalSulfur 
PyriticSulfur 
SulfateSulfur 
OrganicSulfur 

8.03 
4.47 
0.66 
2 90 

6.34 
3.42 
0.40 
2.72 

7.18 
3.94 
0.53 
2.81 

8.46 
5.00 
0.33 
3.13 

7.89 
4.31 
0.50 
3.08 

7.57 
4.01 
0.57 
2.99 

7.97 
4 14 
0.46 
3.06 

8.99 
5.81 
0.37 
2.81 

UltimateAnalysisof Coal (%)Ash 31.87 
Hydrogen ?.96 
Carbon 49.99 
Sufr 0.93Sulfur 8.03 
Oaygen 10.22 

32.18 
3.27 

41.00 

0.94 
6.34 
10.27 

32.02 
3.11 
45.49 
0.94 
7.18 
10.24 

21.63 
3.34 
48.79 
0.94 
8.46 
10.79 

31.97 
3.41 

45.71 
0.88 
7.89 

10.14 

31.89 
3.58 
45.96 
0.84 
7.57 

10.16 

30.51 
3.44 
46.82 
0.88 
7.97 
10.36 

29.6G 
3.50 

47.02 
0.84 
8.99 
9.99 

Chlorine () O.t4 0.17 0.15 0.14 0.12 0.10 0.12 0.12 
WaterSolubleChlorine(Il 0.11 0.15 0.13 0.12 0.11 0.09 0.10 0.!1 

WaterSouble Alkalies(4)PotassiumOxide 
SodiumGaide 

Total 

0.020 
0.203 
T7 

0.020 
0.197 
71 

0.020 
0.200 
T7 

0.016 
0.175 
70 

0.020 
0.167 
Th 

0.020 
0.133 
0.133 

0.018 0.017 
0.159 0.115 
0.15R 0.17 

MineralAnalysisof Asi(% IgnitedBasis): 
SiliconDioxide 
Aluminuimxide 
Titanium ioxlide 
Calcium Oxide 
PotassiumOxide 
Magnesium Oxide 
SodiumOxide 
FerricOxide 
PhosphorusPentoxide 
SulfurT-oxlde 

37.05 
20.84 
2.11 
3.01 
0.63 
1.16 
0.18 
27.55 
0.88 
5.13 

42.43 
20.97 
2.34 
2.58 
0.62 
1.17 
0.74 
22.94 
0.91 
4.93 

39.74 
20.90 
2.55 
2.82 
0.63 
1.17 
0.76 
25.24 
0.89 
5.03 

36.44 
17.61 
1.68 
3.92 
0.58 
1.33 
0.81 
31.88 
0.93 
4.35 

35.29 
21.15 
1.61 
3.54 
0.62 
1.28 
2 75 
27.57 
0.89 
6.75 

37.15 
23.77 
1.87 
3.16 
0.66 
1.24 
0.64 
25.22 
0.78 
5.50 

36.29 
20.84 
1.79 
3.54 • 
0.62 
1.28 
0.73 
28.22 
0.86 
5.i3 

34.94 
20.53 
1.48 
3.16 
0.54 
1.13 
0.79 
31.17 
0.92 
4.65 

Phosphorus(iDry Basis)
Slag Viscosity(210 

0.118 0.128 
2370 

0.123 
2320 

0.112 
2210 

3.124 
2260 

0.108 
2320 

0.114 
2263 

0.119 
2230 

Sl ind 
Fcuing Index 

Sen. 
44d. 

Sev. 
Med. 

Sea. 
Mtd. 

Sen. 
High 

See. 
Med. 

Sen. 
led. 

Sea. 
Med. 

See. 
4igh 
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TAqLE 2
 

COMPOSITEORILL CORE ANALYSES
 
FLOAT 1.80 SPECIFIC GRAVITY (BRY BASIS)
 

LAKHRA COAL PROJECT 
SindProvince.Pakistan 

SampleAnalysis 

Seam 
No. 5 

-W"-As-

Seam 
No. 3 

"'U 
-

W-A2 

SeamNo. 2 

W-B2 W-C2 
t 

Average W-Al 

SeamNo. I 

W-BI W-CI 
Arith. 
Average 

WEST AREA 

Cum. 1.80 Float Composite 
% TotalSample 72.14 78.69 80.32 77.23 53.94 70.50 87.77 83.45 64.78 78.67 

Analysis:
Ash (9) 
VolatileMatter 
FixedCarbon () 
Sulfur 
Kcal/kg 
Btu/Ib. 
Equ.Moistue (%) 

17.58 
41.70 
40.72 
6.53 
5614 

10,108 
29.48 

16.86 
42.51 
40.63 
5.24 
5689 

10,243 
26.30 

20.69 
40.99 
38.32 
7.03 
5335 
9,605 
30.30 

18.69 
41.34 
39.97 
5.99 
5598 

10.079 
24.85 

20.72 
39.56 
39.72 
6.28 
5232 
9,420 
27.85 

20.03 
40.63 
39.34 
6.43 
5388 
9,701 
27.66 

24.33 
40.68 
34.99 
7.42 
5088 
9,160 
25.44 

22.22 
40.89 
36.89 
8.07 
5141 

9.256 
24.24 

24.13 
39.79 
36.08 
6.80 
5116 
9,210 
28.27 

23.56 
40.45 
35.99 
7.43 
5065 
9,118 
25.98 

FusionTemperatureof Ash ('1) 
Reducing:

initial 
Softening 
Hemp. 
Final 

Oxidizing:
Initial 
Softening 
Hemp. 
Final 

2057 
2072 
2085 
2100 

2382 
2410 
2438 
2576 

2108 
2122 
2127 
2163 

2342 
2383 
2411 
2521 

2003 
2026 
2036 
2124 

2431 
2474 
2490 
2532 

2005 
2022 
2037 
2119 

2458 
2495 
2529 
2735 

2016 
2051 
2098 
?173 

2535 
2552 
2571 
2614 

2008 
2033 
2057 
2139 

2475 
2507 
2530 
2627 

1990 
2014 
2048 
2121 

2493 
2512 
2532 
2582 

1986 
199B 
2004 
2038 

2483 
2510 
2520 
2505 

2002 
2030 
2049 
2125 

2392 
2434 
2453 
2541 

1994 
2014 
2034 
2095 

2456 
2492 
2502 
2563 

Formsof Sulfur():
TotalSulfur 
PyrilticSulfur 
SulfateSulfur 
OrganicSulfur 

6.35 
1.95 
0.39 
4.19 

5.24 
1.65 
0.31 
3.28 

7.03 
2.63 
0.49 
3.91 

5.99 
2.42 
0.32 
3.25 

6.28 
2.30 
0.90 
3.08 

6.43 
2.45 
0.57 
3.41 

7.42 
2.86 
0.51 
4.05 

8.07 
2.94 
0.63 
4.50 

6.00 
2.34 
0.50 
3.95 

7.43 
2.71 
0.55 
4.17 

UltimateAr,alysisofCoal (7)Ash 
Hydrogen 
Carbon 
Nitrogen 
Sulfur 
Oxygen 

17.58 
3.83 
57.09 
1.22 
6.53 
13.75 

16.86 
3.93 

58.25 
1.15 
5.24 
14.57 

20.69 
3.75 

53.92 
1.01 
7.03 
13.60 

18.69 
4.04 
56.63 
1.14 
5.99 
13.51 

20.72 
3.71 

53.00 
1.05 
6.28 
15.16 

20.03 
3.63 

54.54 
1.07 
6.43 
14.09 

24.33 
3.69 

50.60 
0.98 
7.42 
12.98 

22.22 
3.75 

51.61 
0.95 
8.07 
13.40 

24.13 
3.77 
52.23 
1.06 
6.80 
12.01 

23.56 
3.74 
51.48 
1.00 
7.43 
12.80 

WaterSolubleAlkalies(5)
PotassiumOxide 
SodiumOxioe 
Total 

0.018 
0.321 
TM 

0.014 
0.289 
OT3 

0.019 
0.273 
-" 

0.022 
0.279 
3-M 

O.UI 
0.122 
O-. 

0.017 
0.223 
r 

0.023 
0.245 
OFM070 

0,023 
0.260 
Km 

0.014 
0.169 

fOIM] 

0.020 
0.225 
U 

MineralAnalysisof Ash 
(% IgnitedBasis):SiliconDioxide 

AluninumOxide 
TitaniumDioxide 
CalciumOxide 
PotassiumOxide 
MagnesiumOxide 
Sodium xlde 
FerricOxide 
Phosphorus Pentoride 
SulfurTrioxide 

29.78 
15.34 
1.68 
7.00 
0.65 
4.28 
1.69 
28.48 
0.57 
10.01 

31.75 
11.48 
1.74 
5.91 
0.57 
3.48 
1.40 

24.32 
0.57 
12.70 

34.50 
20.36 
2.20 
3.24 
0.62 
2.83 
1.10 

30.15 
0.64 
4.35 

32.64 
21.06 
1.92 
3.12 
0.46 
2.48 
1.24 

32.89 
0.62 
3.40 

37.80 
24.59 
2.15 
1.88 
0.70 
1.62 
1.00 
26.85' 
9.56 
2.68 

35.01 
22.00 
2.09 
2.75 
0.59 
2.31 
1.11 
29.96 
0.61 
3.48 

37.24 
22.60 
2.17 
2.93 
0.69 
2.16 
0.96 
27.24 
0.84 
3.15 

34.02 
19.92 
1.09 
2.30 
0.65 
2.21 
1.02 

31.76 
0.81 
5.00 

40.34 
18.89 
1.94 
3.23 
0.55 
2.87 
0.75 
23.86 
0.49 
7.00 

37.20 
20.47 
2.00 
2.85 
0.63 
2.41 
0.91 
27.62 
0.71 
5.05 

Phosphorus(1Dry Basis) 0.044 0.042 0.058 0.051 0.051 0.070 0.099 0.078 0.052 0.073 

SlagViscosity(T250 F) 2160 2220 2210 2220 2310 2240 2280 2210 2300 2263 

Slaggingindex Sen. Sev. Sev. Sev. ee. Se . Sev. ev. Sev. See. 
FoulingIndex Sev. Hioh High High La. High High High -ed. High 
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TABLE 2 - Continued
 

Seam Seam No. 2 SeamNo. I 
No. 3 Anth. Arith. 

SampleAnalysis -r'T- E-A2 E-B2 E-C2 Average E-Al E-81 E-C1 Average 

EAST AREA 

Cum.1.80Float Composite 
% TotalSample 87.74 69.52 83.15 78.16 76.94 78.69 86.54 78.59 1l.27 

Analysis:
Ash M0) 29.25 !7.90 17.04 31.39 22.11 11.37 21.91 26.09 21.79 
Volatile Matter (1) 
Fixed Carbon (%) 

36.88 
33.87 

40.73 
41.37 

41.73 
41.23 

34.71 
33.90 

39.06 
38.96 

43.64 
38.99 

39.75 
38.34 

37.70 
36.21 

40.37 
37.85 

Sulfur 
Kcal/kg 
Stu/lb. 

(1) 5.10 
4,777 
8,601 

5.19 
5,766 
10,331 

5.87 
5,735 
10,325 

5.72 
4,606 
8.293 

5.60 
5,369 
g.666 

5.65 
5,771 
10,389 

5.94 
5.498 
9,899 

6.43 
4,900 
8,8?1 

6.01 
5,390 
9,703 

Equ. Moisture (%) 24.71 23.55 20.50 22.97 22.34 16.55 25.24 25.97 22.59 

FusionTemperatureof Ash ('F) 
Reoucng: 
Ilitial 2308 2157 2100 2086 2114 2065 2086 2250 2134 
Softening 2458 217 2130 2114 2147 2115 2113 2298 2175 
Help. 2480 2225 2170 2166 2187 2170 2166 2340 2225 
Final 2512 2254 2210 2204 2223 2204 2204 2399 2269 

Oxidizing: 
Initial 2501 2381 2309 2482 2391 2157 2302 2476 2312 
Softening 2582 2390 2365 2512 2422 2230 2364 2497 2364 
Hemp. 2625 2395 243C 2522 2449 2305 2441 2512 2419 
Final 2654 245? 2545 2558 2518 2510 2518 2552 2527 

Formsof Sulfur(t) 
TotalSulfo. i , ,.i. 5.ou 5.65 5.94 6.43 6.01 
Pyritic Sulfur 2.61 1.61 1.82 3.12 2.19 1.91 2.95 2.43 2.43 
SulfateSulfur 0.3? 0.20 0.30 0.59 0.37 0.29 0.21 0.55 0.35 
Organic Sulfur 2.17 3.3B 3.75 1.01 3.05 3.45 2.78 3.45 3.23 

UltimateAnalysis of Coal(0) 
Ash 29.24 17.90 17.04 31.39 22.11 17.37 21.91 26.09 21.79 
Hydrogen 3.95 4.48 4.43 4.78 4.57 4.52 -4.30 4.02 4.28 
Carbon 49.73 69.96 60.04 46.54 55.52 59.50 55.98 50.48 55.32 
Nitrogen 0.90 1.04 1.07 0.8r 0.99 0.9/ 0.a9 0.88 0.92 
Sulfur 5.10 5.1 5.87 5.72 5.60 5.65 5.94 6.43 6.01 
O.ygen 11.07 11.A3 13.64 10.72 11.27 11.gg 10.98 12.10 11.69 

Water Soluble Alkalies(1)
PotassiumOxide 0.014 0.012 0.015 0.016 0.015 0.013 0.014 0.014 0.014 
Sodium Oxide 0.286 0.282 0.279 0.283 0.282 0.151 0.276 0.286 0.238 
Total t9U0 O-M U7M0To 0TM0 r V70 

MineralAnalysisof Ash 
(0 Ignited Basis): 

Siloon Dioxide 43.99 34.47 34.20 49.06 39.25 33.55 35.38 49.33 39.42 
AluminumOxide 26.46 21.92 21.03 20.21 21.06 21.24 23.55 19.42 21.41 
Titanium Dioxide 3.55 2.06 1.96 2.51 2.18 1.82 1.97 1.93 1.91 
Calcium Oxide 1.86 7.26 3.33 2.20 4.27 4.38 4.49 1.91 3.60 
PotassiumOxide 0.64 0.69 0.64 0.64 0.68 0.58 0.74 0.70 0.68 
MagnesiumOxide 1.96 2.63 3.37 1.57 2.53 2.05 2.71 1.82 2.20 
SodiumOxide 1.09 1.69 1.42 0.85 1.32 1.02 1.37 0.99 1.13 
Ferric Oxide 16.64 20.25 i3 40 19.97 21.21 25.82 21.91 20.73 22.82 
PhosphorusPentoxide 0.56 0.48 u.59 0.61 0.56 0.68 0.5? 0.55 0.60 
SulfurTrioxide 2.90 8.13 9.63 2.38 2.24 8.53 7.10 2.30 5.98 

Phosphorus(%Dry Basis) 1.011 0.037 0.044 0.084 0.055 0.052 0.055 0.063 0.057 

SlagViscosity(T250°F) 2540 2260 2270 2470 2333 22:3 2300 2440 2330 

Slagging Index Med. ev. Sev. High Sev. S( . Sev. High Sen. 
Fouling Index ied. High High Med. High Hii High Hed. High 
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TABLE 2 - Continued 

Seam No. 3 Seam Ho. 2 Seam 

Sample Analysis C-A3 C-B3 Average C-A2 C-B2 C-C2 Average lrT* 

CENTRAL AREA 

Cum.1.80Float Composite 
% Total Sample 88.46 87.47 87.96 86.66 75.14 75.93 79.24 74.58 

Analysis: 
Ash (1) 27.49 28.26 27.B7 22.75 21.57 23.03 22.45 18.74 
VolatileMatter (%) 
FixedCarbon (%)
Sulfur (0) 

37.61 
34.90 
7.09 

37.53 
34.21 
5.34 

37.57 
34.55 
6.21 

39.89 
37.36 
7.12 

40.93 
37.44 
6.71 

41.33 
35.64 
5.98 

40.73 
36.81 
6.60 

42.89 
38.37 
7.02 

Kcal/kg 
Btu/lb. 

4.9110 
8,821 

4,805 
0,651 

4,852 
8,736 

5.347 
9,627 

5.376 
9,679 

5,357 
9,645 

5,360 
9,650 

5,683 
10.232 

Equ.Moisture It) 23.51 21.67 22.59 19.22 24.56 19.21 20.99 21.96 

FusionTemperatureof Ash (*F) 
Reducing:
Initial 2001 2057 2029 2006 2023 2125 2052 2026 
Softening 2021 2058 2040 2035 2040 2160 2078 2098 
Hemp.
findl 

2035 
2100 

2106 
2198 

2071 
2149 

2065 
2110 

2056 
2150 

2192 
2282 

2104 
2181 

2082 
2150 

Oxidizing: 
Initial 2475 2495 2485 2434 2495 2560 2406 2434 
Softening 2517 2513 2518 2472 2517 2570 2520 2460 
Hemp. 2533 2514 2534 2510 2533 2588 2544 2490 
Final 2560 2560 2560 2545 2560 2614 2573 2525 

Formsof Sulftr (%) 
Total Sulfur 7.09 5.34 &.21 7.12 6.71 5.98 6.60 7.02 
Pyrtic Sulfur 3.00 2.32 2.66 2.80 2.45 1.92 2.39 2.36 
SulfateSulfur 0.67 0.65 0.66 0.25 0.31 0.20 0.25 0.22 
OrganicSulfur 3.64 2.37 3.00 4.07 3.95 3.86 3.96 4.44 

UltimnateAnalysisof Coal (5)
Ash 27.49 28.26 27.87 22.75 21.57 23.03 22.45 18.74 
Hydrogen 3.47 3.54 3.50 4.03 4,03 3.89 3.98 4.26 
Carbon 50.57 49.29 49.93 52.82 53.92 53.71 53.48 56.08 
Nitrogen 
Sulfur 

0.98 
7.09 

0.94 
5.34 

0.96 
6.21 

0.98 
7.12 

0.98 
6.71 

0.95 
5.98 

0.97 
6.60 

1.03 
7.02 

Oxygen 10.40 12.63 11.51 12.30 12.79 12.44 12.51 12.87 

WaterSolubleAlkalies(5)
P tassium Oxide 0.016 0.018 0.017 0.014 0.015 0.014 0.014 0.013 
SodiumOxide 
Total 

0.230 
U18 

0.224 
0 

0.227 
UT74T 

0.196 
UTM 

0.201 
n21 

0.216 
1TTM 

0.204 
U1 

0.200 
T1 

MineralAnalysisof Ash 
(5 IgnitedBasis):

SiliconDioxide 38.19 43.99 41.09 38.13 33.74 39.04 36.97 36.46 
Aluminum Oxide 19.49 20.58 20.03 18.17 20.57 25.66 21.46 22.27 
TitaniumDioxide 2.60 2.34 2.47 1.79 1.77 2.16 1.90 1.80 
CalciumOxide 3.59 3.10 3.34 4.28 5.60 4.45 4.77 4.00 
PotassiumOxide 
Magnesium Oxide 

0.70 
1.39 

0.76 
1.30 

0.73 
1.34 

0.68 
1.55 

0.50 
1.95 

0.01 
1.71 

0.66 
1.73 

0.76 
1.89 

SodiumOxide 
FerricOxide 
Phosphcrus Pentoxide 

0.94 
27.63 
0.63 

0.95 
21.61 
0.56 

0.95 
24.62 
0.59 

1.02 
27.14 
0.64 

1.21 
26.46 
0.69 

0.91 
20.37 
0.55 

1.04 
24.65 
0.62 

1.12 
26.62 
0.65 

SulfurTrioxide 4.68 4.15 4.41 6.13 6.80 3.65 5.52 4.13 

Phosphorus(5 Dry Basis) 0.076 0.069 0.072 0.064 0.065 0.055 0.061 0.053 

SlogViscosity(T,50 F) 2260 2400 2330 2250 2230 2370 2283 2260 

SlaggingIndex Sex. High See. See. Sen. high Sen. Say. 
FoulingIndex HIion Med. Med. Hiqh High ied. High High 
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TABLE 3
 
UNWASHED VERSUS WASHED LAKIHRA COAL
 

UNWASHED LAKHRA COAL WASHED LAKHRA COAL 

Dry Proximate: 
Mean 
% 

Range% Mean% Range 

Ash 
VM 
FC 
Sulfur 
Kcal/kg 
Btu/lb 
Eq. Moist 

36.00 
34.60 
29.40 
7.35 
4167 
7500 

38.91 

26.17-41.87 
32.15-39.58 
23.68-35.8? 
6.02- 9.X5 
3366-4971 
6060-8950 
33.77-50.06 

23.00 
38.14 
31.86 
6.34 
5300 
9540 

24.02 

16.86-31.39 
34.71-43.64 
33.87-41.37 
5.10- 8.07 
4606-5771 
8293-10389 
16.55-30.30 

Fusion Temperature of Ash: 
Reducing Basis- F F F F 
Initial 
Softening
Hemisph. 
Final 

2094 
2124 
2157 
2263 

2001-2443 
2005-2453 
2012-2463 
2046-2508 

2066 
2097 
2126 
2185 

1986-2308 
1998-2458 
2004-2480 
2038-2512 

Oxydizing Basis- F F F F 
Initial 
Softening 
Hemisph. 
Final 

2433 
2474 
2503 
2543 

2254-2593 
2302-2621 
2333-2631 
2395-2640 

2431 
2466 
2494 
2562 

2157-2560 
2230-2582 
2305-2625 
2452-2735 

Forms of Sulfur: % % % % 
Total 
Pyritic 
Sulfate 
Organic 

7.35 
3.95 
0.57 
2.83 

6.02-9.85 
2.89-5.51 
0.31-1.56 
1.43-3.86 

6.34 
2.42 
0.43 
3.49 

5.10-8.07 
1.61-3.12 
0.20-0.90 
2.01-4.50 

Ultimate Analysis: 
H20 
Ash 
H2 
C 
N2 
Sul 
02 

32.00 
24.50 
2.12 

29.12 
0.55 
5.00 
6.71 

Dry 
26.17-41.87 
2.76- 3.66 
35.61-50.75 
0.66- 1.08 
6.02- 9.85 
9.69-12.14 

35.00 
15.00 
2.57 
34.50 
0.64 
4.30 
7.99 

Dry 
16.86-31.39 
3.47- 4.78 
46.54-50.04 
0.85- 1.22 
5.10- 8.07 
10,40-15.16 

Water Soluble Alkalies: 
K20 
Na20 
Total 

0.018 
0.253 
0.271 

0.011-0.024 
0.092-0.344 
0.104-0.363 

0.016 
0.240 
0.255 

0.011-0.023 
0.122-0.321 
0.133-0.339 

Mineral Analysis: 

Ai0239.60 
Al203 20.17 

32.34-47.68 
12.12-26.30 

37.65 
21.03 

29.78-49.33 
15.P4-2?.46 

Ti02 
CaO 
K20 
MgO 
Na20 
Fe20 3 

2.02 
3.70 
0.61 
1.60 
0.72 

24.64 

1.33- 3.16 
2.11- 8.39 
0.45- 0.76 
0.79- 2.64 
0.32- 1.02 

17.02-33.60 

2.00 
3.77 
0.66 
2.24 
1.12 

25.00 

1.68- 3.55 
1.86- 7.26 
0.46- 0.81 
1.30- 4.28 
0.75- 1.69 
16.64-32.89 

P205 
S03 

Phosphorus-Dry 

0.75 
5.63 

0.105 

0.56- 0.93 
2.20-10.55 
0.076-0.143 

0.61 
5.39 

0.061 

0,4P- 0.84 
2.24-12.70 

0.03;,'-0.089 
Slag Viscosity:
Slagging Index: 
Fouling Index: 

Sev. 
Med. 

Sev.-Sev. 
Low-High 

2296 
Sev. 
High 

2160-2540 
Sev.-Sev. 
Med.-Sev. 
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TABLE 4
 

BASE TO ACID RATIO, FOULING AND SLAGGING INDICES
 

Base Fe203 + CaO + MqO + Na20 + K20 

B/A
 

Fouling Index B/A times Na20
 
Slagging Index B/A times Dry Sulfur
 

FouLn Index Slagging Index
 

0.2 Low 
 0.6 Low

0.2-0.5 Medium 0.6-2.0 Medium
0.5-1.0 High 2.0-2.6 High

1.0 Severe 
 2.6 Severe
 

NOTE: These indices are applicable to Eastern USA Bituminous Coals
Only. These indices should be used for other coals for comparison
 
purposes only.
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STATUS OF FLUIDIZED-BED COMBUSTION FOR ELECTRIC UTILITIES
 

Shelton Ehrlich
 

Electric P,,..or
Research Institute
 

P.O. Box 10412
 

Palo Alto, CA 94303
 

ABSTRACT
 

Fluidized-bed combustion is a technique wherein 
a 	 9 
F , l.

fuel 
is burned in a bed of particles suspended by a 

Bud,,,,n
 

flow of air. This technology is applied to 
steam 
 ,li;edI " 
generating 	boilers primarily fired with solid
 
fuels. Fluidized-bed boilers are capable of better c,.1 
pollution control and lower capital cost than cony-


hp.etd 
entional boilers. There were over 16u ndustrial 
fluidized-bed boilers in op-ration in 1985 in the 
 NOii.n 
western nati,,n:.. In addition, 6 major utility 	 Plnum ChO.MVt-,A.U-CG b u |lO. 1 	 ,d ll bu ll o
 

demonstration plants were in development, scheduled 9,d
 

to be operating by 1990.
 

Figure 1. 	Schematic Drawing of a Fluidized-Bed
 
Boiler.
INTRODUCTIONB
 

Fluidi!ed-bed combustion is 
an evolutionary develop-.
 
ment in boiler technology. 
 The design 	feature that 
 Coal and sorbent material are fed to 
the bed through

distinguishes fluidized-hed boilers from conven-
 over-bed spreaders or under-bed pneumatic feed

tional boilers is that the fuel 
is burned in a bed 
 systems. 
 The space above the bed, called the "free
,ifinert particles suspended in an upward flow of 
 board", provides additional combustion volume.

air. Two important features result from this Convective heat exchangers are placed in the gasdesign: 
 1) the bed 	can contain limestone and thus 
 flow after the freeboard. The larger particles of
 
capture sulfurous gases before they ccape the 
 fly ash carried out of the bed with the gases isboiler, and 2) increased heat transfer rates due to captured by cyclones and returned to the bed. 
the addition of conduction heat transfer from the 
bed particles to the boiler tubes in the bed 
and on There are 
several potential advantages of fluidized
the walls. Fluidized-bed boilers are primarily 
 bed boilers over conventional boilers, listed below:
 
designed for the combustion of coal and waste fuels
 
but liquid fuels can be utilized. These boilers may 
 (1) The capability of controlling sulfur emissions

be operated at atmospheric pressure 
as are conven-
 utilizing sorbent materials in the bed, thus
 
tional boilers, or they 'av be run with pressurized eliminating the need for adding costly flue gas

air, exhausting the flue gas through 
an expansion desulfurizing equipment after the boiler. 
 To

turbine to 	produce useful work. 
 capture sulfur dioxide, limestone is fed with
 

the coal. 
Figure 1 shows the essential features of a 
fluidized-bed boiler. 
 The main feature is the bed, 
 (2) The limestone calcines 
to lime (CaO) which 
which is suspended by an upward flow of air that reacts with the sulfur dioxide to produce 
ansupplies the oxygen necessary for combustion. As hydrous gypsum (CaS04 ). The gypsum and unused

the fuel burns, it heats the bed material which then lime are in dry, solid form and can be easily
transfers the energy to boiler tubes mounted in the 
 removed from the bed, whereas in common flue gas

bed and walls of the boiler. desulfurization plants the wastes are in the 
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TABLE I
 

COMPARISON OF CONVENTIONAL BOILERS AND FLUIDIZED-BED BOILERS
 

Item 
 Conventional 
 Fluidized-Bed
 
Boiler Boiler
 

Emission control 	 Coal cleaning prior to Sorbent material in bed
 
firing or flue gas 
 reduces SO2 emissions
 
desulfurization
 

Fuels 
 Limited to high quality Can burn any coal, 

coals lignite, or woodwaste 

Heat transfer rate 50-100 W/m -K > 315 W/m2 -

Waste materials Sludge of sultur Primarily gypsum (CaS04) 
containing compounds 

Ash Fouls superheater boiler Not a problem 
tubes
 

form 	of a hydrate,. sludge. FBC solid wastes, 

a mixture of limestone-sulfur reaction 


products and coal-ash, are being evaluated for 

use as construction materials. 


(3) 	The rate of heat transfer to the boiler tubes 


is greater than in conventional boilers, thus 


a lower total heat transfer surface area is 

required, reducing the cost. 


(4) 	Fluidized beds operate at much lower 


combustion temperatures than conventional
 
boilers and thus the problem of slagging, 


which results from the resolidification of 

molten ash on 
the furnace walls, is reduced, 


Fluidized-bed boilers also experience less 

fouling than do pulverized coal boilers. 


Fouling is caused by ash sublimation followed 


by recondensation on boiler convection 


tubes. Ash does not sublime at the operating 


temperature of fluidized-bed boilers, 


(5) Fluidized beds can 	burn lower-quality fuels 


such as lignite, peat and woodwaste due to the 

lower temperatures used as well 
as the fact 


that the fuels do not need to be pulverized.
 
Tables A-i and A-2 in the Appendix list the 

properties of low-grade fuels that have been 


tested or are actually being used. 


These 	advantages are listed on Table 1. 


Distinctions are made between fluidized-bed cumbus
tors based chiefly on two fundamental characteris

tics- 1) the combustor gas pressure and 2) the
 
ratio 	of the operating velocity, U to the particle
 

terminal velocity Ut. The gas pressure can be
 
either atmospheric or an elevated pressure which
 

characterizes the boiler 
as an atmospheric fluidized
 

bed or a pressurized fluidized bed. 
 The operating
to-terminal velocity ratio characterizes the combus
tors as bubbling (U/Ut < 1) or circulating bed
 

(U/Ut > 1).
 

Atmospheric fluidized-bed combustors (AFBC) perform
 

the same function as conventional boilers, i.e., 
to
 
raise steam for an application or to generate elec
tric 	power via a steam turbine. If a pressurized
 
fluidized-bed combustor (PFBC) is used, 
in addition
 

to 
the generation of steam, the high-pressure flue
 
gases can be expanded in a turbine to produce useful
 

work. If the gas turbine in this concept produces
 

electricity, the system is termed 
a combined
 

cycle. If the gases are cooled, by raising addi
tional steam so that no excess power, over that
 

needed to drive the compressor, is available, the
 
system is termed a turbocharged boiler.
 

In bubbling-bed boilers, 	particles of greater than
 
500 micron diameter are used, and fluidization
 

velocities are less than 4 m/s. 
 The particles that
 

are entrained in the gas flow leaving the bed can be
 
recycled to improve performance but generally at
 

ratios of recycle-to-fresh coal of less
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I 


Combustion (AFRC) 


Pressure
 

(am) 

10-20 


(PFBC) 


than 5 to 1. 
In circulating fluidized-bed boilers 

(CFB) particle sizes are generally below 500 

icrons, and fluidization velocities are 
greater 


than 4 m/s 
so that terminal particle velocities are 

exceeded. 
 These combustors utilize a very high

recycle ratio (more than 20 to 1). 
 Table 2 

summarizes the fluidization regimes discussed above. 

Currently (1985) there are 
over 160 industrial 

fluidized-bed boilers in service in the Western 

nations and many more 
in China. There 
is also one 


major pilot-plant boiler operating for 
a utility,
 
and there are six utility-scale demonstration plant 

installations in development that will 
be opera-

tional by 1990. 


HISTORY OF DEVELOPMENT OF THE FLUIDIZED-BED 

COMBUSTOR 


Evolution of the Fluidized-Bed Concept 


In the 1920s Fritz Winkler developed the Winkler gas

generator 
in Germany beginning the implementation of 

fluidized-bed combustion technology. 
Winkler was 

able to use small fuel pdrticles, less than 10 
nm in 

diameter, which had previously been discarded 

because they were not suitable for fixed-bed gasi-


fiers.
 

Also in the 1920s W. W. Odell developed a catalytic 

cracker in the U.S., based on 
fluidizing a bed of 

particles. Concurrently, engineers from the 


M. W. Kellogg and Standard Oil Development Company 


TABLE 2
 
FLUIDIZATION REGIMES
 

Particle Size 


Fluidizing Velocity 


Recycle Rate 


Particle Size 


Fluidizing Velocity 


Recycle Rate 


Bubbling Circulating
 

500 Um 
 500 4m
 

4 m/s 
 4 m/s
 

0 
- 4 100
 

1000 Pm 
 500 Pm
 
I - 3 m/s 4 m/s
 

0 - 4 
 100
 

(now Exxon Research and Engineering) began a project
 
to develop a similar fluidized-bed cat cracker.
 
Standard Oil eventually bought the rights to Odell's
 

patent.
 

In 1950 Albert Godel 
of France developed a combined
 
gasifier/boiler based on 
the fluidized-bed
 
concept. 
 This boiler was commercialized 
in 1955;
 
manufactured by 
Babcock Atlantique, it is known 
as
 
the Ignifluid Boiler.
 

Douglas Elliot of the Marchwood Laboratories of the
 
Central Electricity Generating Board of the U.K.
 
embarked on his own development effort in 1961 as a
 

means of improving heat transfer, fuel 
flexibility
 
and the rollability of utility-scale boilers.
 
Elliot is credited with initiating the most recent
 
and successful era of fluidized-bed boiler develop

ment.
 

In 1962, John Bishop, an employee of a small U.S.
 
engineering company, started the U.S. effort on
 
fluidized-bed %ilers. 
 In less than a year he had
 
an actual 
AFBC boiler running successfully; t
 
first unit based on 
Elliot's principals.
 

Over the period of time from 1958 to 1970 Babcock
 
Atlantique sold 22 
Ignifluid Boilers. 
Since 1970
 
these boilers have been marketed by Fives-Cail
 
Babcock, who have sold 10 of the Ignifluid Boilers
 

to date.
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Another manufacturer of industrial-sized boilers is 


Babcock Power Ltd. of the U.K. (BPL). (The Babcock 


companies in different countries operate indepen-


dently.) They retrofitted a boiler producing 


13.5 MW (th), at Renfrew, Scotland. Foster Wheeler 


Corporation, using the concepts developed by John 


Bishop and his team, installed the first U.S. 


conmercial boiler in 1979 at Georgetown University 


in Washington, D.C. The boiler produces 45,000 kg/h
 
of steam and has operated for over 20,000 hours 


burning medium-sulfur coal with low emissions. 


Initially, severe problems were encountered with 


erosion and the in-bed tubes had to be replaced 


after only around 4,000 hours of operation. 


A similar boiler was installed at the Midwest 


Solvents Company and initiated operation in
 
August 1984. It has run trouble-free since that 


time. 


Recent Development 


Over the last 10 years In the United States, the
 

Electric Power Research Institute (EPRI), the
 
Department of Energy (DOE), and the Tennessee Valley 


Authority (TVA) have supported fluidized-bed devel-


opent programs. Outside of the U.S., the Inter-


national Energy Agency and individual government 


agencies have supported research in the U.K., Japan, 


West Germany and elsewhere. The EPRI program led to 


the construction of a 2 MW (th) experimental fluid
ized bed at the Babcock & Wilcox test station at 


Alliance, Ohio. The successful testing at the 


2 MW (th) scale provided useful data for the design 


of a 20 MW electric output equivalent [20 MW (e) 


pilot plant that was built and operated by TVA 


starting in May 1982. 


The first utility-sponsored fluidized-bed boiler was 


retrofitted to a small Nurthern States Power boiler 


at French Island, Wisconsin. This unit, initially 


built in 1948 as a stoker-fired coal-burning boiler 


and later converted to oil-fired operation now burns
 

waste wood in a bed of inert particles.
 

In the United States, three utilities are construct-


ing fluidized-bed plants. The first to go on line 


will be Northern States Power's Black Dog unit near
 

Minneapolis, Minnesota. This is a 125 MW (e) plant
 

using a bubbling-bed design and is planned to start
 

in 1986. The second commercial plant will be a
 

circulating-bed AFBC at ColoraJo-Ute Electric
 

Association's Nucla power plant. The size of this
 

unit is 110 MW (e) and it will start in 1987.
 

Finally, the Tennessee Valley Authority is con

structing a 160 MW (e) plant at Paducah, Kentucky
 

which will start operating in 1988. These units are
 

described in detail later.
 

Lurgi, in Germany, pioneered the development of
 

circulating bed boilers. The city of Duisberg, West
 

Germany has installed a Lurgi-designed fluidized-bed
 

boiler plant for a cogeneration system to develcp
 

140 MW (th) of district heat and up to 98.5 MW of
 

electric power. Ahlstrom of Finland has sold a
 
nunber of waste-fuel burning circtilating AFBCs.
 

In Japan, the Electric Power Development Corporation
 

is constructing a bubbling-bed system to generate
 

40 MW of power. The scheduled start date is April
 

1987.
 

AFBC DEMONSTRATION PROJECTS
 

Utilizing the experience gained from the TVA/EPRI
 

20 MW (e) pilot plant, EPRI with a number of elec

tric utilities began a program to demonstrate AFBC
 

technology by building and operating three utility

size units (110 to 160 MW (e):
 

(1) The new 160 MW (e) boiler will be built at
 

TVA's Shawee steam plant near Paducah,
 

Kentucky. The bubbling bed boiler will use
 

underbed coal feed and will steai
provide to
 

the existing turbine/balance-of-plant of
 

Unit #10.
 

(2) The conversion of an existing 100 MW (e)
 

pulverized coal unit (Black Dog #2) to a
 

125 MW (e) fluidized bed is underway by
 

Northern States Power Co. This unit utili

zes underbed feed.
 

(3) Colorado-Ute Electric Association chose a
 
110 MW (e) circulating AFB boiler for
 

repowering its Nucla generation station.
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The differing types of applications, scopes of 


supply, time frames, fuel fired and locations (see 


Tables 3 and 4) make the three denonstratiorn 


projects conplementary in terms of data they will
 
provide to the U.S. electric utility industry and, 


because much data will be published, to the world. 


Upon 	 completion of these projects, the following 

features will have been demonstrated:
 

o 	 Operability of the specific designs. 

o 	 Reliability of critical power plant comp-

onents. 

o 	 Unique features of AFBC technology such as 


emission control, fuel flexibility, good 


combustion efficiency, etc. 


o 	 Economics of AFBC technology, 

TVA'S 160 MW Project 

TVA, in cooperation with EPRI, the State of 


Kentucky, Duke Power, Combustion Engineering and 


others, is designing a bubbling bed boiler to re 


place Unit #10 of its Shawnee power station. The 


boiler will be nominally rated at 160 MW (e) and it
 

will utilize the existing steam turbine and the 

balance-of-plant of Unit #10. Completion of con-

struction of the S220-million project (cost includes 

a test and evaluation program) is expected in 1988. 

Unit Description. The boiler (See Figure 2) will be 

a balanced-draft, bubbling bed type and it will pro
vide steim at 126 kg/cm /540 t to the existing high-

pressure turbine and 32 kg/cm /540t reheat steam to 


the low-pressure turbine from burning high-sulfur 


bituminous coal (Kentucky #9). The furnace of the 


unit 	is divided into six firing zones that can be
 
fired Independently to accomplish good boiler turn-


down. 


Superheater surface is installed in both the bed and 


the convection pass, while all reheat and economizer 


surface is in the convection pass. 

A regenerative air heater is used that reduces the 


flue gas temperature to 132 0C. Further flexibility
 
will exist for reducing the gas temperature to 


110 C. Two cyclones are located upstream of the air 


heater to separate the unburned carbon and elutri-


ated bed material/limestone and to recycle it to the 


furnace. Recycling of these solids improves combus-


tion efficiency and limestone utilization consider

ably. Gas from the top of the cyclone passes
 

through the fabric bag filter to the stack.
 

Boiler efficiency is guaranteed to be 87.5% at the
 

maximum continuous rating with calcium to sulfur
 

molar ratio of 2.3.
 

The coal/limestone feed system is designed by
 
Cenbustion Engineering Inc. (see Figure 3). This 

system uses a crusher/dryer to prepare the coal
 

to: 	 1/4-in x 0 and less than 6% moisture. Lime

stone and coal are fed from their respective silos 
through a system of gravirnetric feeders/charging
 

hoppers to twelve (12) fuel distributors, so-called
 

bottles. Each bottle is a fluidized feeder with a
 

central inlet and ten 2 1/2-in diameter outlet fuel
 
lines arranged concentrically around the inlet.
 

Fuel 	transport blow~rs'pressurize the bottles to
 

between 0.25 and 0.28 kg/cm , enough to transport
 

the 	coal/sorbent mixture to the furnace. Each
 

firing zone is fed by two bottles.
 

This particular feed system was tested at the
 
20 IN (e) pilot plant and demonstrated satisfactory
 

performance. An overbed limestone feed system will 
also 	be tested at the 160 MWscale to further 

simplify the auxiliary system design for future
 

units.
 

Schedule. Currently, a number of studies are under
 

way 	along with testing at the 20 MW (e) pilot plant
 

to finalize the design of key components of the
 

boiler, such as:
 

o 	 Overfire air system. 

o 	 Coal feed system (further simplification).
 

o 	 In-bed bundle design (to improve load fol
lowing characteristics).
 

o 	 Recycle system (to improye reliability) 

Major milestones for the project are identified in
 
Table 4.
 

Following startup, a 4-year test program is planned
 

consisting of ihakedown, parametric testing, and an
 

extended commercial demonstration run. A 6-year'
 

commercial operation will follow resulting in 
a
 

total of 10 years of data acquisition.
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TABLE 3
 
COMPARISON OF BASE FUEL ANALYSES FOR AFBC DEMONSTRATIONS
 

TVA NSP 
 COLOK,,.O-UTE
 
(WESTERN KENTUCKY) (MONTANA) (COLORADO)
 

Carbon, % 53.8 49.7 
 55.17
 
Hydrogen, % 3.7 
 3.2 3.63
 
Oxygen, % 5.3 
 10.7 7.51
 
Nitrogen, % 1.1 .7 
 .98
 
Sulfur, % 4.4 
 .9 .73
 
Moisture, % 12.8 
 23.9 5.06
 
Ash, % 19.2 10.8 
 26.08
 
IHV, Btu/Lb. 10,300 8,500 9,693
 

BC D D I 11 R9C1IVI" "rAN
DUST ¢OLLUCTOR
 

I226
 

AAA,
 

Coall limeetlna 
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TABLE 4
 
TVA SCHEDULE MILESTONES
 

Activity 
 Date
 
Complete Integrated Project

Construction Schedule 
 4/15/85
 

Complete Conceptual Design 
 6/01/85
 
Submit Air Permit Application 8/01/85
 
Begin Site Preparation 
 9/01/85
 
Detailed Integrated Construction
 
Schedule 
 9/01/85
 

Technical Readiness 
 11/01/85
 
(Release Boiler for Fabrication)
 
Start Construction 
 4/01/86
 
First Fire and Begin Test Plan 
 2/01/88
 

Steam to Turbine 
 4/01/88
 
Begin Cnmercial Demonstration 
 2/01/99
 
Begin Conmiarcial Oparation 
 2/01/92
 

Northern StatesPower AFBC Conversion/Upgrade 


After Northern States Power (NSP) converted a 

15 MW(e) unit (French Island #2) AFBC boilerto 

firing waste wood, a study was 
initiated In 1982, to 

investigate the possibility of upgrading and 

extending the life of a larger init. 
 As a result of 

this 
study., which was partially funded by EPRI, 


Black Dog Unit #2 was selected for fluidized-bed 

retrofit and 
life extension. Although the unit was
 
originally designed for 100 MW (e), capacity %as 

reduced to 85 MW (e) to meet environmental standards 

firing a blend of low-sulfur western subbituminous 

and 	eastern bituminous coal. 


NSP 	 selected to: 

o 	 extend the operating life of the unit by 

25 years, 

o 	 convert the unit to a bubbling bed boiler
 
firing 'western coal (Saroy Creek roal), 
and 


o 	 increase the present capacity of the unit 

from 85 MW (e) to 
125 MW (e) by upgrading 


the steam turbine, 


Unit Description. Black Dog Unit #2 
was built by 

Foster Wheeler in 1954 with a maximum working 

pressure of 125.4 kg/cm 
 at 390,000 kg/hr steam flow 

and final steam temperature of 540 0
C. 	The unit was 

designed to fire pulverized coal, oil or natural gas 

with burners located in the front wall. 
 Ball mill 


pulverizers with an 
exhauster fan arrangement were
 

utilized. The plant originally contained a single
 
electrostatic precipitator. As a result of 
switching 
to a blend of eastern high-sulfur and low
sulfur western coal, a second electrostatic 
precipitator was installed 
to control particulate
 

emissions to required levels. 
 The same
 
precipitators will 
be utilized after the conversion
 

to bubbling bed boiler.
 

The Black Dog #2 retrofit (See Figure 4) is designed
 
to generate 471,290 kg/hr firing Sarpy Creek sub
bituminous coal with provisions to 
fire higher
sulfur bituinnous coals, lignites, petroleum coke,
 
and 	a 
mixture of coal/RDF as alternate fuels. This
 
kind of fuel flexibility, typical for fluidized-bed
 

systeiis, will permit the fuel procurement personnel 
of 	the utility to take advantage of the lowest fuel
 

prices.
 

The bottom half of the existing furnace is replaced
 
by three fluidized-bed cells totally enclosed by
 
waterwall construction and supported by water-cooled
 
air distributor floor. 
 The center bed contains
 

basically steam generating tubes. 
 Each of ttmetwo
 
beds located in the "win, cells" contains both steam
 
generating and superheating surfaces; 50% 
load 	can
 
be 	achieved by firing only the center bed. 
 As load
 
is further increased the "wing cells" are 	brought 
into 	service. 
Five to one boiler turndown can be
 
achieved with this arrangement.
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Figure 4. 	The Black Dog #2 Unit After 

AFBC Retrofit. 


The 	unit wil'tbe operated in a cycling mode (two
 

shifts per day operation, with weekend shutdowns). 


The existing steam turbine/ generator will be 


changed to variable pressure operation along with 


upgrading to 125 MW (e). 


Project Schedule. The boiler contract for retrofit 


of the steam generator and auxiliary systems to AFBC
 

operation was awarded to Foster Wheeler Energy 

Corporation by Stone and Webster Engineering 


Corporation as NSP's agent in May 1984. Northern 


States Power Company performned the demolition work, 


which was init ited in September 1984 and completed 


in January 	 1905. Stone and Webster is providing 

procurement and detailed engineering design services
 

for 	the project. Erection of the new components for 


the steam generatur retrofit began in April 1985 


with completion of all work expected by June 1986. 


Following initiation of operation a shakedown and
 

initial operation period of approximately 6 months 


will be carried out. This will be followed by a 


3-year test and operation program during which the 

unit performance and operating characteristics will 

be monitored by EPRI, ESEERCO and Consolidated 


Edison Company of New York. 


Colorado-Ute CF8 Project
 

is installing the first utility-scale,
 

circulating fluidized-bed steam generator in the
 

U.S. at its 25-year-old Nucla generating station.
 

This is part of a major life-extension and upgrading
 

of 	plant output project, which includes:
 

o 	 a new 110 MW (e) circulating fluidized-bed
 

boiler that replaces three stoker-fired
 

boilers (12 1W (e) each),
 

o 	 a new 75 MW steam turbine, and
 

life extension work on the balance-of-plant.
 

These changes will result in:
 

o 	 improved station heat rate by 15%,
 

o 	 increase of plant capacity frcm 36 MW (e) to
 

110 MW (e) for an investment of approx

imately $840/kW,
 

o 	 reduction in fuel cost by 30%, and 

o 	 emission reduction. 

Participants in the $90 million project that share 
some of the financial risks with the utility are: 

Pyropower Corp. (boiler vendor), Stearns-Catalytic 

Corp., Peabody Coal Corp., Westinghouse Electric 

Corp. (turbine/generator manufacturer), and the 

Electric rower Research Institute (test program). 

Unit Description. The new steam generator (See
 

Figure 5) will provide 419,580 kg/hr of steam at
 

106 kg/cm /540'C. It consists of two independent
 

combustion chambers, each one with its own Fuel and
 

air supply, ash removal system, arid structural sup

port. 

Refractory-lIned cyclone separators are provided
 

downstream of the furnace. Mixing of the gas occurs
 

downstream, of the two cyclones.
 

Solids, includlig unburned carbon and unused lime

stone return to the combustion chamber via a non.

mechanical 	 loop seal located at the botto of the 

cyclones. Flue gas flows through the convective 

heat transfer sections, tubular air heater and 

fabric filters to the stack. The existing fabrfc 

filters will be utilized along with some new
 

modules.
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Address scale-up uncertainties, such as
 

.	 tso _l horsepower requirements, process perfovm

ance, startup and transient operation.
 

AFBC Technology Transfer 

The complementary nature of the three demonstration 

'V' '"' projects and EPRI's participation in them will 

• - assure that the utility industry willloxrii get the data
 
coloctor Tand 
 tools required to assess AFBC technology and
 

compare it to other power generating options.
 

I ~ ~ ~'gF 	 '0 
-During 


the generation expansion planning phase, the
 
SNow ,..required 
 technology related data will be provided to
 

SOcompare 	 AFBC to competing technologies (pulverized 
fa -- coal , combined cycles, hydroelectric, nuclear,
 

M-O.,*, I ya h etc.).
 

CrIO&Wtan d."o'" 7 o JAVIK 
IN14 1 a o SON$1 

0 

Now W After AFBC has been selected as the future power
 

generating option, the tools and data provided to
 
Figure 5. The Colorado-Ute CFB Boiler. the utilities will assist them 
in evaluating
 

different design configurations considering capital
 
Project Status/Schedule: Awards have been made for costs, unit performance, reliability and
 
most of the plant components, such as, boiler, steam operating/maintenance costs.
 

turbine, feedwater pumps, and other balance-of-plant 
components. Project activities ar . proceeding on EPRI is planning to deliver to the utilities the
 
schedule. Project milestones are given in Table 5. following data bases and computer codes:
 

Data Bases:
 

TABLE 5 
 o Cost data base by subsystem as a
 
COLORADO-UTE SCHEDULE MILESTONES 
 function of critical design parameters.
 

Activi Date 
 o Fuels characteristics data base.
 

Start Construction 6/08/85 0 Reliability data base. 

Raise Drum 12/15/85 

Start Turbine Installation 9/01/86 Computer Codes: 

Hydro Test 12/15/86 0 AFB TREE (Cost Model) for evaluating 

Steam to Turbine 4/15/87 different design configurations. 

Begin Commercial Demonstration 8/15/87 o FBC BAL (Performance Model) for gen-

Begin Coimercial Operation 8/15/89 erating heat and material balances 

given the fuel combustion properties. 

FBC BAL will also enable performance 

Following startup a comprehensive test program will assessment of a given boiler design 

be carried out by EPRI and Colorado-Ute to: firing a variety of fuels. 

o The Modular Modeling System (MMS) will
 

o 	 Provide performance data for the primary be used for dynamic modeling of the 

design fuel. plant to: 

o 	 Demonstrate fuel flexibility of the unit.
 

o 	 Provide reliability data for the critical - assist in the design of the control 
system.components of the system. 
 - study basic transient conditions 

- train plant operators. 
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TECHNOLOGY DEVELOPMENT ISSUES 


Although industrial-scale steam 
users have accepted 


the concept of fluidized-bed combustion, the more 


conservative electric utility industry still 
must be
 
convinced of the viability of this technology at the 

vastly larger scale of utility boilers. Several 

important differences between industrial-scale 


boilers and utility-scale boilers make the choice 


for utilities more difficult. 


The most obvious difference is size. Industrial 


boilers can be 
as &-all as 1 or 2 MW whereas utility
 
boilers range up 
to 500 MW in size or even greater. 


The early problems with the ambitious Rivesville 

power plant 
in the U.S. made the utility industry 


Justifiably nervous. 
 The step from the bench-scale 

combustor to the full-scale unit is a big one. 


However, successful testing with the 2 MW and 20 MW 

boilers has shown that combustion efficiency, sulfur
 
retention, and NOX enission all improve with scale. 

The next step to the size of the demonstration plant 

boilers 3 will be a significant test of the scaling 

laws that have been developed, 


Related to scaling Is reliability. Utilities need 

boilers with high reliabillties in order to run 


their plants economically. Potential problems exist 

in the coal feed system and in boiler tube erosion, 

Plugging caused by moisture in the coal supply and 

erosion of feed system components have been 


experienced in the under-bed 
feed system at the TVA 

20 MW plant. Redesign of the plant to include wear 

resistant materials and lower transport velocities 

has improved the reliability considerably. Data 

from many industrial 
boilers shows that availability 


is typically greater than 90% (availability is the 

ratio of 
the time the boiler could have operaLed 

(had it been called for) to calendar time. 


All boilers must be designed to operate at a reduced
 
load. In some cases, especially for utilities, the 

load may fall 
to as low as 25% of the design load 

for the boiler (or even 
lower in the middle of the 

night). With pulverized-coal boilers, this is 

accomplished by turning off one (or more) of the 

many burners in the boiler. 
With fluidized-bed 


boWlers, a choice has to be made to use 
either vel-

ocity turn down or bed slumping. The latter is 

similar to turning off a burner in the pulverized-


coal system, but more research has to be done to
 

determine definitively which (if either) method is
 
better.
 

One of the early promises about fluidizcd-bed
 
boilers was that the total 
heat transfer surface
 
area would be significantly less then that in pul
verized-coal boilers, due to the 
high heat transfer
 
rates available 
to the in-bed boiler tubes. Some
 
reduction has been achieved but not as much as 
ex
pected 15 years ago.
 

Another development issue has to do with the reduc
tion of the Ca/S molar ratio. The theoretical ratio
 
is 1 but a typical operating ratio is closer to 2.
 
High Ca/S ratios mean more limestone or dolomite in
 
the bed which increases raw material and waste
 

disposal costs.
 

Primarily due to 
the problems associated with a hot,
 
solids-laden gas, the development of a true com
bined-cycle pressurized fluidized-bed combustor is
 
expected to lag that of the atmospheric pressure 
fluidized beds. 
 A method of cleaning the particles
 
that are entrained in the gas flow out of the bed
 
must be chosen 
from the several alternatives that
 

are shown in Table 6. In addition, the required
 
degree of cleanliness must be determined, based on
 
expected turbine design and operation. The major
 
alternatives are to 
use current turbine designs
 
requiring a high degree of gas cleening or to
 
redesign the turbine so that 
some particles can be
 
admitted without causing excessive turbine blade
 
damage or efficiency loss. Other cycle-related
 

design issues include the operating pressure, feed
 
system design, and unit size. 
 Table 6 outlines the
 
development issues that are considered to be the
 
most important. Commercial 
scale development will
 
probably occur in the mid-19gOs.
 

CONCLUSIONS
 

Atmospheric fluidized-bed technology has reached a
 
significant stage of development with the three
 
utility-scale demonstration projects (Tennessee
 
Valley Authority, Northern States Power and
 
Colorado-Ute). 
 Although each project is different,
 
reflecting the needs of each utility, 
the overall
 

objective is to broaden the industry's knowledge
 
base on AFBC technology and validate the design
 



TABLE 6
TECHNICAL ISSUES FOR COMBINED-CYCLE FLUIDIZED-BED COMBUSTORS
 

Issue 

Alternative Approaches
 

1. Feeding coal across pressure barrier 
 Slurry pump
 

Lock hoppers

Dry solids pump
 

2. Hot-gas cleanup 
 Cyclones in series
 
Electrostatic precipitators
 
Ceramic fabric filter
 
Electrostatic granular filter
 
Rigid ceramic filter
 

3. Pressure ratio 
 As low as 6:1
 
As high as 30:1
 

4. Gas turbine development 
 None; operate existing turbines
 
Modify blade paths and materials
 
Optimize a new design for maximum
 
efficiency
 

5. Turbine gas erosion 
 Use "dirty gas" in turbine
 
Clean gas to <10 ppm of 4 micron
 
diameter particles
 

6. Turbine corrosion 
 Clad blades
 
Feed alkali "getter" 

correlations need to 
scale up 
to 500 MW (e) size. 
 This pCoirt is known as the point of minimum
 

fluidizatlon and the pressure drop across the bed
Successful completion of these demonstration 
 will be approximately equal 
to the weight of the
 
projects will confirm that AFBC is 
a viable power 
 bed,
 
generating alternative, and it will 
provide

technical, 
economic and environmental data for 
 APbAb = b (p " P) (1)
assessing AFBC and comparing it 
to other competing 
 g
technologies, 


where 
in this equation, pp is the effective density
 

of the particles; A is the pressure drop ,cross
 
the bed, Ab the bed area, mb the mass of the bed, 
P9
APPENDIX 
 the gas density and g is the standard acceleration
 

EQUATIONS USED IN THE DESIGN OF FLUIDIZED-BED 
 of gravity (9.807 m/s ).
COMBUSTORS The hump in the curve of
Figure A-i 
is due to the extra force required to
 

Fluidization 
 overcome residual Interlocking of particles.

In a Fluidized-bed combustor, the bed consists of
 
coal, 
lime- tone, and ash particles supported by the 
 The bed pressure drop is used to 
estimate the height
upward flow of gas. 
 At start-up the particles lie 
 of the fluidized bed (see Figure A-2). 
 If the total
on an air distributor through which the combustion 
 pressure drop 
across the bed is measured and the
air flows. The bed offers a resistance to gas 
flow pressure drop, tP
1 , for a calibrated height. H1 , is
and thus there is a pressure drop dcross the bed and 
 also measured, the bed height, 
 Hb can be determined
 
as the gas flow increases the pressure drop also 
 as,
 
increases (Figure A-I). 
 At the point where the drag 
 Apb

force on each particle is equal 
to the gravitational 
 Hb 7 p- 1 H12) 
force, the fluid-particle systen begins to behave as
 
a viscous fluid.
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Packed Bed Incipient 
Fluidization 

m Z-1b 

U, 

Figure A-1. 
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;I' : b. . Ii''.':-:. '::;l Tweight 

AP 	 APb 

-

Figure A-2. 	 Pressure Measurements to Determine 

Bed Height.
 

A classification scheme first developed by Geldart 


is commonly used to describe the fluidized behavior 

of various bed materials. Geldart's scheme, based 


on the particle diameter, density and adhesive
 

properties, divides particles into the four 


different groups shown in Figure A-3. The bed 


material is sorted by size using sieves to determine
 

a mean particle diameter, dp, 


dp Xi (3) 

. i 


where xi Is the mass fraction of particles passing
 

through a sieve opening of diameter di.
 

Bubbling Slug Turbuiont Fast 
Regime Flow Regime Fluidizetion 

Pressuredrop fluctuations increasing Prossuie drop fluctuations decreasing 

U U_ u L, 
Fluidizing Gas Velocity, U 

Various Regimes of Fluidized-bed Operation.
 

Several correlations have been used to determine the
 

value of the minimum fluidization velocity, however
 

the most popular method determines the velocity for 

the flow that produces a drag force equal to the
of the bed. 

The equation used is known as Ergun's correlation 

and is of the form, 

Ar = 150 
I - Clmf R 
-m-f- - Re m 

1.75 
r 

Re2 (4) 

mf mf 

where 

pD (p p- p )gd 3 
Ar Arhimdesnumer= 

Ar = Archimedes number2 

and Re = 

pgdpUmf
 

fluidizing velocity = .
 

In this correlation, Umf and cmf are velocity and 

the voidage of the bed at tie point of incipient 

fluidization, * is a shape factor that accounts for 
the non-spherical shape of the particles and jg is
 

the gas viscosity. Typically the voidage is between
 

0.4 and 0.6 and the shape factor is close to 1.
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Figure A-3. 
 Particle Classifications According to
 
Geldart 


In order to 
avoid the problem of averaging out shape 

and voidage factors, Ergun's correlation can be 

rearranged to 
solve for the Reynolds' nunber, 


Ar ) -
Re 2 + C2 1/ C 
 (5)

mf 21 2 1(5) 


where C1 and C2 
are empirically determined
 
constants. 


Conimon values of * and Enf are 0.82 and 0.42 

respectvales which 
 yid aCaore 0.2 and 04 2 oand 
0.035. 


Typically, for 
a given bed material, 
the bed voidage 

can be measured by using the bed height both when at
rest (packed state) and at 
fluidization, 


H 0f (1 - =U 0 o) 
(6)
 

where 
 P bulk 

wh0o P solids
 

In Equation 6,i is the bed height at the in fs 
mini rnfluidization, H0 is the height whenshty 
no flo, ldk is the 
loosly picked bulk density 

while 
 s lid, is the deci ty of the prticles. By 

pmeurinte, 
 flo vel an sdotr e e nparticle

parameters, Equation 4 can be used to estimate anlhaf average particle shape factor, 
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As the gas velocity is increased beyond minimum
 
fluldization, instabilities 
occur and packets of gas
 
form, rising trough the bed material as bubbles

rise through a liquid. 
of 

Since the particles are 
carried in the wake of a bubble, this bubbling 

causes circulation of the particles, the primarycrdi 
 h aeo ube hsbbln
mechanism for the efficient heat transfer- of 
flulidized beds. Bubbles also provide a bypass path 
for gas which reduces the amount of oxygen available 

combustion in the bed. 

For the Group A materials, the min1imLmn bubbling 
velocity, Unib , can be predicted by 

0.1 
-mb33 dp (- ) (7)

Ug 

A similar equation holds for the Group B materials, 
but it is somewhat more complex. 

As they burst, splashing particles into the 

freeboard, the smaller particles are 
swept away with
the gas and lost from the bed but the larger 

particles return. 
 Tileloss of fine particles istermed elutriation by designers and must be
 

controlled in order to ensure 
proper combustion and
 
sul fur capture.
 

If the gas velocity is further increased, pressure
drop fluctuations become more violent. 
 With deep
 

narrow beds the bubbles may grow until they are 
as large as
upward as the bed cross-section and particles move
a slug until 
the bubble collapses.
 

Stewart and Davidson have determined the velocity of
slugging, Uns, to be
 

Ur -S-U 0.07mf + 
(8) 

where Db is the bed diameter (in meters). 

As the velocity is further increased the bed moves
from the slugging regime to a turbulent regimeo 
shown on Figure A-, the pressure drop fluctuations 
decrease significantly. 
 The onset of the turbulent
 
bed occurs at an operating gas velocity to terminal 

velocity ratio (U/Ut) of approximately one

half. 



With a further increase in gas velocity the bed particles and thus the bed stays at a uniform
 
enters the "fast fluidization" regime used in temperature. Paco.ets of particles are swept into 
circulating fluidized-bed boilers. This is the neighborhood of the heat transfer surface. When 
characterized by the rapid rom-:val of solids from this occurs, th:re is a high heat transfer rate 
the top of the furnace as vrll as clustering or between the hot particles an relatively cold heat 
stranding of particles that then move downward transfer surface. Although particle-to-surface 
through the furnace, contact area is too sall for significant solid

sol id conduction heat transfer, energy is trans-
Heat Transfer ferred via conduction through the gas and also by 

radiation from the particles to the heat transfer 
The primary heat transfer mechanisms in the surface. As much as one third of the total energy 
fluidized-bed boiler are conduction for the bed-to- transferred from the bed to the tubes is 

surface heat transfer, radiation for the upper radiational.
 
freeboard region and convection in the con/ective
 
pass zone. fhis is i, contrast to pulverized coal Concurrent with the particle conduction is the 
boilers where radiation is the main method of heat action of convective heat transfer fron the hot 
transfer in the furnace, gases to the heat transfer surface. Those gases can 

be flowing through the particle packet or in 
The fluidized-bed boiler designer is interested 
in bubbles of gas in the bed. The exterior convective 
the total heat transfer area of the boiler tubes heat transfer coefficient for a single tube depends 
needed. The basic equation that is used to size the on both the particles and the gas and may be 
heat transfer area is the following, expressed as
 

=
Q UoA LTLM (9) h (1 - f c) hb + fc h( 

In Equation 9 the area, A, referred to is the total where the fraction of the tubes covered by particles 
surface area of the tubes, and ATLM is the log mean is expressed as fc aridthe heat transfer coefficient 
temperature difference for a crossflow heat of the particle or dense phase is he and bubbles is 
exchanger. The overall heat transfer coefficient, hb. Each of 
these heat transfer coefficients is
 
U0 , is determined by combining the heat transfer 
 calculited s.parately.
 

coefficients inside and outside the boiler tube as
 
well as the conduction through the tube. Since the The heat transfer coefficient is generally expressed 
internal heat transfer coefficient and the tube wall in terms of a dimensionless Nusselt number, Nu, 
conduction are very hig!,, tile heat transfer' is 
normally limited by the heat transfer on the bed- NU -hd (11) 

side of the Ljoiler tubes. The exterior heat tran

sfer coefficient, h, will be set bU the values of 
several operating parameters, such as particle where in the case of fluidized beds, the relevant 
diameter, superficial gas velocity, bed material, diameter, d, is the particle diameter and the 
and bed temperature. thermal conductivity, k, is that of the surrounding 

gas.
 
Bed Heat Transfer
 

The particles in the bed have a volumetric heat For heat transfer between the particle packets and
 
capacity that is roughly 1000 
times greater than the tubes, the Nusselt number can be modelled in 
that of the gas that surrounds them. The bed three parts: conduction, convection, and radiation, 
particles excnange energy with the gas flowing 
through the bed by convection and by conduction. Nu = Nucond Nuconv + Nurad (12) 

The bubbling action of the bed circulates the
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Some 	 empirical relationships which have been used 
for 	each of these components are, 

6 < NUcond < 12 
 (]2a) 


Nuconv = 0.05 RePr , Re < 2000 (12b) 

0 8
Mu 	 0.18R
Nucony = . 1/3 e>200(
0.18 ReOPr Re > 2000 (12c) 


where Re = p0dpU 

Ug 

gC u 
Pr - Prandtl number 


and 


d o Cr (Tb - Tw ) 

Nu r w
b -	 (13) 

g b w 


1
 
r 	 _ +

W.+p 

In these equations, Cp is the specific heat of the 

gas, S, and cp are the emissivities of the tube 

walls and particles respectively, Tb and Tw are the 
bed 	and wall temperatures (in oK) and a is the 

Stefan-Boltzmann constant (5.669 x 10- 2 W/m OK). 

For 	the heat transfer from the gas bubbles to the 


heat 	transfer surfaces, two correlations exist for 


the 	Nusselt number, 

U > Um 


and 


0 46 0 33  
. p 03
Pr0 .Nu =0.0175 Aro ) Umf > U 1 Um 

m (14b) 

where U is the velocity that yields maximum bed-to-
m 


surface heat transfer. Here the Archimedes number 


is the same &s defined previously in Equation 4. 


Heat 	Transfer in the Freeboard and Convective Zone 
The 	 freeboard section and convective pass in a 
fluidized bed boiler are similar to conventional
 

pulverized coal boilers. 
 In the freeboard zone
 

thermal energy is released by the combustion of the 
fines elutriated from the bed, heating the gas flow 
in the region and also radiating energy to the water 
walls. 
 As the hot flue gas flows by the boiler. 
tubes on the wall, heat is transferred from the gas
 

to 	the tubes. Tn addition, some energy reaches the
 
water walls in the freeboard due to radiation from
 

the 	top of the fluidized bed.
 

The 	relevant equations for heat transfer and steam
 
temperature rise are those used in the design of
 

conventional pulverized coal 
boilers, are widely
 
available and will not be repeated here.
 

Coal 	Combustion
 
The 	description of coal combustion is generally
 

broken into three distinct steps:
 

1. 	Heating of the coal particle to the ignition
 

temperature, evaporating any trapped moisture.
 

2. 	Pyrolysis of volatile matter that subsequently
 

combusts outside of the particle surface.
 

3. 	Oxidation of the remaining char material which
 

is mostly carbon.
 

Figure A-4 illustrates these three steps showing the
 

relative time to complete each step.
 

As 	in pulverized coal combustion, the time for the
 

pyrolysis of volatiles is short compared with the
time required for char oxidation (seconds versus 

tens 	of seconds). Completion of char combustion is
 
the 	most important parameter in designing an 

efficient AFBC. In contrast to pulverized coal 
combustion, the char particle temperature is lower 

due 
to the higher heat transfer rate as discussed in
 
the previous section. Measurement using infrared
sensitive film showed char particles were no more
 
than 100 to 200 C hotter than the mean bed tempera

ture. 
 This results in particle temperatures lower
 

than the ash fusion temperature. Therefore ash does 
not melt and subsequently foul heat transfer 

surfaces. Typically the ash remains in one of two 

275
 



forms: either small particles of less than 100 


micron diameter or much larger particles that remain 


in the bed as part of the inert matter of the bed.
 
The 	small particulate ash (fly ash) is captured by 


cyclones, in a baghouse, or by electrostatic 
precipitators. The inert ash that accumulates in
 
the 	 bed is drawn off for disposal. 

Once the coal particle has been pyrolyzed what
 
remains is a porous particle with a large C/H ratio, 


and 	thus it is often considered to be a pure carbon
 
particle. This carbon combusts with the oxygen in
 
the 	air. It is generally believed that the 


reactions with oxygen occur at the surface of the
 
particle and involve five steps: 


1. 	oxygen diffusion to the surface of the 


particles, 


2. 	absorption of the oxygen molecule on the
 
surface, 


3. 	reaction of the oxygen with sol id carbon forming 
absorbed products (CO, C02 ), 

4. 	desorption of the products, and 


5. 	diffusion of the products away from the 


particle. 


For 	the carbon oxidation process, steps (2) and (4) 


are 	known to be extremely fast. Two rate-limiting 

cases then are possible: 1) kinetically-controlled 
reactions where step (3) is much slower than the 

other steps and 2) diffusion-controlled reactions 

where step (1) limits the rate of reaction. For the 

cases with very high gas velocities and for small 
(less than 50 um) diameter particles, the reactions 


will be kinetically controlled. Diffusion-


controlled reactions occur at high temperatures, 


large particle diameters (greater than 100 Pm) and 


lower Reynold.' numbers. For diffusionally-


controlled combustion of a carbon particle, stoich-


iometry is an important variable. 
 Three mechanisms 


of combustion occur: 


Firstly, oxygen can diffuse to the surface and react
 

to form C02,
 

C + 02 + 	 (15)Co2 

The 	 second meci~cAsm is the reaction of oxygen to 

form CO, 

2C 	+ 02 + 2C0 , (16) 

which occurs when there is no free oxygen present.
 

The 	third mechanism is more complex, oxygen diffuses
 

to the carbon surface and reacts to form CO. The CO
 
diffuses away from the particle, and reacts with the
 

free oxygen to form CO2. Some of the carbon dioxide
 

then returns to the surface and reacts to form CO,
 

CO2 + C + 2C0 (17)
 

Thus a continual production of carbon monoxide is
 

maintained. it is generally believed th6 this
 
mechanism is the most appropriate for fluidized 

beds, and the species concentration profiles will be
 
as shown on Figure A-5. Many models have been
 

developed in order to predict the combustion
 

efficiency, defined as the fraction of the coal 
calorific value which is released by combustion, in 

a fluidized-bed combustor.
 

Unfortunately, no model developed to date (1985)
 

accurately predicts the combustion efficiency.
 

Combustion efficiency is proportional to the resi
dence time of the coal particle in the combustor. 

In the fluidized bed, the parameters that affect
 

residence time are gas velocity, bed depth,
 

freeboard height, and recycle ratio. Typically, the
 

recycle ratio has been used to control efficiency as
 

shown in Figure A-6 for the data from the TVA 20 MW 

pilot plant. There is 11,', a scaling effect, 
combustion efficiency increasing with increases in 

scale.
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Figure A-4. Combustion Mechanisms. 

Source: 
 Adapted from D.L. Kearns, et al, "Fluidized-bed Combustor Design",
Chapter 6 in Fluidized-Bed Boilers: Design and Application, Perganon Press, Toronto, 1984
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Figure A-6. Combustion Efficiency for the TVA 20 MW Pilot Plant.
 

TABLE A-i
 

APPROXIMATE ANALYSIS OF LOW-GRADE FUELS USED IN FLUIDIZED-BED BOILERS
 

Plant Name, Location
 

Sunitomo French Island, 
Luenen, FRG Coliery, WI, NSP Wilkes-Barre, 

VAW Japan PA 

Type of Fuel Coal Waste Washery Waste Wood Anthracite 
Waste Cuilm 

HHV, Btu/lb. 5,700 3,900 4,300 3,600 

Ash, '. 48. 36. 3. 66. 

Moisture, % 12. 30. 50. 5. 

Sulfur, % 1.4 0.1 0.1 0.7 

5000 Btu/lb. = 11.63 KJ/Kg
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TABLE A-2
 

LOW GRADE FUELS TESTED IN PILOT PLANTS FOR FBC APPLICATIONS
 

Sulfur, Ash, 
 Moisture, HHV,
 
% % % Btu/lb
 

Anthracite Culm 
 2.4 59.4 4.5 
 2,207
 
0.6 2.0
Bark 56.0 8,000 (Dry)
 

Coke Breeze 
 0.6 10.9 
 6.3 13,200
 
Cow Manure 
 0.5 38.6 20.4 
 3,253
 
Industrial Sludge 
 O. 31.1 58.0 
 2,600
 
Irish Coal 
 0.4 54.8 4.4 
 5,073
 
Lignite 
 1.7 7.0 
 52.8 5,100
 
Oil Shale 
 2.1 60.7 
 3.5 1,200
 

0.2
Peat 2.6 40.0 6,880
 
Petroleum Coke 
 5.3 0.6 
 1.0 13,900
 
Sewage Sludge 1.3 37.9 17.4 5,145 (Dry)
 

Sources: Ahlstrom, Foster-Wheeler, Lurgi; 5000 Btu/lb. = 
11.63 KJ/Kg
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WAPDA'S FIRST LARGE THERMAL POWER STATION
 
BASED ON DOMESTIC COAL
 

Preamble on Lakhra Project 


Pakistan Water and Power Development 

Authority (WAPDA) is embarking upon 

the project of a power plant consisting 


of two steam turbo-generating units 


of 350 MW each, using domestic coal. 

The fuel will be supplied by Pakistan's 

largest lignite mine named "LAKHRA", 

which is about 50 km north-west of 

Hyderabad nearly km
217 north-east 


of Karachi and about 
 20 km away from 
the right bank of the River Indus as 

shown in Fig. 1. The mine is estimated 


to produce 4.3 million tonnes 
of coal
 
per annum predominantly through surface 

mining methods. The lignite possesses 


an average heating value of 5120 
3TU per 


pound or 2840 kilo-Calorie per 

kilogram. The proven coal reserves
 
are over I1 million tonnes and the
 

total estimated reserves in-place 
are
 
234 million tonnes in area of
an 


62 sq. km. The power plant will be 

built by WAPDA, a sei-autonomous 

corporation of Pakistan, and the mine 

is being planned to be developed by 

the private sector, 


It is heartening to note that the 


efforts made in the past 18 years in 


studying various aspects of this complex 

project are now going to bear fruit. 


GHULAM MURTAZA ILIAS
 
B.Sc.(Fngg), Fellow, I.E.E.(AK),

Sr. Member, I.E.E.E.(USA)
 
Chief Engineer,
 
Coal Power Projects,

Water & Power Development Authority,

192-WAPDA House, Lahore.
 

In this connection the guidance of
 

of the World Bank and the Asian
 
Development Bank has played an
 

important role, while the 
technical
 

assistance of USAID and the direct
 

participation of USAID's staff, both
 
in Islamabad and Washington are the
 
keynote of the achievement. The work
 
on the project Is expected to commence 
during the calendar year 1986 and the 
first power unit of 350 MW is sche
duled to be commissioned by 1991,
 

the second 
one a year later.
 

Water and Power Development
 
Authority (WAPDA
 
As shown in Figure 2 WAPDA has the
 
responsibility to develop the water
 

and power resources of the country.
 

Its organization chart is given in
 

Figure 3.
 

The Generation Department of WAPDA is
 
divided i:,-o two sections. One is the
 
Hydel Department and 
the other Thermal
 
Department which is 
shown in Figure 4. 
The Thermal Organization is headed by 
a General Manager who is supported by 

several Chief Engineers. One of them
 
is looking after all the coal 
related
 
projecLs as per Figure 5.
 
This is a relatively new cell set up 
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specially 
to ,lan design, implement and 

manage coal-based power plants of the 

country. In view of the dwindling gas 

reserves of the country and the 
lack of 

domestic oil, coal has acquired great 

importance as a fuel 
for WAPDA's 


thermal power plants. 


The present policy of the Govenment 

is that no future power station be 


based on 
n:tural gas and the oil-fired 


power generation should be restricted 


to a minimum. Therefore the new 

Department has an overwhelming task of 

developing several large coal-fired 

power plants 
 to meet the growing power
 
demand and Lakhra coal offers a great 


promise for the future. 


When the present scheme is in full
 
operation, the Lakhra mine will produce 


coal which will be equivalent to 


approximately 1.20 million 
tonnes of
 
oil per year. 
In other words it will
 
save nearly US$ 180.00 million per
 
annum by substituting oil-imports 


taking a figure of US$ 
20.00 per barrel 

in 1991. This coal will also be 

equivalent to 2.0 million 
tonnes, 

valuing US$ 120.00 million per annum,
 

of high grade imported coal having a 


heating value of 11000 13TU per pound 


or ,110 R cal per kg and costing 

US$ (0.00 per tonne. The power station
 
will reduce the power shortage by 700 MW 


and produce '1300 million KWH of energy 

at 70 ' plant factor each year which 

will help in providing electricity
to a large number of industrial antidtriigtodoeta 

domestic consumers as well as 

atri cultral tuiewlls and prmit
WAPDA to elce ri fy thousandis ofilagtoes, tprogress. 


The integrated project will provide 

Job opportunities and living
 

accommodation to over 3000 workers,
 

apart from giving rise to the
 
development of roads, railway line,
 

hospitals, colleges, schools and
 
shopping centres 
in an entirely
 

under-developed section of Sind
 
Province. The source of fuel which
 
has been lying dormant for millions
 
of years will be put to use for large

scale power production for the first
 

time heralding an era of 
a new
 
techology in Pakistan, where there
 

is mainly hydro-power supplemented
 

by gas and oil-based thermal
 

generation. Only a tiny power plant
 
of 15 MW using Baluchistan coal is
 
in operation at Quetta.
 

Firm Capability versus Power
 
Demand of Power System
 

TableIIshows WAPDA's latest
 

calculations of the Firm System 
Capability v/s Power Demand uptu 
 the
 

year 1997-98. The schemes proposed

to meet the system demand are 
also
 

given In It. 
As you cn see, a large
 

portion of the thermal 
power units

will operate on coal In 
the years to
 

come. The first plant will run on
 
Lakhra coal. The second large plant
 
is planned to be set up near Karachi
 

using good quality imported coal in
 

preference to imported oil. In this
 
connection a feasibility study is in
 

hand. Recently, on-shore and off-shore
 

survey and drilling have helped us 
in
 

where port facilities 
ie
 

as also power

plant 
can be set up. Further
 
detailed investigations are in
 

The third plant may be
set up at Sondha-Thatta 
coal-field, 

for which detailed investigations 

are yet to be commenced.
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TAB F-I 

YEAR LOAD DlO1IA.r rIIM1.1GEN. P 00 P 0 S F 1) S C II E M E S 
(,w) CAPABILY' 

1985-86 -1345 4883 KCIP'ARD GAS '1111J31;MN 400 MYW 

1986-87 47,15 53A COIRINED CYC E (.TAXJU 1.50 MV 
KOT ADLuGAS '11iUI INM 400 .V 

1987-88 5295 5877 KFSC STEAM 210 MW 
.lABtSX)RCPO01,IRf 250 NnV 

1988-89 5688 6440 LOWIlu'!IJIYIFIS 35 MW 
TIA1I..L\ ,564S M 
MA3GI A 
JANISIIORO Ol1, FIRIU' 

:(Xl
210 

MW'; 
MW' 

KESC S'II.AMyl 210 ,IM' 
C.C. AT ,(Yt'AT 200 MWV 
(.C. XI' l\AISAIAIAD 100 MW 

1989-90 6975 7055 'TAIBEI A ,6 MWV 
,MULTANiSTEAll 210 NV 
KFSr S'I'EM 21 0 'W 
,IA|111l) M)I.1II.: 3t-) i' 

1990-91 7888 7731 MUL'I'AN ST1:M 210 nm 
J MSIKJIO0Il F11.1) 300 1.lWV 
.AMIIIIA MOAl. 300/:150 1.W' 

1991-9k 8666 8472 IC)W IIL.D II\OLI; 256 fl 
IAM1OlRl "11ltH., 800 M 

1992-93 9622 9283 A :ABA,1! 1500 .MBV 
'lAloRRiA -100 ,, 

1993-94 10350 10155 IA!KPA (M0A! 
'AIIBIT IA 

30n/350 ,X 
.1(iO V1 " 

K\.\BAfGII 600 M' 
1.0W HEAD InI1Y)1fIS 122 !V 

1994- t5 11,(9 11110 1,1111AAL(0 :1 1350 , 
KALtBAGI 6l0 
UNI'. ON '.(00\I. - :, 

"1995-96 12257 12155 UNI'I ON I MPOI. 1200 V," 
KAABA(G!t 6() MW; 

1996-97 13647 13299 KA ,\IAII G-OO l.Av" 
C1ISIL\ NL(O1 3K501)0 MW 
IOW !lAD li;')l., 1il IW 

1997-98 14,162 14551 BASIIA ,I; A 
("IIASIMt, NIR'FAl 900W N' 

FI' 1 CAPABILITY VERSUS rFER [U-\D 
2OBAPPI MC- FSTB' 
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Lakhra Studies 


Over the past 18 years several studies 


have been made. A list of the studies 

concluded upto 1985 is given in 

Figure 6. 


In early 1960's the Geological Survey 


of Pakistan (GSP) with the assistance 


of United States Geological Survey 

(USGS) carried out drilling operations 

in the Lakhra coal field. 34 widcly 

spaced holes were drilled in an area 

of about 200 
to 250 sq. km. The estimated 

reserves were placed at more 
than 

240 million metric 
connes. 


In 
1967, West Pakistan Industrial 

Development Corporation (WPIDC), 


engaged Polish Consultants to examine
 
the feasibility of a coal mine and a 

coal-fired power station at 
Lakhra. 

Using the GSP drill-hole data as well 

as the information obtained through 

geological mapping the consultants 


expressed the view that a 250 MW power 

generating facility and a mine 


providing 3000 tonnes of brown 
coal
 
per day should be feasible. But they 

emphasised the need for 
further 

drilling and detailed study of 
the 

c-al characteristics. The project 


could not take off, probably because 

inadequate data were available for the 

decision makers to give 
a go-ahead 


signal for the project, 


In early 1970's Pakistan Mineral 

Development Corporation (PMDC) was set 

up for the development of various 

mineral resources in the country. This 

organization undertook drilling of 
19 

holes in the leases obtained by it in 

Lakhra. Geological analysis of these 

holes and their correlation with the 


previous holes gave some more
 

information about 
the coal seams
 

occurring in 
the area. A project was
 
p~epared by PMDC for a coal 
mine of
 
1.0 million tonnes pe- annum. On the
 
other hand WAPDA, who was anxious to
 
make a coal-fired power plant prepared
 

a scheme for 
a 2x125 MW power plant.
 

The two schemes came up for
 
consideration by the Government of
 
Pakistan in 
1976 where it was decided
 
that thorough investigations should be
 
carried out about 
the coal quantum,
 

coal quality and cost of coal per
 
tonne. It 
was also desired that the
 

project may be implemented as an
prtject esc eme
Integrated scheme and WAPDA should
 
play the role of a lead-agency.
 

Out of the 34 holes mentioned earlier,
 
3 holes were located in the area of
 
PMDC lease where 19 holes were
 

drilled by PMDC itself. These holes
 
were also widely spaced and 
no con
crete plans for underground or
 
surface mines could be prepared.
 

In 1977, negotiations were started
 
with the Japanese Government, who
 
provided technical assistance for the
 
detailed feasibility study of a mine
 

and a power plant. Consultants were
 
appointed by the Japanese
 

International Cooperation Agency
 

(JICA), to undertake the feasibility.
 

Field work %as started in 1979
 
and after drilling 50 holes in a
 
compact area of 26 sq. km, 
a mining
 

feasibility for production of 1.2
 
million 
tonnes per year was prepared
 
in February 1981 along 'ith a power
 

plant feasibilii.y for a single unit
 
of 300 MW to be set up at Jamshoro
 

near iyderabad. Keeping a stripping
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ratio of 15:1 as the upper lnit and 


dividing the area into three blocks i.e. 


Western, Central & Eastern, the Japanese 


gave the following recomnendations:-


i) 	 Surface mining may be carried out 


in 'the west and east pit and 


underground mining in the central 


block to produce a ciumulative 


quantity of 1.2 million tonnes per 

annum. 


It) 	A power plant of 300 MW may be set 


up at Jamshoro about 40-50 km from 


the mine and a new railway line 


may be installed from Lakhra to
 
Khanot, From Khanot to Jamshoro 


the existing Pakistan Railways' 


line may be used for coal transpor-


tation upto the power plant. 


The cost of coal in December 1987 was 


calculated at US$ 98.3 per tonne@Rs.10.00 


per dollar and that of electricity at 

14.4 	cents per KWH. 


The 	aggregate oapital cost of the 300 MW 


power plant and the mine was estimated 


at $ 1.2 billion. The overall capital cost 


and the unit cost of producing coal and 


electricity was found by the Government of 


Pakistan and WAPDA very much on the high 


side. Therefore the project was not 


implemented, 


USAID Technical Assistance 


In September 1981, the Government of 


Pakistan requested USAID to get a review 


of the JICA report by American experts to 


see if the capita. cost of the project and 


the cost of production of coal and electi-


city could be brought down to acceptable 


levels through the application of American 


technologies, 


USAID agreed to provide technical
 

assistance. Arrangements were made for
 
WAPDA, PMDC and an American consulting
 

company Stone and Webster Corporation.
 

The 	 rev iew star'ted in October 1982 and 
was 	completed in April 1983. As no
 

fresh drilling was carried out
 

during this review, the dut. i'or
 

mining feasibility were the same
 

as available from JICA Report and
 

earlier studies. The experts were,
 

however, able to bring down the
 

capital cost of the project to
 

US$ 	815 million calculated @
 
Rs. 	12.75 per dollar. Also the
 
cost 	per tonne of coal came down
 

to US$ 34.00 and the cost of
 

generation to 4.8 cents per KWH.
 

World Bank's Views
 

A meeting was held in Washington
 

in October 1983 where officials of
 

WAPDA, Government of Pakistan, PMDC,
 

Stone & Webster and USAID were
 

present. While the World Bank agreed
 

that the coal reserves in Lakhra
 

were 	adequate to support a 300 MW
 

power plant, its officials insisted
 

on further drilling of the area ,o
 

have 	better appreciation of
 

coal 	seam continuity and seam
 

correlation. They also advised that
 

the quality of coal should be tho

roughly examined as they found
 

deficiencies in the JICA's quality
 

reports. It was also emphasised
 
that 	a proper study should be made
 

to establish that Lakhra Power Plant
 

was a component of the least cost
 

power generation programme of WAPDA
 

and the cost of coal from Lakhra
 

mine was able to produce electricity
 

which was more economical to the
 

economy of Pakistan than through any
 
other available source of fuel like
 
Imported coal or imported oil.
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Views of Asian Development Bank 
The views expressed by the Asian 
Development Bank were similar and the 

matter boiled down to the situation

that a detailed final feasibility 

study would be imperative before any 


donor agency would consider the Lakhra
Mine 	and Power Plant Project for 


financing. The bank desired that 
the
 
siting of the power plant and the 

environmental impact of mining as well 

as 
coai 	burning should be re-examined.
 

USAID's Financial Support 


The USAID provided a sum of over 

US$ 10.0 million to enable WAPDA and 

PMDC to carry out various studies 

necessary to address the issue raised 

by the potential donors. After careful 

thinking it 
was docided 
to engage 

highly specialised firms for the 

following jobs:-


1) 	 Mining Feasibility including
coal
Min 
 iF ty,as hability ng 

coal q ality, washability and
ti o rnanspy s otr tmts,i 


transportation systems. 


2) 	 Power Plant 
Feasibility Including 

site location, system studies 

and coal burning properties. 


3) 	 Social soundness of the two 

projects, 


4) 	 Environmental 
Impact of the Mine 


and the Power Plant, keeping in
 
view the World Bank Guidelines 

for developing countries. 


5) 	 Economic and Financial Analysis 

of the Integrated Scheme in 
the 

light of 
various alternative 


options and 
to recommend the 

best option. 


6) Financial Packaging for Private
 

Sector Participation in Lakhra
 
Mine Development.
 

it was :ilso decided that the firms
engaged on the above tasks shal 
 oe
 
precluded from any 
future partici
p re olud e proj T e p r pose
 
p t o 
 n t e p o e t
was 	 h u p s
that 	the feasibility 


consultants
 
do their job without any, vested
 

interest in future consultancy
work.


work. 

Participation of Private Sector
in Mine Develoment
 

An important requirement of USAID's
 
funding for the feasibility work or
 
the construction of Lakhra Power
 
Plant was 
that the coal mine should
 
be developed by the private sector.
 
So, while the feasibility work was
 
being executed, notices were issued
 
in local and international press
 

inviting the private seetor from
 
Pakistan and abroad for participation
 
n the m~nei h i e . Today, n o t on l y th e
 o a , n t o l 
 h
feasibility studies have been
 

satisfactorily concluded but als6
 
the 
idea of substantial private
 
sector participatiu, in the project
 

has 
taken some definite shape. A
separate paper will be read on this
 
subject tomorrow morning.
 

Latest Studies 
on Lakhra Project
 

- LakhraMineFeasibility
 

(a) Messrs J.T. Boyd Company were
 
engaged by U3AID/WAPDA in

November 1984. They carried out
 
drilling, with 
the help of a
 
Pakistani drilling company,
 
Mineral Engineering Services
 
Limited (MESL), within the PMDC
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tract upto 21st. May'1985. The 
 (e) Aerial Pk4tqELph 
details of drill-holes is as 	 ,_
uder- oAbout 700 sq. kmof Lakhra rea 

was subjected to aerial 

SNo-coring Total 	 photography wi th the help of the 

survey of Pak stan. The aerial
West Pit 22 9 31 photgapsier usci in 
East Pit 12 9 21
 p r,,pd ring topographi c naps of
 
Central Block 13 13 
 various alternati e sit's of 

47 18 65 the power plant, the water 

supply routes and the coalThese 65 holes plus the 72 holes transport. routes_ More areas 
drilled by other organizations 
 are itended to be photoraphed 
i.e. GSP, PMDC & JICA Consultants 
 i near future.
 

before September 1934 make a
 

total of 137 holes in an area of (d) 
 Chemical Analys-is of Coal-Cores
 
approximately 62 sq. km. The More than 200 coal smls 
drilling density is interna covering all tIhe 5 seams
 
tionally accepted for the purposes 
 occurrng in the project area 

of feasibility studies. A few of were carefully rotlected, 
these holes were drilled close 
 pckc .- O*aled and air-Ifted 
to JICA holes and called "twin

to USA for detailed analysis 
holes" to reconfirm the drilling in Standard Laboratories, 
results of JICA. The entire 
 Charleston W. Virginia. The
 
drilling upto May 1985 is slown 	 i-place raw coal uality hasin- Tablecoa qalt2.a
 
in Table 2. 


been determined. The results
 

(b) Ge_hysicalLog in 
 are substantially different
 

Of 
from those obtained by JICA
the 65 holes, 61 hole were 
 consultants. The average
 

geophysically logged with the 
 weighted beatlg value has been
 
help of a special electric logging 
 found to be 5120 BTU/pound or 
equipment brought from UISA. 
 2840 kcal./kg instead of 6G60 to
 
The logging not only confirmed 
 6912 8W/pound, mlosture 32
 
the. actual drilling results of 
 instead of the assumed 
value of
 
the holes but also helped in 
 25 I, sulphur 5 c instead of 
making inference of the missing 6.0 c and ah 24.7 rInstead of 
seam thickness in case of poor 1.9.7 . 

recovery of cores. Such an activity
 

was undertaken in te field of 
 (e) Coal Reserves
 

coal-exploration 
for the first
 Table 3 shows the estimates of
 
time in Pakistan. Previously it 
was coal reserves at Lakra made by
 
confined to oil and gas exploration 
 various parties in the past.
 
only.
 

According 

to the recent
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calculations of the consultants, 


M/s J.T. Boyd the demonstrated
 
reserves 
(proven and indicated) 


in the PMTC's investigated area 


through various combinations of
 
mining systems are as 
under:

(1) Surface Mining in 
(Mill. Tonnes) 

110.0 

expanded West and 

East Pits, under-

ground mining in 
reduced Central 

Block. 

(2) Surface Mining in 
 42.5 


the restricted West 

Pit only, Underground 

mining in large Central 

and Eastern areas.
 

(3) All underground 
 23.3 


Mining in the West, 


East and Central 


Blocks.
 

The 	above findings lead to the
 

conclusion that the application 


of surface mining will produce 


nearly five times the coal 


quantity that can 
be extracted 


through underground mining in 


the same area. Surface mining 

will, however, cover some areas
 
of higher stripping ratios, 


whicb will be mined at a later
 

stage. 

(f) 	Alternatt Mine Plans 


The 	mining consultants examined 

three alternative systems for 


surface mining and two alternative 


systems for underground mining.
 

The alternatives considered are:
 

A. Surface Mining
 

(2) AllAll(1) truck/shovel.dragline. 

(3) Combination of dragline &
 

B. Underground Mining
 

(1) Partial Mechanisation of
 

existing mining methods.
 

(2) Total Mechanisation.
 

Of the above, they have
 

recommended the following:-


A. Combination of draglines and 

Trucks/Shovels to ensure 

maximum reliability. 

B. Partial mechanisation in 
the
 

beginning and gradual upgra

dation to total mechanisation
 

of one nine for demonstration
 

to private mine-owners.
 

(h) Capital Cost of Mine and Cost
of Coal/tonne
 

The capital cost of the scheme
 

worked out by consultants is
 

as follows:.

(Million Dollars)
 

(1) 	Surface Mines in 340 (Foreign)
 

West and East Pits 110 (Local)
 

to e per
 

annum.
 

(2) 	Underground Mine 
 13 (Foreign)
 

in the Central 4 (Local)
 
Block to produce
 

0.3 million tonnes
 

per annum.
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(3) 	 Infrastructure 3 (Foreign) 


4 (Local)
 

Total Cost 356 (Foreign) 

without custom duty 141 (Local) 


Custom duty & taxes 159 (Local) 


Sub-Lotals: 356 (Foreign) 


300 (Local) 


Grand Total: 656
 

The cost of production of coal. 


per tonne in 1991 from the surface 


mines is estimated at US$ 32.00
 

and the cost per tonne through 


underground mining is us$ 26.00 

per tonne. The overall cost of 

coal per tonne at the rate of 

production of 4.3 million tonnes is
 

likely to be US$30.00 per tonne
 

without custom duty and US$ 32.0/ 


tonne with custom duty. 

Alternate Transportation Systems
 

M/s J.T. Boyd examined various 

alternative systems for coal
 

transportation. At Lakhra mine-mouth
 

plant, only belt conveyors were
 
considered. But for Khanot and
 

Jamsnoro sites, road, rail and belt
 

conveyor were examined. It was
 
found that an independent railway 


line and unitrain system from Lakhra 


to either site was the most
 

reliable although a trifle more
 

expensive than the others. 


Coal Quality 


According to J.T. Boyd's laboratory
 
testing of coal samples, the
 

quality of raw coal on As Receivcd
 

basis is as follows:-


Mols- Ash Sulphur BTU/Lb
 
ture 

- %% 

Weighted Ave

rage of all
 

5 seams in
 

West Pit. 32 24.7 5.38 5130
 

Weighted Ave

rage of all
 

3 seams in
 

East Pit. 32 24.5 4.72 5130
 

Seam 2 in
 

Central
 

Underground
 

Block. 32 24.7 5.00 5050
 

Weighted 

AvealeTotal. 32 24.7 5.00 5120 

Coal Washin 

In the opinion of J.T. Boyd

physical washing of Lakhra coal
 
in a jig washing system will 

reduce ash by 36 % and sulphur 

by 11 % thereby improving 

heating value by 20 %. But there 

is coal loss and overall BTU loss 

due to 64 % yield. The reduction 
in sulphur is low and the
 

quality of coal deteriorates
 

due to exposure to washing.
 

Therefore washing may not be
 

desirable for Lakhra lignite.
 

However, if environmental and
 

economic considerations dictate,
 
a 1300 ton per hour washing
 
plant consisting of a Baum jig
 

has been recommended for 

installation near the mine.
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Spontaneous Combustion 


Lakhra lignite, like any other 


lignite, is prone to spontaneous 


combustion. Cireful handling and 


storage will be required to keep 


the coal from self-ignition. 


Several precautions have been 


adivsed by th, consultants that 


will ensure .:,!.,perations. 


There exist L"qnites in other 


parts of' the world which have 


greater proneness to spontaneous 


combustion than Lakhra coal 
but 


proper care has 
ensured trouble-


free operation, 


Mine Site Laboratory 


A mine site laboratory ha..;been 


proposed for continuous sample 


testing to guarantee uniform 


quality of coal supplies to 


power plant. 


Power Plant Feasibility Study 

M/s Gilbert Commonwealth International 

Inc. (GCII) were appointed by USAID/ 

WAPDA as Lakhra power plant feasibility 

consultants in December 1984. The,' 

have c(:vered quite a Few aspects of the 
projectc in an attempt to address the 

i.Sue. rai d (%y the World Bank, USAID), 

Asian [u(v.lopment Bank amd WAPIDA. The 
it a, t h,: investigat ions completed hy 

NOII hriI 1I'descr-ihed in ther 


,dinv paiagraphs 


(a) Ste:n Planninv 

An important requiremont of th,, 

W,rld lank was that Lakhra power 

plant shou Id b a component of 

an optimum long-i'rm gene~a t ion 

1p"OVIo ti. t WAP S Y tern.arnin r y A 
"hr-,(fore, Gilh ,rt (ornmongwealth 

conducted two studies, one in
 

March 1985 and the second in
 

August 1985 -n the computer of
 

WAPDA using WASP-3 programme.
 

The studies were made for the
 

period from 1986 to 2005.
 

The load forecast prepared by
 

WAPDA and agreed upon by the
 

Planning Commission was taken as
 

the basis of the studies. The
 

corresponding energy require

ments for each year were taken
 

into account. Capital costs and
 

the pricet; of various fuels were
 

developed an:d sensitivity
 

studies were undertaken.
 
Comparison was also made with
 

power plant using imported oil
 

and imported coal. Transmission
 

costs were also worked out for
 

each alternative location of
 

Lakhra plant viz, Jamshoro 

Xhanot and Lakhra mine-mouth.
 
The cost of transmission of 

power from the power plant opera

ting on imported coal at Karachi
 

to Jamshoro was also factored in.
 

The s.udy showed that the first
 

300 MW domestic coal-fired unit
 

in 1991 was accepted as part of
 

the optimum generation 

expansion plan to the year
 

2005. Additional units based on
 

Lakhrn. coal were also required by 
1993. The WASP-3 studies also
 

indicated the desirability of 
installing 2 x 600 MW plants
 

near Karachi based on imported 

coal by 1995
 

In October 1985, a meeting was 

held with various consultants. 

MI/s John T. loyd, the mining 
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consultants, revealed the following 


information:-


i) 	that about 110 million tonnes 


of coal could be mined from 


the investigated project area 


if subjected to surface mining, 


except a small portion of the
 
central block where only under-


ground mining was feasible, 


ii) 	the heating value of the coal 


was 5120 BTU/lb and not 


6800 BTU/lbpreviously determined 


by JICA. Therefore relatively 


more coal would be required 


for the same amount of power 


i.e. 1.8 million tonnes per 


annum for a 300 MW plant 


instead of 1.4 million tonnes 


as previouslyestimated. 


iii)The reserves now calculated 


could support a 700 MW power 


plant in lieu of 300 MW
 

envisaged earlier and adequate 


coal could be produced annaully 


for 	the higher capacity at a 


reasonable price, 


M/s Gilbert Commonwealth, the 


power plant feasibility consultants, 


were advised to revise the contents 


of their feasibility study to 


incorporate 2 units of 350 MW 


each to update their findings of
 

the system studies. 


[b) 	Site Selection
 

The three potential sites i.e. 


Jamshoro, Khanot and Lakhra mine-


mouth were investigated by GCII. 


Field exploration, laboratory 


testing and analysis were con

ducted to determine the
 
surface, sub-surface and ground
w a e c ud-iur f ac h sdte.
 
water conditions of each site.
 

I was found that all three
 

sites had similar geology,
 

all were in the same seismic
 

zone although more detailed
 
seimic studies were needed,
 

the bearing capacity of the soil
 

at Jamshoro and Khanot was
 

equal but that of Lakhra was a
 

little lower. It was determined
 

that ground water supply was
 

limited at all the three sites.
 

All cooling and fresh water
 

supplies would be taken from
 

the River Indus. The site closest
 

to the River was Khanot. The
 

quality of river water is poor
 

at Kotri and Khanot and
 
therefcre appropriate chemical
 

cleaning would be required.
 

Apart from general hydrogeolo

gical surveys, geo-electric
 

studies were conducted to find
 

ground water at Khanot. No
 

piromising results were obtained.
 
From these investigations, it
 

was concluded that only economic
 

and environmental considerations
 

would finally decide the ranking
 

of the sites.
 

Jamshoro h2. the 1ongest
 

distance from the mines. There

fore, the cost of coal trans

portation is the maximum for
 

this site. Nearness to the city
 

of Hyderabad, the Sind University
 
and the Liaqat Medical Collep?
 

makes theJamshoro site less
 

attractive than the other two
 

sites from the point ot view of
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potential pollution problem posed by 

large-scale burning of coal. 


Availability of water and labour 

at this place is better assured 


than at 
Khanot or Lakhra. Closeness 

to railway line, super highway 

and the city minimises the cost 

of infrastructure at Jamshoro site. 

But the commitment of space for the 

several oil-fired units that are 

planned to be located at Jamshoro 

site makes it a very unattractive 

choice for installing many coal-

fired power units. 


Khanot and Lakhra are, therefore, 


close competitors of each other
 
for various considerations. The
 

technical, economical and
 

environmental reasons favour the 

Khanot site.
 

(c) Testing of coal for Boiler Design 


Apart from the fact that several 


hundred samples of coal were
 
tested by John T. Boyd Company, 


G.C.I.I. put the Lakhra coal to 

detailed testing in order to 


develop appropriate criteria for 

boiler design. A bulk sample of 


50 tonnes raw coal was shipped 

from Lakhra in January 1985 to 


USA and subjected to actual 


burn-testing in a simulated 


furnace of KDL laboratories in 


the works of Combustion Engineering, 


situated at Windsor, (Connecticut), 

U.S.A. This test gave all the 

necessary characteristics of the 


raw coal such as slagging, fouling, 


erosion/abrasion and corrosion
 

that can occur in various parts of
 

the boiler. Useful information
 

was obtained that has helped
 

us in deciding the size of the
 
furnace, the velocity of the
 
flue gases, the spacing between
 
tubes bundles, the number of
 
soot-blowers and the materials
 
needed to minimise corrosion or
 
erosion of the various
 

components of the boiler and
 
allied equipment. Several bench
 
tests have assisted us in
 
understanding the type of
 
materials to be used in pulve

risers, pipes, burners,
superheater tubes, ducts, air
 

heaters, electrostatic
 
precipatator 
and chimney (stack)

etc. The redeeming feature of
the coal is that it ignites
 
easily and produces good,
 

stable flame 
even at low loads.
It is also easy to grind in a
 

pulveriser.
 

In Figure 7, I have tried to
 
show a comparison between the
 

sizes of two boilers, one
 

fired with gas or oil and the
 

other fired with good quality
 

coal. This will give you an idea
 
how much bigger the furnace of
 
a coal fired boiler in all
 

dimensions than an oil-fired
 

boiler of equal capacity is.
 

In case of Lakhra coal, which
 

has a lower heating value and
 

contains high sulphur and ash
 
the boiler would be still bigger
 

as can be Judged from Fig. 8.
 

The coal quality is given in
 

Tables 4 & 5. The ash of Lakhra
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TABLE-4 

AGa2C CaCMLYAING 

ANALYS IS 

hIVISTIURE ASH VOLATIIE' SLIR FIXFD 

CAP.ION 

IHEATI:i VALUE 

(flfU/3) 

1. GSP,USMI PIn'j'P3fm 
USA, IJDTIMFMl AND 
JAPAN L70S7LTPIK* 
INMMTITJrE AS REP-
ORTED 13Y GLIVICE 
POLX4)D(197(") .90-40 7.4-15 30-10 3.3-7.5 6300-6840 

2. JICA IY'N1JLT.ANrS 
(1979-81) 

'4 
3. -QY USTION EG,.OF 

USA.AS SUB OD.N-M-
CIDS OF GIIU3FrT 
M£EWTEALI'Mi INTER-
NATIOMAL INC.USAID 
C'N.%SULTA.'TS IOR 
I:YWER PLANT FEASI-
BILIT-Y OF LAKNMA 
(1985) 

25 

30.0 

19.7 

25.5 

28.7 

24.5 

5.9 

4.? 20.0 

6912 

5140 

4. J.T.MYD(1985) 
USAID MINING 
CUNSqIMTANS FOR 
LAKHIA MINE FEASIBILITY. 32.64 20.59 24.88 4.25 21.S9 5".9O 

LAIPN COAL .9ALIiY(AS RECEIVED BASIS) 



TABLE-5 

P -2 PNrJC-2 PMUC-2 
CE/KDL 
Ist 50 Tons 

2nd 50 Tons 
Paw Coal 

CE/KDL 
35 Tons %%nshed 

IRaw Coal - From 2nd 50 T. 
Sample. 

Proximate Analysis 
(As received) C 

Moisture 30.0 28.79 32.3 
Ash 25.5 23.18 12.9 
Volatile Matter 24.5 27.82 28.2 
Fixed Carbon 20.0 20.21 26.6 
Sulfur 4.3 3.49 3.2 
!lyW 5140 5995 6090 
11I1 71 /7 67 

Forms of Sulfur 

r. rite - 2.93 -
Sulphate 0.25 -

Organic 1.72 -

Total (1rv 6.1 4.90 4.7 

Ultimate Analysis
(Dry BDas s ) 

Ash 36.4 32.55 19.1 
Il. 3.6 3.59 4.7 
C 40.6 46.94 57.2 
N,2 0.7 0.73 1.2 
S C.1 4.90 ,1.7 

02 12.6 10.74 13.1 
Cl - 0.55 -

('oI i nued on next page. 
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J, 

SiO,, ,13.6 41.63 39.0 
27.2 28.46 22.9 

.'t.9 2.0 1.5 
SaO :3.3 3.03 5.3. 

0.0.7 0.33 0oo 
1.3 1.76 2.3 

* 0.7 0.59 1.2 
17.2 16, 70 49-1j,20°3 -f o. I.,

:53.9 4,23 6.4 
SvO 0.19 
BAO 0.07 
, 04 0.03 

Undot. 0.2 0.31 1.6 
i1lase/AciidItio 0.32 0.31 0.,5 
Fouling 0.22 (M) 0.18 (1) 0.54 (11) 
Sla,.guging 1.05 (M) (M)1.52 2.13 (H) 

Ash Fusion *, 

:a) ReducingAtosphoro(°F) 

* It.al 1980 2470 2040 
Soft('ning 2430 2530 2350 
IIcui-spherical 2470 2570 2410 
Fluid 2520 2616 2440 

1) Oxdlstng Atmsphre(0 F) 

Initial 2610
 
Softening  2670
 
Ifcrnsphurical - 2700 4 

Fluid 2700 + 

" !LA rML M[ALLYS IS By
• " : ~CUYMIO-N ENIII RMI 
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coal has been found 
to be of 
 operating on a pressure of
 
severe slagging nrid medium to high
foulillg nature. 1800 psig (125 kg cm 2
Several factors ) and atemperature of 9500 F (5100 C).
cause these properties in coal. 
Most 

The flue gas velocity will beimportant are the mineral 
kept 
low i.e. 40-50 ft/sec
constituents found in the ash. (12 to 15 meter/sec) to have
The ash analysis of Lakhra coal minimum erosion.alongwith slagging and 

Use of acid 
fouling resisting materialsindices is given in Table 

and high
6. 

Fig. 
grade steel will be necessary9 shows the slagging Index 
 in many parts of the boiler
of different coals. f.akhra coal to avoid corrosion, particularlyfalls in the la !, category, 
at the back end. With t:hesewhich is high to severe slagging. design criteria the boilersFig. 10 shows rhe fouling index 
 are expected to 
operate
of coals. Lakhra coal 
falls in the satisfactorily 
for well over
category of 
mederate 
to high 


foul ing. 
80 % of the time of the year,
 
although the efficiency will
 

The propensity of severe slagging have to be sacrificed by

and medium or 
 high foulding needs
 
a low temperature of 
the tube 
 (d) Coal Washjinj Tests
 
metal , carrying water or 
steam.

Therefore the furnace temperature 

Roberts & Schaefer Company was
has to be kept low. This condition 
can be attainedlby enlarged 
appointed as sub-contractors by
 

dimensions of 
GCII to determine the
the furnace and high 
 cleanability oi
This task the Lakhra coal.
was 
split
excess air of into two
at least 
20 to 25 %.
 

Appropriate number of soot-blowerslocated at suitab>. places will opa se oratoencompassed laboratorylocthed het 
 inaoiin
placesuillupinvestigations 

of
furher help in avoiding build up. a three tonne
sample from Lakhra mines and
 

Fig. 11 shows the difference 

the other envisaged the shipment
between the strong deposit of 
the 
 of a 50 te'nne 
raw coal sample
same 
coal around a tube that is 
 for washing in a commercialcarrying 10500 F steam and the 
 heavy media cyclone washery.loose deposit around another tube In these operations J.T. Boydcarrying 9000 F steam. 
It will. be 
 Company, the mining consultants seen on the tube
that the deposit 

also participated. 

ofthan9000in Ftheis muchofeasier to removecase 1050°0 F. The washing was carried out inEast Fair-field 

washing 
plant


In the 
light of these studies, 

in Youngstown (Ohio) 
in May,
it would be necessary to design 
 1985. The plant results
Lakhra boilers with 
large furnaces 
 indicated that total cleaning 
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TABLE-6 

SAMPLE ANALYSIS SEAM Il).2 AITlH SFAM ,b".l AR.I. 

(" IGNITED BASIS) W-A2 W-I W-C:2 AVrFAGE W-Al W-B1 W-C1 AVERAGE 
WEST AREA 

SILICON DIOXIDE 37.31 33.68 45.06 38.Gs 38.01 32.62 17.68 39.,14 (ACID) 

AiL.MINIUM OXIDE 20.06 ID.66 20.9s 20.23 20.84 20.84 19.62 20.29 (ACIP) 

TITANIUM DIOXIDE 2.21 2.04 2.16 2.14 2.07 2.15 &.88 2.0.2 (BASE) 

C IATItlOXIDE 3.52 2.61 3.88 2.35 2.89 2.88 3.06 2.94 (BASE) 
FPJIASSIUM OXIDE 0.54 0.48 0.76 0.59 0.57 0. 55 0.58 0.57 (BASE) 

UAGNESIUM OXIDE 2.10 1.42 0.79 1.44 1.70 i.6y4 2.F1 1.96 (BASE) 

.3q)1l OXIDE 0.74 0.65 0.48 0.62 0.58 0.6A 0.32 ,.31 (BASE' 

lKFIT.iC OXIDE 2.5.53 33. CX) 19.11 26.08 26.11 33.37 17.7' 25.76 (I450T) 

PHOSTISOPJUS PFIr1'IXIDE 0.6t 0.68 0.66 0.66 0.76 0.72 0.55 0.69 (!AS!-,) 

SoSLI.FUTRIOXIDE 6.10 4.80 1.98 5.29 -,.18 41.65 5.1,9 5. 17(ACID) 

~IKOPiKJUPS(5TDRY BASIS) 0.078 0.091 0.120 0.092 0. 0.09 

SLAG VISaX)SIf(T250 
0 
F) 2280 2210 24160 ?317 2300 2200 247f) 23"23 

SlkmI!G INDE: (S) 4.49 (S)5.8,6 (S) 3.10 (s) 4.45 (5) 4.62 S) 6.97 (FZ.G9 (S)4.70 

MLYANK-1INDIEN (M) 0.40 (:!)0.46 (L) 9.18 (W) t1. 3 (M) 0.. (M) 0.45 (,)O.ll (M)0.29 

II.TFRL A"IYSIS F ASH 



Figure 9 

Slogging S'Fggg Factor 
Ch¢sificat,,n .. Rs. 

Low 0.6 
Medium 0-6- 20 
High 2.02.6 
Severe 2.6 
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Figure 1O 

Fouling lvdax 
Rf -~ 

Fbtentil Index Rf 

Low < 0.2 
Medium 0.2-0.5 
High 0.5-.0 
Severe > .0 
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FIGURE.11
 

Tube Metal Temperature Effect 
on Deposition 

Flue-Gas Flue-Gas 
Direction Direction 

" Friable Layer 

Molten Red 
Layer 

S Loosely Mle 
Bonded While 
Layer Layer 

J900"F Steam 

1050'F Steam / 
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through wet process at a high Total Cost (700 MW) 

specific gravity of separation 1) Without 

(1.87) can reduce the ash hurden Custom Duty 966.73d 

by 40 % and sulphur content by ii) With Custom Duty 1239.974 

20 %. It can also improve the 

heating value by 1160 3T/pund t It Would h1 absoltety in thle 

644 kcal/k. But. t141' col quality interest of the country if the 

gets downgraded by exposure to custom duty was waived to 

moisture. Moreover, 

substantial loss of 

there is a 

coal during 

improve 
of this-q 

the fin ancial viab.ility 
)ojoct, which would 

washing thereby resulting in encourage the use of an 

reduced BTU recovery. 

more raw coal wil be 

Therefore 

needed to 

indigenous t'1 
inlthe undlol'(le'viptd 

on scale 
district 

produce the 1amon!terg'v and the f Dadu in Silld 

benefits accruing through washing The GCII also had a good look at 

would by and large ho offset, tile ,'.xisting t raining facilities 

The washeui coal was a I .0) t~ n in Pakistan .in general and the 

to the Kl, Iaboratorie. of WAPl)A's therial powr plan's ill 

Combust ion Engi ini eriug for particul.,. TheY have 

another onlli!._.1)1the palttern recommended a si zoOahle programme 

of raw coal descrihed earlier. of training for WAPDA staff in 

It was seen that the . a ging the field of design, construc

and foul ink; properties; of tile tion, operation and mai,tenance 

wvashed 

of raw 

coal were weorse th.n those 

coal. On those considera-

of coal-fired power 
hatve a I s, suggeste.d 

plant.,;. 
taL ren.gl-

They 

t ions, the use 2 S 'I 'I lwi'ashi. lignil thening of the coil] power 

in the Lakhra hol lers has not roct tep~irtainit :-;o that 

bee e 'ciometidclod for tie present. a proper in sti tot ion could be 

built to install Lakhra power 

e) CapLital Cost station and , nth,"large coal-

The capital cost calculated by based power plants in Pakistan. 

the consultanta is a'; given below:-
Env i ronmen ta i impact sa:srient 

Unit No. 1 (350 MW)
(Million Dollars) 

This task
Th : fir.t 

w:v,'d,:veilid into two 
pairt ,'ensi. tcA of' 

parts. 

Local 270.252 pri imin:rv tidy OF the, existing 

Foreign 299.395 polot ion level ind 

Custom Duty 142.205 eond it ions at 1,l1d) r; . IaImairoro and 

711.853 surroul intg zlt:: d gsl[onof 

Unit No. 2 (350 MW) environmental dti i:,,nit:1ritlt 

Local 101.676 equipment and its in:tal lat ion. This 

Foreign 295.410 t a.k was a sig.ed to TAMS of New 

Custom Duty 131.034 York, who made thteir init 1111 visit 

528. 121 
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in August 1984 and completed the 


installation of equipment in 
May 1985. 


WAPDA staff was trained in the operation 
and maintenance of the computerised 

equipment and valuable data started 

getting collected on 24 hour basis. 

This equipment would be a permanent 

installation at the two sites. Several 
new monitoring stations will be needed 

in future to constantly monitor the 
environmental impact of the power plant 

after it 	comes into operation. 


The second part consisted of an 


examination of the data and the impact
 
that the mine and the power plant will 

have on the environment near and away 


from Lakhra mines and the three 

potential sites of the coal-fired pow, r 


plant. Messrs Enviroscience Engineers 


(ESE) of Florida were appointed 


consultants in July 1985 for Environ-


mental Impact Assessment. They started 


their work in August 1985 in close 


coordination with the mine and power 


plant consultants. 


The inputs received by them were utilised 


in performing a detailed Air Modelling 


Screening Analysis for the Lakhra coal-


fired plant comprising two units of 


350 MW each. The following four cases 


were considered:-


Case I 
 Two 350 MW coal units W/Single 

190 M Stacks - No FGD (Flue gas 

Desuphurisation).
 

Case II 	 Two 350 MW coal 
units W/Dual 


flue 190 M (larger diameter) 


s~ag': -. No FGD. 

Case III 	Two 350 MW coal units W/Single 


190 N Stacks and Partial FGD. 


Case IV 
 Two 350 MW coal units W/Dual 


flue 190 M (larger diameter)
 

stack and partial FGD.
 

The results of the detailed screening 

analysis were:-

Average Maximum Impact.SO 2 


Time (microgram per cum)
 

CASE CASE CASE CASE 
I III V 

1-hour 	 9971 6101 7836 4173 

3-hour 3339 2034 4234 1391
 

24-hour 482 335 529 216
 
Annual 30 16 24 15
 

These results suggest that the
 

maximum 24 hour SO2 impact will not
 

exceed the World Bank guidelines of 

500 microgram per cubic meter. How

ever, having one combined chimney
 

of a larger diameter instead of two
 

independent chimneys for the two
 

power units will reduce ground level
 

concentration by 31 %. In other
 

words, it will not be necessary to
 

provide equipment to remove sulphur
 

dioxide from the flue ga es, if a
 
single stack of larger uiameter
 

is used for two unit. of 350 MW each.
 

Another major source of environmental
 

pollution can be the flyash produced
 

by the burning of pilverised coal.
 

To control the emission of flyash,
 

high efficiency (99.3 %) electro
static precipitators will be used
 

before the chimney.
 

Impact on the surface and ground
water was also studied and no harmful
 

effects were determined as the waste

water from the power plant will be
 

discharged to on-site ponds to be 

developed both at Khanot and Lakhra 

and recycled to the process or allowed 
to get evaporated. Leachate through
 

313
 



underground areas will be able to reach 

the river Indus in 500 years from Khanot 

and 5000 years from Lakhra. 

Social Soundness Studies 


Dr. Professor Helweg of USA supported 


by two other anthropologists was 

appointed in late 1984 to study the 


social soundness of the two projects. 

The team visited the site of the mine 

and the power plant and met the labour 

working in the privato and public 

mines. They also held meetings with 


the officials of the Provincial 

Government, WAPDA and other organiza

tions. They reported that most of the 


labour to work in underground mines 

will 	be migratory from Swat and other 

areas of NWFP. The semi-skilled and 

skilled labour for the open-pit mines 

and the power plant will l)e available
 

from 	Sind and Punjab. The project will 


affect very few inhabitants at Lakhra 

and Khanot and create better living 


conditions for the local population. The 


backward area will be dovcloped and 

important infrastructure such as 

schools, hospitals, roads, mosques etc. 


will 	be created that could lie shared 

by the existing and norw poq)ulation. 

In short the imnplemwm Lat ion of Lakhra 

project will provide PakisLan with a 

uniiqe, otpportunity to enhance the 

economy and Ii ',s of its poople, 

Economic: an(i FiWnatneaii Analysis 

M/s ICF-Inc. of Washington '.'.'ore 

appoint ,cr in April 19 5 t.. prepare an 

economic and fin,!ncial analys is of the 

integrated project of Lakhra coal mine 

and the .al-fired Power plant.a 'Ilhy 

have been working in close co-ordination 
(
with 	 the coal. minl and power plant 

feasibility consultants as well as
 

the environmental specialists.
 

ICF adopted the following approach 

in the study to select the optimal
 

Lakhra Project Configuration and 

evaluate its economic feasibility:

i) 	 Assessment of the need for a 

baseload ,eal-i power plant. 

ii) 	 Examination of various Lakhra
 

Project Configurations and
 

Identification of the Optimal
 

Choice.
 

iii) 	Ccmparison of Lakhra with
 

imported coal and imported oil
 

alternatives. 

iv) 	 Estimation of the IRR of Lakhra 

Project. 

Internationally accepted formulas
 

and methods were applied in the study
 

of all the items mentioned above.
 

Load forecasts were examined in the
 

light of historic load growth, GDP
 

Growth and elasticity factors were
 

applied. Alternative projections for
 

electricity growths were taken into
 

account. Least Cost Generation
 

Modelling Results of GCII were kept 

in view. Inputs of consultants for 

capital and operating fo<.;to of the 

mines and power plb L, cost, of coal 

per tonno, heating value and othr 

qualities of coal, cost. ol ,oal, 

transportatlon, ftvironmenta1 

impact etc., were factored in and a 

rationale for appropriate project 

configuration aas developed. Advice 

of the World Bank WWn; Iidl [""l time 

to time. Power Plant localtims, 

plant characteristics, mining plans 
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and institutional arrangements were 

considered, 


The issues raised by Lhe potential 

donors i.e. World Bank, Asian Bank and 
USAID were given deep thinking.
 

Economic analysis of the project 
required that the true social costs 
of the project be compared with the 
true social benefits. Distortions in 
prices caused by government controls 
and tariffs were worked out to calculate 

the true social costs and benefits. 


The estimated economic cost.; (including 
shadow prices) for the total bus bar 
costs annualised in terms of 1985 
dollars for some of the alternatives 

of interest are as follows:-


Levelised Bus Bar
 
Cost 

Discount Rate(lea] ) 5 percent 10 percent 

Lakhra (700 MW) 

No Scrubber 
 4.05 4.84 

Lakhr:. (700 MW) 
W/Scrubber 4.68 5.72 
Lakhra (300 MW) 
Underground 3.75 4.77
 
Imported coal 4.25 
 5.11 
Imported oil 
 5.44 5.57
 

These estimates include the following
 
imported fuel cost assumptions (in 
1985 Dollars):
 

Furnace Oil: 20.50/BBL in 1990,
 
escalating at 3 " discount. 

Imported Coal: 60 /tonne in 1990, 
escalating at 1 %'diScount. 

Lakhra Coal: 28/Tonne at 5 percent 
discount rate.
 

34/tonne at 10 percent
 
discount rate.
 

The scrubbing alternative is 80 percent.
 
The drag lines are new equipment.
 

No taxes or royalties are included in the
 
above economic analysis.
 

It is concluded that the project
 
consisting of 
a surface mine producing 

4 million tonnes of coal per annum,a small underground mine to supply 
0.3 million tonnes per annum and a
 

power plants of 2 x 350 MW using
 

the Lakhra coal located at
 
site will be technically, financially
 
and economical.y feasible besides
 
being socially and environmentally 
sound. It wil! hoost the economy 
of the country, effect savings in 
foreign exchange and provide great 
job opportunities. This project will
 
be the fore-runner of many large
sized coal-based thermal generating 
units operating as base-load plants 
throughout the Theyear. reduction of 
generating capability at hydet 

projects during low water months, 

causing mass-scale load shedding 
will not be felt, the industrial
 

production will not suffer and the
 
domestic consumer will 
not face
 

black-outs. 
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APPROACHES FOR RECOVERING 
SULFUR FROM PAKISTANI COALS
 

AND THE PRODUCTION OF SULFUR CONTAINING PRODUCTS
 

Lloyd Winsor
 
Dravo-Gibbs & Hill
 
New York, New York
 

INTRODUCTION 


Dravo-Gibbs: & Hill has been in the 

forefront of coal beneficiation, and has 

extensive involvement in coal gasifiction 

and flue gas desulfurization technology, 

the subjects discussed in this paper. ..
Al-

though all three technologies can"' _,used 

to remove sulfur from coal, only one of 


* these, flue gas desulfurization, can be 

* considered cost-effective for Lakhra coals, 


due to their BTU content. and chemical prop-

erties. 


Coal beneficiation, which does reduce 

most of the inorganic sulfur, 'depending on 

the type of process used, yields a sulfur 

waste product'which is too contaminated for 

further use. Coal gasification, which can 

also be used to extract sulfur, is too 

expensive and can only be justified ,in 

limited circumstances, especially resulting 

from declining oil and gas prices. There-

fore, this paper will focus on-flue gas
 
desulfurization and sulfur recovery proc-


esses.
 
Charts I and II provide an overview of 


coal beneficiation and coal gasification 

technologies. 


History and Status opf Flue Gas Desulfuriza-

tion (FGD) 


There are approximately 120 flue gas 

• desulfurization systems in operation in the 


U.S.A., about 100 in West Germany, about 50 

in Japan and a few dozen in the rest of 

Western Europe. In the U.S.A., there are 

approximately 50,000 MW being "scrubbed" 


for SOx reduction; an additional 12,000 MW
 
are in construction and-about 25,000 MW are
 
in planning and engineering stages. In
 
West Germany, there are about 30,000 MW in
 
operation and design.
 

Approximately two-thirds of the 
 U.S.
 
operating systems are limestone throw-away
 
one-third lime throw-away, with a few re
generable (recovery) types in use, in
cluding those based on Wellman-Lord -tech
nology.
 

In West Germany, almost all the sys
tems are lime or •limestone' and produce
 
gypsum. A significant number of the'U.S.A.
 
limestone systems oxidize the product to
 
produce gypsum.
 

Sulfur recovery systems, mainly those
 
that produce a saleable-product such as
 
sulfur, sulfuric acid or gypsum, are much
 
rarer. Of the approximately 300 systems
 
operating or being cons:ructed worldwide,
 
only about 10% produce a saleable product.
 

History of Flue Gas Deso furization (FDG)
 

During the 1930's, a few power sta
tions in the United Kingdom used simple
 
water scrubbing for stack gas cleanup.
 

These were operated for several years,
 
using the natural alkalinity in the water
 
to react with the SO2 . Activity languished
 

for some time - due to World War II and 
lenient environmental laws. During the 
1960's, laboratory and pilot work in the
 
U.S.A., Japan, West Germany and other coun
tries accellerated, and many systems were
 
researched, both throw-away and 
recover
able. During the late 1960's and early
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1970's, full-scale prototypes were in-


stalled at power plants in Japan and the
 
U.S.A. In the U.S.A., these included 400-

500 MW units at Kansas Power & Light Co. 

and Duquesne Light Co., as well as a small-

er unit at Arizona Public Service Co. 


There was some reluctance by utilities
 
to adopt this developing technology, which 


did have serious shortcomings, namely;
 
scaling, fouling, corrosion and other 

operational problems. Early availabilities 

of the prototype and first generation sys-

tems were often less than 50% and equipment 

breakdown and failures were common. 
 How-

ever, during the 1970's, research and 

development resulted in improved avail-

ability and rejiability. By the late 

1970's, availability increased to the 80-

100% level for many systems and some second
 
generation plants started operating. 


By 1980, second generation FGD systems
 
were opetational with better than 
 90% 


availability and third generation plants 


were starting to come on line. Some of the 


throw-away systems employed magnesium com-

pounds to enhance performance. New regen-

erable systems were being developed and dry 

scrubbers using spray dryers and wet scrub-

bers using forced oxidation to produce 

gypsum were coming on line. Currently, 

about 90% of the systems in Japan and West 

GeLmany are producing gypsum for either 

dispos3l or sale; there is a trend in the 

U.S.A. to go the same route. Figure 1 

shows the historic development, 


Figure 2 shows the current status of
 
key FGD systems. not all available systems 


are shown, and costs are approximate, de
pending Somewhat on the plant size. Sum 

marizing these systems, these have been 

divided into regenerable (i.e., sulfur
 
recovery systems, where a useful product is 

recovered for sale) and throw-away, where a 

currently unmarketoble product is simply 


discarded. The case of gypsum by-product 

can go either way; it can be sold fo! 


cement or -wallboardmanufacture, or dis
carded as waste, assuming that the gypsum
 
cannot be upgraded for commercial use.
 

REGENERABLE PROCESSES
 

Wellman-Lord
 

This process, in commercial use at
 
several power stations, uses sodium sulfite
 
as the reagent;
 

SO2 + H2 0 + Na2 SO3 --> 2NaHSO3
 

Regeneration is accomplished thermally
 
and is the reverse of the absorption reac
tion. An advantage of Wellman-Lord is that
 
it is one of the cheaper ways to recover
 
sulfuric acid from SO2
 
Chivida ThoEobkgsj
 

This process, in commercial use at
 
several power stations, uses limestone to
 
make gypsum, which can be sold or wasted.
 

CaCO 3 + SO2 + h02 -- > CaSO4 + CO2
 

Capital ain operating costs are low
 

and the gypsum can be dewatered to almost a
 

dry state.
 

SuIX
 

This process is in the pilot develop
ment state and uses iron sulfide (pyrites)
 
slurry to produce sulfur vapor, which is
 
condensed. Disadvantage is that h2S may be
 
released during a process disturbance. A
 
kiln is used to make sulfur with coke as
 
the reducing agent.
 

AI Aqueous Carbonate
 
Atomics International (Rockwell) uses
 

a spray dryer with soda ash for capture:
 

Na2 CO3 + SO2 --> Na2 SO3 + CO2
 

Crushed coal is used as the reducing
 
agent in a step-wise regeneration process:
 

Reduce: 3/2C + Na2SO3 --> Na2S + 3/2CO2 
React: 2Na2 S + CO 2 + H2 0 --> 2NaHS + Na2 CO3 
React: NaHS + CO2 + H2 0 --> NaHCO3 - H2 S 

Product: 2112S + 02 --> 2S + 2H2 0 
Regen: 2NaHCO3 ---> Na2CO3 + CO2 + H2 0 
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FLUE GAS DESULFURIZATION HISTORY 

1930's - UNITED KINGDOM - WATER SCRUBBING 

1930's - U.S.A, JAPAN, W. GERMANY -
PILOT/DEVELOPNIENT 

LATE 1960's 
 - JAPAN - COMMERCIAL
 
EARLY 1970's U.S.A. 
- FULL SCALE PROTOTYPES AT 

KANSAS POWER , LIGHT CO. - LAWRENCE 
DUQUESNE LIGHT CO. - ELRAMA & PHILLIPS 
ARIZONA PUBLIC SERVICE CO. - MOJAVE 

1970's - FIRST GENERATION PLANTS cOMNE.RCIALIY 
PROVEN; SECOND GENERATION PLANTS IN 
DEVELOPMENT 

1980's - SECOND & THIRD GENERATION 
PLANT OPERATIONAL/DEVELOPMFNT; THROWAWAY 
GYPSUM DOMINANT PROCESS
 
CONTINUED R&D ON RECOVERABLE TECHNOLOGY 

FIGURE I
 

APPROX. APIROX. 
HUMIBER LY-PRODUCT CAPITAL O&MPROCESS REAGENT IN USE RECOVERY $/kWh* C/kWh* srATUS/HiR3IS 

Weilman-Lord Na2S0 3 Several SO2-Sul fur 300 3 Commurcial - need 

CU14 for S miking 

Chiycda T 121 CaCO 3 Several Gypsum 150 1.5 Commercial 
Sulf-X Pyrites 0 Sulfur 350 2.2 Pilot
 

AI Aqueous

Carbonate Na 2CO 3 0 H2S-S -150 3 100 MWdemo. Coke used 

In Mloltull Sl]t ieactor
Citrate Sodium A few S0 2 450 3 Small comercial 

Citrate 
Catalytic/IF N1|3 A few Sulfur 350 2.5 CO/Il 2 required 
Magnesia MgO 3 MqSO 3 -112S0 4 300 2 Colunelrcial - MgO 

Slakinq critical; 
Acid pl1ant rql'd. 

Lime/Limestone CaO or 
Wet, CaCO3 200 Gypsum possible 200 2 CommercLal - provor 

Widely used 
rime Dry Ca(O|) 2 About 20 No 125 U.** Cusmierclal - proven for 

low 6 coil 
Dual All~ali Caustic or Dozen No 175 1.6 Comnmercial - proven 

Na2SO
 3
 

Sa~rberq -
Holter Ca (011) 2 21 Gypsum 175 1.8I ComcsicrciaI - proven 

* Includes capital charges 

** For low sulfur coal FIGURE 2 
FGD SYSTEM COMPARISON 
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Advantages of this process are 
 that 


there is 
 no liquid waste stream to be 


handled and coal is used as 
a reagent. A
 
100 MW pilot unit started up in 1983 at 


Niagara Mohawk Power Co. in New York 
State.
 

LawM 

Sodium citrate absorbs SO., arid then is 

steam stripped to recover concentrated 


(95%) SO2 . Further treotmrent of the S02 Is 


then requiLed to 
produce sulfur or sulfuric 


acid. 


aIA-J!-EP___ns__t_.i_ 
 ancais du 


This process uses aqueous ammonia to 


scrub SO2 : 


S02 & 2NH 4 0H --> (NH4 )2 SO3 + H20 


Thermal decomposition reverses the 


above reaction to regenerate concentrated 


S02. A reducing gas (H2 + CO) forms H2S: 


3C0 + SO2 + 1120 -- > H2S + 3C0 2 


3H2 + SO2 --> H2 S + 2H20 

A Claus unit then produces sulfur: 


2112S + SO2 --> 3S + 2H20 


A disadvantage of the process is that 

a coal gasifier is required to produce the 


reducing gas (H2 + C0). This unit gen-

erates asn, tars, oils and wastewater which 

must be dealt with. 


daanesia 


Magnesia, MgO, in an aqueous slurry is
 
used to scrub. This process is commercial 


at three units of Philadelphia Electric Co.
 
in the U.S.A. The product is then sent to 

a 
sulfuric acid plant to thermally 
 regen-

erate the S02 and then produce sulfuric 

acid: 

MgO + SO 2 - > MgSO 3 

A disadvantage of this process is that 


some MgSO 4 is formed, which requires coke 


to reduce it to MgS0 3, which is then cal-


Cined to produce the SO2 . An advantage is
 

that the MgSO 3 can be stock-piled.
 

.TH A_-AAY PROCESS
 

;t throw-away processes produce
 

CaSO 3 or CaSO 4 as a waste product, which
 
Iist be disposed of in an environmentally
 

acceptable manner. As a rough guide, about
 

I acre of land is required tor each MW 

generated.
 

f-ime-Lmestone (Wet)
 

These throw-away processes were among
 
she first developed and use low cost 
 rea

gents.
 

Disadvantages are:
 

- large land area required for waste
 
disposal;
 

- scaling, plugging and erosion of
 

components;
 

- waste product must usually be "fix

ated" to be environmentally acceptable;
 
- liquid waste stream from first 
 gen

eration plants.
 
Second generation plants use spray
 

towers, dual loops, closed loop water 
sys

tems, magnesium and other additives an
 

forced oxid.tion to gypsumt to overcome 
some
 
of the process disadvantages. Scaling and
 

pluggina have not been reduced to accept

able levels with a better knowledge of the
 
process chemistry and use of additives.
 

Some vendors claim that systems using lime
 
can switch to cheaper limestone with adipic
 

acid additive.
 

Lime (Dry)
 

For lower sulfur coal (< 1-1.5%S), the
 
use of spray dryer with hydrated lime re

sults in one of the lowest cost throw-away
 

systems. With higher sulfur 
 coals, high
 

lime usage may offset the lower capital
 

costs. The 
 dry sludge must be fixated or
 
otherwise handled in an environmentally
 

acceptable manner.
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Dual Alkali 


Either caustic soda or sodium sulfite 

reagent is used; both are solutions rather 


than slurries, resulting in reduced ero-

sion. Then, either limestone or lime is 


used to form CaSO 3 and CaSO4 .
 

A disadvantage is that soluble sodiumi 


salts are part of the waste sludge. An 

advantage is higher reliability due to 

significantly reduced scaling and plugging. 


Saarberg Holter 


A clear hydrated lime solutions scrubs 


S02 to form CaSO 3. Oxidaticn produces 

gypsum. 


This process has been commercially 


proven in West Germany and is one of the 

lower cost processes, 

Figure 3 summarises the basis for 
sulfur recovery in the U.S.A. 

ECONOMICS 


Next we turn our attention to the 

economics of sulfur recovery based on burn-


ing Lakhra coal in conventional power 


plants. 


The published forecasts of future
 

generation call for 900 Wd capacity, which
 

will required 4.6 million tons per annum of
 
coal. This amount could yield approximate

ly 180,000 tons/year f recoverable sulfur.
 

Based on U.S. sulfur prices, this
 

tonnage could have an annual value of 
 $27
 
million, given the fact that current sulfur
 

prices in the U.S. are $150/ton. Adding
 

shipping costs, this eqJuates to approxi

mately 8 mills per kwh of Lakhra coal gen

eration which 
 could be spent on sulfur
 

recovrery.
 

This amount is not sufficient to cost
justify sulfur extraction from flue gases,
 

which costs approximately 27 mills/kWh in
 
the U.S.A. However, the incremental cost
 

of sulfur recovery systems compared to
 
throw-away systems is approximately 10
 

mills kwh. Therefore, if Pakistan later
 

wanted to go flue gas desulfurization,
 

the additional cost of sulfur recovery
 

could perhaps be cost-justified. Sulfur
 
recovery economics in Pakistan could be
 

further improved, if the lower Pakistan
 
labor costs (compared to U.S.A.) are fac
tored in and if the SO2 sorbents required
 

for the process (Na2 CO3, CaCO 3, MgCO 3 )
 
could be obtainable locally. Manufacture
 

of some of the desulfurization equiment,
 

BASIS FOR SULFUR RECOVERY IN THE U.S.A. 

o 

0 

0 

o 

HIGH REAGENT TRANSPORTATION COSTS 

LIMITED SPACE TO RECEIVE AND STORE REAGENT 

LIMITED SPACE TO DISPOSE OF WASTE PRODUCT 

SPENT REAGENT DISPOSAL COSTS ARE VERY HIGH 

AVAILABILITY OF A NEAR-BY MARKET FOR THE 
BY-PRODUCT 

FIGURE 3 
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such as piping, ducts, etc. in Pakistan,
 
could further improve economics. Typical
 
total operating cost breakdown of recover
able flue gas desulfurization systems in
 

the U.S.A. are:
 

- Capital costs for equipment - 25-35%
 

- Utilities, including fuel and chemi

cals - 30-50%
 

- Operating and maintenance - 25-35%
 

Finally, the foreign exchange savings
 
which may 
 be achievable by substituting
 
sulfur recovery processes for Lakhra coal
 

instead of imported sulfur, are an addi
tional important consideration which would
 
need to be included in deciding whether to
 
adopt sulfur recovery as part of the elec
tric generation system.
 

, oraCool a nd__ 

Lakhra coal has very 
high ash, mosture
 
and sulfur (3-5%) content. In addition, it
 

is high in alkali metal oxides (4-6%).
 

This high alkali content, combined
 
with the high sulfur content, could reduce
 
capital and operating costs for throw-away
 

FGD processes that use simultaneous scrub
bing for both fly ash and SO2 removal.
 

For a regenerable process, Sulf-X
 
which uses pyrites and coal as the scrub

bing and regeneration reagent, may prove
 
more economical, 
due to the high pyrites
 
content ol the Lakhra coal. 
 However, this
 

process is still in the development stage.
 

CONCLUSION
 

As industrialization proceeds in Paki
stan, 
 so will the concerns for environmen

tal improvement a.'.so increase. This will
 

lead to consideration of emission 
 controls
 
on power plants. At that time sulfur 
re
covery systems may provide enough 
 overall
 

economic benefits to justify their use.
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GASIFICATION AND COMBINED CYCLE POWER GENERATION
 
FROM HIGH SULPHUR PAKISTANI COALS
 

D. Walton & D. Linton
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ABSTRACT
 

ABSTRC 

Gasification combined cycle power 


generation is now 
sufficiently demonstrated 

for 
commerciol applicatioin. The paper 

discusses the technology status contrasting 

it :ith conventional technology, then 

reviews 
the benefit- of its application with 

particular reference 
tc Pakistani coals, 

The technology ofrer:effective sulphur 

capture, reduced water requirements, 

efficint plant at 
 smaller capacittes and a 
modular more rapid construction programme. 


i. INTRODUCTION 

In coal gasification combined cycle 

power generation, coal is gasified to 

produce a fuel cas which after 
treatment is 

burned in a gas turbine to produce power. 
The exhaust gases 
Lrom the turbine pass into 

a waste 
heat boiler where steam is raised, 

The steam passes into a steam turbine to 

produce additional pcm,'er (sue Figure 1). 

Advances in gas turbine design are improving 
the performance such that plant of this type 

can match 
thenperformance of conventional 


plant, 


Some gasii cation processes are more
 
flexible 
than boiler designs and can there-

fore handle a 
 wider range of feedstocks. It 

is possible to treat 
the fuel gas to recover 
sul1hur compounds as elemental sulphur and 
therefore clean combustion can be more 

readily achiever. een from high sulphur 
coals. Tae g.a. turbins can burn both coal 
derived fuel 
gats and alternate fuels such as 

natural gas or distillate oils. The gas 

turbine combined cycle section of plant 

could be built: in advance cf the 

g-asification option if alternate fuels are 

aVailable, thus offering a lower capital 

rst and earlier availability of power. 


The first plant of this type was
 
built at Lunen in West Germany and
 
operated during the 1970's. 
 More
 
recently with the development of second
 
generation gasifiers there 
are a number
 
of new pilot/demonstration plants. 
The
 
most successful is 
the Cool Water Pvoject
 
at Daggett in California, this plant is
 
rated at 
90MW and came on stream in 1984. 
Smaller plants based on different
 
processes are being operated/constructed
 

by Dow, British Gas Corporation] and Shell.
 

Gasification combined cycle 
(GCC)
 
plant is now receiving serious consider
ation for new power gencrc-r,ion capacity 
in the USA and parts of Europe. Cost,
 
e.vironmental and quicker construction 
schedules are the advantaga bringing it
s 

forward. Fuel flexibility and the option
 
to use a portion of the fuel gas in
 
chemical processing are further assets.
 
'here is still 
only limi.ted experience
 
with the technology in its integrated
 
form, but coal gasification and cumbined
 
cycle power generation are well provei
 

and commerc.al plants arc expected soon. 

2. COAL GASIFICATION
 

2.1. Gasification Processes
 

For Lfficient power generation at
 
utility scale, oxygen blown gasifiers
 
capable of processing a minimum of 
500t/d coal and operating at pressures
 
of about 15-20 bar 
are required. There
 
are probably about 
20 gasifiers at
 

various stages of development to match
 
this specification. These fall into
 
three types: fixed bed, fluid bed and
 

entrained flow. A fourth type, 
the
 
molten bath gasifier is still at an
 
early stage of development. Of these
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however only a few qualify for commercial 


application in the near future. 


Table 1. 


GASIFIERS PROVEN FOR GCC PLANT 


Process Type Comments 
Lurgi FixedBed Dry Ash 
British Gas/Bi Fixed BedhgixThese Slagging 

Lurgi 
H.T. Winkler Fluid Bed Developed for 

lignite feed 
Texaco Entrained 

flow 
Slurry feed 

Shell Entrained Dry feed 
flow 

Dow Entrained slurry feed 

flow 

Table 2. 

POSSIBLE GCC GASIFIERS UNDER DEVELOPMENT 


Process Type Comments 


Kilngas Fixed Bed Rotary Kiln 

KRW Fluid Bed Formerly 


Westinghouse 

U-Gas Fluid Bed Ash
 

Agglomeration 


Prenflo Entrained Developed from
 
flow Koppers Totzek 


Fixed Bed Gasifiers 


The Lurgi and British Gas/Lurgi 

gasifiers have a high thermal efficiency
 

and carbon conversion. They are robust in 


operation but require a lump coal feed and 


are limited in the quantity of coal fines
 

they will accept, although the British Gas/ 


Lurgi has made advances in this area. 

Because the raw gas from a fixed bed unit 


exits at a fairly low temperature around
 
300 0C-6000C (572 0-1112 0 F) it contains 


quantities of hydrocarbons and condensible
 
byproducts. These liquid byproducts, 

(essentially tars and oils), amount to 


roughly 5% of the coal feed and can be sold
 
or recycled, 


Fluid Bed Gasifiers 


H.T. Winkler, Westinghouse and U-Gas 


gasifiers produce a clean gas at around 


10000C. They require a crushed coal feed
 
and will tolerate fines.' The H.T. Winkler 


gasifier operates well with reactive coals 


such as lignites but for hard coa:. 


techniques such as ash agglomeration-must
 

be employed to obtain an acceptable
 

carbon conversion. Because of the
 
relatively high temperature, the gases
 

are essentially free of condensible by

products.
 

Entrained Flow Gasifiers
 

gasifiers reach very high
 

temperatures in the burner,zone (up to
 
19000C), and gases exit this zone at
 
about 14000C. The gas is then cooled by

quenching, or heat exchange, or a
 
combination of the two. The method
 

employed will depend on the type of
 

gasifier, the end product of the process
 

and the requirement for steam. The gas
 
cooling must achieve satisfactory solid
ification and separation of the slag
 

droplets. Extremely high heat fluxes
 

occur in the waste heat boilers.
 

Air blown gasifiers have been
 
proposed for GCC plant however these
 

technologies are not being developed and
 
demonstrated to the same extent. The
 

lower calorific value gas produced by
 

air gasification is more difficult to
 

combust. Simple cycle designs for gas
 

turbines with air preheat or using diesel
 

engines to fire the gas look interesting
 
for low cost small plant options.
 

2.2. Coal Properties Affecting Gasifier
 

Selection
 
There is no doubt that certain types
 

of coal are better suited to certain
 

gasifiers and vice-versa. The most
 
important coal properties affecting
 

gasifier selection are:
 

Size
 The limitations of coal size,
 

particularly with respect to the fixed
 

bed gasifiers, have been mentioned
 

already.
 
Reactivity


The H.T. Win~kler gasifier is really
 

only suitable for reactive feedstocks.
 

Entrained flow gasifiers may also run
 

into problems with low reactivit coals
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because of the short residence times. Unless 

temp ratures can he raised sufficiently, poor 

carbon conversion can result. 


Ash 


Coals with 35% 
ash content have been 

commercially run 
in dry bottom Lurgi 

gasifiers, but 
such 	high ash coals would 

produce low efficiency in the Texaco. High 

ash, 	hj.gh fusion point coals could show poor 

economics in the BGC/Lurgi Slagger if 
large 

quantities of flux 
are required. Coals with 

very high ash fusion points could be 

difficult 
to slag in entrained flow gasifiers. 

Moisture 


There is a thermodynamic limit to 

moisture content above which 
a gasifier will 

'drown', but for many gasifiers there is 
a 

practical limit set by the 
coal feeding 

mechanism. The H.T. Winkler, U-Gas, 

Westinghouse and Shell gasifiers will 
usually 

require coal drying, 


2.3. 	Fuel Gas Cleanup 


To meet emission regulaticns, the 
raw 

gas is usually treated to 
reduce the sulphur 

content. 
 This is achieved by removing 

hydrogen sulphide in a solvent acid gas 

removal process. In order to carry out 

desulphurisation the gas needs pretreatment 

which is different for the various types of 


gasifiers.
 

Raw gases from fixed bed gasifiers 

contain many byproducts such as phenols, 

tars, 
oils, naphtha, hydrogen chloride, 


ammonia, hydrogen cyanide, carbon disulphide 

and carbony] sulphide. These could 

contaminate the solvent and impede the 

performance of 
the acid gas removal process, 

Pretreatment is therefore required for 
these 

gasifiers to reduce the to
byproducts 


acceptable levels. The typical process 

sequence is quench, heat 
recovery and gas 

cooling followed by a selexol, rectisol or 

benzole prewash step. 


Raw gases from fluid and entrained flow 

gasifiers are produced at much higher 

temperatures and 
thus contain negligibl.e 

quantities of 
tars, oils, naphtha, phenols, 


However they do contain significant
 

quantities of carbon and ash dust, which
 
may be partly molten. The pretreatment
 
therefore normally comprises high grade
 
heat 	recovery, to 
improve the efficiency, 
followed by a water washing step to 
remove dust and other contaminants.
 

Further pretreatment may also be necessary
 
for 	some acid gas removal solvents.
 

There are 
many acid gas removal
 
processes available. 'hese have been
 
developed for other processes and an
 
evaluation is usually lequi-r'd to select
 
the optimum process for GCC applications.
 
Solvent makeup, energy requirements,
 

selectivity arid operating problems are
 
key factors. Processes usually favoured
 
include Benfield, Selexrl, Amine/MDEA
 

(ADIP), Rectisol or Stretford. The
 
hydrogen sulphide from the 
solvent
 
processes is 
then further processed to
 

either sulphur or sulphuric acid.
 
Follow:ng acid gas removal the fuel
 

gas is 
then prepared for combustion in a
 
gas turbine. Typically this involves
 
heating and saturation with water. 
 The
 
steam thus introduced into the fuel gas
 
reduces the NOx produced within the 
turbine and also contributes thermal and 
mechanical energy input to the machine.
 

3. POWER GENERATION
 

3.l.Gas Turbines
 

Oxygen blown gasifiers produce a
 
medium calorific value fuel gas of
 
9-13MJ/nml (240-350 Btu/scf) before
 
saturation. 
These gases can be burned
 
in modified versions of commercially
 

available gas turbines. 
 Only limited
 
experience has so 
far been obtained but
 
no significant problems are 
anticipated.
 

The biggest single factor affecting
 
the overall efficiency of GCC power
 
generation is 
the gas turbine inlet
 
temperature. As 
inlet temperatures rise
 
to 1200-1250'C (2192-2282'F),
 

efficiencies approaching 40% 
(HHV) become
 
achievable. These high 
temperatures are
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achieved through continuing improvements in 

air cooling, materials and blade design. 


Gas turbine selection should nor there-

fore be a problem. However the gas turbine 

performance is critical to the GCC perform-

ance 	and must be evaluated in the context of 

the overall plant design. 


3.2. 	Combined Cycle 

GCC plant is the same in cycle configur-


ation as gas or distillate fired combined 

cycle plant. The overall performance is 

however reduced by the efficiency of the 

gasification process for converting the coal 

to fuel gas. The reality is not as simple as 

this 	as the steam system for the gasification 

plant is usually integrated with the steam 

cycle. The gasification process both uses 

steam in the gasifier and raises steam in 

cooling the raw gases. For the fluid bed 

and entrained flow gasifiers considerably 

more 	steam is produced than consumed, so the 

combined cycle has to be designed to import 

steam. For the fixed bed gasifiers this is 

reversed, 


3.3. 	Oxygen Plant
 
Oxygen blown gasification so far 


described requires considerable quantities 

of oxygen to produce the fuel gas. The 

oxygen plant compressors consume between 6 

and 10% of the gross power output of the 

power station. Fixed bed gasifiers consume 

less 	oxygen than the higher temperature 

gasifiers. Thus the design of the oxygen 

plant and selection of the driver type is 

of considerable importance in obtaining 

high overall efficiency. 


An alternative is to 
use air blown 

gasification. Air is extracted from the 

gas turbine air compressor and used as 

oxidant in the gasifier. The resulting low 

calorific value gas after treatment is 

burned in the gas turbine. This method may 

have the advantage of slightly higher overall 

efficiency although considerable control 

difficulties can be anticipated with the 

highly integrated system. 


3.4. 	GCC Advantagej
 

Whilst a GCC is a relatively
 
unproven concept for power generation it
 
is based on proven technology. Plants
 
can be designed to be simple in operation
 
and give high reliability. They will be
 
sufficiently flexible to operate as part
 

of an integrated distribution network
 
whilst operating at high efficiency at
 
both 	base load and part load conditions.
 
The multiple steps in the plant lend
 
themselves to modular construction and
 
shorter construction times.
 

GCC plants can offer the following
 
advantages when compared with conventional
 

plant:

* Competitive Performance 
* Low environmental impact 
* Reduced construction time 
* Reduced capital cost 
* 	 Less than half the cooling water 

requirement. 
These advantages together with the 

potential for improved performance as
 
the technology develops should secure a
 

future for GCC.
 

4. 	 TECHNOLOGY STATUS
 

4.1. 	Cool Water
 
In June of 1984, the Cool Water
 

Coal Gasification Combined Cycle Power
 
Plant was brought on line as a coal
 
based power generating facility,
 
producing electricity for customers of
 
the Southern California Edison Company.
 
The plant represents tha first commercial
 
scale demonstration oi! the Gasification
 
Combined Cycle concept for using coal
 
in an environmentally acceptable way.
 
The plant was finished under budget and
 
ahead of schedule with field construction
 

taking only 28 months.
 
The plant is based on an entrained
 

flow Texaco gasifier using coal water
 
slurry feed. High pressure saturated
 
steam is generated in a radiant and
 
convection cooler. The raw gas is
 
cleaned in a water scrubber and
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separated carbon recycled to the gasifier. 


Desulphurisation is carried out in a Selexol 


process with the hydrogen ruiphide being 


converted to sulphur in a Claus unit. After 


reheated and water saturation the gas is 

fired in a General Electric gasz turbine. 

Further power is generated in a stecm turbine 


from 	steam raised fi,:m the gas turbine hot 


exhiauz gases. 


Despite several of toe minor startup 


problems common in new plants, the overall 


performance during the first year of 


operation was highly successful. Design 


performance was equalled or exceeded in most 


areas (emission, efficiency, availability, 


etc). A live year programme is new underway 


to confirm the attractive features of the GCC
 

concept by continuing the demonstration. A 


full 	programme of studies with various coal 


feedstocksincluding steady state, tests of 


dynamic response during load following, 


materials evaluation and environmental 


analysis is now underway, 


For -he periad up to lst Augu]st l85 

the plant operated 5480 hours, consuming 

201,740 tens of coal and producing 505,133MWh 

of qross power. The2 planit has been operating 

at a nett heat rate of 11,500 Btu/KWh 

compared with a design of 11,300 Btu/KWh. 

Certain efficiency features have no been 

incorporated because of the plants relatively 

small scale and first of a kind nature which 

result in high design heat rate. 


A major incentive for adopting GCC 


technology lies in the superior environmental 


aspects. Overall emissions approach or 


improve upon those that can be achieved with 


current combined cycle units fueled with 


natural gas. Emissions data obtained from 


sampling the stack are given below. 


TABLE 3.
 

ATMOSPHERIC EMISSIONS
 

lbs/million Dtu coal 

Test Federal 

Results NSPS(1) 

SO2 

Utah coal, 

0.5%S 0.036 0.3 

Ill. No. 6 
coal 
3.5% 0.370(2) 1.2 

NOx 0.060 0.6 

Particulates 0.001 0.03 

(1) 	New Source Performance Standards
 

for coal fired power plants.
 

(2) 	Projected results for 11.1. coal
 

test scheduled late 1985.
 

4.2. 	Dow Syngas
 

The Dow Gasification Process
 

utilises a pressurised, entrained flow,
 

slagging, slurry fed gasifier with a
 

continuous slag removal system. The
 

process includes a unique heat recovery
 

system which provides high efficiency on
 

low rank coals.
 

The Dow Syngas project will be a 

cormnercial coal gasification plant that 

uses Dow developed ¢onl gasificdtion 

technology to convert coal into medium 

Btu gas for use in combined cycle gas 

turbines generating electricity and 

steam. The plant will feed about 2,400 

tons per day of low rank coal and produce 

about 30 x 109KJ per day of gas. The gas 

output is equivalent to about 155MW net. 

The project is located within Dow's
 

existing petrochemical manufacturing
 

site near Plaquemine, Louisiana and will
 

be fully integrated with existing power
 

generating units. The schedule is
 

geared to a plant startup in early 1987.
 

4.3. 	Shell Deer Park
 

A Shell Coal Gasification unit
 

(SCGP-l), currently under construction
 

at the Deer Park Manufacturing Complex
 

near Houston, Texas, is the first US
 

demonstration of a technology which is
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expected to be initially commercialised for 
electric power generation. SCGP-l will 


demonstrate configurations and equipment, to 

h used comnercially, and is a very efficient 
iauto 	to comisiirciaLisation of the process, 
The coal feed rate will -ajigc freie 
appruximately 250 tons/day en bituminous, 


high sulphur coal to abou- 400 tons/day on 

wet, high ash lignitcs. 


The demonstration unit will include coal 

receiving and preparation facilities, a high 

pressure entrained flow gasifier with high 

temperature energy recovery, solids removal, 

and gas and water treating to provide both 


clean 	medium Btu gas for power generation 

and high valued steam. This unit, scheduled 

for first half 1987 start up, is the 

culn1iiation of development efforts begun by 
Shell 	 Intern-etiona]. Petroleum Mig., Shell 
Research and Deutsche Shell in 1972 and 

includes a 6 ton/day pilot plant ( 1976 
start 

up in Amsterdam, Holland) and a 150 
ton/day 

experimental unit (1978 
start up near Hamburg, 

West Germany). 


4.4. British Gas, Westfield 


The British Gas;/Lurgi Slagging Gasifier 


represents a comercially available fixed
 
bed coal gasifier operating at high pressure, 
suitable for the. roduction of medium 
calorific value gay from a variety of coals, 

Based 	on tried and proven technologyit 


operates at high thvrm&a efficL ency. It 
forms the basis cf a robtst gasification 


system which can be used to produce not 

only a fuel gas, but also substitute natural 


gas and synthesis gas for many cormercially 


available chemical processes, 


British Gas has operated commercial 


scale slagginq gasifiers at its Westfield 


Development Centre in Scotland since 
1975. 


From 1975 to 1984 a 350 ton/day unit was 


operated at a pressure of 350 psig. .During 


this period over 100,000 tons of UK and USA 


coals was gasified in the unit and over 


9,000 hours of operational experience 


obtained. A 90 day run was carried out 


confirming the reliability of the unit for 


prolonged commercial usage under guarantee
 
conditions. The prograimne 
of work
 

demonstrated that the technology can
 
utilise graded coal with a high fines 
content. Vie recycle of hydrocarbon by
products for gasification to extinction 
has been demostrated. The technology 

can meet the high safety and environmental 
criteria required for commercial usage. 

The 350 ton/day unit has now been 
complemented by a 550 ton/day gasifier. 
This unit has recently been commssioned. 
A Rolls Royce 30MW gas turbine has been 
installed to demonstrate he use of the 
gas from the gasifier to generate
 

electricity which wi. I be exported to the 
South 	of Scotland Electricity Board.
 

A study has recently been carried
 
out by Poster Wheeler in the UN<for the
 
Central Electricity Generating Ruard to
 
investigate the design and economics of
 
a British Gas/Lurgi sLigging gasifor 

based 	power station. The study results 
indicated that efficiency approaching 

40% (HHV) couid be achieved simultaneously
 
with over 907, sulphur removal and low
 
particulate and NOx emissions. 

4.5. 	 Lur__ 

The Sasol facilities in South Africa 
represent the world's largest coal 

gasification installation. Approximately 

27 a iIT.on t onnes/yea r of coal are 
gasified in l,urgi dry bettom gasifiers. 
The raw gas after cool inn and -.epar-ation 
of tars and oils is deiniphur nwd in 

rectisol units before being ,averted to
 

petrol, jet fuel, diesel and other
 

chemicals by Fischer-TropsAch synthesis. 
Although dedicated to trawsport huo, 

production rather than pe.,," pro,!uction 
Sasol represents the pot.n.tial of lare 

scale 	commercial coal gasifirajon.
 

The urg fixed Led gam: icatInn 

process is also used in the world's, first 
major SNG plant which is oyn-ated by tho 

Great Plains G(.snfncation Associates at 

Beulah, North Dakota, PSA. 'lh] plant 

came onstream in 1984 and precess", 530t'h 
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of North Dakota lignite to produce 5800 GJ/h 
substitute natural. gas. 


It should be further noted that Lurgi 


dry bottom gasitiers v/ore also used at the 


Luenen 170MW GCC in Germany in the 1970's. 
Although this plant did net use the same 
cycle arrangements as previously described 

it did prove that coal gasification could 

provide a suitable fuedstock for combined 

cycle power generation. 


4.6. H.T. Winkler 


Rhenische Braunkohleaiaerke 
and Uhde 


have been cooperating Lince 1975 on the 

development of H.T.the Winkler coal 
gasification process. 
The process is a 

development of the original Winkler process, 
but operates under elevated temperature and 

pressure. The pilot plant can operate at up 
to 10 bars preusaure. The HTW process is 
particularly iell suited for oper-:tion on 

highly reac.ijve lignitic types 
of coals. 

The first cominercial scale 
unit is currently 
under construction in West Germany. 

4.7. Kilnqas 
The <ilIncias commercial ciodule is located 

in East Alton, 'llinols Power Companies Wood 
River Genrati-g Station. The plant converts 
high sulphur cc:u into clean gaseous fuel, 
whichis burned) it he Unit M. 3. team 

boiler. The plant is designed to process 
600 tons oi -oal pec day. The Kilngas 
process produces a 'low Bt: gas and operates 
at around 3 bars g. 

5. PA.KISTANI COALS 

In order to further assess the potential 
for coutl gasification in Pakistan it was 
decided to so(end a number ou the leading 
gasificztion ]icensors a Pakistani coal 
analysis and seek their comront, on the
 
suitahil.j:y of. their 
 pioces, ; f0L thO specific 

coal. it is recognisec that a wide range of 
coals are available in Pakistan and that any 
specific project might use a different coal. 
with a different analysis to the one 
selected. However the enquiry was made 

using an analysis of Lakhra coal, as 

follows: 

ABE 4. 

TAL A.
LAKHRA COAL ANALYSIS 

Proximate AnjLysis
 

Total moisture WT% 
 30.8
 

Volatiles WT% 
 26.8
 

Fixed Carbon WTn 
 27.5
 
Ash WT% 
 14.9
 

100.0
 
Heating value Btu/Ib 
 6890
 

Grindability 68.5
 

FSI 
 -


UltimateAnalysis (DAF) 
Carbon WT% 
 71.6
 

Hfydrogen WT% 5.7 
Oxygen WT% 
 14.5
 
Nitrogen WT% 1.2. 
Sulphur WT% 7.0 

100.0 

Calorific Value 

(Btu/lb) 12854 
Size 78.3% 

Greater
 
than 9.5mm 

Ash Analysis
 

AL2 0 3 20.3 
CAO 2.71 
FE 2 0 3 21.6 
MGO 2.55 

P205 1.36 
K20 0.64 
S10 2 33.1
 

NA2 0 
 2.18
 
SO3 9.35
 

T10 2 2.66 

96.45 
Others 3.55 

The responses received are given 
below. 

5.1. Lurqi 

Lurgi responded that they had 
experience in the early 1960's processing 
Pakistan (Daud Khel) sub-bituminous high 
sulphur coals in Lurgi dry ash yasifiers 
making syngas for ammonia production. 
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Operating experience is reported to be good. 


Lurgi stated that the Lakhra coal is 
similar to the coal previously gasified and 

that they are confident that it can be 

gasified efficiently in Lurgi dry ash 

gasifiers with a steam/air or steam/oxygen 


gasification agent. Predrying would not be 

required, but fines should be reduced to 
10% less than 6man. 

It was alk;o noted that fines utilisation 
could be improved by use of circulating fluid 
bed qasification and/or CFB combustion with 
in-situ desuiphurisation, or a combination 


of fixed and CFB processes. 

5.2. Shll. 


Shell responded that they could not
 
foresee any particular problems in gasifying 

the specified coal since they have processed 


similar coals already. However they assume
 
that drying to 10% moisture (DAF) would be 


possible. They do not anticipate any 

difficulties with the ash 
or high sulphur 


c o nte nt. 
content. 


5.3. British Gas/Lurgi 

British Gas responded that although they 


have no operating experience of this type of 


coal it appears that it is suitable for
 
slagging gasification. Coals with 4% sulphur 


have been tested and higher sulphur coal
 
should be manageable. The ash character-


istics and analysis are acceptable and only 


a small addition of flx is needed, 


British Gas stated that the coal size 


range is acceptable but recommend screening 


to limit the fines to the top of che 


gasifier to 
5 less then 6mm. The undersize
 

coal can fP'i- or as a
be fed as with r.itrogen 
coal water slurry co the gasifier bot,.om, or 

agglomerated and sul-pliod with the top feed. 

5.4. Texaco 


Texaco responded that gasification of
 
the coal is technically feasible as demon-

strated in pilot plant tests with coals of 


similar characteristics. The performance 


will, however, be 
poorer than than observed 


in existing demonstration and commercial
 

facilities where higher grade bituminous
 

coals are used. The higher intrinsic
 

moisture content of the coal limits the
 

solids concentration in tho coal/water
 

slurry, and :esults in an excess of water
 
in the gasifier feed and a higher oxygen
 

consumption. Texaco indicate two possible
 

courses of action for gasifyinn the coals, 
depending on project economics:

- accept a penalty, on performance, 

using as received coal. 

- include a beneficiation step, to 
improve slurry propertieq and/or
 

ash and sulphur contents, and
 

thus performance.
 

Texaco state 
that the other coal
 
properties appear satisfactory. The
 
relatively low ash fusion temperatures
 

helping to reduce oxygen consumption.
 

6. 	 APPLICATION
 

6.1. 	 Phased Construction
 

Conventional power plant units are
 
o e r p an u i s r
 

geared to steam turbine size. For
 
maximum efficiency large size single units
 
are usually employed. GCC plant is
 
normally matched to gas turbine sizes
 

where ize does not relate so precisely
 

to efficiency. 
 Suitable gas turbines are
 
available with outputs between 30 and
 

180MWe. The minimum economic size for
 
GCC plant is likely to be of the order
 

of 75MWe. Maximum size becomes a function
 

of modular build up. Security of supply
 

is nhanced by multiple gasifiers and
 

multiple gas turbines and the typical
 

commercial plant configuration is likely
 

to follow this route.
 

EPRI have been studying phased

plant 	constructin using gas turbine 

anits 	firing natural gas or distillate 

in open cycle mode for the first two
 
phases then adding the coal gasification
 
step and the heat recovery/steam turbine
 
for combined cycle as the third phase.
 

This enables closer matching of capacity
 

with electricity requirements and leads
 
to lower aesrall power generation costs
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and staging of the capital expenditure. An 


approach of this type could suit the
 
Pakistani situation with the advantage that
 
the initial gas 
fired open cycle units supply 

power within 2 years. The coal gasification
 
and combined cycle units being added 
as 


retrofits at a future date. 
 This phased
 
approach can be easily accommodated so long 

as adequate provisions are made in the 

initial planning. 


6.2. Coproduction 


A coproduction process is defined as 

one in whcih the feed 
(coal) is converted 

into an intermediate product (gas), 
part of 

which is converted into power via some 

combustion process (combined cycle), and 

part can be converted into another product 

(coproduct) which has a sale value in its 


own right. 

A GCC power plant has many possibilities 


of being converted into a coproduction plant 

because gas comprises valuable intermediate 


products H2 , CO, CO 2 etc. 
 An example of the 

process is a scheme where part of the gas is 

to be burned in gas turbines to perform a 

peak shaving function. The proportion of 

the gas that is sent to the methanol plant 

directly affects 
its size, and the relative 

proportions of power and methanol that-are 


produced (Figure 2). A complex of this type 


has a number of advantages. 


- The gasifier operates at 100% for 


most of the time. 


- Peak loading is achieved by peak 

shaving with methanol firing in the 


gas turbines. This reduces the 
size 


of the gasifier, oxygen plant etc.
 

- Low load operation can be achieved 

with reduced qasifier turndown.
 

-
 Short term load fluctuations can be
 

handled without upsetting steady
 

stage operation of the gasifier.
 

- Unscheduled outages in gasifer and
 

ancilliary equipment can be
 

handled with 100% methanol firing
 

if necessary.
 

6.3. Future Developments
 

The technology and applications
 
discussed earlier in the paper are 
based
 
on proven building blocks 1n relatively
 
novel configurations. The economic and
 

technical feasibility of plants designed
 

to these criteria is now being accepted,
 
and the next decade will see the
 
establishment of GCC as 
a new route for
 
power generation. As with all new
 
products, improvements will emerge and
 
be introduced for this technology. Since
 
it is only just being introduced the
 

scope for improvement is much greater
 
and we should expect more rapid change
 
than with conventional power generation
 
plant. Areas for development include:

* 	Increased fuel flexibility.
 

* More efficient gasification
 

processes.
 

* Air blown designs eliminating
 

oxygen production.
 

* 	Hot fuel gas clean up.
 

* 	Higher combustion temperatures
 

in gas turbines.
 
* 	 Design optimisation including 
coproduction. 

The benefits of GCC are significant
 

and should secure its future. Many of
 

these advantages suit the Pakistani
 

situation and it could have a key role
in future power generation strategy for
 

the country.
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ABSTRACT 


The 
for use 

both in plants andSince ithe for the future.Kaachi St(.,.] Plant repre.especial rohtlems of 
ts 

its own, it is not 
includid in thi, discussion. 

C hmica lcoal It ant ( CliEiI undertook a dotaile d study on the reservestni quality of Pakistani ('oal:;, for use
in Indu l ry in 1983-8,1, for tl, Governmentof Pak i slari. The pap'r first sunmarises 
t et u ofr(-!mtll'.. 
this -ur'v , 

The so vcv In(licaieI that recoverable-esulfts of all it1, majtr coal fields in 

Pakistan (oc'×luding Chatalang 
 which 
couldttot ho vi:iit(,) Ire arountld 770 miIIionioni 

tons, (or "hich as much as 520 1tons are Iioninf(,rr,.d) 
 in ludir, it alI the
drilled Iakhra area. 'lit qualit v ofrepresentativt, sampl .'sfron all the fieldsas analysed ov,rs.as is i Vin , and varia-tion in the saItt)lt'S c ]i('ct(ed f rom ri'pr0s-
sentative fieldsPakiistani roal s is also .iven. Thear, Characteri-sed bv hig
Sulphur and a higth and varable ash 

onte u, 
'(he 

content.
 

use' of coial /rofk,. anid pet rc Ieumproducts 'ave heendirect. use largely crlfined toin the brick, coment and 

other indus t rr's. 0 large
in 1982-83, a.s mitch as scale consumers83.2% of such fuelsWere con. ;umt d hy thi,', "or i I izer and
Cement Industry. 


The paupet'inherent tinads t iatdifficult ii,; tt',' tiitt in.stall a'e nolitng new
boilers usinr Paki:;I:tni roals. 
Some diffi-

culties could 
a7 i,'n combnt-d
coal boilers for tagassethe Supar Industry due
to lark ol lurIt)coal 
 . 

In thtci sof 
heif (7(omnt Indi,,trymixtur's Of itflpto't'd COal 
(ot' low sulphur

furnato oiI ) and Inura] cc:tl couldwith local coal Im used,tel tfliI f ,'111-6( %. Thiscould ho psstbhI clor lith old wVft process 
plants and niw dry etocoss plants.

Som, d !ftIi c it I s; would i, e(rnot-
tered with curri.t U v Ct.onl planl:; itich 

hav' ro
 

In the cat' l i' ft't, ilI or indu:-
try the 
tse , f coal a raw material 

require plant s which are 


as would 

expensive, and 20-25/ mor t,
tlv etonomics do not .Just|-
fy tie itie of coal asPa ki -tan i ('oa I 
a raw matoria], bttould( hi' i .sed in t h ehoilers. 

The use of he',eficiation and khe 
econonics of conversion of' gas for usethrotuf h ox isti tspn ilii ine sy.;tns Is 
itlso discuss3. 

(Pak) Ltd. 
P.O.13o.N. 126
 

iahore, Pakistan
 

paper considors the Potential 
of Pakistani coals in industry; 
current 
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1.list orical 

"olloinr.tlho formation of Pakistan in 1947, he onlv fuel resources

5
 

available ' ore th,' coal deposits ofBaluchistan and YWVP. At this lime all} il rs in I t-( ')Llnl.% u si Indian
 

aont-;t M-ON s 

tona and at tmpts We.e used 
 to convertto li, Pakistani ('tis fLfortunate]v
the a i f b 
t hoil(.it' were designedto LISP 1tamp coal and hence difficul

ti, s arose. in this conversion. Sincefrom 1948, imported coal was available 

this used.
 

HoWever for new projects it wasdecidd to try and use Pakistani coals. 
hant 
 use 
 at
The nos important projects 

tal 
at thattime wer, the, PIDC Projects and 
tile
 

Fertilizer and Cement Plants at Daud
Khol wet'e in close proximity to he
 
coal deposits at P!akerwal. It was
 
deci ded to use 
 Paik istan i coal bothi as 
a raw material 
for the fertilizer
 

industry and as fuel for both industries. The plants were brought into
operation in 1957-58 and operated
 

.,ucossfull 
until 1971 (Fertilizer

Plant) when 
the extension of 
the
 

natural gas line 
to Daud Khel made
 
them moro economical 
on gas. It should
 
he enphasi, d 
 that a 20,000 KIVpowerstation, 
 ani both fortilize' 
and 

cement fa:.ories vero run successfully

fot many y'ars on Pakistani 
 coals. 

Problems were faced bil these were all

easily overcome
 

The availability of natu'al gasand Furr ace oil "frot 1954 onwards) 

meant that all industry, sifted over 
to natural gas or furnace oil. 
It is
 
only recently that interest in Pakis
tani coal has grown. 

ID 44k:t.4 

http:hoil(.it
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2. 	 Availability and Production of 
Pakistani Coals. 

Pakislan (oalfields exist mainly in 

Southern Sind, in the areas near to and 

east of Quetta in Baluchistan, and in 

the Salt Range of the Punjab on both sides 

of the Indus, extending into the NWFP. 

The, location of these fields has been 

given in 1tg.2.1. 

While there indications of semi-


anthracitic coals in Azad Kashmir, there 


are small and nearly all the coals in 


Pakistan are semi-bituminous or lirfnitic
 

coals. In addition the coal seams are 

:mall, with the result that the coals 

contain high ash and since there are 


pyritic intrusions, they are also charac-


terised as high Sulphur coals. 

Geologically the coals are of appro-

ximately the same age (Paleocene to 

Eocene). 

The main differences in the coals are 

in the moisture and ash contents, 

The moisture contents are dependant 


upon the geological environment under which 

they have been deposited. Thus the Lakhra 

coals have deposited from a marine environ-

ment and are located at depth, ama hence 

contain much more mnoisture: 20-25Y in 

freshly mined samples, which rapidly 

reduce to 10% when air dried. The marine 

nature of these diposits is also seen by 

the Chloride (Cl) content which is as
 

high as 0.28% in the Southern lakhra 


although 

as the other coals, 
fields. Thus the Vakhra coals, 

basically the same 


have a lower heating value.
when mined 

The ash von ,mt of the coal ts 

partly inhernt in the coal itself, bt 

is also dependant upon the mining methods. 

Thus samples carefully collected by the 

Consultants from various mines at the 

face, and in run of mine samples, gave 

the following ash content varying from
 
10% to 60%.
 

Ash Content Ash Content
 

Face Sam- Sa.0. 
ple % Sample 

Baluchistan 

- Deghari 6.35-8.29 10.52-29:24* 

- Sot Range 8.23-9.34 8.50-l3.64* 

- Sharigh 19.36 27.04* 

PunJab 

- Ratucha(East) 39.02 53:86-55.21"* 

- Central Salt 17.57 29.72-95.55* 

-ange. 

Sind
 

- Lakhra(North) 32.53 33.93* 

- Lakhra(South) 38.76 34.64** 

- Jhimpir-Meting 28.22 32.15-37.95'* * PMIDC Mines. 
** Priva e Mines. 

It was noticed, that with the 
exception of Lakhra where high ash 

content was ahnost inherent, the ash 

content of private mines is much higher 

that the face samples, particularly in 

the Punjab. The PMDC mines have a 

smaller range in Baluchistan, between 

face samples and R.0.M. sampleq. 

The poduction of coal in Pakistan 

for the last few years is given in 

Table 2.1.
 

Table-2.1 

Coal Production in Pakistan 

(Thousand Tons) 

Punj-
ab 

Sind 
___ 

NWFP BIalu-
chistan 

Total 
___ 

194-5 378 153 18 765 1314 

197-78 409 186 42 642 1279 
1978-79 371 152 42 696 1261 

1979-80 461 158 45 841 1505 

1980-81 424 289 55 830 1597 

1981-82 - - - - 1765 

1982-83 - - - - 1855 

1983-84 - - - 1437 

1984-85 - - - 1587 

Source: Pakistan Statistical 
yearbook 1985. 
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It will be seen that the production a.l available data upto end 1984 and 

in Baluchistan and Punjab is now steady, arrived at the estimates of recoverable 

whereas the production from the newer coal reserves given in Table :3.1. 

fields in Sind is rising. This trend is It will be seen that the total 

likely to continue. The incrzase in NIWFP Current Recoverable Reserves, as esti

is really an increase in the Makerwal-Gulla mated by CHEMCON are 770 million tons, 

Khel zone which extends to the NWFP. of which about 120 tons are in the 

3. Reserves. subsidiary area (Northern Area) of 

Chemical Consultants (CIIEMCON) in a Lakhra which are basically inferred 

recent report fur the Ministry of Petroleum reserl,cs. 

and Natural Riesources carefully examined 

Table - 3. 1 

SUMMARY OF COAL RESERVES 

(Current Recovcrable Reserves) (Million tons) 

Major Coalfield Measured Indicated Inferred Total
 

Punjab/ Makerwval - Main 3.0 7.0 2.0 12.0
 

NWFP. - New Seam - - 5.0 5.0
 

Gullakhel - - 2.6 2.6 

Eastern & Central 4.0 36.0 13.0 53.0 
Salt Range. 

Western Salt Range - - 0.36 0.36 

Misc. Cherat. - - 0.04 0.04 

BaI u
chistan. Sor Range-Sin Jidi-Deghari. 7.6 22.9 - 30.5
 

Khost Shahrigh- 0.3 8.3 19.4 28.0 
Naku-llarnai. 

0.5 5.5 7.5 13.5Mach. 

Abegum 0.1 2.4 6.5 9.0
 

Pir Ismail Ziarat. 0.1 1.7 2.7 4.5
 

Duki (Private) 0.1 2.0 3.9 6.0 

Duki (Public) - - 2.6 2.6 

Charnalang. - - 6.0 6.0 

62.0 44.0 274.0 380.0Sind. Lakhra- Main Area. 

- Subsidiary Area. - - 118.0 118.0 

Jhimpir/Meting. 5.0 10.0 25.0 40.0 

57.0Sonda. 6.0 19.0 32.0 

Total:- 88.7 158.8 520.6 768.1
 

160 770
Rounded-off: 90 520 
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The main reserves (more than 50% of overseas for analyses. The aoaly\'testhe reserves inlPakistan) ot arz i.jthe main samples of coal sent overseas lor analy
area (Central Area) of Lakhra, and this ses are given in Table '4.1
 
area represents; the best 
 area for xploi- However the variation ithin cch 
tation from the point f view of reserves. field was very substantial. Variation 

Reserves are not available for the of the analyses from some importantChamalang Field and for only part of the fields are given in T.ble 4.2
Sonda Fietd. The Chamalang Fi,.ld is of
 It will
part i cu ar Iinport ance be seendile te ts locato that there arepandic r potance very
isubstantial 


variations
and high potental. in the RunMine (ROM) ofcoals. Face snples showed
4. Quality of Coal 
and Variation 
 better results in almost 
all cases
 
in Analyses. 


indicating that mining is not well 
CItEMCON undertook over 200 analyses controlled.
 

of carefully collected samples of Pakistani 5. Pcr 119
coals, from all the major fields. In All the coals wero petrograpically
addition representative samples were sent
 ania Iysed at. the Un ivers ityv 
 of the Pun jab. 

The r sults of a few samples from di ffe
rent areas are given in Table 5.1. 

Table - 1.1 
Representative Analysis of Pakistani Coals
Field 
 Proimate Analyses 
 Ultimate Analvse, % (ilorific Value AnaIyse 

Mois- VCM Ash FC C 11 
Kca IsK, bygjSul- Chlo- Gross Net 

ture phur rineSor Range 14.7 36.4 
 7.1 '11.8 51.2 
 4.1 5.0 0.02 5534 5235 (AI)
Sinjidi. 
 10.6 35.9 19.8 33.7 
 51.2 3.9 4.0 
 0.01 .1865 '1602 (Al)
Deghari 
 12.1 35.5 
 18.0 34.4 50.9 
 '1.2 2.2 0.02 4997 
 4622 (Al)
Pir Ismail Ziarat 10.7 38.1 
 8.1 43.1 60.2 '1.5 4.1 0.02 5865 5571 (Al)
DuPkl 
 6.2 33.4 17.6 42.9 57.6 
 '1.2 6.0 0.03 5571 5316 (Al)
Makerwal 
 3.6 37.6 20.8 38.0 
 - - 6.11 0.08 5587 - (A2)

Padhrar 
 4.2 33.5 21.8 38.7 
 - - 9.96 0.04 5519 
 - (A2)Katha 
 5.2 31.8 32.0 31.0  - 5.64 0.06 
 4454 
 - (A2)
N Ii 
 3.5 25.0 17.0 24.5 
 - - 5.26 0.05 
 3398  (A2)

Ratucha 
 3.9 23.2 50.0 22.9 
 - - 7.82 0.07 2857 
 - (A2)
Lakhra (North) 26.9 25.9 24.3 
 22.9 34.4 
 2.9 4.3 0.15 3222 2915 (Al)
Lakhra (Central) 21.9 
 30.3 17.,4 27.5 41.4 3.2 4.2 
 0.11 3926 3617 (Al)
Lakhra (South) 22.7 32.0 
 14.2 31.2 45.1 3.3 6.1 
 11.28 4292 3991 (Al)
Jhimpir-Meting 
 12.25 3:1.98 31.23 22.51 
 - - 3961 - (A3)
Sonda 
 13.4 30.3 27.5 26.7 N.A. 
 N.A. N.A. N.A. N.A. N.A.
Lakhra(high VCM) 

GSP
 
6.5 49.5 12.5 31.7 N.A. 
 N.A. N.A. N.A. N.A. N.A. (A4)
 

Analysed by (Al) - Iolderbank A.G. Switzerland 
Pnalysed by 
 (A2) - N.C.B. Yorkshire Regional Laboratory U.K. 
Analysed by (A3) - PCSIR Lahore.
 
Analysed by (A4) 
- 1,h C Steinmuller G.m.b.tt, Germany.
 

341
 

http:G.m.b.tt


- -

- - -

-- -

- -

Moisture. 


VCM. 


Ash 


FC 


Sulphur 


Calorific Value 


(Gross Kcals/Kgm)
 

Table - 4.2 

Variation of the Coal ansilyses from 
some important coal fields 

Sot Range 

8.64-16.40 


30.39-46.70 


5.52-23.67 


31.51-43.14 


0.75- 3.80 


4937-6507 


Pir Isamail 
ZI ara t 
5.23-10.0,1 


27.08-41.56 


13.36-43.47 


21.96-37.22 


2.6 - 4.81 


4437-6063 


Table - 5. I 

Petrographic Analysis
 

Mineral composition of gangu, of 

Type matter 


Shahrigh Coal 88 6 1.5 

Sor Range Coal 90 7 -

Deghari. Coal 93 5.5 0.5 

Punjab Coal 62 20 8 
(Ratucha) 

Dandot Coal 82 15 2 

Phadrar Coal 88 8 1 

Makerwal Coal 81 12 1.5 

Lakhra Coal 74 14 2 

Lakhra Coal 82 8 1 

Lakhra Coal 60 30 -

Meting. Coal 66 25 2 

6. Utilisation of Fuels by Industry. 


Until 1981-82, virtually all 

industries along the gas lines were 


using natural gas, and the rest of the 

inusris
industries, except brick kilns, were 

using furnace oil. Table 6.1 shows the 

use of energy by different industries at 


that time, and the percentage useage 


by coal/coke. 


It should be pointed out that this 


was the estimated consumption of all 


industries. 


landot lakhra 

4.37- 8.77 13.01-20.12
 

26.65-35.9w 17.49-42.80
 

22.64-45.12 28.82-37.27
 

21.83-34.66 12.68-31.07
 

2.34- 4.21 3.80- 8.56
 

3245-54,145 3.108-5012
 

Pakistani Coal Samp]les 

Area Rock Coaly Clay Quartz Pyrit I ron Sulphur Carbo- Gypsum 
OX idc nate
 

0.5 - - 0.5 

0.5 .- - 2.5 

0.3 - Traces 0.7 

10 

- 0.5 


3 

5 0.5 


3 6.5 


5.5 3.5 

6.5 3 


3.5 3.5 


INDUSTR IAL 

- Iron I Steel 

- Prick. 

- Cement. 

- Fertilizer. 

- Textile. 


- Others. 


0.5 - 

-


0.5 - 

0.5 - -

Table - 6.1 

CONSUMPTION OF ENERGY 
1980-81
 

Lnerpy Con- Coal Consum

sumpt ion pt ion(As 
ofeEn ergy;nif er
 
Consume~d) 

10.4 58.4 

19.6 95.2
 

13.4 0.5
 

17.0 Nil
 

9.2 0.5
 

30.4 8.0
 

Source:Planning Commission Report.
 

includes coke consumption.
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In 1982-83, CIIEMCON undertook a 
stud%, of fuel consumption of all large 
industries i.e. thost! using over I millior 
CU.Vt./day gas or 9000 tons furnace oil/ 
year. The percentage use of energy in 
Iargeo scale industris is given in 


Table 6.2. 

Table - 6.2 


ENERGY CONSUMPTION- MAJOR INDUSTRIES 
1982-83 

- Sugar 4.4 

- Textile 1.3 
- Fertilizer 66.0 
- Cement 17.2 

- Others 11.2 

Source: CIIENICON. 


It will be noticed that 
as far as 

large-scale industry 
is concerned, it is 
dominated by Fertilizer and Cement 
industries, which both use the fuel for 

the process as well as 
for energy. 


The next most important is Sugar
but normally this 
industry is self-suffl-


ntusing
the by-product bagasse for 

full, and it is only where bagasse is 

being used 
for other purposes (e.g. for 

paper) that 
the Sugar Industry requires
 
fuel. The Sugar Industry must be capable 

of using bagasse and fuel, and any dis-

cussion of the use 
of coal for this 

industry must 
take this into account. 


Virtually all the other industries 

use fuel for generating steam, and for 

these Industries, the utilisation of 

Pakistani coals in steam boilers should 


be discussed.
 

In the case of brick kilns, the 

industry almost universally uses circular 

kilns and tunnel kilns are not generally 

used. The circular kilns can be fired 

from the 
top with local coals (the size 

is not important) and the brick kilns use 


Pakistani coals without 
any problems,
 
and hence this industry need not be
 
considered further, although it is an
 
important one.
 

The utilisation of coal 
in the
 
Metallurgical industry is
 

normally in
 
the form of metallurgical coke. Unfor
tunately Pakistani coals 
are generally
 

non-caking with some Baluchistan coals
 
showing light caking characteristics.
 
An acceptable briquetted coal could
 

possible be produced from most Balu
chistan coals after low temperature
 
distillation, and subsequent brique
tting of the remaining char. Experi
ments of this type were conducted by
 
a German company in the fifties and
 

siies and showed positive results.
 
But where coke is required, the use 
of the Coke ovens of the steel plant 
still represent the best approach, and 
the conventional production and utili
sation of metallurgical coke in the
 
steel industry still remains 
the best
 
answer, although the Karachi Steel
Plant should consider partial of
use 


Baluchistan coals, and they are 
fully
 
conscious of 
this aspect of the use
 
of local coals.
 

This discussion leads, therefore,
 
to the fact that the use of Pakistani
 
coals needs to be discussed for:

(a) Fertilizer Industry.
 

(b) Cement Industry. 
(c) Other Direct Firing Industries. 
(d) Sugar Industry boilers.
 

(e) Other Industrial boilers.
 

7. Fertilizer Industry.
 
All nitrogenous or complex ferti

lizer manufacturing units use natural
 
gas as 
feed stock for their ammonia
 
plants. In addition, natural 
gas is
 
used in the reformer furnace of ammonip.
 
plant as fuel 
to maintain the reforming
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temperatures at desired level, since the 


steam/methane reforming reaction is endo-


thermic. The fuel requirements of refor-


ming furnace are met either through natu-


ral gas or naptha. Direct coal fired 


reforming furnaces have not been designed 


so far. 


Fertilizer plants are basically 


plants producing Nitrogen(N) and mixed 

Nitrogen- Phosphate(NP) fertilizer or 


in Phosphat fertilizer 

plain Phosphatic fertilizers.
 

In the former case, all the plants 


first produce Ammonia before converting 


it to fertilizer (Urea, Ammonium Sulphate, 


Nitric Acid, Ammonium Nitrate, Nitrophos
,phaes).The
..phates).
 

In the case of plants producing only 


phosphatic nutrients, the heat of reaction 


combined with extra heat generated in 


making Sulphuric Acid from Sulphur requires 


very little external heat. Hence these 


plants are not considered for conversion
 
to coal.In
to coal.
 

A generalised flow sheet for an 


ammonia plant is shown in Figure 6.1. This
 

flow sheet is a simplified one. In actual
 

practice, the heat streams, particularly
 

the steam-generation utilisation process
 

is more complicated.
 

The natural gas is used in all the 


the following
existing Ammonia Plants at 


points:- ~requirements. 

(a)/As feedstock to the Reforming Section,
 

for !the reforming of the methane contained 


in the natural gas with steam to produce
 

hydrogen (as well as carbon monoxide).
 

(b) As a fuel In the reformer furnace, 


(c) As a fuel for generating steam which 


Is used throughout the fertilizer plant, 


not only for the production of Ammonia, 


but even more important for the production 


of Fertilizer.
 

As a feedstock, coal or coal gases
 

cannot be substituted for existing
 

reformers of the Ammonia Plants. In
 

general in coal based Ammonia Plants,
 

a special gasifier is used and not
 

only does this require oxygen to ope

rate, but it also produces a host of
 

by-products which must be removed
 

(oil, tar, phenolic wastes etc.). In
 

addition, the plant is very expensive,
 
and the subsequent sections of the
 

fertilizer plant also need changes due
 
to the inherently different composition
 

of the gas from coal gasifiers, other

wise production would drop by 15-25%.
 

reformer tubes need fuel gas
 

as a heating medium, but this gas must
 

be Sulphur-free (a few ppm only)
 

otherwise severe corrosion results.
 

Even Pakistani Furnace Oil cannot be
 

used for this purpose and coal is out
 

of the question.
 

fertilizer plants, therefore,
 

-coal can only be considered for steam
 

raising.
 

gas requirements of an ammonia plant
 

are utilised as fuel, the rest being
 

consumed as feedstock.
 

All the existing fertilizer plants
 

except Pak-China Fertilizers, also
 

generate power for their internal
 
In addition, steam is
 

generated to meet the requirements of
 
fertilizer production units. The
 

Exxon and Fauji Plants are generating
 

power utilizing direct gas turbines,
 

the other Plants have installed steam
 

driven (thermal) power turbines and
 

the boiler capacities are designed to
 

meet the fertilizer producing units
 

steam requirements.
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The existing plants boilers can be 

changed without too much difficulty to the 

use of either powdered coal or Coal-Liquid 

mixtures - the latter would be preferable 

because the actual burning would be easier, 

Turning now to new Fertilizer Plants, 

coal based plants are cortainly possible, 

A 54 tons/day Ammonia Plant was operated 

at Daud Khel baspd up n .laherval coal 

over the period 1957-71 and all the bugs 

removed. More rcon t ly in India three 

1000 tons/day I*Ml-ba:sed Arasonia Plants 

have been operated, 

Actual working data of these plants 

shows that, not only are they 25-301 more 

expensive in capital costs, but their 

operating costs are high. This is due to 

the much high.r volumes of gas to be hand-

led when the raw material is pure Carbon 

(C) in coal as compared to Methane (CII l ) 

at pressure in natural gas. In addition 

the waste disposal problems of coal-based 


plants, particularly the Phenolic liqours 


pose serious problems. 


It is universally recognised, there-


fore, that 
us'ing coal as a raw material 


for fertilizer3 is not only uneconomical 


when compared to natural gas, but is also 


much more complicated. Thus in the future, 


if coal 
is to he used it. should be confined 


to boilers (which are discu.sed below) in 


the Fertilizer Industry. 


8. Cement Indutry, 


Tile use of coal in the Cement Industry 

has had a chequer d history, 

When the Cement Plants were based on 

the Wet Process or the long dry process 

kiln, and there was no Suspension Preheater, 

the use o)f coat atl! over the, worlIdc was 

common place. lEvr in Pakistan the pro-

part ition plants (Wah, Rohri, Dando) ) used 

coal ais the tioI. The? firs t plant 1jl~l. 

after partit ion (Daud Khel ) also used 

coal as fuel . 

As soon as thc Suspension Pre
heater was developed and a true Dry 
Process developed, which substantially 

rednced the fuel consuptprion, the 
early dry process plants developed in 

the 1950's all gave trouble, when ope

rating on coal. Different methods were 

adopted by different countries in the 

pertlod 1955-1970 and 1hese were:

1) In the United States where the 

use of coal is a maximum, virtually no 

true Dry Process Plants were set tup 

for 14 years (two small one were set 

up of which one closed down). The 

troubles were not all due to the pro

blems associated with coal but also 

those associated with MgO, and Chlo

rine.
 

2) In Germany where the Dry Process3 

was developed by 1975, virtually all 

the plants were working on oil and gas, 

and this was to avoid the problems 

created by coal. At this time SP kilns 

represented over 50" of the German
 

Industry.
 

3) In Japan, where the subsequent 

development of the Precalciner (PC)
 

was undertaken in 1973-74, nearly all
 

the plants had changed to oil.
 

It will he noticed that until the
 

oil crisis of 1971, there was a consi

derable reluctance to build coal -basedl
 

dry process plants. The price of oil
 

international i\,as also lower than 
coal.
 

Aflter the dramatic increase in 

oil prices from 1.974 onwards, the pro

blerns associated with use of coal have 

mostly been overcome and yet the son

sitivity of thre Dry Process Plants to 

va it. ions in betI the feed and the 

ash aid sulphur in the coal remain. 

Thus t he Ceinont Industry normaily 

represn ts the largi'st potenit ial for 

ronversion to coal . in tacn wi Ill 
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current world prices of coal, there is a 

world-wide movement 
for the Cement Indus-

try to convert to coal. Thus, while in 

1974, all the German and Japanese plants
 
were using furnace oil or gas, by 1983, 

100% of the Japanese, and 60%. of the 

German Plants had converted to coal. 


However, these plants, particularly 

the Japanese plants use low sulphur 


coals. World-wide guarantee3 for sulphur 

content and heat vp.lue from the main 


exporting countries are given in Table .1.
 
It will be seen that the guarantees from 
major exporters (Australia, South Africa) 


of coal are generally below I sulphur, 

with heat value around 12,000 Btu/1b. 


equivalent to about 6,700 Kcals/Kgm coal. 

In practice coals, such as Australia 


coals, with around 0.4% sulphur can be
 

obtained 	(Table 8.2).
 

In contrast Pakistani coals have
 
high sulphur contents (generally around 


5-6%) and in 
the mal.n fields considered 


have low heating values as welh as high 

and variable ash content. Thus Pakistani 


coals represent problems to the Cement 


Industry. 


The problems of the use of Pakistani 
coals must be sepazately reviewed for the 
type of Cement process being used. Basi-


cally the two processes are the wet and 


dry process; the dry process using sus-

pension preheaters (SP) with (SP-PC) or 


without a precalciner.
 

8.1. Wlt 	Process Plants 


In the case of the wet process, the 

raw materials enter the Cement kiln as 
a slurry and at low temperature, with the 
result that the only major problem is to 
ensure that the total sulphur content in 

the clinker is within acceptable limits. 


The BSS specifications used in Pakistan 

require 3.0% Sulphur (as SO 3 ) and since 


gypsum (CaSe
4 ) is used to control the 


setting time, the SO3 should not go
 
higher than 2.5% to 2.7% 
in the
 

clinker.
 

'able- 8.1
 

Specifications of Internationally
Traded Coal 
(International Guaran
tees)
 

Sul- Ash Gross Pricephur 
 % H.V. FOB
 
Coal % 
 Kcals/ S/ton 

Kgm. 
USA
 
(Norfolk) below 1 10.0 7,220 50.0
 

1.0 10.0 6,945 44.0 
Poland
 

(Gdansk) 1.0 13.5 
 6,390 31.0
 

S.Africa
 

(R.Bay) 1.0 16.0 6,000 34.0
 
Mozambique
 
(Maputo) 1.0 18.0 5,900 33.0 
Australia below 1 14.0 6,670 45.0 

Table - 8.2
 

Normal Characteristics Australian
 
Energy Coals.
 
Sulnhur Ash Pro 

- 7 Mois- VCM FC 
ture 

A. 0.6 15 8 30 47 

B. 0.5 15-20 10 32 38-43
 
C. 1.0 5 16 30 49 
D. 0.5 12 - 22 -


E. 0.5 5 8 36.8 50.2 

(Source: 	Mining Engineering,
 

February, 1980)
 

From available data, it appears

that 70% of the Sulphur fed to the
 

kiln (either as Sulphates in the raw 
materials or as Sulphur in the fuel)
 

appears in the clinker. It is there
fore a simple material and heat balance 
calculation to work out 
the anticipated
 

SO3 in the Clinker. CIlEMCON made exten
sive calculations for wet process
 

plants for the SCCP, and found the
 

results given in Table 8.3.
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Table - 8.3 

Kiln SO in 

Source of Plant 
 No. ker 


La khra Rohrl 1 4.67
 

(Central) Hyderabad Avg.(6) 5.29 

Pir Ismail Rohri 1 2.3 

Ziarat.
 

Wah. 3-5 1.97-2.30 

Makerwal. Daud Khel. Avg.(2) 2.76 


Sor Range. Rohri. 1 2.10 


it will be noticed that in the wet 


process plants near Lakhra, the use of 


100i 	Lakhra coal would not be pcssible, 


and blending eitLer with Australian coal, 


or with low Sulphur furnace oil (dual 


burner) would be necessary. The general 


range for use of Lakhra coal is a 50:50 


blend with Australian coal. 


The other problem is the ash. The 

petrographic analyses shows a considera-


ble variation in the type of products 

present in ash. 


It follows, therefore, that the ash 


in Pakistani coals will vary very signi-


ficantly. No doubt some order can be and 


must be maintained at the mines to keep 

the ash down. But the= ash varies from 


point to point and ream 
to seam and hence 


control may be imposS:blu. 

The only poss'.b,. method of control 
would be by blending the coals, using 

stacking and reclaiming arrangements. For 

a 1000 tons/day wet process plant, the 

use of Lakhra coal would irvolve a pile of 


12,000 tons (:oal 1'(,r30 days operation. 


For a dry process plant, the coal require-


ments would be h'lved. It is essential, 


therefore, to consider ble:nding arrange-

ment 	for the coal and 
this is even more
 
necessary if Australian coals are blended. 


There are vi rtually no electrostatic 
precipators in Pakistani Wet process plants. 
Therefore no difficulties are likely to 


arise from SO, emissions to the stack. 


8.2. 	Dry Process Plants.
 
Apart from the problems encoun

tered in wet process plants, the follo-.
 
wing additional problcmi can be encoxmtcredt
 
(a) 	The presence of Chlorides in 
coal.
 
Until the CHEMCON report Pakistani
 
Coals had not been analysed for chlo

rides. It will be seen that Lakhra
 

coals contain chlorides and in some
 
cases as much as 0.28% Cl. These coals
 

would give trouble in d.-y process
 

plants which do not have by-passes.
 
Normally without a by-pass chlorides
 

of only 0.02% can be handled, but with
 

by-passes considerably more chlorides
 

can be handled but with a loss cf heat.
 

If SP-PC (with precalciner) plants are
 

considered, the gases from the kiln can 
have a 100% loss in heat efficiency.
 

The chloride containing coals are then
 

burnt only in the precalciner.
 

Where Sulphur is present either
 

In the raw materials, or in the fuel,
 
as in the case of Pakistani coals, the 

problem is complicated further as the
 

presence of Sulphur results in the
 

choking of preheaters, just as do the
 

chlorides.
 

The quantity of Sulphur which can
 

be tolerated in the preheaters has
 

been the result of much study. One
 

method suggested has been (IH.M.Gavrett,
 

Mining Engineering, Feb.1980 p.188-189)
 

that the Sulphur: alkali ratio should
 

be such that the value of K in the
 

equation:
 

K = Total SO3
 
1.29 	(NaO + 0.658 K2 0
 

should be between 1 and 1.2.
 

If this method is used, and even 

the low Sulphur Sor" Range coals are
 

used, calculations for low S0 raw ma

terial plants, show that the value of 
K Is higher(Cherat Cement 1.89%, FECTO 
Cement 1.98%) than anticipated thus 

requiring blendinr with Australian Coals. 
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Another method is to limit the SO3 to 


3% at the not meal point, and to desiguing a 
by-pass in such a manner that any excess 

SO3 is removed through the by-pass. Calcu-
lations made by Dyckerhoff Engineering 
for 	Zea!-Palt and P.ohiri Plants ,,how that 

for 	 Zeal-Pak, the use of al~l Lakhra copl 
would require it over 100% by-pass and 

hence is imposblc. Even with Australian 

coal, due to SO,3 in the feed their calcu
lations show a 17% by-pass. This is, of 

course, after conversion to dry process. 

In thle case of conversion of thle 

Rohri Plant to dry process, the use of all 

Lakhra coal requires a 88% by-pass (using 

6% Sulphur in coal, which is high) and no 
by-pass with Australian coal. in any case 


it is clear that with an appropriate by-

pass the Rohri Plant can use a mixture of 
Lakhr: Australian Coal,h possibly in the 

ratio of 50:50. 


In view of the difficulty of pre-
heater choking by the use of local coals 

in dry proceos platLs, and the necessity 

of substantial by-pass (not available in 
existing plant) it is suggested that one 

plant: the Rohri Plant should be irmnedia-

tely converted to the use of coal (mixtures 

of Lakhra and coals) andother problems 
of wet process plants immediately worked 
out. The plant is thereafter scheduled for 

cnversion to a 1600-2000 tons/day dry 
process plant, and this should also he 
designed for coal usage, with appropriate 
by-pass and a precalcinor. After the ini-

tial problems have been worked out, the 

conversion of other dry plantsprocess to 
coal will be easy. 

An important development in the North 
has been the discovery of suhstantial oil 

deposits containing only 0.2% Sulphur at 

Dhurnal (Salt Range). The result is that 
Furnace oil in the North is now less than 
In Sulphur. Therefore in the north this 

(ould b) use, in special oil-powdered 

local c)al burners, instead of blending 

local coals with imported low Sulphur
 

coals. It is suggested that this should
 

be considered for the proposed conver-. 

sion to dry process of the Wah Plant. 
T'e other problem is that of ash. 

The range of ash in the PMDC are of 
the Lakhra field is given in Table 8.4, 
along with the analysis of a represen

tative sample. 

The 	 ash must, of course, be ragar
ded 	 as a raw material for the Cement 

Industry and treated as such. For this
 
purpose it must be homogenized by

blending either at the field, or at
 

the 	Cement plant. 

Table - 8.4
 

Lakhra - Range of Ash Analyses 

Range Representa(I) tive Sample
 

(2)
 

SiO2 8.1 - 44.4 38.97 
TiO 	 N.A. 2.21 

A2 03 9.5 - 28.7 29.15 

Fe203 17.3 - 70.8 18.87 

MgO 0.9 - 7.0 3.24 

Na 20 0.4 - 3.2 1.44 
K20 0.3 - 2.0 0.56 

P205 N.A. 0.10 
so 1.9 - 16.9 5.4 

(1) 	Core Samples, JICA.
 
(2) 	 Mined sample by Dyckerhoff 

Engineering. 

Since there is a large variation 

is in the core samples itself, the 

variation in the case of Lakhra is not 

all due to mining. 

An alternate method is the gravi

ty separation of the ash, to benefi

ciate the ash. Work doen by the PrSIH, 
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Lahore for CHEMCON indicates that diffe-


rent samples can be beneficiated by a 


wet separation to 
a fairly steady 14%-19. 


with a recovery of around 70-75. 
 This
 
represents another method for controlling 


the ash. A comparison of economics bet-


ween the alternative methods indicates 


that at the level of one plant, homogeni-

sation would be acceptable. For large 

scale consumption, beneficiation at the 

field could be considered.
 

9. Other Industries. 


9.1. 	General. 


Where other industries using fuel 


are concerned, these can broken up 
into 


three basic types:-


(a) Coke consuming industries, 


(b) Direct fuel firing industries.
 
(c) Industries using boilers. 


9.2. 	Coke and Low Temperature 


Distillation.
 

Pakistani coals are not suitable for 


making metallurglcal coal. 
They have 


very low Fixed Carbon, and practically 


no caking characteristics. The only coals 


with some caking characteristics are the 


Shahrigh Coals, 
and the potential of 


blending these coals with imported meta-


llurgical coal may exist. Even 
then, the 


percentage use of Pakistani coals would 


be limited. 


The possibility does exist of 
the 


low temperature distillation of Pakistani 


coals. Extensive tests were carried out 


in Germany in the early 1960s and WPIDC 


projected a plant 
at that time.11owever, 

the high costs of Baluchistan coals at 

present and the low quality of the fini-


shed coke breeze, would not 
make 	this 


economical at present. Briquettes of the 
fine 	coke,however,could be used.
 
9.3. 	 Direct Firing Industries. 

Apart from tie Fertilizer and Cement 


industries, there are 
few industries
 

(apart from coke or charcoal consuming
 

industries) which could use 
coal direc

tly.
 

Some chemical industries e.g.
 
Sodium Sulphide, use 
coal as a direct 

reducing medium in preference to coke, 

because of the high rate 	 of reaction 

of coal. But in such cases, a high
 

Fixed Carbon and low ash 
is required
 

and Pakistrni coals 
are seldom satis

factory for this purpose. Attempts 
to
 
use Baluchistan Coals in a Sodium 
Sulphide Plant in 1964 were riot suc

cessful although semi-anchra(..tic 

coals from Azad Ka.-hmir could be used. 

Unfortunately a r:gular supply of 
such
 

coals could not be arranged, and the 
coal 	 as-mined contained much more 
ash than the original samples. 

The use of Pakistani coals in
 
Industries using boilers is censidered
 
in the next section.
 

10. Use of Coal in Boilers.
 

10.1. General.
 

tiost of the industry like ferti

lizer, petroleum, refineries, petro

chemicals, industrial chemicals, phar

maceuticals, sugar, textile,dair,
 

food 	and plastics & synthetic fibres
 

install boilers to generate steam for
 

use 
in process or heating. The Indus

trial boilers can be designed to fire 

any type of fuel inclucling coal, gas,
 

oil and even organic matter like haga

sse and industrial/organic wastes.
 

In Pakistan, earlier boilers were 

installed with coal as fuel,. Iater on 

with availabil ity of low period natu

ral gas all boilers were converted gas 

and all new installation were also 

based on gas. In mid-seventies with 

the constrain on natural gas availabi

lity most of new installation was 
designed for dual oil/gas firing or 

only 	oil firing. Any siz5 or type of 
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industrial boiler can be designed for 

direct or indirect coal firing. 


It will not be economical to install 

boiler of capacities less than I MW using 
run-of-mine coal because of heavy invest-

ment in coal handling and crushing/pulve-

rizing equipment. Smaller size boiler can 

be designed to use directly supplied 

pulverized coal or coal-liquid mixtures 

provided they are !;upplied at reasonable 

prices 	and in good quality. 

10.2. Lump Coal. 

Run-of-mine solid or 
lump coal can 


be used in grate or stoker type boilers. 
Modern stokers for water-tube boilers are 
highly efficient and very flexible, and 

can accept a wide reare of coals. Strong 


caking coals with ash of low 
 fusing point 

should be avcdided for mechanical firing,
 
Pakistani coals 
being friable semi-bitu-


minous coals are not tgenerally "lumpy". 


Thus, except 
 for some areas in Baluchistan, 

lump coals are not easily available. The 

low sulphur lump coal available from 


Deghari and Sor lhange 
 is being used by 

WAPDA and Army,), and Shahrigh coal may 
i: 


utilized by Pakistan Steel Ltd. Some lump 


coal could be available from Pir Ismail 
Ziarat 	mines. 

The bagasse fired boilers of exist
ing sugar industry can be conver~ed to 


use 
of lump coal. This is po:;sible only 

in case of those sugar plants which are 


selling bagasse t) paper industry and will 
need alternate fuel at prices less than 

equivalent prices of hagasse sold. 

10.3. Pulverised Coal. 

There are two ways of firing pul-

verised coal, direct and indirect. 

Practically any 
fuel, higher or low 

in either ash or volatile matter, can 
be 


successfully fired in powdered form. Iligh-

volatile coals, however, on account of 


their greater ease of ignition and lower 


cost of pulvi.rlzation, are bet ter than 
low-vOlat. ii coals or coke. The amount 

of moisture in I he coal is of utmost 

importance, particularlv if driers 

are not instalaled. With properly 

designed equipment, the quality of' 

fuel used may ho. changed ulrmost at 

will.
 

The chief advantages I powdered 

coal lie in the great flx ity,
 

the high efficiericies 
that re pyssible 

to maintain, and the % id, range of
 
fuels which may 
be used succe-ssfully. 
Coal of all types, from te Iow-gradu 

fuels, 	 such ast. lignite or higth-a~qh 

graphitic anthracitic, to the high

rank, high qualit bituminous coals
 

have been successfully adapted for 

owulered-cal firing. 

It will not be possible to convert 

all existing gas/oil fired boilers 

to coal without ensuring heavy invest

ment in conversion like installation 

of soot and ashing handling cquip.nent,
 

increase in furnace 
sizes, 	 coal 
handling/crushing equipment 
etc. It is 

economical to install a new boiler to 
fire coal.
 

10.4. 	 Conversion of Existing Indus
trial Boilers to Coal.
 

The Sugar Industry had switched
 

over to gas-firing because of 
 c'nveni
once and low cost 
of gas 	utilizat ion.
 

The Sugar Plants that were relea,;ing 

bagasse to Paper Industry had changed 

to alternate fuel but since 1982-83,
 
because of gas curtailmenl, they have
switched back to 
bagasse and surplus
 

bagasse is being supplied to Paper 
Mills. The Sugar Inclustry need not 

use any alternate fuel (even coal) if 
they don't have to supply bagasse to
 

Paper Mills.
 

Those Sugar Plants, which have Lo 

supply bagasse to Paper Mills from
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their requirements of bIlasse as fuel, 

can convert to coal. The ,(ddi t Ional coSt 

of using altorniate fnul wi I be asx.d 

011 to bagasse buyers. 

The existing boilers of remaining 

industries cannot use con] in any form 

Other than Coal-Liquid-.Iixture (CI,M). 
CLM is a new technology and is still in 

infancy stage. Research is being carried 

out in Europe, USA, Japan and China in 
the field of CL.M preparation, handling,
 

transportation and firing. The present
 

technology is available for use in Pakis

tan from various process licensors. 

The problem of utilization of Pakis

tan coals in the form of CLJI relates only
 

to the low quality of coal. The high
 

ash/high sulphur coals would need exten

sive investigations to beneficiate these
 

materials to acceptable quality for CLHI
 

utilization of the boilers already operat

ing on gas or designed for gas or oil

firing.
 

Beneficiation processes have been
 

developed in the context of CIM prepara

tion. These proprietory processes may
 

be suitable for Pakistan coal beneficia

tion.
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OVERVIEW 


In a dry procous cement plant, the cost of 


fuel accoUnts for over 20% of the total 
cost of 


manufacturing of clinker. Obviously, the choice 


of 	fuel In the cement manufacturing process is 


an 	important consideration and makes a 


significant Impact in the cost of production, 


After the oil embargo of 1974, coal emerged 


as the dominant fuel in the cement industry and 


has 	continued its leading position since then as
 

the 	most economical choice of fuel in the cement 


industry. 


Today, over 95% of the 125 cement plants in 


U.S.A. aro operating with coal. 


Figure 17 shows the trend of coal use about 


two to three years ago (1982-83) in the U.S.A.,
 

West Germany and the ASEAN countries. In spite 


of the additional handling and storage costs, 


the industry has chosen coal as its primary fuel 


due to its tremendous cost advsaitage over other 


fuels. by 1983, 60% of the German plants had 


converted 
to coal and almost the entire Japanese 


Cement. Industry had also switched to coal as 


well. 


In Pakistan most of the cement plants 


currently use oil rather than the indigenous 


coal mainly due to the high sulfur content of 


the 	local coal. Introduction of a significant 


quantity of sulfur into the kiln system from the
 

coal is not desirable for several reasons, 


including the operating problems which could be 


experienced. However, a relatively much higher 


sulfur content in the coal can be tolerated by 


designing a suitable sulfur bypass system for 


the kiln area. 


The size of the bypass system will depend 


upon the total sulfur content in the system from 


the raw materials and the proposed coal. Host 


importantly the SO3 level in the clinker must 


not be allowed to exceed the permissible level. 


If the sulfur content of the raw materials does 


not permlt use of-(high sulfur) 100% indigenous
 

coal, then a blending of local coal with 


imported coal or its use in conjunction with oil 


may be the most viable alternative. 


It is not an uncommon practice to blend one, 


two 	or three different qualities of coal for 


firing in the kiln. In some cases
 

depending on the raw materials and other
 

factors it may be desirable to use only
 

imported coal.
 

Table 7 considers the use of oil,
 

imported coal, local coal or a mixture of
 

the 	two. Projected savings in each case as
 

compared to the currently used oil is
 

shown. Considerations include:
 

A. Oil (presently used)
 

B. 100% imported coal
 

C. 100% indigenous coal
 

D. Split [25% import/75% local]
 

E. Split [50% import/50% local]
 

As 	indicated in Table 7, the projected
 

savings based on blending 25% and 50%
 

imported coal with the indigenous coal are
 

also significant. Thus providing an
 

attractive return on investment.
 

In our opinion it is technically
 

feasible, and socially and economically
 

desirable to convert the cement 
industry in
 

Pakistan from oil to indigenous coal.
 

Besides the cost advantages, there are
 

many Important national considerations as
 

follows:
 

The 	use of nation's natural resource
 

(coal).
 

* 	 Development of nation's coal mining 

industry including additional 

employment. 

* 	 Less Dependence on Imported Fuel. 

* 	 Opportunities for service and support 

industries in the country, relating to 

the mining, transport and handling of 

coal. 

* 	 Savings in foreign exchange - a 

valuable national asset. 

Currently, the production of cement in
 

Pakistan ts approximately five million
 

(5,000,000) tons per annum, and almost all
 

of it Is produced using oil as fuel.
 

Assuming that 75% of the oil used Is
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imported (25% indigenous oil) turther assuming 


that it takes an average of 1,000 Kcal 
to 

produce I kg of clinker, the tot.al fuel needed 

is atoLt 500,000 tons of oil per year, of which 

375,000 tons of oil is imported. At a price of 


about $157/ton for imported oil, the annual 

outlay in foreign exchange is $59 million. A 

significant saving when replaced with local coal. 

On a direct price comparison basis, even use 

of total imported coal offers a savings of $19 


million in foreien exchage. 


The cost of converting to coal firing will 


vary with the required capacity ano 
the type of 

system employed, that 
is, direct, seni-direct or 


indirect for a particular plant. 


While the comparison above does not take 


into account 
the cost of the coal system,
 

the net savings in the operating cost will
 

more than justify this investment.
 

The choice of coal system in each plant will
 
be determined by factors such as coal moisture,
 

the type of pyroprocessing system, heat source,
 

plant layout and safety considerations. In a
 

multiple kiln plant, a single grinding mill
 

using an indirect firing system with multiple
 

firing points may be more 
cost effective.
 

The simplest system is the direct fired type
 

which 
involves the least amount of equipment (no
 

dust collector), simple layout and obviously
 

lowest initial cost. However, in some
 

instances, it is 
more desirable to use
 

semi-direct or indirect system.
 

Fuller has been intimately involved with
 

coal for many decades now. As a matter of
 

interest, the first Fuller Kinyon Pump used 
to
 

convey coal 
to a coal fired boiler was installed
 

in as early as 1926. Hundreds of F.K. Pumps in
 

the coal firing systems are successfully
 

operating today.
 

The first precalciner in the world usin&
 

coafir in was supplied by Fuller in 1974
j to 

National Cement Company in Ragland, Alabama. 

Since then, Fuller has furnished numerous coal 

drying, grinding and riring systens for all 

types of pyroprocessitig plants.
 

These systems are operating successfully in
 

the U.S. Cement Industry and many other,
 

countries around the world.
 

The systems use lignite in Turkey, high
 

ash (35%-38%) low grade coals 
in India,
 

coke in Canada & U.S.A. and locally
 

available coals in Taiwan, xorea, Canada,
 

Australia, Spain and other countries.
 

Fuller has the c)pertise it takes 
to
 

study, analyze and then develop the most
 

optimum and economical system approach
 

compatible with the overall plant operation.
 

For the cement industry, coal is no
 

doubt the fuel of today. Fuller is pleased
 

to share the experience gained In this
 

important area and stands committed 
to be
 

partners 
in progress with Pakistan's Cement
 

Industry.
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PORTLAND CEMENT 


Portland cement is primarily composed of a 


mixture of silicates and aluminates of calcium. 


The principle compound, present as approximately 


50-70%, is tricalcium silicate, 3CaO.Sio2, and 


referred to as C3S in the industry. Nhis 

compound reacts readily with water yielding 


hydration products which give concrete most of 


it: properties, especially the rapid devalopment 


of high compressive strength, 


The next most important cement compound in 


dicalcium silicate, 2CaO.SiO 2, or C2S in the 


industry notation. This compound, present in 


cement 
in the range of 20-40% contrihutes only 


to the long term strength of cement, since it 


reacts slowly with water. This compound 


continues; to react with available water for many
 

years. 


The remaining two important compounds are 


tricalclirm njurainate, 3 CaO-AI203 (or 

C3A), founJ in the range of 3-17%, and 


tetroa-calciun-Llumino-ferrite, 4 

CaC.Al203Fe203 (or C4AF) which is
, 


normally in tUe range of 5-15%. These 
two 


compounds make only minor contributions to the 


strength characteristics of concrete. However 


they do aid as fluxing agents during the high 


temperature reactions necessary to 
form C3 S 


and C2S. Also, C3A contributes to early 

strength, and generates considerable heat of 


reaction. Its content is strictly limited when 


low heat and/or sulphate resistance properties 


are desired. 


CEMENTMANUFACTURING PROCESS 


OVERVIEW 


The raw materials for the manufacture of 

Portland Cement must provide the oxides of 

calcium, silicon, aluminum and iron. Almost all 

cement plants use limestone as the source of 

calcium. Clays or shales normally provide a 

combination of aluminum and silicon, which can 

be adjusted by the addition of silica sand or 

bauxite. Finally, iron ore is the usual source 

of i'on. 


These raw material components are precisely 


proportioned based on chemical compositioui
 

and then ground to a fine powder, usually
 

80% passing 200 mesh. After blending to
 

ensure the necessary homogeneity, the
 

powder is fed to a high temperature rotary
 

kiln in which all of the chemical reactions
 

take place which provide the final portland
 

cement product.
 

The nodules of hot cement product from
 

the kiln, called clinker, are quenched by
 

forced air cooling. This hard dense
 

clinker, normally gray in color, is ground,
 

along with about 3-5% gypsum, to a fineness
 

of approximately 90% passing 325 mesh.
 

This final gray powder is the Portland
 

Cement product of cosmnarce.
 

PYROPROCESSING
 

In this sequence of cement
 

manufacturing steps, the pyroprocessing
 

step which is carried out in a rotary kiln,
 

is the key one, since here, the relatively
 

inert and common raw material components
 

undergo a complex series of chemical
 

reactions and phase transformations to
 

yield the desired final cement compounds.
 

The rotary kiln is a long steel
 

cylinder, lined with special high
 

temperature refractory brick. 
The kiln is
 

mounted in a nearly horizontal position,
 

but with a few degrees of slope. During
 

operation, the kiln rotates slowly about
 

its axis. This rotation, combined with its
 

slight slope nauses the raw material to
 

pass through the length of the kiln, from
 

the higher feed end, to the lower product
 

discharge end.
 

Fuel is burned within the kiln, near
 

the discharge end, in the form of an
 

intense, free-standing flame, located near
 

the central axis of the kiln, and directed
 

longitudinally toward the opposite end of
 

the kiln. This flame heats the raw
 

materials up to a temperature of
 

approximately 1450'C, supplies all of the
 

endothermic heat of reaction, and produces
 

a sufficient quantity of liquid phase
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necessary for the completion of the final 


chemical reactions, 


The hot gases leaving the combustion zone 

pass t.hrough the length of the rotary kiln, 

normally drawn by an induced draft fan. 
 These 


hot gases move in a direction opposite to 
that 
of tha incoming raw material reactants, thereby 
transferring a large amount of their heat to the 

reactants by counter-current heat transfer, 


This heat transfer process was made 


significantly more efficient in the early 1950's 

by using 
a much shorter kiln, proceeded by a 

sunpension preheater. 
Here, the povidercd raw 


material is dispersed in the upward moving hot 
gas from the kiln as 
shown in Fig. 1. This 


intimate contact transfers heat at a very high 

rate. 
The gas and raw material then enter a 


cyclone for the separation of the now heated 


particles 
 from the gas stream. A series of four 
or five of these heat tr,.nsfer stages are 


normally used.
 

The current state.of-the-art design of 
equipment for this pyroprocessing step employs a 
cyclonic furnace (precalciner) interposed 

between the rotary kiln and the suspension 


preheater shown in Figures 2 and 3. 
After being 


preheated with hot waste ki-in gases 
in the 


preheater, the powdered 
raw material enters the 

precalciner where 
fuel is burned with hot air 


from the clinker cooler to complete the major 


endothermic chemical reaction called calcination 
(thermal decomposition of the calciirn carbonate). 

CaCO3 (s) CaO(S) - CO2 tg) T" 

After this, the hot and decarbonated raw 

material particles enter 
the kiln where the 


sintering and 
final chemical reactions take 


place. 


Therefore, the 
fuel is burned both in the
 
kiln and the precalciner. Normally, up to 60% 

of the required total fuel 
is burned in the 


precalciner, while the remaining 40% 
is burned 


in the kiln. For this reason, the size of 
the 

kiln, especially the diameter, 
can be made 

significantly smaller than that for a 

preheater-kiln system clone, without changing 


the production rate. 
 Table I compares the
 

volume loading or unit volume production
 

rates for a rotary kiln as applied to these
 

three major configurations. 
 It is evident
 

that an existing preheater equipped kiln
 

can be converted to a precalciner system,
 

with the addition of 
a second parallel
 

preheater, and realize 
an increase in
 

production capacity of 100%.
 

An additional important advantage of
 

the precalciner it;that practically any
 

type of fuel can be successfully burned in
 

it, since the combustion is essentially a
 

flameless, low temperature form which takes
 

place at approximately 900°C. 
Consequently
 

any low grade fuel with low calorific value 

and a high inert or ash content can be
 
easily used.
 

FUEL 

OVERVIEW
 

Today, Portland Cement kilns systems
 

are successfully being fired with gas, oil,
 

and coal of all types, with high quality
 

clinker being produced with all of these
 

different fuels. 
 If fuel price and
 

availability were 
the same 
for all of these
 

fuels, 
then the fuels of choice would be
 

gas and oil.
 

GAS
 

Gas requires only a pipeline and
 

pressure reducing station. 
There is no
 

fuel handling or storage. 
 Gas has no ash,
 
and consequently its combustion in the kiln
 

adds no contaminants altering 
the highly
 

specific chemical 
composition requirements
 

of the clinker product.
 

OIL
 

With oil it is necessary to store a
 

sufficiently large quantity in a local
 

tank, and to provide a pumping and
 

distribution pipeline system to 
the firing
 

points. Normally number 6, or heavy oil is 

used (since is the lowest cost) and 
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consequently a heating system is provided for 


the storage tank and piping system to warm the 


oil to a temperature where its viscosity becomes 


sufficiently low to permit satisfactory 


pumping. The ash content is so low as to 

produce no contamination of the cement clinker, 


Sulphur in oil -ill partly combine with clinker 


as SO3.
 

COAL 

The use of coal necessitates the handling 


and storage, drying and grinding of a solid fuel 


prone to self heating and spontaneous 

combustion. atrd which cdn form explosive 
mixtures with air, aftvr it is ground 

sufficiently tine for buraing in a cement kiln. 

In addition it always contains a significant 


quantity of non-combustible minerals (ash) which 


contaminate the clinker. This must therefore be 


co'rected by adjustments to the kiln feed 


material composition, 


Coal also contains some sulfur. This can 


produce problems in the quality of the cement mr 


well as encrustation5 or build-ups of sticky 


solid material coatings within the preheater 


resulting in operating problem,. The sulfur and 

nitrogen content of coal can both contribute to 

increased emissions of SO and NO to the
x x 


atmosphere. However there are means to reduce 

these emissions to a reasonable level so as to 


minimize potential hazards and problems thereby 


permitting coal to be used for cement 


manufacture in a safe and environmentally 


acceptable way. 


COAL 


DEFINITION 


Cal is a fossilized form of hydrocarbon 


material which was formed by the chemical and 


physical transformation of extensive deposits of 


decaying vegetable matter which accumulated over 


a considerable period of time in swampy areas, 


Chemically therefore, coal is chiefly composed 


of carbon, hydrogen, oxygen, nitrogen, sulfur 


and mineral matter (ashO. 


ORIGIN
 

The first phase of this transformation
 

is the slow decomposition of the
 

accumulated plant matter into peat. This
 

is dependant upon such factors as the rate
 

of growth of the plant material, ambient
 

temperature, the exposure of the original
 

material to air and the filling or drainage
 

of the swampy area. Considerai te shrinkage
 

takes place in the peat beds due to
 

decomposition and consolidation uader the
 

increasing weight of the superposed layers
 

of new growth accumulating on top of tile 

peat bed. 
The second phase of the coal formation 

begins when the peat becomes buried under 

accumulating sediments, such as clay or
 

silt which later may become shale or rock
 

formations. This phase is chatacterized by
 

further densification of these peat beds
 

due to the greatly increased mass of the 

overlying sediments.
 

During this process, the oxygen and
 

hydrogen contained in the peat begin to
 

slowly combine chemically This gradual
 

combustion progressively lowers the
 

hydrogen and oxygen content of the
 

transforming peat, and'simultaneously
 

increases the carbon content. This aging
 

process reduces the volatile content of the
 

coal while increasing the fixed carbon
 

content. The oldest coals have extremely
 

high fixed carbon with low volatile and
 

oxygen contents.
 

The transformation or aging process of
 
coal is extremely slow. Although coal can
 

be found with widely differing chemical and
 
physical characteristlc[, they all
 

represent different stages of the aging
 

process. There are no sharp dividing lines
 

between the stages or ranks of coal.
 

Instead, all of the actual chemical and
 

physical characteristics fall on a
 

continuum of these properties.
 

Nevertheless, it is possible to classify
 

coals by their characteristics, as for
 

example those in Table 2 as done by the
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Americaii Society for Testing Materials (ASTH). 

This table lists various coals found in the 


United States according to their age or rank. 


PROXIMATE ANALYSIS 


The most covmvonly used coal analysis is
 

termed 
the proximate analysis. This analysis 


gives the heating value, volatile matter, 


moisture and ash contents. In addition, the 


fixed carbon 
is a value which can be obtained 


from these other values, 


The volatile matter does not actually exist 


in coal as such, but represents the gases and 


vapors which escape from the coal as 
it is 


heated. Generally these gases result from a 

thermal decomposition of 
the complex hydrocarbon 


chains which constitute coal. 


In the laboratory analysis, the volatile 


matter content is determined by heating the coal 

sample to 950°C for seven minutes in a reducing 
atmosphere. The volatile matter consists mainly 


of hydrogen, carbon monoxide, carbon dioxide, 

tar vapors and water vapor, plus minor amounts 


of methane and other hydrocarbons. 


The ash is the inorganic residue which 


remains after a sample of thc coal has been 

burned in a furnace at a final temperature 


between 100 and 750°C under a specified control 

of time, temperature and atmosphere. 


Coal moisture consists of two types: 


surface or free moisture, and inherent 


moisture. Surface moisture is simply liquid 

water which exists on the surface of coal 


particles, and consequently is easily removed by
 
heating. Inherent moisture however is 

chemically bound to the molecules in the coal. 


This form of moisture is more difficult to 
remove by drying. 


The fixed carbon content is obtained by 


subtracting from 100% the sum of the percentage 

of volatile matter, ash, and moisture. 


COALS IN PAKISTAN 


The coals in Pakistan primarily range from 


lignites to sub-bituminous ranks, which 
are
 

characterized by high volatile matter, low fixed 


carbon, high :;ulfur and ash content, and 


relatively low calorific value.
 

According to available information,
 

Table 3 presents the approximate range of
 

composition of representative cools from
 

Pakistan.
 

CONVERSION OF CEHEN! KILN TO COAL FIRING
 

During the 
past decade the world's
 

Portland Cement industry has been
 

converting its manufacturing facilities
 

from oil and gas fuels to the use of coal.
 

Each year many millions of tons of coal are
 

received at cement plants, and safely used
 

as the sole fuel for producing Portland
 

Cement.
 

The key considerations which must be
 

addressed when converting a cement rotary
 

kiln from oil 
or gas fuels to coal firing
 

are:
 

0 Storage of large quantities of coarse 

coal, as received from the mine. 

0 Blending of more than one type of coal 

for cement quality control purposes. 

0 Drying 

0 Grinding 

0 Storage of pulverized coal 

0 Effect of coal ash and sulfur upon the 
chemical composition and quality of the 

finished cement product. 

0 Effect of coal sulfur upon the 

operation of the rotary kiln and its 

related pyroprocessing equipment. 

All of these considerations fall into the 

following three general areas:
 

. Prevention and control of fires and
 

explosions caused by the nature 6f coal
 

itself.
 

0 Control of quality of finished cement
 

product. 
0 Avoidance of operating problems in the 

pyroprocessing system and equipment.
 

These topics are discussed in the following
 

sections.
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STORAGE OF COAL 


The quantities of coal used by a typical 


cement plant are quite large. For example, a 


modern plant equipped with a single precalciner 


kiln system of 3000 tons per day of clinker 


production would require approximately 200,000 

tons of coal per year. It order to ensure 

uninterrupted kiln operation, cement plants 


normally store several months supply of coal at 

their plant. The plant in this example would 

therefore .tore a quantity of coal equal to 


approximately 30,000-50,000 tons. 

Normally this coal is stored outside, either 


with or without a protective roof or side walls, 


depending upon the local climate and amount of 

precipitation.
 

One 	of the most important characteristics of 


coal, from a safety standpoint, is Its 


self-heating tendency. If this is allowed to 


occur at a sufficient rate, the temperature 


within the stored coal can reach the ignition 


temperature, resulting in a fire 


This self-heating or spontaneous combustion 

is caused principally by two phenomena: 


* Heat of oxidation 


" Heat of wetting 


Either one of these phenomena can cause a coal 

to heat up to its ignition point and begin to 

burn. When both of these act together th time 

required to reach the ignition temperature of 

the coal is significantly reduced. 


It is generally believed that the low 

temperature stage of coal oxidation produces 

coal-oxygen complexes, such as carbonic and 

carboxyl compounpuds, which upon further heating, 

liberate CO and CO Also the mineral pyrite, 

present in most coals (a major contributor of 

sulfur to coals), oxidizes in the presence of 

air 	and moisture, al;o generating heat. 

All of these exothermic reactions increase 

in rate exponentially with temperature. 

Typically, chemical reactions double their rate 

with each 10 cnt.igrade degrees of temperature 

ris,. Consequently a 90°C temperature rise 


within a seal sLorage pile due to self-heating 

will result in the rate of these reactions
 

and 	also the rate of hc&L generation
 

increasing 1000 tim s.
 

All coals are subject to self-heating.
 

The 	rate of heat generation Is a function
 

of: 

* Rank of coal 

0 Particle size or specific surface area 

* 	 Length of time exposed to air 

* Temperature
 

0 Petrographic constituents
 

a Quantity of pyrite prevent
 

0 	 Particle size distribution of pyrite
 

M
Moisture
 

Coals of lower rank, containing a
 

higher quantity of volatile matter and
 

suilfur usually experience self-heating at a 

higher rate than other coals.
 

The 	volatile content of a coal usually
 

provides the best indication of its
 

probable ignition temperature. Results of
 

n study by the US Bureau of Mines (RCF. 1)
 

shows the relationship between the volatile
 

content of coals and the ignition
 

temperature of pulverized coal, in the form
 

of 	a layer, or packed bed, and suspended in
 

air as a coal dust cloud.
 

From this data, a layer of powdered
 

lignite or sub-bituminous coal with a 

volatile matter content, in the range of 

25-50% (representative of Pakistani coals)
 

when exposed to air would be expected to 

ignite at the following temperature:
 

Volatile Content Ignition Temperature 

(%) 	 (*C) 

25 	 230 

50 	 190
 

The rate of temperature rise due to 

spontaneous heating of coal is clearly 

illustrated in Fig. 4. This data is from 

experiments conducted by the U.S. Bureau of 

360
 



Mines (REF. 1). Samples of wet coal were 


exposed to dry al. The rate of heating was 


accele-ated'by conducting these experiments in 
a 


sealed, insulated vessel. In an open pile of 


coarse coal, the heating would be much slower. 

When coal has been dried, and then is 


exposed to moist air, the rate of spontaneous 


heating is much higher than for that same coal 


which has not been predried. This Is shown on 

Fig. 5 (REF. 1). 


There are two approaches used for building a 

storage pile of coal depending upon the size 
distribution of the coal received: 

" 	 Graded size coals - Since all of the 

particles are approximately the same size, 

and will be fairly coarse, promote good 

ventilation through the pile. The air flow 

through the pile will remove the heat 

generated by self-besting. Also, the rate 

of heat generation will be low due to the 

low surface area of the coarse sized coal 

particles, 

* 	 Nixed size coals - Prevent the flow of air 


through the bed of coal to keep the rate of 


self-heating sufficiently low that ignition 


temperatures are not reached, 


The coals used by cement plants are normally 
received as mixed sizes. Therefore a compacted 

storage pile should be employed. This is built 

in horizontal layers, with each new layer being 

compacted before depositing the next layer. The 

maximum thickness of each layer should not 

exceed 0.5 meters. Compacting can be done by 

driving a front-end loader or bull dozer across 

the top of each new layer. The reclaiming 

should be done vertically from the side of the 

pile in order to minimize the newly formed 

surface. This also accomplishes some blending 


of the various coals contained which is very 


desirable for establishing uniform kiln burning 


conditions and cement clinker quality, 


BLNDING OF COAL 


Fluctuations in the characteristics of the 

coal being fired to the kiln are undesirable at 


least, and can be totally unacceptable
 

depending upon the coal property which
 

fluctuates, and the magnitude and frequency
 

of 	this fluctuation.
 

Coal ash normally consists oi inorganic
 

minerals rich in oxides of silicon,
 

aluminum, iron, and sometimes calcium. All
 

of 	the ash residue which remains after the
 

coal is burned in the pyroprocessing system
 

becomes physically and chemically cor bined
 

with the original raw material components.
 

All 	of these ash elements are the vary ones 

of 	which cement clinl:er is made. 

Therefore, the coal ash becomes an
 
additional raw material component in the
 

process.
 

Consequently, the chemical composition 

and quantity of the coal ash being added to
 

the primary clinkering raw materials must
 

be known in order to suitably adjust the 

primary raw material composition to permit 

this coal ash addition, and still permit
 

the production of the desired cement
 

clinker.
 

In addition, changes in the calorific
 

value of the coal are reflected in changes
 

in the burning zone temperature of the kiln
 

(the highest temperature zone) with
 
resultant changes in the quality of the
 

clinker produced. High ash, low heating
 

value coals usually exhibit the largest
 

variations in these characteristics.
 

If the blending produced by horizontal
 

layering and vertical reclaiming by
 

front-end loader is not sufficient, a
 

highly effective blending bed system,
 

incorporating a mechanized
 

stacker-reclaimer can be employed.
 

It is desirable to select a stockpiling
 

method that reduces the segregation of coal
 

sizes at the exposed edges of the pile.
 

The Chevron method of stacking produces
 

segregation, however the windrow method
 

minimizes segregation.
 

The best type of reclaiming method
 

employs a bridge-type scraper-reclaimer.
 

This device cuts across the end of the
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pile, recovering ell layers simultaneously and 


equally, 


DRYING, GRINDING AND FIRING 


OVERVIEW 


The drying, grinding, and firing of coal 


represent three different processes. Howrever, 

thice are often grouped together vince they can 

be accomplished in a single system. Ncarly all 

the coal systems in operation today rely on an 
airswept mill system for simultaneous drying and 
grinding. The term alrswept refers to the fact 


that the fine coal produced is carried or swept 

out of the mill by air or coabustion gas. In 


general these mills use a high gas to coal ratio 

and drying is accomplished by the hot gas as it 


passes through the mill. The deZroe of dr'yin& 

which is needed in a gi-Ern mill system depends 


en the inlet moirture of the coal as well as the
 
desired product moisture. 


To predict mill performance with any degree 


of accuracy for a specific coal, a grindebility 


test must ba perfGorned. 


This is generally done by pulverizing a 

snall sample of properly prepared coal. The 


results of this type of test 
are used to predict 


the operating characteristics of the full sized 


Mill. 

Firing is accomplished in some systemi by 


using the hot air or gases leaving the coal mill 


to convey the pulverized coal directly into the 

coal burner. In other systems the pulverized 


coal is separated from the hot gpi stream and 


stored in a special silo from where it is 


pneumatically conveyed to all firing points. 


HILL TYPES 


Today, there are two principal and quite 


different mills used by the rement industry for 


grinding and drying coal: 


" Roller mill 

" Ball mill 

ROLLER MILL 


In the roller mill system coal is dropped 


onto the center of a spinning table. The
 

coal is transported outwards due to
 

centrifugal force developed by the table.
 
The grinding is accomplished between two
 
surfaces, one rolling over the other. Fine 
coal is carried out and over the edge of
 

the table. Hot air or ga enters the
 

bottom of the mill and passes up and around 

the table. The fine coal that passes out 
from under the rollers and over the edge of 

the table is picked up and dried by the 
incoming gas. Fine dry coal is then 

carried out of the top of the mill system.
 

A dynamic classifier located in the top 
of the mill body separatrs the coarse coal 

particles from the air stream and returns
 

them to the table where they combine with
 

the feed stream of fresh coal to be further
 

ground.
 

BALL MILL
 

The ball mill is very similar to those
 

used for cement raw material preparation
 

only smaller. It consists of a cylinder
 

filled with alloy steel balls of graded
 
sizes. The mill is roLated continuously
 

while being fed wet coarse coal in one
 

end. The grinding is accomplished by the
 

force transferred to the coal from the
 
falling balls or from compaction between
 

balls. The hot air or gas is introduced
 

with the coal and drys the coal as it
 

passes through the mill system. Fine dry
 

coal is picked up by the air and carried
 

out the other end of the mill.
 

Roller mills normally require a lower
 

capital investment and also less electrical
 

power for grinding than do ball mills. The
 

coal fed to a roller mill can have a much
 

larger maximum size (75 sm) than that fed
 

to a ball mill (20 mm). Also, the amount
 

of drying air or gases which can be passed
 

through a roller mill is much larger than
 

through a ball mill, so normally the roller
 

mill can successfully grind and dry a
 
wetter coal than can a bail mill. 
 However,
 

because of this greater air flow, roller
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mills usually have a higher pressure drop than a 


ball mill, requiring the expenditure of more 


electrical power for the mill system fan. 


FIRING SYSTEMS 


The success of the combustion process in the 

kiln is very much dependant upon the performance 

of the mill circuit. Coal fineness, moisture 

content, and primary air rate and temperature 

have macrked effects on the combustion 

reactions. As mentioned earlier, the amout of 
free moistu-e in the coal as fired and primary 

combustion air affects the amount of useful heat 

that can he generated. 

Increasing the amount of primary air 
required affects the system heat consumption by 


reducing the amount of hot secondary combustion 

air that can be utilized from the clinker coolesr. 


There are three different firing methods 

employed by the cement industry today. Each has 

its own particular advantegos and disadvantages 

with respect to safety, effectiveness of 


utilization of coal fuel value, flexibility and 


cost. 


These firing systezis are: 

* Direct fired system 

" Semi-direct fired system 

" Indirect fired system 

DIRECT FIRED SYSTEM 


In the direct fired system the coal from the 


mill and/or classifier goes directly to the 


prime mover, system fan, before being blown 

directly into the fired equipment. A schematic 
flow diagram for this system is shown on Fig. C. 

This is the s afest of the three systems 
since there is no storage of the pulverized 

coal. The system is fairly simple to operate 

and many of these systems have been installed 

and are operating. 

The major disadvantale of the system is that 

all the drying air and evaporated water from the 

coal is passed into the process equipment adding 

to the heaL onsumption and fan power. This 

system can oily utilize hot air from the 
cooler. Only one piece of equipment or location 

can be fired at controlled rates since the
 

mill exit gas is passed directly into the
 

burner. One system can supply coal to all
 
four burners of a flash furnace system but 

not to a kiln and flash furnace.
 

SEHI-DIRECT SYSTEM
 

In a somi-direct system, mostly used 

with .irswept ball mills, the coal stream 

goes to a cyclone which discharges the coal 

through an air-lock to the primary air duct 
after the fan. The fan intake is connected 

to the top of the cyclone, so the 

difference between the direct and 

-emi-direct systems is the movement of the 
coal and the dust load to the primary air 

fan. in this circuit the mill must operate 

in conjunction with the kiln system. Fig.
 

7 shows a schematic flow diagram for this 

system.
 

The semi-direct system has ome of the 
advantages and disadvantages of the direct
 

fired system. The quantity of primary air 

is reduced by the emount that is 

recirculated in the system thus heat 

consumption and ,owor lossas will ba 
lower. The system can supFly coal to more 
than one point at coutrelled rater.. The 

system does have a greater fire and 

explosion hazard and care rust be taken in 
the operation of the nystem. The increased 

duct worz and the cyclone collector
 

increases the potential arca for coal 
build-ups and the duct concontratlon 

leaving the cyclone imay be in the explosion 

hazard range. The syshem must use hot air 

for drying since part of the air is used as 
primary aic. The system fan will see a 

lower dust loading and lenss wear of the fail 

blades should be expected. However, all of 

the coal moisture removed from the coal 

during the drying process still enters the
 

kiln (or precalciner) since none of the 

recirculated air is ever vented to the 

atmosphere.
 

INDIRECT SYSTEM 
In the indirect fired coal system the
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dried and ground coal is conveyed to a storage 


bin from where the coal is withdrawn at a 


controlled rate. 
 In this circuit the mill does 


not hays to operate in conjunction with the kiln 


system. Primary air may or may not be drawn 


.from the system. See Fig. 8. 


Since it can have controlled firing of 


several pieces of equipment, it has definite 


advantagen when it is desirable to convert 


several pieces of equipment in the same plant. 


The system is also more suitable for combination 


firing such as, natural gas and coal or oil and 


coal. 
 The coal mill system can use either hot 


air from a clinker cooler or hot combustion gas
 
from a kiln exhaust. The system has infinite 


turn-down capebility only if operated 


intermittently, and the primary air requirement 


can be held at a minimum. The system 


disadvantages are that it requires more
 
expensive and extensive equipment including a,-


specially designed dust collector and coal 


distribution system. 
The fire hazard of storing 


dry pulverized coal in a holding bin is of 


course of primary concern and appropriate safety 


precautions must be used. 


CONTROL OF COAL FIRING 


An example of a simplified automatic control 


diagram for a coal firing system is shown in 


Figures 9 and 10. The pyroprocessing system 


used in this example is a precalciner kiln. A 


semi-direct system was selected to permit a 


singlb coal mill to provide firing to both the 


kiln and precalciner. 


CEMENT PRODUCT AND PROCESS EFFECTS 


ASH 

In a modern coal-fired suspension preheater 


equipped cement kiln, with or without 


precalcinatlon, essentially all the coal ash 
is 


captured by the pyroprocessing system. The ash 


becomes mixed with the reactants in the system, 


ultimately becoming chemically reacted with the 


clinkering raw materials to actually form part 


of the final Portland Cement product. Since the 


coal ash minerals actually are chemically 


transformed into cement clinker, the ash is
 

truly an additional 
raw material component.
 

Typically, coal ash has a chemical
 

composition which is quite different from
 

Portland Cement clinker. 
It is necessary
 

therefore to adjust the proportions of the
 

princ'pal raw material components to
 

compensate for the change in chemical
 

composition of the clinker which results
 

from the coal ash addition.
 

Uniform and unvarying chemical
 

composition of the prepared 
raw material
 

entering the kiln is necessary in order to:
 

* Provide the desired quality of cement 

clinker 

* Avoid operating problems in the rotary 

kiln 

No matter how uniform the chemical
 

composition of the 
raw material is that is
 

fed to the pyroproceesing system, the
 

composition of the clinker product, as wall
 

as the necessary stable operating
 

conditions of the rotary kiln can be upset
 

significantly by variations ia the quantity
 

and chemical composition of coal ash.
 

Consequently, the coal must be blended,
 

prior to firing in the pyroprocessing
 

system. Also, representative samples must
 

be taken from appropriate points located
 

between thc receiving station and the feed
 

to the coal grinding system, to givo the
 

plant cheist the analyses, and the lead
 

time to adjust the composition of the raw
 
material feed to the kiln to compensate for
 

variatiois in the coal ash.
 

SULFUR: EFFECT ON CEMENT
 

Today's modern cement kiln system
 

captures essentially all of the sulfur
 

introduced to it by both the coal fuel as
 

well 
as the raw material reactants. During
 

the combustir pro,-ess, the sulfur
 

contained in the coal is 
converted to
 

gaseous sulfur oxides which subsequently
 

chemically combine with the calcium oxide
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contained in the reacting raw material, which is 


present as an intermediate reaction product. A 


portion of the sulfur also combines with the 


potassium and sodium oxides, present in most raw 


materials, to form their respective sulfates, 


Finished cement is produced by intergrinding 


cement clinker with gypsum, in order to control 


the setting time of the concrete. Since gypsum 


is the di-hydrate of calcium sulfate, it 


contains 47% sulfur expressed as SO3 . The 


amount of gypsum added to clinkar is typically 


in the range of 3-5%. The sulfur content of the 


finished cement product comes from two sources:
 

" Clinker sulfur 


" Gypsum sulfur 


Standards for Portland Cement all contain a 


maximum level for sulfur. This ranges from 


approximately 2.3-4.0%, depending upon the 


specific country and also ths type of cement 


being considered. In Pakistan, the standards 


specify: 


• 2.5% SO3 (when C3A < 7%) 

* 3.0% SO3 (when C3A > 7%) 

Typically, high sulfur coals produce high 


sulfur clinker. The higher the sulfur content 


of the clinker, the less gypsum can be added, to 


produce a finished cement with a total sulfur 


content within the specified maximum level, 


However, in all cases, there will be an optimum 


amount of gypsum required to produce the best 


physical characteristics of the cement. This is 


determined by laboratory testing. If the 


clinker sulfur content is too high, then this 


optimum amount of gypsum cannot be used, and 


consequently, the cement quality suffers, 


SULFUR: EFFECT ON PROCESS 


OVERVIEW 


Within the high temperature burning zone of 


the rotary kiln, the elements sulfur, chlorine, 


potassium and sodium form compounds with 


sufficiently high vapor pressures to permit them 


to volatilize. These vapors are carried by
 

the hot combustion gases out of the highest
 

temperature zone of the kiln.
 

Within the normal range of ocidizing
 

conditions and temperatures which exist in
 

the pyroprocessing system, the
 

thermodynamically most favored compounds 

formed are potassium and sodium chioridec 

and sulfates. In thu case of high sulfur 

fuels, there u'ually is an excess of sulfur
 

over that required to fon these alkali 

sulfates; this excess forms calcium sulfate.
 

CYCLICAL PROCESSES
 

These gases and vapors subsequently
 

cool as they transfer their heat to the
 

incoming lower temperature reactants in the
 

kiln.
 

As the hot combustion gases pass
 

through the rotary kiln, precalciner, and
 

lower, cyclonic stages of the preheater,
 

the alkali sulfates and chlorides condense
 

out of the gases. Calcium sulfate forms
 

from any excess sulfur oxides present in
 
the gas stream. These compounds condense
 

upon, the incoming, cooler raw material
 

reactant particles, thereby enriching their
 

content of these volatile elements. This
 

now enriched raw material passes through
 

the burning zone of the kiln, where the
 

volatilization of both the original raw,
 

material and fuel volatile element occurs,
 

plus that of the recycled volatile
 

compounds.
 

This results in a cyclical process of
 

volatilization and condensation of the
 

volatile elements. The continued input of
 

additional volatile elements from the fuel
 

and raw material progressively increases
 

the recirculating load of these compounds.
 
The condensation temperatures of these
 

compounds are within the range of
 

temperatures typical of the feed end of the
 

kiln, and the lower stages of the
 

prehester. Therefore these volatile
 

compounds are liquid or stirky, which
 

promotes the deposition and growth of
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build-ups of solid 
reactant particles on the 


inner surfaces of the kiln, and within the ducts 

and cyclone vessels of the preheatcr. As 
these 

build-ups grow, the cross-sectional area of the 

kiln or preheater duct is progressively reduced, 

which correspondingly increases the pressure 


drop of the combustion 
ases drawn through that 

zone by the main system fan. When the fal 


rating is exceeded, the gas 
rate begins to 

decrease, with a direct reduction in 
fuel 


burning capability, and hence also in production 


rate. 


BY-PASS SYSTEM 


The cyclical process of internal recycle of 


volatile constituents can be controlled by 


withdrawing some of 
the kiln exit gases and
 
wasting their heat. 
 This by-passing of the 

preheater provides an outlet for these volatile 

compounds from a region whqre they exist in a 


high concentration relative to the combustion 


gases that carry them, and also to the 
raw 


material 
reactant dust particles suspended in 

that gas stream. This is illustrated in Figure 

11. 


After withdrawal from the kiln exit, the 


preheater by-pass gas 
stream is mixed with a 

stream of cold ambient air within a specially 


designed quenching chamber, in which the 


volatile compounds are completely condensed and 

solidified before they can contact the 
inner 

surface of that chamber or its outlet ducting. 


This prevents any solid build-up problems in 


this by-pass system. 
After this air quenching, 

the dust containing the alkalies, chlorine and 

sulfur is removed by means oe a dust collector 


and discarded. The cooled, clean gases 
are then 

vented to the atmosphere, 


PIEHEATER WITH BY-PASS 


The use of such a by-pass with a suspension 

preheater equipped kiln is limited 
to the 


by-passing of only a small amount of kiln exit 


gases, normally less than 30%. 
The more gas 

withdrawn through the by-pass, the less gas 


there 13 
to pass up through the preheater. With 

too much by-pass, there is insufficient gas 


remaining 
to permit proper functioning of
 

the preheater.
 

For proper preheater operation, it is
 

necessary to maintain a minimum velocity in
 
the preheater ducting of approximately io 
m/sec. Lower velocities permit the solid
 

feed particles to drop by gravity directly
 

through the pteheater without being
 

suspended in the hot gas stream and
 

therefore without being heated by the gases.
 

A suspension preheater equipped 
kiln
 

with a by-pass of up to 30% 
can operate
 

well with raw materials which contain some
 
chloride. 
 This will serve to eliminate the
 

build-up problems 
caused by the chlorides
 

present.
 

PRECALCINER WITHDY-PASS
 

A preheater equipped with precalciner
 

permits by-passing any amount of kiln exit
 

gas; up to 100% if necessary. Normally,
 

approximately 40% of the total 
system fuel
 

is burned in the kiln. 
 Therefore the
 

concentration of volatile constituents 
in
 
the kiln exit gas 
in much higher than in 
a
 

prehoater kiln syste,. only, which enhances
 

the effect of the by-pass. Also, since the
 
precalciner burns fuel with hot air taken
 

from the clinker cooler, and not 
from the
 

kiln exit gases, the effects of reduced
 

kiln exit gases (during by-pass operation)
 

can to 
a large extent be compensated for by
 

increasing the hot air and fuel 
inputs to
 

the precalciner.
 

In a precalciner system with 
a separate
 

precalciner tertiary air duct, the value of
 

gas from the precalciner to the preheater
 

only decreases 19% 
with an increase in
 

by-pass from 0-100%. 
This modest decrease
 
in value has 
little or no effect on the
 

operation of the preheater.
 

The use of a precalciner system with
 

by-pass can be very effective in removing
 

large quantities of sulfur from the
 

pyroprocessing system, while still
 

conserving a reasonably high level of
 

thermal efficiency, along with the
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elimination of potential operatiag problems 
 kilns equipped with precalciners and four
 
coming from high sulfur content build-ups within 
 stage suspension preheaters. Their nominal
 
the kiln and preheater vessels, 
 production capabilities are 2000 and 4000
 

metric tons per day of Portland cement
 
PREDICTING BY-PASS EFFECTIVENESS clinker. Their by-pass systems are capable
 

Fuller has developed a means of predicting 
 of a wide range of operation, with a
 
the performance of A by-pass system on a 
 maximum of 100% possible for plant A.
 
suspension prehea, equipped rotary kiln, with 
 Plant B is a special installation of a
 
or without a precalciner. This methodology 
 rotary kiln equipped with a precalciner
 
employs: 
 followed by a single cyclonic stage, used
 

only for recovery of the precalcined raw
 
" Overall material balance for all volatile 
 material. This installation is equivalent
 

constituents entering with raw materials and 
 to having no preheater. The principal
 
fuel, incorporating an expression for the '
 

object - of this configuration is to burn
 
volatility of each element for initial 
 kerogens out of the raw material 
in the
 
volatilization (e.g. from original mineral 
 precalciner, to correct a prior air
 
cnspenents) and secondary volatilization pollution problem caused by these
 
(e.g. from recycled form of compound). hydrocarbons being vaporized (but not
 

* Laboratory procedure for determining the burned) in the cooler feed end of the 
primary and secondary volatilities for each kiln. This system has a nominal production
 
volatile element, 
 capacity of 1150 metric tons per day of
 

* Correlation of operating perfomance of clinker. The by-pass operates nominally at 
actual cull scale pyroprocessing systems 40% in this installation. 
over a wide range of by-pass operation and Table 4 presents the actual chemical 
volatile element content in both fuel and analysis of the raw material feed to each 
raw material components, 
 of these pyroprocessing systems along with
 

the clinker produced by the kiln from that 
This methodology permits predicting both the raw material. For plants A and B, two sets
 

amount of each volatile element elgminated by 
 of data are shown, representing samples
 
any specified by-pass level, and also permits 
 taken on two different days, using
 
the prediction of potential kiln system 
 different raw material chemistry and/or
 
operating problems due to build-ups caused by 
 different amounts of by-pasa. The
 
volatile constituents, 
 principal equipment parameters are also
 

included in this table.
 
ACTUAL BY-PASS PERFORHANCE The expected clinker SO 3 content, 

Three modern coal-fired cement rotary kiln with 0% by-pass is calculated by adding all 
systems, equipped with precalciners and by-pass 
 of the sulfur contained in the fuel and raw
 
systems, supplied by Fuller, have been selected 
 material, and expressing ;t as weight
 
to illustrate the performance of the by-pass in 
 percent SO3 in the clinker. A suspension
 
interrupting the internal recycle process' preheater kiln system operating with no 
involving the volatile elements. These examples by-pass is found 
to perform exactly this 
have been selected specifically to show the way; that is, all of the sulfur (and other 
effectiveness of the by-pass in eliminating volatile constituents) from the fuel and
 
sulfur from the kiln system, as introduced by raw material is found in the clinker.
 
the coal fuel and the raw material reactants. By comparing the So3 content of the
 

Two of these pyroprocessing systems, plant A clinker actually produced, with this 
and C, are current state-o-the-art rotary calculated maximum SO3 content, at 0% 
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by-pass, the percentage of sulfur eliminated by 

the by-pass can be determined, 


There is no direct correlation between the 


percent by-pass used and the percent of sulfur 

which is eliminated from these three systems. 


The reason for this ic that the volatility of 


sulfur differs among all of these various raw 


materials used. However, the laboratory
 
determination of these volatilities which are 


then employed in the correct by-pass simulation, 

which has been adjust,.d by extensive full-scale 


performance data does provide a good correlation 


among these parameters. 


PREDICTED PERFORMANCE OF BY-PASS UITH 


TYPICAL PAKISTANI COALS AND RAW MATERIALS 


The key question to be answered regarding 


the use of high sulfur Pakistani coals in the 


manufacture of Portland Cement is: 
 "what is the 


maximum sulfur content in Pakistani coals used 


for the cement process which will not produce a 


final cement clinker with too high a sulfur 


content, nor cause operating problems in the 

operation of the cement pyroprocessing rotary 


kiln system", 


This has been addressed by using available 


raw materials data in our by-pass model, and 


carrying out a parametric analysis. 


During the past years, Fuller has 


investigated numerous cement making raw 


materials from Pakistan, these studies have 


included complete chemical analysis, raw mix 

design, and burnability and volatility tests. 

Table 5 presents a raw mix design for the kiln 

feed material, based upon analyses of Pakistani 

raw materials, and representative of the raw 

materials from other investigations. Figure 12 
shows the results of our laboratory's volatility 

test for the kiln feed analysis shown in Table 

5. This test was performed on a raw mix 


prepared from samples of the individual raw 

material components from Pakistan. 


This volatility data for potassium, sodium, 
chlorine and sulfur was used, along with a 

typical analysis for a Pakistani coal. An 

analysis for coal from the Central Lakhra area 

was selected, and is shown in Table 6. 


This data was used in our by-pass
 

simulation. The sulfur level 
in this coal
 

analysis was varied over the 
range of 3% 

10%, to represent the full range of
 

possible sulfur levels in Pakistani coals.
 

The most important results obtained
 

from performing this by-pass simulation are:
 

* Percent sulfur in clinker vs. percent 

by-pass. 

# Percent calcium sulfate in preheater 

stage 4 solids product vs. percent 

by-pass. 

The clinker sulfur content can be
 

compared directly with the maximum sulfur
 

allowable in the applicable cement
 

standards. The predicted calcium sulfate
 

content In preheator tnge 4 product should 

not exceed S% in order" to ensure 

trouble-free operation of the 

pyroproces;sing system, with no solid 

build-up problems. Figure 13 shows the 

sulfur content of clinker produced from the 

typical Pakistani raw materials and coal, 

with a coal sulfur content of 4% (expressed
 

as G). Figure 14 presents the predicted
 

level of calcium sulfate for the same 
raw
 

materials and coal. This figure shows that
 

operation with 35% by-pass will produce a
 

stage 4 solid product containing 5% calcium
 

sulfate.
 

The coal sulfur content was varied over
 

the range of 3-10% in order to eyplore tihe
 

entire range of the expected s'ilfur content
 

of Pakistani coals. The amount of by-pass
 

necessary to hold the stage 4 calcium
 

sulfate content to 5% was selected from
 

each run of this model. This result is
 

shown in Figure 15. This curve represents
 

the predicted minimum amount of by-pass
 

necessary to permit safe and build-up free
 

operation of the pyroprocessing sys.,mmm for
 

coal sulfur levels from 3-10%. The sulfur
 

level in the clinker produced over the
 

range of coal sulfur levels and by-pass
 

amounts is expected to be, in all cases,
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less than 0 7% SO3
.
 
This prediction of pyropcocessing system
 

operation with typical Pakistani raw materials
 

and coal, was compared with the actual
 

full-scale operating data from Table 5 by
 

'edlucing the raw feed sulfur level in each
 

actual case to 0.10% SO3, to be equivalent to
 

the Pakistani raw material used, and by adding 

the differencze in raw faed sulfur to the actual
 

coal used in each case. This maintains the 

total amount of sulfur unchanged, but 

redistributes it between the ra4 material and 

fuel. The resulting; data points were plotted on 

the oriZinil Figuco 15, and are shown together 

on Figure 16. 

Thi. finntl figure shows the prediction of 

successful LIS" of coal.- with an equivalent 

sulfur level from 2-7% (for a raw feed typical
 

of that in Pakistan), using a suspension
 

eveheater rotary kiln equipped with 
a
 

precalcinr and by-pass system.
 

BY-PASS BPsNgFITS WITH EXISTING PLANTS 

It is not necessary to build an entirely new 

pyraprocessing line to have the benefits of a
 

sulfur by-pass system, which will permit the
 

successful use of high sulfur indigenous coals.
 

It is standard practice today to modify an
 

existing long dry or wet kiln, or suspension
 

preheater kiln. At an existing multi-kiln
 

plant, typically one kiln is suitably modified,
 

and one or more of the remaining ones are shut
 

down to compensate for the large increase in 

capacity of the modified kiln. 

For example, an existing 4 stage suspension 

type preheater kiln would be modified by the
 

addition of a precalciner, a seccnd preheater
 

constructed adjacent to, and operating in
 
parallel with the existing preheater, a by-pass 

system and a larger modified or new clinker
 

cooler. This modification will E'esuit in
 

approximately a doubling of the original kiln's
 

production capacity.
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TABLE~ I 

UNIT VOLUME I'OI)UCT ION CAPACITy OFI I NPRI PAL CiEMENT 
PYIRO- I'HOCF.SS I NG ;Y VI,'M!; 

fINIT VOLUM, 
IPOI)ICTION CAPACITYPYHO. I'IIOCEI;:; ING SSTrM (N'lI'U1/M3 KILN VOLIME) 

Long lty Kiln 0.50 -0.7 

Pr- hea[er 4 ;t ciqr! I b 2.0 

Precalciner 
- I Stage 3.0 4.0
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TABLE 2
 

COALS OF THE USA/PkJ(RESSIVE STAGES OF TRANSFOR;ATION OF VEGETAL MATTER MNTO COAL
 

FUEL 
 HHV
 
CLASSIFICATION 
 STATE H 2 0 V.M. F.C. ASH S H C N 0 KCAL/KC
 

Wood 46.9 78.1 20.4 1.5 0.0 6.0 51.4 0.1 41.0 4911
 

Peat MN 64.3 67.3 22.7 10.0 0.4 5.3 52.2 1.8 30.3 5033
 

Lignite ND 
 36.0 49.8 38.1 12.1 1.8 4.0 64.7 1.9 15.5 6133
 

Lignite TX 33.7 44.1 44.9 11.0 0.8 4.6 64.1 1.2 18.3 6156
 

Subbituminous C WY 22.3 40.4 44.7 14.9 3.4 
 4.1 61.7 1.3 14.6 5889
 

Subbituminous B WY 15.3 39.7 53.6 6.7 2.7 5.2 67.3 1.9 16.2 6722 

Su'ibituminous A WY 12.8 39.0 55.2 5.8 0.4 5.2 73.1 0.9 14.6 7167 

Bituminous Hi-V':1 C CO 12.0 38.9 53.9 7.2 0.6 5.0 73.1 1.5 12.6 7256
 

Bituminous Hi--Vr B !1 8.6 35.4 56.2 8.4 1.8 4.8 74.6 1.5 8.9 7439
 

Bituminous Hi-VJi A PA 1.4 34.3 59.2 6.5 1.3 5.2 79.5 
 1.4 6.1 8000 

Bituminous Med- .a WV 3.4 22.2 74.9 2.9 0.6 4.9 86.4 1.6 3.6 8433 

Bituminous Low-Vcl WV 3.6 16.0 79.1 4.9 0.8 4.8 85.4 1.5 2.6 8333
 

Semi-Anthracite AK 5.2 11.0 74.2 14.8 2.2 3.4 76.4 0.5 
 2.7 7300
 

Anthracite PA 5.4 7.4 75.9 16.7 0.8 2.6 76.8 0.8 2.3 7076
 

Meta-Anthracite RI 4.5 3.2 82.4 14... 0.9 0.5 82.4 0.1 1.7 6456
 



TABLE 3 

PAKI .''IANI COALS HIIHESENIA'TIIVIE RANGE OF COMI'OS I I'IouJ 

Moisture 5-25% 

VCM 25-50% 

Ash 7-50% 

-C 23-43% 

Sulfur 2-10% 

Chlorine 0.01 - 0.30% 

IlIlV (Gross) 2000 - 5900 kcal/kg 

lIJIV(Net) 2500 - 5600 kcal/kg 

373
 



TABLE 4
 

EFFICIENCY OF A BY-PASS IN REDUCING SULFUR FROM PRECALCINER TYPE PYRO-PROCESSINC SYSTEMS
 

Al A2 B1 82 C
 
KILN
 

RAW FEED CLINKER RAW FEED CLINKER RAW FEED CLINKER RAW FEED CLINKER FEED CLINKER
 

13/05/80 13/05/80 30/10/80 30/10/80 09/10/80 09/08/80 15/08/80 15/08/80 04/76 04/76
 

SiO 2 12.80 21.42 13.76 22.22 13.28 21.04 13.14 20.96 14.05 21.52
 
A1203 3.54 5.80 3.29 
 5.12 3.33 5.14 3.28 5.12 3.56 5.70
 
Fe20 3 1.41 2.53 1.32 2.36 3.27 5.17 3.14 5.25 1.52 2.14
 
CaO 41.67 63-31 41.52 63.51 42.75 64.38 42.42 64.61 13.03 65.60
 
M&O 2.92 3.96 2.08 
 3.23 0.57 0.G8 0.67 1.01 1.98 3.10
 
K20 1.00 1.16 1.04 
 1.48 0.56 0.73 0.53 0.60 0.82 0.59
 
Na20 0.10 0.15 0.13 0.18 0.!4 0.25 0.13 0.25 0.16 0.13
 
SO3 1.05 0.93 0.77 1.38 1.60 1.36 1.24 0.90 0.71 0.19
 
P205 0.0 0.08 0.20 
 0.01 0.14 0.23 0.13 O.19 - -
TiO
2 0.15 0.24 0.15 0.24 0.11 0.16 0.11i 0.17 -
Mn203 0.07 0.04 0.05 0.05 0.10 0.15 0.10 0.15 - 

35.40 0.45 35.41 0.39 33.85 0.45 35.22 0.61 34.88 
 1.02 
Total 100.11 100.07 99.72 100.17 99.70 100.04 i00.1] 99.8O 100.71 99.99 

Approximate %
 
Bypass 95% 55% 401 40% 30%
 
Expected Clinker
 

,S03 with 0%
 
Bypass 2.59 2.07 2.66 2.15 
 1.09
 
Percent Reduction
 
in Sulfur through
 
Bypass 64% 33% 49% 58% 83%
 

Heat Consumption
 
(kcal/kg) 
 910 830 1010 1010
 

% CaSO in
4 

Stage IV Material 5.84% 
 5.04%
 

Pyro Processing
 
Syztern
 

Description
 
Preheater SF 1.41 cc 1.35 with pre-cleaning cyclone SF 132
 
Kiln (meters) 5.6 x 43.5/4.6/5.2 x 58.7 4.3 x 74.7 
 4.1 x 99.1
 
Capacity (MTPD) 4000 1140 2000
 
Coal Sulfur (7.S) 2.55 0.57
 



TABLE 5 

TYPICAL CEMINI RAW FEE'1D FORI PAKISTAN 

WEIGHT % 

S102 14.23 

A1203 3.60 

FE 2 03 1.88 

CaO 42.99 

MgO 1.08 

K20 0.51 

Na20 0.13 

S) 3 0.12 

Cl 0.01 

Loss 35.45 

Total 100.00
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TABLE 6
 

PROXIMATE ANALYSIS FOR COAL
 
FROM CENTRAL LAKHRA REGION, PAKISTAN
 

WEIGHT %
 

Moisture 
 24.9
 

Volatile 
 30.3
 

Ash 
 17.4
 

Fixed Carbon 
 27.5
 

Sulfur 
 4.3
 

HHV 
 3926 KCAL/KG
 

LHV 
 3617 KCAL/KG
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TABLE 7
 

COMPARISON OF FUEL COSTS FOR
 
PAKISTAN CEMENT INDUSTRY
 

FUEL FUEL PRICE
 
PRICE PER HEATING VALUE PRICE PER MILLION 
METRIC 	TON KCAL/KG KCAL
 

Oil 	 RS. 1740 10300 kcal/kg RS. 169
 

Imported Coal RS. 900 7778 kcal/kg HS. 115
 

Local Coal HS. 250 3600 kcal/kg RS. 69
 

FUEL COSTS PER METRIC TON OF' CLINKER
 

PERCENT 
SAVINGS 

SP/SF IONG DRY WET COMPARED 
PROCESS PROCESS PROCESS TO0 OIL 

Oil 	 RS. 136 RS. 220 RS. 254 0.0 

Imported Coal RS. 92 RS. 150 RS. 172 32.0
 

Local Coal PS. 56 RS. 90 RS. 104 59.0
 

25% Imported Coal RS. 65 RS. 116 RS. 122 52.0
 
75% Local Coal
 

RS. 74 RS. 124 RS. 140 46.0
 
50% Local Coal
 
50% Imported Coal 


Note: 	 Above values based on the following typical heat
 
consumptions:
 

SP/SF Process Fuel Consumption 800 kcal/kg
 
( 0% Bypass)
 

Long Dry Process Fuel Consumption 1300 kcal/kg
 
Wet Process Fuel Consumption 1500 kcal/kg
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o~rverted to oilvgasfiring in mid 1950's. They. matarials'and fulis lesser, as t yecp
faced .the san problems and ,their quality,prod- system thr-ough stack which w4orks l1ea 

4 ~ ~6.n' '.prfi~iliy~alo ipz~ved fte 
'the 

"ntural" by-pass. In dry process preheater
coriai' togas/oil" firing., At p'resent alkilns'.the operational disturbance and blockth_'cmn plnt are oil fired. ages of cyclones etc are usually caused by4

,' i:higherof concentration of theabove- cceponentsTh-e4 dopleting resources oftenatural, gas and in volatile form which condense on' the walls
 
4 rising, shareof furnace oil in import bill have 
 of cyclones and ducts o'r, more frequently infocussed the Govrment's attention for maxinunutilization ofthie indigenous cal resources the relatively cooler raw-meal particles into ' whicthyare .mrrie back into the Kiln.
 

supplement the energy requirmnt. The cement 
 There they evaporo",', ,again and a closesector is also required to substitute oil/gas.with circuit develops. in cases where higherj. .=indigenous coal as far as possible in the concentration of the volatiles, are experien-  .. 4light of qualitative constraints of the coal. ced, thew thdra.wal through a BY-PASS of some 
44.4. ,4 4of the gasconfram the kiln prior to entry 4'The State Cement Coprto fPakistan have 15 into the 'prueeter is -a useful step to inte-cenent plants under its control with an overall 

' 

,.:in tlled capacty of 5.841 million tonnes per 
rrupt the closed circuit and to eliminate sameof the volatile ccaonents together with the 

-,year.,.7>his include the projected production of dust of the by-pass gas. The furnace oilthe cemenat plants under construction at D.G.Khan being used has about 3.5% sulphur and 9750andPIskanderabad. About 635% of the total Kcal/kg heating value. As sulphur content
productio is'produced from 26 kilnsrunning on in-the raw nWal is mostly below 1.0%, the
wet proess * The remaining 36.5% would be oil-firing
achieved with 6 kilns is imparting no deterioratingon SP-dry process. In effect on the quality of cemet. : .. 4Pakistan per capita cement production is about 
.61kgs. Sane of the cement plants have cane in,c '- P.i Production under the private sector whereas QUALITATIVE C W ESTICS 
others are Under ospletion stages of construc- OF COAL FIRING

.4 : ,tion.It is anticipated that by the end of 6th

Five Year Plan total OPC production @90% effi-
 The coal has from its geographical and'ciency would collate to 7.188 million tonnes. geological origin and age relatively wideThe 'production ratio of SCCP and private sector range of variation in its cosition. Allwould thus be around 73:27. " coals except anthracite are used for clinker 

burning, however, anthracite coal is beingSOCP has a variety of plants dating from new used in verticle shaft with Black meal
SP-dry process 'plants .to about 64 years old wet 

process plants. Process. Suitability of coal in cementHowever, majority of the wet manufacture is governed by the following


4 " process plants have already outlived their cb-rracteristics:- 
effective life,. To make these units energy.

S.. efficient they would need BMRProcess conversion Effect of Calorific Value
from wet to semi-dry or dry process. 

From an econaTdc point of view the . 4.The contents of chloride, sulphur, alkalies in coal with a calorific value of 6,000 raw materials used in manufacture of cement would 7,000 K.cal/kg is camonly used in

also influence the process conversion. It is 
 kiln firing: globally in cement industry.experienced that raw-materials of the southern In principle it is advantageous to use-ement plants indicate prevalence of increased coal with calorific value as high aspercentage of chloride contents as compared to possible in kiln firing in order tothe raw materials used at the northern units. obtain a high. tauperature .in the kilnTherefore, in south the SP-dry process plants heatburning zone while maintainingmstlY require by-pass provision to offset these consumption as low.as possible. In

inpurities. 
 consideration to practical operation or 

economics a net calorific value of 5000-FUEL ONVES K.cal/Kg is supposed to be the lowerFU GOVRION limit.
 
The fuel used for burning also influence chemistry of the clinker if it contains high percentage Effectof Volatile matter
of the undesired components. In our wet process 44 

kilns the collective effect of total chloride, -' The content of volatile matter is imporalkalies and sulphur inparted through raw tant for the rating of coals. The loss 
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in weight as the result of carbonization Effect oF Sulphur Contentof coal runder' exclusion of air, represents
the total of volatile matter. The maxiZMz pennissible SO3contents of 

cement is classified as 3% or 2.5% dependingCoal from younger geological formation upon asthe~C A content specified in thecontain more parts of oxcygen, Hydrogen and BSS-l2/195 or 232/19b2 Pakistan CentNitrogen than coal from older geological Standards. Therefore, quantity of coal to beformation. During combustion these elements used in kiln-firing will be dependent uponand their compounds generate more volatile its sulphur content and sulphur content inmatter than coal fran older geological the raw materials.formation. In general, the range is.3 to 5%by weight in the 100% coal firing. 

When burning coal on the fire grate the length of 
Athe flame dependIs on the contents of volatile Effect of Chloride Contentmatter. Coals widc are high in "volatile matter 

generate a long flame on the fire grate and are The chloride contents of the coal ash incalled long-flaming coals., Whereas coals con-taining little VM produce short -reflame and ar carbination with chloride conten'ts imnate
therefore designated as short-flaming coals. fran the raw-materials may increase the 

permissible limit specified for SP-dry
However, coals. behave differently by burning process ise Ineat claeoeqre0.05% suhthem as pulverized coal into the rotary kiln. propae r eqieltypraete.lnLong flaming coals injected as pulverized coal poel.

into the hot rotary kiln decompcses; with high

speed. The gasified volatile matter burns of f TNDIGENWOS COAL
 

ineitly and the segregated coke particles
aehgly porous, tialosfrauckndThe availability of quantitative and qualitalow an
xZilt acces of oxyen thu enabig tive coal resources is a pre-reqjuisite to

fast cabustion of the coke. These circumetances ebr pnca ovrin h eev
prtote fast..carbustion limited to a short estimates of the indigenous coal'ascertainedb aiu gnisadlts c~ltosection of the rotary kiln thus generating a b aiu~gnisadlts ~~lto

cols V/Sshot fame Sortflain onainlitleby CHE2'CN -, 1985 'collates to 763 million
volatile matter and. deccqpose only slowly when tones.9The r io toe prburning in the rotary kiln as pulverized coalarud19mlinoneprnum.d90 uct nf 9oai 
flame. 'Ihe low contents of volatile matter of this production finds consumption in 
causes slow combustion along an extended kiiln Brick Kiln Industry.
section and the more dense coke has a low This indicates that the coal produced is 
combustion velocity. As a result the so-cailind araycuitd
short flaming coals'when. ,, hburned. . ,; ,::pulverizedi.Tedt.b . : nidgnu , olrfetvralU ,: -' Y !:%' as S , ¢ . : '.: ,! L ,: 

.. .. "" Liln eneate L '.:coalin rotry ongflam. I.~ecoal characteristics. The known .- coal - - ... ..
standard contents of volatile matter for coal 
used in the caiibustion of pulverized col is resources range lignite to sub-bitumine and
about 18-22%.- The coals having volatile matter occur in the basal parts of tho Tertiary 
more than 32% are liable to self-ignition on sequence,:ranging in age from 50 u u 
storage. million years. These are non-coking, and 

largely high'in ash and siulphur:contents,
Effect of AshContent friable and often liable' to spontaneous

combustion. lbey are characterized by markedThei coash cases dereas andontet inphysical chemical variation both within 
calorific value of, coal, at the same tim it indiiuat eshnerr.n a iedtremains'in the clinker during clinkerization. aohr
 
Therefore, the ratio of Ash in coal need to
be constant sd that raw meal proportioning The Maka~wal coal of Punjab and Baluchistan
 
can be maintained at a known composition. If .coals have the requisite calorific value
 
the ash content becues higher, the lime content for use in the Cement Industry.

in the raw mix should in principle be higher. 
 T ujbca rmteCsIdsSl
With an ash content of more than 20% pure limeh-ujb olfa heCsIdsSat1ag ag ~ 

.arestone my be required. of poor grade for industrial application.
The Lakhra Coal of Sind contain high sulphur
and chloride contents with low calorific 
value and variation in ash contents. The 

b! 
.. . :' 
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!:"aiosition of, ash also varies very widely
especially the7iron oxide contents (173 -70.8%)which 'ay cause ring problembin the kiln itself. 
Sore -of the typical analyses of proxim~ate, 
ultae at a.. n ofLloa c 

.gn-eI an d ,II. 

A VERSI 

I TLITY 

cement isa consuable c o y. The fuelaused 
in'burning constitute about 32% of the total 
cost. To maintain the' operational' cost to an
?i~ 'eco al ~evel, sele on 'of acheaperfuel " 

usually;aleel of source with adequate composition is usually
warranted. The furnace oil costs Rs.0,176 per
mega' calorie inclusive, of freight to destination. 
ITheidigenous coals a imprted coal (Austra-
ian C&F Port-Bin Qasim @Us'$ 55/- per ton)
wold cost,as under on er mga calorie basis 
without freight i.e. ex-mine or port terminal. 

Rs: per mega calorie at source 

' 

Working on this analogyK/s Cisiiical Consul
tants -1985 have proposed Coal-firing for une Wet process and four dry process (under, 
cmsinn tta ie eetpat 
at an estimated cost of Rs.820 millionincluding Rs.555 million foreign exchange, 
component (estimates does not include duties,
financial-charges, surcharge etc). As per 
their calculations about 907,000 IY of the 

-kerwal Coal-fieldswas anticipated to be 
used and blended with 190,000 TPY of iirported 
coa (Australian) . 'Due to proposed conver 
sion about 280,000 TPY of the furnace oiluselectioionl releasedfue ..ut be 
tii,': Iiute I . 
Ws Japan Consulting Institute (JCI-1984) " Coal conversion studies were mainly based on 
use of, nported coal for Thatta, Javedan ada" 
National Karachi,' For Dandot Cement they
have proposed'substitution of Makerwal coal 
@100% firing. The coal conversion cost 
estimates were as under:-' 

. " 

r 

Lakhra Coal =0.076 

Baluchistan coal 0.170 

Makerwal Coal 0.163 
Imported Coal = 0.133 

The 'landed cost of these fuels to cement plants
would obviously be higher than the prevailing 
fuel cost. Looking into various aspects of 
encrgy conservation, SCCP has undertaken studies 
at its own and. with the assistance of consultants, 
It is envisaged that ; 

"' : : "'"" " " 

a. 100% firing with indigenouscoal, other 
than Makerwal and Baluchistan is not 
feasible because of the chemical cons-
traints and inadequate'calorific value. 
Even with Makerwal and' Baluchistan coals,
mixed oil and coal firing may be necessary 
to off-set the variations in quality of 
coal and raw materials. In dr process 
plants, a by-pass may be necessary' to 
offset the' impurities resulting an 
increase in equipment cost and heat con-Ssumpt i on .T 

..... " . 
b. The chemical constraints of the indigenous 

coal such as'Lakhra can be upgraded to make 
them usable at a certain ratio by blending
with high grade imported coal or mixed 
firing with furnace oil. f 

c. .100% firingwith- imprted coal of adequatec... i t iosorbed 
quality is possible.4 

' 

Javedan Cenpent '(2000 TPD) Rs 46,205,000 
National Karachi( 750 TPD) Rs 25,009,000 

Thatta Cerant '(1000 TPD) Rs 49,237,000 
Dandot Cement (100OTPD)' Rs 56,215,000 

Ws UBE Induztzies Ltd(Japan) have worked 
out a preliminary Coal-firing proposal for 
D.G.Khan Cement plant and Maple Leaf Cement 
Factory using indigenous coals. The coal 
conversion cost was estimated as under:-', 

D.G.Khan Cenent(2000 TPD SP-dry process)'R s."; 37 , 90 0 , 00 0 . " 
Maple 90,.000w 

Maple Leaf Cerent(l000 TPD wet process
Rs. 36, 180,000 

The above studies have indicated various 
plaoveilities ake useiof indigenous
plausibilities to make use of indigenous 
coal @.100% or in blofdedor mixed form 
with imported coal or furnace oil. All 
proposals pertain to fire kilns at the 

The ,i 1'uction cst of cment aftr ncludingh r . uc on c s of c r n af e i cl d gthe'invesbrent cost handling machinery & 
equipment, financial cost, increased power & 
labour expenses, indicate a rising oust 
factor. For example 100% firing with 
imported coal at Thatta Cement (1000 TPD 
SP dry process) would raise the productioncost to about 13% and on a 0kM of Lakhra and 
furnace oil in 30.: 70 ratio may also raiseproduction cost to about 3%. Similarly 
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TYPICAL ANALYSIS OF INDIGENOUS OIS TAUE-I 

Source of 
Coal 

Mist-

ure 
% 

PROXIMATE ANALYSIS
Ash Volat- Fixed 

iles Carbon 
% % % 

Sulph-

ur. 
% 

Calor-

ific 
value 

C 

% 

H 
ULTITE ADIALYSIS

S N 0 

% % % 

CI 

% 

Ash 

% 

Source of 

Analysis 

K.Cal./ 
Kg. 

LAKHRA 6.40-

16.00 

8.20-

44.30 

28.10-

40.80 

21.20-

43.30 

4.10-

9.80 

3190-

5900 

65.10 4.90 9.80 1.20 18.80 - 22.80 J.I.C.A. 

Lakhra Air

25.00 

23.20 

19.30 

24.90 

28.80 

39.30 

26.90 

35.80 

6.00 

5.10 

3797 

4625 

-

52.00 4.70 

-

5.10 

- -

1.10 

-

12.40 0.234 

-

24.90 

S.W.E.C. 

DYCKERHOFF. 

Dry(Lallian) 9.00 21.40 35.40 34.60 7.00 4800 54.00 4.20 6.50 1.10 12.60 0.180 22.20 Assrred 

MAKEF&L 3.60 20.80 37.60 38.00 6.10 5587 - - - - - - -
Average. 
PD-N.C.B. 

4.30 27.20 37.00 31.50 6.00 4850 . . . - - U.B.E. 

SHARIGQ 

" 

2.70-
5.00 
3.40 

9.11 

4.30 

18.20-
41.70 
25.90 

43.11 

26.50 

31.10-
42.70 
37.20 

34.80 

39.60 

32.40-
35.30 
36.90 

43.80 

31.80 

3.70-
7.10 
9.70 

5.00 

6.30 

3985
6459 
5129 

5305 

5600 

. 

. 

. 

. 

-

. 

. 

-

-

-

- -

. 

-

-

-

CECON. 

DYMKIHOFF. 

P.M.D.C. 

DYKEFH0FF 
SOR-RANGE 14.70 7.10 36.40 41.80 5.00 5235 51.20 4.10 5.00 - - 0.020 7.10 HOMER BAW. 

8.60-
16.40 
14.81 

5.50-
23.60 
5.30 

30.40-
46.70 
45.60 

31.50-
43.10 
49.10 

0.80-
3.80 
1.22 

4937
650/ 
6110 

-

71.40 
-

5.68 
-
1.22 

-CHEM242N. 
1.61 14.62 0.0098 5.30 DYCKERHOFF. 

DD2I 

Run of Mine 

12.10 

7.30-

18.00 

10.50-

35.50 

33.40-

34.40 

30.10-

2.20 

0.90-

4622 

4800-

50.90 

-

4.20 

-

2.20 

-

-

-

-

-

0.020 

-

18.00 

-

HOIDERBANK. 

10.30 29.20 43.50 36.90 6.60 5890 
11.54 9.80 45.80 44.20 2.74 5967 66.40 5.36 2.74 1.53 14.01 0.0079 9.80 DYCKER2OFF. 



TABLE- II 
TYPICAL ASH ANALYSIS OF INDIGEUS CALS 

Lakhra Lakhra Makerwal Makerwal Sharigh Sharigh Sor-Range Deghari 

CI2CAL 

Si 0 4:8- 51.12 35.53 i:f8- 52.40 26.75 36.43 

Ti 02 % - 2.21 2.56 2.00 8:j- 1.25 0.65 0.86 

Al.203 % 9.50- 29.15 24.35 20.41 818- 17.73 12.48 12.21 

Fe203 % 17.30- 18.87 17.61 37.55 16.90- 13.13 12.59 20.56 
70.80 21.00 

Mg 0 % 0.90- 3.24 0.50 0.48 1.80- 1.35 4.68 3.01 
7.00 1.90 

Ca 0 % 1.30- 4.17 1.54 1.58 26.40- 5.42 18.58 14.42 
12.50 30.40 

Na20 % 0.40- 1.44 0.22 0.40 0.22- 0.99 4.87 2.27 
3.20 0.36 

K20 % 0.30- 0.56 1.06 0.95 0.60- 2.07 0.58 1.36 
2.00 1.02 

Mn 0% - 0.11 - 0.09 - 0.16 0.07 0.13 

P205 - 0.10 - 0.06 0.88- 0.14 0.05 0.05 
1.40 

SO3 % 1.90- 1.22 1.12 0.55 9.89- 4.65 18.91 8.85 
16.90 12.56 

Source of JICA Dyckerhoff U.B.E. Dyckerhoff Middle Dyckerhoff Dyckerhoff Dyckerhoff 
Analysis Seam. 
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1000 IPD wet process plantat:Ma e Leafon100% 
I-ii".fi  ,Wil- - - - II -_ato _M50apl5 eaf -o-100 ,

firigi w hMakerwal' coal' or.'50 ":50 blend 'of ::' 
Lakhraand imported coals would raise the produ -

,. ] 
" - : 

,T-
...):: ':.i ... ;-:.,-Z--- -I: By-pas C l u a i n 

"4 

Constant used for calculations. 

... ..,; - : " -

tic.l to about 9%' and 14% respectively.' Duloeific stostueocnunto s-content 
to high fuel cost factors' and need for energy ,,, 
consearvation,,hbe 'reduction of energy, sm p tion 
per tonne of cement is,under, active cosideration Oil 

% 
3.5 

Value KpLi
9750 

of S C -.It is considering that'rehabilitation 
and/or conversion f its pore energy 
efficient processes.' " 4 . . 

if 
akhr Coal 7.0 4800 

.4 

4 

I~cently a technical study 
onyorsion and feasibility 

thr. six plants of S0CP has 

). '/~ 
on BMR, process;,,' 
of coal firing rZnn 
been undertake-by 

Australian Coal 
Heat consumption 

0.6 
Clinker bur-

6600 
760 Kcal/Kg 

Ws jc hffEniei,@Budr 
World Bank Technical Assistance to the cement 
sub-sector. The,Iconsultants, taking into 
cons ideration the, -hemical -constraints of the 

4. -indigenos coal as, with inpte coal 
a furna m oil have proposed process 'conversion 
and rehilitation programsfor the individual 
unit. The consultants are of the view that coal 

Additional heat With byr-pass 4 Kcal/kg 
consu tion by-pass 
Precalcination rate 60% -
Hstrictios 3%S0 31n Mt-mal 

:', 

Dry process By-pass size on 100% 

4 

firing would be feasible on SP-PC dry'process 
plants using 60% thenral load at the precalciner.
Hme--er, the high sulphur contents of the local 
.als and in raw-materials-at'certain units' . 

Fuel o 
oil Lahra 

coal 

fuel. 

Makerwal 
coal.' 

Australian 
coal 

would necessitate provision of by-passes.- Taking'
into acunt that cocentration of SO in the Zeal Pak 37.9% 109.2% - 17.0% 
hot-meal is 
an increase 

limited to corsonding 1 
of So3 content in clinker upto 1.8%, " AC'ehri' 8.0% 88.6% -

-3%"i.e.' 
Nil 

the by-pass requlreinnts are compiled at Table-III Maple Leaf Nil - 53.7% Nil ' 

4 With the use of indigenous coal, all th dr-Gariiwal 
process plants will need provision of by-passes. Mustehkam 

5.]% 
Nil 

-

-
60.2% 
41.8% 

'-Nil 

Nil 
At Zeal Pak a by-pass rate of more than 100% is 
calculated (with Lakhra Coal as fuel) 'on conver-

A Wah 
AC Wah 

il 
'Nil -

4 
45.8% Nil 

sion to dry process. This iuplies that desp.ite
100%by-pass operation it 'would not be possible 

4/ 

to reduce the SO. content in the hot-meal to 3%. 
However,, on rehailitated wet-process plant-, the 
dust has to be discarded to off-set the inpurities
by using the local, coals. In case of Zeal Pak, 
on rehabilitation about 200 TPD dust has to be 

4,discarded and its disposal would be cumbersome 
arrangement. ' , 

OttCWSION 

The priliminary feasibility report of W/s
Dyckerhoff Engineers, GMBR, is being reviewed 
by SCCP and will be-further discussed with 
them to adjudge the techno-econamical factors. 

The financial cost of 1000 TPD SP-PC-dry process . 
plant with coal mill is estinated at around 

s.849, million. ' ' ' 

It is most likely that Zeal Pak, A.C.Rohri 
and Maple Leaf. may be considered for conver
sion to coal-firing in the first instance. 
These plants are also located in close 

4 . 

proximity to coal-bearing fields of Lakhra, 
Baluchistan and' fakerwal. But to econamlse 

S.' 

' 

4.") 

and assure sustained fuel supply to the 
._ plant the.following factors are of prine 
.tancei to precede coal-firing: 

I-- Adequate coal reserves of the prospective 
coal to sustain supplies for atleast 20 

-'years. This wouldneed detailed geological 
exploration 'of the coal-field and re

: " "" 4 assessment of the reserves. 

44h ' /" ' " : " : .. .. ' " ' 4' 
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2-	 Assured qualitative supply of coal with 
mininu variance.
 

3-	 Develcsent of mines to raise additional 
coal for ctsmrnt 

4-	 Te ex-mine cost of Makerwal & Baluchistan 
coals are alurost ecuivalent to C&F cosr of
inorted coal. Therefore, asA rational 
Measures woluld ned to be adopted :_
 
economise the local coals.
 

5-	 Extra rolling stock of railway wagon ,.ould
need to be qerrated for coal transport. 

6-	 Extra berthirg and ronveying facilities 
would need to be inrovised at Port Bin Qasim
to handle lxorted coal 'or cerent. Present 
facilities are uxppsed to have beec 
astmitted for PASMIC. 

7-	 A policy decision by the (kAo'imnt will nee] 
to be nde:

a) 	 for off-setting the price increase 
by converting to coal firing. 

b) 	 an incentive oriented policy may be 
developd for the prc-mt-oun to use 
coal in mosj-t indistry. 

c) 	There should be no duty on the 
inprt of coal and coal-processing
mrhcinery & equipTent. 
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FEASIBILITY OF LOW-GRADE COAL AS FUEL IN THE CEMENT KILN
 

Misbah U1 Haq Ansari 


M.Y. Hassan 

Cemtech Consultants (Pvt) Limited 


COAL AS A FUEL IN THE cJ T
NINJDUSTRY 


Since 1973's big jump in the price of 

oil, coal has again become a very important 

fuel for the cement industry. It is likely
 
to remain so until the price of oil goes so 

low as to compete favorably once again with 

coal. In Europe almost all plants 

previously using 
 oil as fuel have been 

converted to coal-firina because 
 of 


economics. 
For Pakistan it is also important to 


revive 
 the use of coal as 
fuel as much as 

feasible, keeping in view 
the process 

parameters. The presently 
 used oil is 

largely an imported item qosting the 

country valuable foreign exchange. Over 

75% of oil used in the country is imported, 


D LEQQM -$--Q - ic-y-QF 

Normally good anthracite of high 

percentage 
 of fixed carbon and low ash 

content is 
a good fuel for the cement 

industry. The 
 ideal coal should contain 

the least amount 
 of volatile materials 

because volatile combustibles, if found in 

excess 
in coal, result in partial escape of 
unburnt: gases from thc burning zone where 
ideally all the fuel fed most burn almost 

instantaneously on introducton in the kiln 

burning zone. Secondly, the more volatile 

combustibles in the coal, 
 the greater the 

hazard 
of e;plosion in the coal processing 

machinery and equipment. Also, the other 

advantage of high grade coal 
 is that a 

minimal amount 
oE unwanted and nuisance 

chemicals 
from the left out ash after com-

bustion will 
 not go into the resultant 

clinker or otherwise affect the process due 


H. Pauls
 

ProgrCssive Engineering Gemtion (PEG)

Geneva
 

to cyclic phenomena. Standard texts 
 on
 
cement technology state that coal used 
 in
 
the cement industry should comply with 
 the
 
following rquirements:
 

Net Calorific Value 6500-7500 Kcal/kg
 
Ash 
 12-15%
 
Volatile Matter 
 18-22%
 
Moisture as delivered
 

up to 
 121
 

In the case of gas and furnace oil all
 
the parameters are well defined. 
 Such is
 
not the 
case with coal. The consumer pays
 
for coal on ex-mine basis, the user com
putes its consumption on an as-fired baais;
 
then there are moisture free basis, air
 
dried basis, as analyzed basis, etc., so
 

that proper inventory control is rather
 
problematic. In 
case the low grade coal
 
has to be used in the kiln firing it har to

be seen that the ash and sulphur present in
 
the coal do not disturb the requisite con
position of the meal being processed beyond
 
the acceptable limits. Also in the case of 
dry SP kilns, if the coal in high in 
sul
phur and/or chlorides and alkalies it can 
create cyclic phenomena which can result in
 
the choking of the kiln 
pre-heater and
 
other gas ducts. In order to ensure that
 
excessive process disturbances in kiln 
do
 
not crop up, the composition of meal fed to
 
the kiln has to be adjusted to provide for
 
the addition of volatile and uncombustible
 
compounds 
 resulting from the combustion of
 
low grade coal.
 

In case the composition of the 
 raw
meal fed to 
the kiln cannot be adjusted
 
beyond a certain limit to accommodate for
 
the addition of ash, etc. into clinker then
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the quantity of coal has to be reduced to 

meet the chemical parameters of the proces; 

and the additionally required heat has to 

be obtained by blending the low quality 

coal with other purer fuels like low-

sulphur, oil o gas with coal or high 

quality, 

CA_ 1IQVAIJ _ANDLIMITATI N;3 _QN NUIS . 

_QUJI.?_ 

Ideally the coal as fuel for the 

cement kiln should be of calorific value 

above 6500 Kcal/kg in order to provide a 

properly hot flame so that clinkering is 
possible. Clinkering teopperatiure is about 

1400'C so that the flame temperature should 

be over 16000 C. if the coal iv por in 

calorific value additiona] high grade fuel 

will be necessary to help produce a flame 

of requisite L.emperature so that clinkering 

becomes possible. It is known in the 

cement industry that each 10C' increase in 

flame temperature increa.wA kiln production 

by 1% minimum. The linit; on impurities 

can be generalized hut vary trm caseWiI 


to case depending on what composition is 

available trom the clinker raw-mix. 

The impurities of Silica and Alumina 

and Iron in the col showid be assessed and 

.djustments made in the raw mx to retain 

the overall Silica, Alumina and LSF ratios 

wivhin the pecmissible limits. Also MgO 

should not be too high to exceed the limits 

of maximum 41%in ce:ment. in addition to 

the above chlorides, alkalies and sulphates 

should also be sc low as not to start the 

cyclic phenomena which are very disturbing, 

especially if the process used is a suspen-

sion pre-heater without a bypass. The 

generally acceptable limits fot chlorides 


in raw materials for the straight pre-

heater or pre-cal ciner system is 0.02%. 

Also for low alkali cements the limits of 

total alkalies present is 0.6 percent. 

In addition .o the above, the coal 

must not contain too much moisture as its 

presence not only brings down the net-

calorific value, thus affecting the econo-

mics of coal as 3 fuel, but also affects 

the flame temperature adversely. Each 1% 

rise in moisture of coal at the burner can 

reduce flame temperature by 10 to 14CO. In 

case the coal as mined is very moist, it 

must be air dried to the acceptable limits 

of the coal mill. 

If the sulphur and other cyclic 

compounds are in excessive quantity these 

can be to a certain extent eliminated with 

a by-pass, but the cost of a heavy by-pass
 

and the resultant loss in heat e7ficiency 

must be accounted for in estimation of 

economics.
 

9-_-_ KIqT__G_ 

The usual method of firing the cement 

kiln is to pulverize the coal and feed this 

powder with primary air in the kiln burning 

zone where the mixture of coal powder and 

air instantly ignites as it comes in contact 

with the hot gases and surfaces of the 

kiln's burning zone. There are two methods 

of firing the kiln with coal powder. One is 

the direct and the other the indirect 

method. In the direct method the coal mill 

is feeding the mixture of coal powder and 

the vehicular air stream to the kiln 

directly withour an intermediate stage of 

storage of powdered coal. 

There is also a semi-direct method 

which basically is the direct method, but 

allows more control on primary air and some 

storage of pulverized coal. 

In the indirect method of firing, the
 

coal mill operates as an independent unit
 

irrespective of kiln's operation. The mill
 

discharges the coal powder into a hopper
 

where it is stored and only as much coal is 

drawn from it as is required for the kiln 

firing. 

EXAMPLES OF DI.IC L__RNG 

A roller mill as per attached Sketch
 

No. 1 forms a convenient method of direct
 

firing of the kiln. The mill has to run 

continuously so long as the kiln is
 

408
 

http:increa.wA


operating and only so much air and 
raw-coal 

is fed to the mill as is required by the 
kiln. From a safety point of view this 

mill is better in the sense that storage of 

powdered coal is eliminated which can 
alwasy be hazardous as hot pockets con;ecan 
up in powdered coal lying dormant for long 
durations. These mills ahave short resi-
dence time of material under grinding and 
therefore the operation can be quickly 
adjusted to suit the firing requirement at: 
any time. 

T_- P-1 R2_U RIN 

Attached Sketch No. 2 shows 
a mill in
 
a typical system of indirect firing. 
 This 

mill operates independent of the kiln 


operation. The output of this mill is
 
taken into a storage hopper from which it 

can be conveyed to a kiln for firing. 
 The 

advantages of this system are that the mill 


does not have to operate all the time with 

the kiln and firing of kiln can be con-

tinued from this storage hopper while the 

mill is stopped, 
 either for repair or for 

adjustment of maximum demand of power. 
 The 

disadvantages are of greater hazard due to 


spontaneous combustion 
 in storage as in-

dicated above. It may surprise our new 

generation of cement technologists that 

coal used be the main for
to fuel the 

cement industry in Pakistan until the 
late 


fifties. This used 
to be mostly imported 

coal with 
 some cement plants using local 

coal. However, as the economics of using 


furnace oil and later on of natural gas 

became more favorable, coal was totally 

dropped as the process fuel. Both the 

above systems entail heavy investment by 


way of very expensive coal handling, grind-

ing, firing, by-pass and safety equipment. 


COA, FED TOKILNBDAEND 


Several modern plants with S.P. 
kilns 

are 
 these days using old automobile tires 


as additional fuel by feeding these in 

shredded form or as a whole at the back end
 

of the kiln. Also in the early precalciner
 

kilns, fuel was .ntroduced by itself 'n the
 
rising duct with encouraging results. The
 

authors are of 
the view that in the same 

manner low grade ,oal can also be used as 
fuel to supply a part of:the process heat. 
Like low-grcdc coal au omobile tires are 
also carboncou material with high volatile 
and high ash content. The object of this 
paper is to recommend the same mode of 
feeding the kilns with local coal. as is 
being used for feeding the waste rubber
 

tires in the kilns of Europe and abroad.
 

Sketch No. 3 shows 
a flow sheet of the
 

proposed system.
 

_Q L;P&I UQU_ __ QM1 -QU&L AD___TH 
iQPS
 

Coals of calorific value 6500-7000
 

Kcal/kg 
 are very scarce and costly. A
 
simple calculation will show they will be
 
more expensive than oil even without taking
 
into account the capital cost of the coal
 
Liring plant. Lakhra coal is the only coal
 
which is readily available at a reasonable
 

price and the deposit 4s reasonably close
 
to a few existing cement plan'-s. 
 However,
 

development of the deposit will require
 
considerable time and investment. 
 However,
 

Lakhra coal has low colorific value and
 
higher sulphur content. Data about the
 
Lakhra coal is gji.en in the 
 Table I.
 
Therefore it cannot 
be used alone; a cer
tain proportion of furnace oil has 
 to be
 
used with it. Our calculations show that
 

absorption of SO3 by clinker can be kept
 
within specification limits by using at
 
least 22% furnace oil with thiis coal. The
 
relevant calculations are shown in Table
 

i.
 

We have also considered the
 

possibility where in the burning zone only
 
60% furnace oil 
is used and 40% Lakhra coal
 

is injected into the feed end of the kiln.
 
This possibility will avoid the need for
 
expensive coal giinding, prehomogizing
 

facilities, etc.
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Table III gives a comparison of cost two years in 
Lmplementation. Alternative D
 
of fuel in burning clinker in a 1000 T.P1D. does not need heavy capital investment and 
kiln with various proportions of oil &nd can be implemented in a relatively short 
Lakhra coal i.san existing plant using fuel period. It wiJl also be able to take care 
oil. of high su)ophur absorption problem as 

Here it may be pointed out thjj t quantity of c'.a fed can be adjusted as per 
Alternative , is not technically possble the situation of coal supply which cannot 
as Lakhra zoal alone cannot ruaintain be done if a very heavy investment has been 
adequate burring zone temperatures. There made in the coal firing system. We are of 
will also b-, excessive absorption of SC-3 in the view that the proposed simple 
clinker. Alternatives C and D havc abo nt installation for partial utilization of 
the sa;1e 1uel cost per Lon c1ier. local coal in the existing S.P. ki'ns can 
Alternative C, however, ihvolves; huL!vy be introduced with resultant savings in 
capital investment 
 and may take at least fuel cost.
 

QUALITY 
OF 

LAKIIRA COAl. 

I- Moisture on ROM basis : 30% 

2- Gross Calorific Value .613 Kcal/kg on air dried basisNet Calorific Value 4000 kcal/kg on air dried bais 

3- Analysis of coal on air dried busis: 

PROXIMA rE Ul J IMAIF 

Moisture : 9'5% Carbon 65.21.
Ash : 23"7% Ilydrogen 5.2%
Volatiles 34"7% Oxygen 18"0%
F!xed Carbon 25'0% Nitrogen 1"1%
Total Silphu : 7.1% Sulphur 10.5% 

4- Ash Characterbitlcs 

ANALYSIS RLFRiCTORINFK5S OF ASH 

SIOZ 32-70 Initial deformation point 1310°CA12 O 20.18 Melting Point 1380"C 
Fe 2(), 30'23 Fluld Point 1.110*C 
CaO 455 Electric Resistivity of Ash 

MgO 2'28 al. 100'C 2'9 x 1013 

Nn2O 1-18 130( 35 x 1013 

K20 0"62 1601C 2'5 x 1013 

Soa 6'23
 

CI N.D. 

TABLE I. 

410 



SULPHUR CYCLING 	 CALCULATIONS 

The following assumptions are made 

I- COAL

% Ash 	 23.7 
C.V. Net Kcal/kg 4L00 
% Sulphur 7.1 (Equivalent to 17,75% So.) 
Ton coal/ton clinker 0"25 

2- FIJRNACE Oil.. 

% Ash 	 NIL 
C.V. Net Kcai/kg 9750 
% Sulphur 3.5 (Equivalent to 8.75% So) 
Tort Fmarice oil per ton clinker 0',1026 

3- RAW MEAL 

Ton Raw Meal/Toni clinker 1.6 
So In raw meal% 0.5 

4- MAXIMUM SO, 	 IN CEMENT 

Standard specifications allow a maximurn of 3-0% Son. Out of tis 
It may be assumed that I0% has to come rom gypsum added to 
control setting 'Im of cement. The remaining 2.O% Is So absorbed 
In clinker due to sulphur present In raw meal, coal and h nace oil. 

5- CALCULATION 	 OF ARSOR13ED SOAIN CLINKER 

So, absor )ed by clinker can be calculated by the following formila 
(Ref: Cyclic Phenomena !i Rotary Kiln Systems by !1.RttlMIan) 

So, Clinker 	 RMSo 3 ( I +'56 Coal S3 0,1 x F) where 

So, Clinker 	 So, absorbed In clinker in teio e F per 1',g 
clinker. 

RMSo3 = 	 So, In Raw Meal It trrms ol , per kg clinkrr. 
0"5 x 1"6 x 1000 = 8 gm Iei kg clinker 
I00
 

Coal So 	 So3 in con Ii terms of g per kg 711lnker 
*25 x 17'75 x 1000 - 44.38 ,/kg Clinker 

100
 

E = Volallty of Raw Med,So., (taken o!; 0.i67) 

Furnace oil So -	 So 3 in furnace oil in terms of g per kg clhker 
- '1025 x 8'75 x 1000 = 8.79 

100
 

TABLE II.
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Substituting these values in tabovvth formula vie get 

So L' 0 o -56 x 44'38 44 x '67) 

* 	 c'41,(1 + 056 .4,75 '67) 

8 (0 3'!566 - 02943) "'3 x 3.8118 , 30,4944g/kgClinker 

So Soa In clinker with coal firing alone is 3.04,O4'
This figure has to be reduced to 2'0% by using rmitable proportion of rurnace oilwithcoal and this So, i;; IeI in ; lick- cilalr Is x.
 

Therefore the above c:qudlon Iucome.s
 

200 16(1 + ",G 	x 44 x '67) 
8 

8 (1 '07% - '2,3.) - 8 (0'7052 + "07:0 

" 564,15 '" 

-56x = 20"0 - 5'3416 , 14'SG4 
x * 25'64 

Therefore So3 from copl-oll ml;tturc should be mnximum 25"64dka clinkerSo3 from coal alone ,s30-4944 and frow furnace o!lalone Is 6-75Suppose y parts of coni src, m1zd w;ith (1-y) parts furnace oil to ret Soa 25.64g 

per Kg clinker. Thus haw., cqutwe oIe ol.'lng lon,
 

30'4944 
y + (i-y) x 3"'7 - 25'64
 
30-4944 y * 8.75 - C'Thy , ? .I,
 
21.7444y 	 !6.89 
y '776B say 78
 
I - y , '2232 say '2
 

So to get 2"0% Soa In clinker we could uie a mixturc of uprc 78% coal and 22%furnace ollprovided that So* in raw-meal does nr;t exceed 0'5%. 

TABY.E I. (coat;.) 
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Conventional Firing Furnace Oil 60% 
In burning 7one, 
Lakhra coal 40% 
In klln Feed End 

Lakhra Furnace Lakhra 
Coal oil and 

Furnace 
oil 70:30 

A 3 C D 

Net C.V. Kcnl/kg 4000 9750 5725 7450 
Kcnl/kg Clinker 1000 1000 1000 1000 
Kg fuel/kg clinker 0'25 0.1026 	 0.1746 0'1342 

(F.O.:0.0524 (F.O.:0.0805 
coal:(,' 1222) coal:0'0537) 

Fuel Price per ton 
at Kiln 450 1700 825 1200 

Fuel Cost/Ton clinker 112-50 174-42 	 144-05 161'04 

Investment cost total Rs.25 mlo -	 Rs. 25 mlo Rs. 0-4 flo 

do per ton * Rs.21.25 - * Rs.21"25 Rs.0"33 

Furnace OIl already 	 exist 

Labour & Power for 
coal 3"00 - 3.00 0.50 

Total Fuel Cost/ton 
clinker 136.75 174.42 168-3 161,87 

( * Comporent of Interest and depreciation on Investment made to Introduce coal 
firing) 

TABLE III.
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DIRECT. COAL FIRING MILL 

T -4 

[E 
60r 

7 

SKETCH NO. I 

I- ROLLER MILL 5- AIR-HEATER
 
2- WEIGH FEEDER 6- DUST TRAP

3- RAW COAL HOPPER 7- CLINKER COOLER
 
4- DAMPER 
 8- ROTORY KILN 

INDIRECT COAL FIRING 

005 

./ -

SKETCH NO. 3
I- ROLLER MILL 8- DUST TRAP
2- WEIGH FEEDER 9- CLINKER COOLER 
3- DAMPER 10- ROTORY KILN
4- RAW COAL II- PRIMARY AIR-FAN
5- VENT FAN 12- AIR DAMPER
6- DUST COLLECTOR 13- COALGROUND IIOPPFR
7- AIR HEATER 14- ROTORY SEAL 

15- CYCLONE
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CEMTIECH CONSULTAN~ (PYT) LIMITED 

PROPOSAL FOR BACKEND COALFEEDING TO AN S.P. KILN 

SKETCH NO. 3 

I- DU.iP HOPPER FCR C-DAL 
2- FEEDER CONVEYER 
3- COAL CRSHE. 
4- BELT CONVE.y . 
5- DAILY S!JPPLT HOPPER 

-7 

6-
7-
3-
9-
I0-

:1 1 

WEIGH FEEDER - ,SOTORY SEAL 
AIR DLOWF.R 

-__PREHEATER 
;RO-ITOR- KILtN 
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INTRODUCTION TO COALIQUID 


CoaLiquid was founded in 1976 by private 


investors in Kentucky -- a coal producing state 


--solely for the purpose of developing and 


conmercializing slurry fuels, 


Considerable progress was made towards 

coi.:ercialization in the late 1970's and the first 

pro&ction plant to manufactUre coal oil water 

mixtur ,;was built in Shelbyville, Kentucky to 

produce c:)mmcrcial batches of slurry using a 

patented ultrasonic process for stabilizing the 

fuel. (At that time all other companies were 

using chemical stabilizers). 

In 1980, the McDonnell Douglas Corporation 

acquired a majority interest in CoaLiquid, Inc. 

and as part of the Energy Systems Ventures group 

(ESV, Inc.) of McDoinell Douglas, the company has 

advanced to rccognized leadership position in the 

slurry fuels business, 

Today, CoaLiquid still opurates a facility in 


Shelbyville, Kentucky: operates a 3600 barrel per 


day plant in Mulberry, Florida and has interests 

in operating plants in the Pacific !-'ira and in the 

Middle East. In addition, CoaLiquid has modern 

well equipped laboratories in Louisville, Kentucky 

-- its headquarters -- capable of analyzing most 

of the ',orld',; coais and determining appropriate 

processes for Lhe beneficiation of such cuals and 

for the manufacture of slurry fuels, 

Slurry Fuels 


The term slurry fuels in this paper i' used 

in the context of a combustible fuel for 

industrial and utility boilers, open hearth 

furnaces, dryers, kilns, and other fairly large 

volume users of combustible fuel. It should not 

be confused with the composition of slurries 

produced solely for the pirpese of transportation 

by pipeline and in a form which cannot be burnt 


without further processing, 


Coal based slurry fuel is primarily used 

as a substitute for fuel oil in boilers, 

dryers, furnaces, etc. with the objective of 

reducing costs for the user and of using 

indigenous coal wherever possible, thereby 

reducing a country's dependence upon importeu 

oil or, alternatively, making more inoigenous 

oil supplies availaule for export earningammo 

hard currency. 

Slurry fuels comprise the following:
 

1. ta' oil water mixtures (COll) 

2. Coal water mixtures (CWM) 

3. Petroleum coke mitures (PElCUM) 

4. Coal methanol miytures 

CoaLiquid designs its plants to be 

multifuel capable -- that is to be able to 

proauce at least 1, 2 and 3 above from the 

same facility and, of course, pulverized 

coal. 

Today it is not particularly 

"fashionable" to talk about coal oii water 

mixtures (COM) and most activity has been 

focused on coal water mixtures (CWM). While 

this makes economic sense in that it 

eliminates oil from the fuel entirely, it 

overlooks economies which are still possiule 

in fuel costs where other factors, such as 

inability to separate out sole types of ash, 

for example, preclude use of CWMin some 

boilers. The incentive to concentrate on CWM 

has been the potential utility boiler fuel
 

market, although no really major conversion 

has yet taken place, except in Japan. 

Coi.iquld ExpLerience 

Notwithstandiaq this, f..al.iquid has built 

and operated more slurry fuel plants than any 

other company in t1e world. While some other 

companies have repeatedly announced plans for
 

various facilities, CoaLiquld has actually
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gone ahead and built plants to 
be in position to announced plans to construct slurry fuel

supply the ,.arket with fuel, both for 
 plants in Asia and the Orivnt, CoaLiquid has

demonstration and actual commercial use. the actual experience of having done it 

CoaLiquid is also in negotiation for its 

technology to be used in five other industrial
 
countries for both COM and CWPI processes. 


CoaLiquid constructed the first 
ever 

commercial scale preparation plant for COM in 

1979. A major production facility to serve the 

phosphate industry in Florida was constructed at 

Mulberry and came on 
stream in December, 1983. 

This plant has a capacity of 3600 barrels (638 

tonnes) of coal 
slurry fuel per day (200,000 

tonnes per year) 
and was designed for continuous 

processing. 
This plant has been in continuous 

commercial operation for over 2 years. 


A prefabricated batch scale production plant 

was shiped to the Middle East and 
has been
 
supplying fuel 
for a commercial 
fire tube boiler 

for almost t ,oyears ard is 
now supplying fuel for 

a commercial drying operation. 
 The plant has a 

capacity of about 20 tonnes CON 
a day on a single 

shift basis aridis now operated by our national 

licensee. 


Perhaps of more interest in Pakistan is 

CoaLiquid's unique experience of building and 


operating a slurry fuel 
plant In the Republic of 

Korea. 
 Although much of the equipment was
 
supplieJ from the U.S.A. in the intt.L9sts of 

saving time, the resources of our local 

in-country partner were used for construction, 


erection, commissioning and operation.
 

This plant has a capacity of 120 tonnes per

day and is supplying fuel to commercial boiler 


operators in Korea. CoaLiquid learned 
a number of 

valuable lessons from this 
project, particularly 

in relation to storing and handling coal 
and p.nt 

operation under very harsh winter conditions, 


Considerable experience has been gained in the 

importance of quality control for the incoming 


feedstock materials. 
 While other companies have
 

successfully and already beirg a connerrcial 
supplier. 

More recently, CoaLiquiu part icipated in 

a U.S. AID program aimed at even 
 . 
conversion of the Philippine Suc.-
 jdr
 
station to use 
of Ui. fuel . Ir this program, 
CoaLiquid was one of the companies w~l 
produced . successful combustible CWM from low 
grade Philippine coal and is cotinuing work
 
on this project withi
U.S. AIL arid directly
 
with the National Power Corporation in
 
Manila. This would eventually require
 
production of some 801,000 tonnes CWt! annually
 

ii the Philippines and would result in a very
 

substantial rediction in oil 
imports by that
 
country.
 

In addition to experience in desigring,
 
building and operating slurr; fuel processing
 

plants, CoaLiquid has 
now nad substantial
 
experience in converting industrial 
boilers so
 
that slurr. fuel is substituted for fuel oii
 
in all norml 
 me, Not being a boiler or 

burner manufacturier has allowed CoaLiquid to 
maintain an independeint position in selection
 
of the optimm equlpment to meet .'articuljr 

conversion needs.
 

CoaLiquid also has experience in shipping
 
various slurry fuels to overseas destinations
 

and by both road and rail tank truck.
 

Slurry Fuel ehnology
 

Probably the general technology is well
 

known to you. In this pdprr, we will,
 
therefore, only briefly recap the processing
 
methods and feedstock requirements. Let us
 
assume initially a low ash > 6r, coal 
is
 
available and that beneficiation is not
 

required.
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Slu,,-y 'uel Economics
 
The coal is pulverized 'o 80% passing mesh 


200 (approximately 150 microns) and 100% passing
 
The actual economic advantages of
 

100 mesh (approximately 25 microns). In a coal 


is then blended switching from oil to slurry fuel will vary

oil water mix this pulverized coal 


with oil and 	water -- irithe propot tions 50% coal, according to a number of factors. The 

wator by weight and, for CoaLiquid, determining factor is that the fuel producer
40% oil, 10% 

i:,Btrasunically treated to achieve stabi1zation must provide economical savings to the user
 

(purchaser) to be acceptable. The end user is
 
for long periods. A typical coal oil uater 


never, or rarely, influenced by "patriotic"
mixture using a I od grade of U.S. or British coal 

savings in oil imports, only in the economicswiil have a heating value of about 15000 (or mere) 

per kg), a specific to his operation.BTU's per lb. (say 8325 k. cal 


gravity of about 1.08 to 1.09 and a viscosity at
 

!22'F (50C) o 6000 cps. After ultrasonic Hence CoaLlquid evaluates the feedstock
 

is then pumped to materials, the fuels currently used and the
treatment, the slurry fuel 


costs of conversion to arrive at a proposal to
storage tanks heated by steam coils. I'ther batch 


or continuous pocesing can be used. Chemical a potential customer.
 

additives are not required with ultrasonically
 

For example, we have demonstrated savings
stabilized coal oil water mixtures. 


of 12 to 18% to users in some countries for
 

Coal Oil Water mixtures (COM) ano payback
CoaLiquid's experience with coal water 


mixtures (which do require chemical additives and periods for the conversion has short as 10
 

months. In the case of conversion of oil
stabilizers) has ranged from coal loadings as low 


as 62% to as high as 75% by weight. The balance fired boilers to COM, this payback period is
 

is usually made up of about 1% chemicals and the more often in the range 1 1/2 to 3 years
 

rest water. If the coal has an inherently high depending on the complexity and need to comply
 

moisture content, the coal loading tends to be at with emission control laws.
 

the lo',r figure.
 

Greater savings are usually possible with
 

CoaLiquid has employed flotation, spirals and Coal Water Mixtures (CWM) although some
 

a new proprietary technique for beneficiation. In derating of boilers may be the penalty to be
 

this context, beneficiation is specifically "deep paid due to the inability of the boiler to
 

cleaning" to remove ash and sulphur and is not to accept larger quantities of fuel, i.e., less
 

be confused with normal colliery or mine washery BTU's in, less BTU's out.
 

processes.
 

Various pricing formulas are possible for
 

In use, slurry fuels can be handled in much slurry fuel ranging frxa price per tonne, per
 

the same way as boiler fuel oils with only a few million BTU to a "pass through cost" of
 

special requirements. 
 feedstock plus a processing fee per gallon or
 

liter.
 

Thus it is ideally suited to situations where
 

it is not possible, either for environmental or Internationally, there are sometimes
 

economic reasons, ta switch from oil to direct restrictions which preclude a private sector
 

coal firing, organization preparing, processing and selling
 

fuel. In such cases, CoaLiquio seeks a
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licensing agreement with 
the government or state
owned agency and detrimental effects on the boiler, with higher
a royalty on 
fuel processed, 
 ash content.
is also However, ash fusion temperature
an important 
factor 
as well 
as the
 
Beneficiation 


calorific value of the feedstock coal.
 

It has already been stated that beneficiation 


in our context relates 
to "deep cleaning" of coal, 

usually after a preliminary grinding stage. 
 Not 

all coals are 
receptive to economical 

beneficiation processing. 


For example, South African coals delivered to 

Mediterranean area countries often have ash 

content of around 12% 
and no economical process 

has yet been fovind to reduce this to 
an acceptable 


5-6% for production of slurry fuels.
 

At the other extreme, Cerrejon coal from
 
Colombia hs been found to be relatively easily and 

economically reduced to 
around 1-2% ash from an 


initial level of 1.2%. 


Many Indian coals contain ash levels as high 

as 30% or 
more and may c mpare in this regard with 


some of the Pakistan sub-bituminous coals.
 
Clearly in these cases, it is preferable, if 

possible, to leave the ash at 
the mine rather than 

pay to transport 
it to an end user who doesn't 


want it anyway. 


In this regard, se are concerned with use of 

suh coal for slurry fuel applications and 
an
econom'c analysis must be carried out to balance 
bereficiation processing 
cost and location thereof 

against the other parameters of transport costs 

and disposal of a-i at the fuel processing 

location. 


This gives rise to consideration of a further 
option of blending high grade coals with poorer 

quality to "average" out 
the results, 


In general, fr slurry fuel use in a boiler 
designed for oil 
firing, the ash level 
in the
 
resulting mixture should not exceed about 4%, 

although CoaLiquid has produced fuels without 

It may be preferable to pay for a premium
 
low ash coal for manufacture of slurry fuel
 
when compared with the cost of beneficiation
 
processes and chemicals for poor quality coal. 
Hence CoaLiquid reviews and evaluates the
 
costs and physical characteristics of the coal 
as well as its acceptance Lo slurry
 
formulation and beneficiation and to
 
compatibility with proposed combustion
 
applications.
 

Applications for Slurry Fuels
 

The applications suitable for slurry
 
fuels are those currently burning fuel 
oil in
 
industrial boilers, dryers, kilns and utility

size boilers. CoaLiquid has additional
 

experience in ope 
 hearth and blast furnace
 
applications.
 

While it is reccgnized that the optimum
 
low cost 
fuel for boilers generally is direct
 
firing of coal, 
this would usually entail the
 
replacement of oil fired boilers at
 
considerable expense and oisruption to
 

processing operations,
 

CoaLiquid's experience ranges 
across the
 
wide spectrum of uoiler design from a small ?
 
tonnes per hour three pass water tube boiler,
 
D type "packaged" boilers (i,i Korea
 
specifically a 20 
 tonne per hour 2 pass water 
tube boiler) to convertei Riley Stner type

boilers (the McDonnell Douglas boiler 
 in St. 
Louis being of about 35 tonrrns per kou
capacity). Projects currently under way 
include an even larger range of boilers and a 
large MW sized utility koiler. 

CoaLiluio has 
instal le various types of 
soot blowiny equipment, irnclucing infrasonic 
devices .n prevent soot accumulations in 
boilers.
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In boiler applirations, consideraLion has to 	 example, if it is not possible to use direct
 

firing of pulverized coal in a cement kiln,

be given to possible derating effects, to possible 


the savings arising from conversion to a

maintenance arrangenents for removal of 

will likely pay for the cost of
 accumulated ash periidically, to environmental slurry fuel 

perioo of time, out if a 
and other auto pollution restrictions on emissions 	 conversion in ash,-


small industrial boiler requires expensive

and, in particular, to the burner and atomization emission control equipment to be addee, it may
 

not necessarily true
While it is 


not, in isolation, justify the change unless
 
requirements. 


for coal oil water mixtures (COM), coal water 


other factors influence it.
 
invariably require heated comubstion air 


and even, sometimes, (depending on boiler/burner
 
Larger utility boilers, often being owned
 

mixtutes 


design) auxiliary fuel support, or at least, by governmnents or state corporations, can
 
an oil initially to preheat the
 firing up


combustion area adequately. 	 often justify the change on strategic grounds
 

rather than purely economic.
 

Many types of burners can be adapted or
 

Among the burners In the foregoing part of this paper, we
 
modified to burn slurry fuels. 
 have provioed a summary review of slurry
 
with which CoaLiquid has had experience are 

guns
 

fuels, technologies, economics and
 
own design, ENCO, Hauck (low pressure air
of its 


applications. The next section will deal with
 
atomized), Coen (steam atomized), with modified 


the production of slurry fuels specifically
and others.
and developed nozzles, Forney Verloop 


related to available Pakistan coal types.

Considerable development work in conjuiction with 


burner manufacturers has now resulted in nozzle
 

materials and designs with adequate life to
 

withstand the abrasive nature of the coal in the
 

fuel.
 

In conversion from oil to slurry fuel, a
 

number of other important factors arise.
 

CoaLiquid has found that pumps of the progressive
 

cavity type were superior to other designs in
 

performance and reliability, heat exchanger design
 

is fairly critical to avoid coking (and blockages)
 

of the slurry fuel and, of course, maintenance of
 

the correct temperature and viscosity of the fuel
 

in storage and supply lines is important.
 

In addition to boiler applications, slurry
 

fuel can be used in cement kilns, phosphate and
 

fertilzer dryers, open hearth and blast furnaces
 

and others.
 

Considerations of cost of conversion against
 

fuel savings will usually be a determining factor
 

in considering application prospects. For
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POTENTIAL FOR PRODUCING SLURRY FUELS 


FROM PAKISTANI COALS 


As discussed before, CoaLiquid has been 


conducting research on various worldwide coals for 

slurry fuels applications. Even though CoaLiquid 

has not directly experimented with Pakistan coals, 


it has successfully produced slurry fuels from 

several other coals strikingly similar to Pakistan 


coals.
 

Th;s part of the paper outlines typical 


technical considerations and paraneters required 


to be studied to evaluate potential cleaning 


characteristics and slurriability of a given 


coal. Then it compares typical Pakistan coals to 

similar foreign coals, 


There are four major operational steps 

involved in production of slurry fuels. They 


are: 


1. Grinding and classification 


2. Beneficiation (if required) 


3. Mixing 


4. Quality Control 


In each of the above steps, several technical 

considerations are involved. Cost of the final 


product is an important consideration of actual 


operating conditions. Grinding of coal is a well 


known art. For slurry production, coal can bp 

ground wet or dry. Wet grinding typically 


consists of several ballmills, while dry operation 


consists of several pulverizers. Even Lhough wet 


grinding results in better quality of product, we 


have discovered that dry grinding of coal results 


in substantial cost savings without har-ing
 
reasonable performance if appropriate surface 


chemistry considerations are given. 


Beneficiation is a general term used for 

removing inherent ash and sulfur from coal. Coal 

washing is different from beneficiation, as
 
washing is restricted only to removal of rocks
 

mined along with coal. Surface chemistry
 

parameters such as electrophoretic mobility
 

and hydrophobicity of coal play an important
 

role in ash reduction and recovery. CoaLiquid
 
has developed a proprietary flotation process
 

for coal beneficlation. A simplistic flow
 
diagram of this process is shown in Figure 1.
 

After beneficidtion, another importanc
 
stage of operation for slurry fuels is mixing
 

slurry components. Some of the necessary
 

considerations for mixing are surface
 

chemistry, coal particle size distribution,
 

and energy per unit mass of mixing. Surface
 

chemistry of coal, which may vary from coal to
 

coal, plays an important role in determining 
chemical package requirea to formulate a 
stable slurry. No chemicals are used in the 

case of COM, but surface chemistry helps 

determine emulsification characteristics of
 
oil present in coal. Coal particle size
 

distribution needs to be determined for
 
optimum coal loadings. As different coals
 
have different fracturing tendencies, the
 
shape of particles also needs to be considered
 

for a required rheology of slurry. Fines and
 

coarse particles have to be in balance, as
 
more fines result in greater surface area,
 
which further results in more demand on
 

chemicals. Energy required or put 
in during
 

mixing should be opLimum. Technically, it has
 

been found that excessive mixing results in
 
destruction of c iemicals and then high
 

viscosity dilatent slurries. When it comes to
 

quality control, viscosity (rheology) and
 

settling are the must important
 

considerations.
 

Typical viscosity of COV,is 4000
 

centipoise, where as that of 2WM is 1000
 

centipoise Table I shows characteristics of
 
typical coals used in slurry production.
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Table 2 shows characteristics of Pakistan coals.
 

Tables 3 and 4 show characteristics of some coals
 

similar to Pakistan coals and which are used by
 

CoaLiquid in slurry production. Figure 2 displays 

typical rheology curve of CWSmade from Semirare 

Philippine coal, which appears to be simila- to 

Pakistan Lakhra coal. It appears that, even 

though Lakhra coal is a lignite, it ndy be 

possible to make CO04and CWM. However, aztual 

experiments are needed to explore coal behavior in
 

detail. Table 5 displays heneficiation data on
 

high ash Indian coals, low rank Australian, and 

Philippine coals. Again, more work is needed on
 

Pakistan coals to see if they show similar 

results.
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A Program for the Introduction of Slurry Fuels 

into Pakistan 


CoaLiquid has developed 
a number of prograr; 

formats for the introduction of slurry fuels, 

Lienerally, an important prerequisite is a 

potential partner or licensee and a market 


need/opportunlky to both produce the fuel and 


users who want to take advantage of the savings 
accruing from the use of 
a liquid type fuel 

produced from an indigenous coal. 


Whore the industry is primarily in the 

"public sector", i.e., 
owned or controlled by

Central Governments or State Corporations, a 

potential arrangement is a license to that 


organization. with 
a pilot plant supplied by 


CoaLiquid either on an outright sale or lease 
basis, technology transfer and an 
agreement 

covering future production arrangemnts. This niay 

take the form of CoaLiquid supplying the design 


for a production plait (including all the
 
applicable process design) 
or alternatively, 


CoaLiquid acting as 
the engineer and constructor 


of the plant on a contract basis, that is, a
 
"turnkey" project. The owner/operator then pays 

CoaLiquid a royalty based on volume of 
fuel 


produced. 
 Naturally, it is anticipated that
 
maximum Pakistan content would go into such 
a 

plant, 


Where the 
industry operates in zhe "private
 
sector" (as 
in Korea for example), then CoaLiquid 
will entertain joint venture arrangements with 
a 

reputable "in country" partner. 
 Such a partner
will usually conduct a market survey with the 

assistance of CoaLiquid market experts. 

A minimum production level of about 100,000 

tonnes of slurry per year is usually necessary to 
achieve an econo,,ic processing volume and 
satisfactory return on the plant investment cost. 

This, of course, reluires that potential customers 

who will use that volume of fuel are located 

within reasonable distance (say not 
more than 5(1 

KM from the processing plant) be identified, 


Another factor is the potential customer size.
 
Obviously, it is better 
to nave 5 custo:iers
 

each using 20,000 tonnes than it is 100
 

customers using 1000 tonnes. 
 In case of a 
potential large volume user, say above !)O,000 
tonnes, the economics may favor the 

construction of a smaller "captive" plant on 
site just for that customer. 

Given the above potential production 
levels in a specific geographic area, the
 
program would call 
for the following
 

approach.
 

1. Identification of potential
 

partner/licensee in geographical market
 

area.
 

2. Identification of user who will 
dedicate an
 
industrial boiler or dryer, or kiln, etc.
 
to be demonstration combustion unit.
 

3. Construction of (or supply of) pilot plant
 
to supply fuel for demonstration projects.
 

4. Market study carried out in parallel with
 

above demonstration projects.
 

5. Given market potential,decision to
 
construct a production processing plant 
in
 

location suitable for:
 

a) receiving and handling coal 
feedstock
 

materials
 

b) regional market supply
 

6. Determine financial arrangements and
 
preproduction user commitments.
 

While it would be inappropriate at this
 
time to make specific time 
ano cost statements
 
because these will 
be affected by feedstock
 
type, whether COM or CWM or 
oth, Pakistan
 
project content, etc., 
size of market, whether
 
public or 
private sector, interest cost, ana
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many other factors, as an approximate guide only 


to the investment levels required, the following 


would apply in the USA. 


1) 	Cost of pilot scale plant without
 

beneficiatlon, say about $200,000 and about
 

$300,000 with some types of pilot scale
 

beneficat ion. 

2) 	Cost of converting a suitoble oil fired burner
 

to burn slu-ry fuel from $100,000 upwards
 

depending on type and such things as emission
 

controls, whether "on site" storage for
 

slurryfuel available, etc.
 

3) 	Cost to construct a 100,000 tonne per year
 
slurry fuel pl ,i Doout $5 million,more for
 

applicable type .f beneficiation equipment.
 

Conclusion
 

In this short paper we have attempted to
 

bring to your attention that coal can be used in
 

liquid form (slurry) to replace oil without tne
 
disruption and major cost of replacing the whole
 

boiler system. It is also applicable to dryers,
 

kilns, etc., where the conversion cost is usually
 

much less.
 

With the great emphasis to encourage the use
 
of coal in Pakistan, we believe there will be many
 

opportunities to use slurry. Although we have not
 

emphasized the use of slurry fuel in utility type
 
boilers in this paper, it does have wide potentidl
 

applicabilfty in this area and considerable work
 

is going on internationally to better define the
 
technical characteristics for these conversions.
 

In presenting this paper to you, we have
 

drawn your attention to the international
 

experience and expertise of our company,
 

CoaLiquid, Inc., in the slurry fuel business. 
We
 

will be very pleased to discuss specific details
 

with interested organizations in Pakistan and to
 
assist with identifying potential applications.
 

V In conclusion, we thank you for the 

opportunity to present to you an overview of 

the slurry fuel industry at this, your first, 

International Coal Conference. 
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TABLE I 
TYPICAL U.S. COALS USED INSLURRY FC(PULATIONS 

COAL ANALYSES 

LOWER 
HORSECREEK SPLASH DAM KITTANNING 
ROM (KY) WASHED (VA.) WASHED (W.VA.) 

As Received: 

Ash % 2.27 6.82 5.7 

Moisture % 5.79 2.43 1.8 

Volatiles % 37.39 29.21 34.1 

Fixed Carbon % 54.55 61.54 58.4 

Sulfur 0.65 0.75 0.78 

Ash Fusion 

Temperature (*C): 

Initial Deformation 1343+ 1237 148Z+ 

Softening 14541 1482+ 1482+ 

Fluid 1482+ 1482+ 1482+ 
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TABLE 2 

PAKISTAN COALS AND THEIR ANALYSES 

COAL MOISTURE (%) VOLATILE MATTER (%) ASH (%) SULPHUR (%) 

Kost-Sharigh 10 35-45 9-35 5-7 

Sor Tange Degari 16-19 34-40 10-35 0.5-6 

Mach 10 35-39 10-20 3-7 

Makerwal 4-7 37-45 7-21 4-6 

Salt Range 3-7 26-39 12-38 4-11 

Lakhra* 32-36 28-31 7-11 3-6 

Meting Jhimpir 15-20 30-35 8-75 3-7 

*Largest coal field in Pakistan 
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TABLE 3 

COALS SIMILAR TO LIGNITES 

COAL ANALYSES 

WABASH VALLEY 

SEMIRARA LIGNITE POND FINES 

BISLIG (PHILIPPINE) BAGACAY (GREECE) (U.S.A.) 

As received: 

Ash % 14.49 8.85 11.78 8.28 18.8 

Moisture % 18.92 25.66 33.11 33.12 12.37 

Volatiles % 30.73 32.08 28.23 36.80 28.20 

Fixed Carbon % 35.86 33.40 26.88 21.28 40.63 

Equilibrium 

Moisture % 18.96 25.96 32.27 N/A N/A 

Free Swelling Index 0 0 0 N/A N/A 

Hardgrove Grindability 43 42 47 N/A N/A 

Sulfur: 

Total 0.57 0.58 5.44 0.43 1.29 

Sulfate 0.01 0.03 0.04 N/A N/A 

Pyritic 0.20 0.15 1.91 N/A N/A 

Organic 0.36 0.40 3.49 I'A N/A 

Ash Fusion 

Temperature (*C) 

Initial Deformation 1388 1260 1232 1121 1238 

Softening 1438 1299 1293 1232 1293 

Fluid 1460 1321 1316 1302 1387+ 
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TABLE 4 
LIGNITIC COALS USED INCOMMERCIAL SLURRY FUELS TESTING 

COAL ANALYSES 

PLATEAU CUMBERLAND KENTUCKY BLAIR 
MINING ELKHORN BLUE GEM ATHOL KALIMANTAN 

S. CEBU AMAX (U.S.) (U.S.) (U.S.) (AUSTRALIAN) (INUONESIA) 

As Received: 

Ash % 4.43 9.51 8.19 6.9 8.0 7.3 

Moisture % 9.93 8.74 4.44 4.8 16.0 3.3 

Volatiles % 42.35 38.19 33.31 35.0 27.2 44.0 

Fixed Carbon % 43.29 43.56 54.06 53.2 57.3 45.6 

Higher Heating 
Value (Cal/g) 6,784 6,397 6,999 6,921 6,527 7,109 

Sulfur: 1.74 0.58 0.83 0.84 0.30 0.3 

Ash Fusion 

Temperature ('C): 

Initial Deformation 1121 N/A 1427+ 1149 N/A 1140 

Softening 1165 N/A 1427+ 1204 N/A . 

Fluid 1182 N/A 1427+ 1232 N/A 1371 
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TABLE 5 

BENEFICIATION ANALYSIS 

Original 

Ash % 

INDIAN COALS 

COAL-I COAL-2 

28.13 34.75 

PHILIPPINE COALS 

COAL-3 COAL-4 

11.78 14.49 

AUSTRALIAN COALS 

COAL-5 

10.31 

Product 

Ash % 5.86 6.96 3.21 5.11 3.04 

% Heating 
Value 

Recovery 81 79 85 89 88 
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FLUlD[ZlD BED COMBUSTION TECHNOLOGY FOR 
INDUSTRIAL USE IN CHINA 

',1 

I4Mac Jtanxiong 

Department,of Thermal EngineeringTsLnghua University, Bejng, China 4", 

STATUSOF CHINESE COALNRESERVES Uburned 


:,In the 1960s and!70s, initial work on 

fluidized bed dombustion'-(FBC) technology in 

China was concerned with the use of local 

low'grade coal-for-indstrial use. This was 

(and is) due to theChinese energy structure

and the distribution of coal reserves in
 
China, which have Ithe following features: 


-1. China is 'acountry-rich In coal re-

serves. 'By 1984, p'roven~narional coal re-

sources reached 781,500 million tons. 
 There
areover 53,000 coal mines in China, includ-
over 500 state-run coal mines 

about 400 million tons:in 1984; over 2,500 

provincial coal mines producing 180 million 


In 	 producing 


and 	individually run
ov,5000
tos n194;adsmallm unesoleciel,which pro-

duced 190 million tons in 1984. The raw 


icoallproduction'in 1984 was 772 million tons
and t47 million tons in 1985, ranking second
 
in theworld. In addition, the waste fro 

coal mines aiseabout 100 million tons per
year, some with aheating value of over 

1,500 kcal/kg.


2.aThe rich'coal reserves and rapid in-

crease of coal production make co l a pre-

dominant 1ac;orhn primary energy . n 198ct, 

coal constituted 737% of primary energy con-
sumption China, tn snditwill not be less 

than 70 for a i ry long period in the fu-

ture. 


-'3. Even though China is one of the larg-
est coal producers in the world, the distri-

bution of coal mines is not uniform, most 


such as in Shanxi Province of the 

total coal reserves), and the regions of 


.Inner The developed 


.coal mines are concentrated (within North30% China, 


Mongolia andXinjiang. 


industrial areas 


directly without washing. There

fore' the air pollution caused by sulfur "
 
dioxide formed by coal combustion has become
 
more and more serious. Acid rain has been
 
measured in marked concentrations in 23 ci
ties in these areas.
 

DEVELOPMENT OF FBC TECHNOLOGY IN CHINA
 
History
 

In view of the status of Chinese coal
 
resources,"early in 1965, a'joint force, including members from TsinghuaUniversity,
designed andinstalled he first fluidized
 
bed boilere
(FBB) with a capacity Of 14c5
 
tonsdper hour for burning oil shale in Ma

is a lackiof high qual t fuel deposits.

Since then the applicaton of FBBs has
 
ming city, Guangdong-'province, where ,there
 

quickly spread in China because of its rol-

D . VarTous kinds of ow grade fuelscan
 

be easily andrstably burned intforces. 
 In
2. Low combustion temperature (800-95 C)
 
can reduce the emission of sulfur dioxide
 
from sulfur containing fuel s by addition of
 
limestone or dolomite and can also reduce
 
No formation.
 

x
 
3. High heat transfer coefficients can
 

makethe heating surface in a FBB smaller
than that of a conventional boiler.
 

4. Ash and slag from FBBs can'beused as
building construction materials. l
 
During the 20 year history of developing
 

FBC technology, more than 2,500 ,FBBs have
been in operation throughout the country,C .
 
mostly burning different varieties of low
 
grade fuels including oil shale lignite, of
 

esgoa r d ues (south of the Yangtse River, low grade bituminous coal and
ithe oldl,thlisrieuligcntucinmtras	 lw gradeI
coastal areas and the northeast of China) anthracite with high ash content and low
 
lack coal deposits, especially high grade
coal deposits, but consume a large proportion 

of coal production. Local high grade coal 

producion cannot satisfy their industrial 

and domestic needs, and deposits of local 

ow n fcol mine is ot unior, most24 

coaquality btuminous coaland anthracite 


are difficult to burn by conventional com-
bustion equipment. Also because of the dif-

S 	 ficulty oflong distance transportaion of 

coalfrom north td southandfThm west to 
eastrhere isa certain/hortage of energy, 
resources inthese areas. t 

k4.cThe sU.fsr content of soe Chineshv
coaleishigh.,Coal with a sulfur content
thai 


production. In someprovinces such as Gui-

low, quat bitumnous,coal and anthracite 


great mesr 2% accounts for s20% of total 


the 	Production Of coal with high sulfur con-


.- tent is :higher than 50% of their total pro-'
bustio 

4. 	hesufu
cntntofsonieChnee, 


resurcs 
 oithe aas-Ao-platioal
 

coal~~ ~ ~ ~ ~ ihih~Colwhasufrcnetnog 


heatn ale an... a in.. efs..
he em generating capacity of these s
 
varies from 0.2 t/h to 130 t/h. Most of
 
themhave a capacity of 4 t/h, F0 t/h to
 
20 t/h (FBBswith capacities of 2 t/h, 10t/h
 

t/h, 35 t/h an r130
t/h 	are shown in Fig

F to Fig 5 respectively). Thosewith a ca

pacity of less than 35 t/h are
in 	 usually used
light industries, chemical plants, and
 
Inthe heating offhomes and factories. Those
 
with a greater capacity are used for elec
tricapower generation.cl
 
Application hca
 

The successful development of FBC Lechnology in China makes the utilization oft/h
 
local ,low grade fuels possible and eases Fi
 
the shortage of energy sources in those
 
aeis which ae hnly de5to r usuly ude
 

ulwihaedfiutt 
 unb o-
ventional combus'tion equipment. For insd
 
Te ucesfuldeelpmntofFB4tch
 

inna mksteuiiaino
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tilizer plants in China which need steam for 

their productive process. Before the appli-

cation of IBBs, the gap between fuel supply 

and 	steam demand impaired production in many 

places. But since local low grade fuels and 

industrial refuse can be hurned in FBBs, the 
production costs of ammonia have been greatly 
reduced. In Guangdong province alone, the 
application of over 500 FBB units has raised 
the percentage of self supply of fuel to 50%. 
In the Tangshan region of Hebei province, 
there are )0 FBB ,ml s burning 324,000 tons 
of Coal mine waste per year. This means 
that 128,600 tuins of high grade coal and 3 
mi I lion vian .about $ 1 ml Ilionl can be 
saved annual Iv 

Because coal mine waste with a heating 
value of approximately 1500 kcal/kg can be 
h-arned in F!B., about 600 FBB units arc be-
ing instailed and put into operation in coal 
mine regions. They ar used for home heat-
eg ind enlctrial processe , and for gen-
crating electrical powr. A power station 
equipped with wo 35 tih FBBs and two 6 HW 

steam turbo-generators can burn 200,000 tons 

of coal mine waste and generate 50 million 
KWih 	electrical power per year. The cost ofelcrctsol enKh10Fn 

electricity is Only 4-5 Fen/KWh (100 Fen 
-

I Yuan, IUS D 31 Yuan), while the commer-

cial Price of ',lectricity in coal mines is 

7. 1,',Fen/KWh. This means that not only 80, 
)o0 tons,of high grade coal can be saved in 
a year, but also 720,00 YtIan ($230,000) for 
buying electricity per year. One KWh of el-
ectricity is able to create 2.63 Yuan of pro-
duction valtie anid hence 130 million Yuan of 
production va.lue will he achieved per year. 
For example, two 35 t/h F:01units were in-
stallecd in tie (;aokeng Power station at che 
Pingxiang coal mine. The fuel used for 
these FiBBs is Pingxinng coal mine waste with 
a heating value of 1.560 gcal/Kg. The econo-
!ic benefit -col ;zel by the power station is 
remarkable becauise of its very low tuel cost. 
In 1984, its net profit .,as t.3 million Yuan 
($400,000). Iherefore, more than ten FBB 
stations with ;he total capacity of 1000 MW 
will be built it coal mines throughout China 
to burn coal mine waste in the next few 
years. 
Manufacture 

Mlost EBB users retrofitted conventional
boilers withFBBs under the direction of 

universities during the early period of FBC 

technology development. Presently, there 

are 	 21 industrial boiler works producing 29 
ditferent types of EBB:a in China. In 1984, 

these factories designed and munufactured 
over 240 FBB units. of the 21 industrial 
boiler works, Cuangzhou, Jiangxi and Wuzhou 
Boiler Works are best known for manufactur-
ing 	FBfs 

Tne G o rh.
'The 	 GCangzhou Boiler Works has a I10years 

history of FBPH produ,ction. 359 FBB units, iI-
cluding 10) different types with capacities 
from 2 t /h to 20 t/h, have been manufactured 
by this holler works. Fig. B-Fig.9 shows the 

llerorks. by
Fby 	prohi ts e(uanzhowsBier 

FBB products produced by the Guiangzhoui Boiier 
Works; Table I shows the main) speciiition 

The .Iiangxi Boiler Works ha- lured 
over 121 EBB units hich can urs ,. crent 

kinds of low grade coal with a thermal ef
ficiency higher than that of the Chinese-

Code. Its 35 t/h FBB (see Fig.4) for an
 
on-site coal mine power station has been
 
in operatiln for over 15,000 hours, while
 
burning coal mine waste with a heating va
lue 	of 150C Kcal/Kg, thus winning the
 
"Golden Drazon" Prize in 1983 and the "New
 
Product Exe 1ence" Prize in 1984, awarded
 
by the statE Economic Commission of the
 
P.R.C. In order to further develop FBC
 
technology, :he Jiangxi Boiler Works has
 
cooperated with Tsinghua University to form
 
a joint techrology-production organization:
 
the Jiangxi-3singhua Thermal Energy Techno
logy Developnent Center.
 

Large size utility FBBs are produced by
 
utility boiler works such as the Shanghai
 
and Dongfang Boiler Works.
 

FUELS USED AND OPERATION PARAMETERS FOR FBBs
 

The representative fuels used for FBBs
 
in China are oil shales, lignites, low grade
 
bituminous coal, anthracite, stone-like coal
 
and coal mine waste. The heating value of 
fuels used ranges from 1,O)0 to 3,000 Kcal/Kg; 

fuelssed ans o o to0 lsome fuels have an ash content of upup to60
70%, or a moisture content of tip to 50%, as
 
shown in Table 2.
 

The difference in the varieties of fuel,
 
reguires a variety of construction and per
formance features in the FBBs. Therefore,
 
the design and operation parameters for
 
FBBs vary according to application. For
 
example, the Combustion efficiency of FBBs
 
in China is 60-90% and boiler efficiency is
 
50-85%, depending upon the different kinds
 
of coal used, as can be seen from Table 3.
 

Table 4 shows the particle size range
 
of fuel used and the typical design and
 
ofel usdandte tpc esin an
 
operation parameters for FBBs in China.
 
LIGNITE-FIRED FBB
 

Northeast and Southwest China are rich 
in lignite reserves. In general, it is dif
ficult to burn lignite with conventional 
boilers such as stoker-fired boilers because 
lignite has a high moisture content (740%) 
and a low heating value (2000-3000 Kcal/Kg). 
The successful application of FBC technology 
makes the use of local Lignite possible and 
has 	spread quickly in northeast China. At
 

present, there are more than 800 FBBs in
 
Northeast China for local industrial use.
 

In China lignite with wide-size distri-
FBBs. particlebutioninnenralari02a.m.Butduis used in The t1linie' sizes 

in general are 0-25 m• But due to lignite's 
pyro-crackLng characteristics, the allow
able particle size can be augmented to 50mm. 

In order to burn lignite in FBBs with
high combustion efficiency, one of the key 
factors is to extend the resident time of
ubre ehvltl n abni lah 
unburned beth volatile and carbon in flyash.
 
Many different methods have been utilized
 
and have gained excellent results in burn
ing lignite in FBBs: combustion efficiency 
can reach 90-95%.

Different cyclone furnaces have been
 
developed in Northeast China to extend the 

resident time of fine particles with unburn
ed carbon. Fig 10-Fig 12 shows differenttypes of IIgni te-fired FBBs with cyclone
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furnaces respectively. Fig 10 shows a 10t/h

FBB with a rear cyclone unit which is in-

stalled al 
the back of the boiler furnace 
and alongside the convection bank. Fig 1i 
is a 12 t/h FB3,with a side cyclone unit 

which Is installed On the -ide of the 
fur-

nace, the convectirn b.ink at t:he back. 
 A 
10 r/b FBB wirh a ttp cyclone unit is shown 
in Fig 12. from which we can see that the 
cyclone unrit is installed at the upper part
of the f rechoard. supported bv a refractory
brick arch. 'The adi particles separated in
the cvclon,- return to 	tht. boiler furnace 

through the snail holes, 
on 	the bottom of the

cvcloto . 

ENVIRONIENTAI, PROTECTION 
As mentioned earlier in this paper, coal 


with a sulfur content greater than 2"iac-
counts for 20% of tlotal production. As a 
result, the air polluton caused by sulfur 
dioxide formed by direct combustion of coal 
has become Fiore serious. In order to con-

trol air pollution by using FBC technology, 

Tsinghua Univer.,ity hegan early in 1973 to 

develop desulfurization technology, and gain-

ed remarkable results. 


The consumption of limestone ---- Calcium 

utilization----
is one of the most inportant 

indexes e.conomically for 
sulfur retention 

by FBs. According to our investigation, 

the calcium utilization for limestone
raw 

is low. It is only less than 5% 
for sizes 

larger than 3 mm, and 
 8, for sizes of 1 mm. 

Theoritically, the finer the sizes of 
lime-

stone particles, 
the higher the utilization 

because of the 
larger specific surface 
area 

of their reactive surface. ?,it, in fact, 

utilizatLon s s:ill 
 smaller rhan 
10%o becau-

se 	 of the elutriaLion of the fine particles, 
this is the resident time for 
finer parti-

cles is shorter.
 

In order to improve efficiency of utili
zation, a 
new, specially treated limestone-
-- Huavi Desulfurizer ---- has 
been developed

by 	 Tsinghua University in 1984. The results
 
of experimental investigation have indicated
 
that calcium utilization can 
reach 60-857.
 
for a size range of Huayi Desulfurlzer Par
ticles from 0 5 mm.
to Also, a field test
 
has been carried out on a 4 t/h FBB in 
 1984,

burning bituminous coal with high ash and
 
high sulfur content, which indicated a cal
cium utilization of 
over 65% and a sulfur
 
capture efficiency of 83.67. 
 Although right
 
now the cost of the treated limestone Is 20%
 
higher than that of raw limestone, it can be
 
compensated 
for from reduction of consumption
 
of limestone.
 

CONCLUS I ON
 

In 	order to further promote 
the applica
rion and develrpment of FBC technology in 
China, the Chinese government has organized

universities, research institutes, boiler 
works and FBB users 
to 	cooperate with each
 
other, and has allocated a special fund 
since 1981 
to develop FBC technology. The 
funds will increase by one and a half each 
year within the next five year. We are 
sure thar the development of FBC technology
in China will soon enter a new stage. The 

application ot 
 liBs will be further spread,

both in quantity and capacity and in variety.

We expect that a new generation FBB,
with high combustion efficiency, low pollu
tion and low energy consumption, will be 
developed 
in 5 to 10 years to replace most
 
conventional industrial boilers, which have
 
low combustion efficiency, high pollution

and high energy consumption; more than 10
 
on-site coal 
mine FBB power stations with a
 
total capacity of 1000 NW will 
be built;
 
large size utility FBBs will be installed
 
in 	high capacity central power stations;
 
the pollution of those cities where coals
 
with high sulfur content are burned will be
 
reduced to meet the Chinese Code; and sulfur

in coal will be conerted by FBC into a re
source to serve the development of fertili
zer production and building construction
 
materials.
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Table I. Main Specification of the FBB
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Table 2. Characteristics of fuels used for FBBs in China
 

Volatile matter Ash Content Moisture con- Lower heating
 

Type of fuel (moisture & ash (as received tent (as rece- Value
 

free basis) basis) ived basis Kcal/Kg
 

6 % 

Oil Shale 30-40 50-70 16 1000-3000 

Llgnit, 40 20-35 20-50 2000-3000 

Low grade 14 40 2500-3500 

Etcae-like 7-25 60-85 2-10 850-1 500 
Coal
 

Anthracite 3-10 4500-6000 

Waste mine 14 60-75 12-18 1000-2000
Waste
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Table 3. Combustion and Boliler Efficiency of FBBs in China 

Fuel Rank Combustion Efficiency
% 

Boiler Efficiency 

Oil. Shale 91-92 -70 

L[ignitc 85-95 78-87 

Low grade
Bituminous 70-90 60-75 
Coal 

Stone-like 
Coal 60-80 50-60 

Anthracite 65-85 55-80 

Coal Mine 60-85 55-75 
Waste 

Table 4. 
Typical Design and Operation Parameters for FBBs in China
 

Max particle size 
 normal range: 0-O r10TI.
MMax 20 mm
 
of fuel 
 (for lignite, 25 mm)
 

Heat Release Rate (1.5-3)x106 2
 

per bed area kcal/m h
 

Superficial
 

Vclocity (cold State) 0.6-1.4 m/s
 

Hight of fixed bed 
 300-500 mm
 

Nominal 
bcd depth 800-1200 mm
 

Windhox Pressure 400-700 mm H20
 

Excess Air at
 

Furnace Exit 10-40%
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Fig.1 2 t/h FBB 
 Fig.2 10 t/h FBB
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Fig.3 24 /h FBB 
 Fig,4 35 /h FBB
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Fig. 5 130 c/h FBB Fig. 6 	 2-4 c/h FBB man~ufactured 

by Guangzhou Boiler Works 

L4 iJ

tL........
 

IV I 

Fgg.7 	 6.5 3 t/h FBB manufactured by Fig.8 10 t/hFBB manufactured by 

Guangzhou Boi I er Works Guangzhou Boiler Works 
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Fig.9 	 20 t/h 17B manufactured by 

Guangzhou Boller"Works 

7 

Fig.l0 	 Lignite-fired FBB with rear

installed cyclone
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THE APPLICATION OF SMOKELESS BRIQUETTES IN DEVELOPING COUNTRIES:
 
THE CASES OF HAI-I AND PAKISTAN 

A. SABADELL,* R. SHELTON,t G. STEVENSON,* T. WILLSON** 

ABSTRACT 


Traditional enorgy sources are a significant 


fraction of energy demand in developing countries. 


These sources have become increa:singly scarce 


because of clearing of land for agriculture, 


charcoal production, and excessive timber lar-


vesting. One option foL mitigating one aspect of 


this multidimensional problem is the use of smoke-


less coal briquettes. Resource and market condi-


tions are excellent in some developing countries for 


the substitution of smokeless briquettes for 


fuelwood (which includes firewood and charcoal). 


U.S. Agency for International Development (IJSAID) 

has developed a five-step procedure for diet.ermir.-


ins the potential substitution of smokeless bri-


quettes for fuelwood: resour-. evaluation, market 


assessment, technological assessment, government 


policy and institutional assessment, and business 


and market assessment. Through reccnt asse;sment 


activities in Haiti, we have gained knowledge and 

understanding of the market mechanisms for fuelood 


substituticn which we intend to apply in Pakistan. 


In Hait the fuelwood situation is critical, but 


there are domestic lignite resources which serve as 


a potential substitute for fuelwood. The first 


issue addressed is a review of previous assessments 


of Haitian lignite reserves for prospective product-


ion of smokeless briquettes. Current estimates 

indicate economically recoverable reserves of 


approximately six million metric tons, with high 


levels of water, ash, and sulfur, and a low caloric 


content. The resource assessment is followed by an 


evaluetion of the technical feasibility of producing 


smokeless briquettes from the Haitian lignite. This 


is being done in conjunction with the University of 


North Dakota Energy Research Center. The Center 


is making different types of briquettes using 


various binding agents to determine the most 


efficient type of briquette for use in Haiti. 


*AI.S. Agency for International Development (US AID), 

.Oak Ridge Natlonal Laboratory (ORNL), Oak Ridge, TN. 

*11aiti Project leader, ORNL, Oak lidge, TN. 

**JllS Group, Inc., Cambridge, NA. 

Another major thrust of our analysis in Haiti is 

the identification of the likely markets for lignite 

briquettes through the use of marketing survey 

techniques. In particular, we are looking at the 

potential for briquette use in urban -,,i.ieholds, 

small commercial enterprises, small ... indus

tries, scnool. canteens, and small institutional 

establishments. The current system of fuelwood 

supplies is being assessed in Haiti as to type,
 

size, and ownership, in order to analyze the
 

potential for using the current distribution
 

infrastructure for supplying smokeless briquettes.
 

In addition, the East-West Center in Hawaii is
 

performing environmental tests on the Haitian
 

briquettes, as well as Haitian charcoal, to discover
 

any detrimental environmental effects which may
 

constrain market penetration.
 

Important policy issues also are being addressed
 

as the analysis includes an assessment of the best
 

institutional arrangements for mining the lignite,
 

including private, joint-venture, and state mining
 

operations. Another particularly interesting part
 

of the study is determining how to involve the
 

private sector in the manufacturing, transport, and
 

wholesale and retail marketing aspects of smokeless
 

briquettes.
 

With some modifications, it is anticipated that
 

in some aspects this model of analysis can be used
 

in Pokistan. Since the resource base is signifi

cantly larger, and production of coal is already
 

taking place, many of the mining/importing issues
 

can be resolved much easier than in the Haitian 

context. Furthermore, many institutions have
 

already been involved in a preliminary way with the
 

potent'el for introducing smokeless briquettes,
 

therefire, the focus in Pakistan will be on an
 

assessmnt of the current market, examination of
 

government policy and institutional issues, and the
 

developmen, of a business implementation plan.
 

Washington, D.C. 
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BACKGPOUND 


The tradltional energy sources, 
fuelwood (which 


includes both firewood and charcoal), animal dung, 

and agricultural residues, account for nearly all of 
the rural household energy demand, and a significant 
portion of the energy demand among the urban poor in 
most ILDC's.* IIn Africa, it- has been estimated that 

traditional fuels account for about 5 percent of 

total 
per capita energy :onsumpt ion; in Asia th.y 
account for nearly 10 percent; and in Lat in America 

traditional 
 energy comprises approximately 25 

percent 
 of total per capita energy coIsumption.[P] 


In many of these countries, the percentage of 


traditional energy consumption is expected to 

increase concomit antlv 
with expanding populations, 


particularly iii urban 
 areas, 


The principal causes of deforestation in 

developing countries 
 usually can be attributed to 

three factors: ( I) the clearing of land for 


subsistence and plantaticn 
 agriculture; (2) the 

proluction of charcoal to 
meet rapidly rising 


demands by urban populat ions; 
 and (3) excessive and 

inefficient commercial 
 Limber= harvesting for 

domest ic and 
 expot. construction and matmfacturing 


industries. 
 The dumand for firewood by ruira I 


populations is geoerall , not Ihe major cause of 

deforestat ion. Rura I 
 firewood demand is tftien 


characterized 
 b,-ttvbcit. ing of branches from live 

trees, shrubs, and hushes, and 
 gathering of seed 
wood arnd does not always; require the destruct-ion of 

whole trees. 

The rate of deforestation 
 ha!. been estimated at 


about 
7.3 mi Ilion hectares pet year for tropical 


forests 
arid about 4 million liectares per year in 
semi-arid regions. 5] New wood supplies from 

reforestation programs have had little 
 real impact 

to date. 
The Food and Agriculture Orgalizat.ion 

(FAO) estimates that for every toil hectares of 
cleared forest there i; only one hectare 

replanted.t51 The environmontal impacts of land 

clearance are cumul it ive usuiI 1vani beg in witbh 
reduced infilt rat ion rates, increased water runolff, 
a;nd increased soil temperatures. Water antiwind 
erosion quickly sot s in mot. ion ai almost. irrevers-
ible process of soil degra-lation. In West Africa, 
soil loss from cultivated fiehls 
is as much as 6300 


times greater than that for forest land; in Senegal, 

soil loss from groundnut cult ivation is nearly 750 
times greater than that for dry forest..[11 

5 
Portions of this papur art! taken from Ref. 9. 

4,-ut 

Deforestation also reduces upland water storage and 
intensifies siltation of reservoirs and rivers 
resulting in higher incidences of seasonal flooding, 
which leads to additional soil erosion. Moreover, 

the removal of hush vegetation in arid and semi-arid 
regions contributes to tie onslaught of desertifica
tion. In some areas, particularly the Indian 

subcontinent, the rural population has turned to the 
burning of dung and agricultuiral reiidues. The use 
of these fuels deprives tie land of crucially
 

needei nutrients and soil conditioners. Tile und
 

result is a dramatic decline in 
 agricultural
 

product ivi ty- -the 
 backbone of most. developing 

countries.
 

Reduced agricultural productivity sets in
 

metion a cycle 
 of unemployment and underemployment
 
that serves only to accelerate the migration of
 
rural populat ions to overly crowded urban centers.
 
Tile scarcity of foe lwood also 
means that wood
 

gatherers, primarily 
womeln and children, must now
 
spend considerab!y 
 more t ime ill search of fuelwood. 
For example, in upland areas of Nepal householids are 
I;penling from 61) to 230 workdays per year oin
 

firewood collection, and up to 
 300 workdays per year 
in some parts of Tanzania have been otbset.li
 

The scarcit y of wood in
har,, most. urban areas,
 
resulted in the creation 
 of markets for tuelwood.
 

These markets 
 have placed a heavy burden on the cash 
resources of the rural and poor urban populations.
 
In the 
 capital of Burundi, household., are spending 

as much as 30 percent of their income For fuel. As
 
prices rise for wood i'l charcoal, pvopulations
 

begin to cut back ol 
their Consumption, alld 

in some cases are reduced to .ookin; only once1 

per day. IlII acute scarcity regions, tuelwc d 

dlisappears altogethcr Irom ihe urban markets.t21 

The fuelwood crisis can become so severe that in) 
some A'ricat towns the cost of foeIwood exceeds 

tile costs oh commercial fueIs such as kerosene and 

electricity. 

THE POTENTIAl. FOR SMOKElESS tRIQEIJTES 

The peletrationt of i:oalI briquettes for fuelwood 
will be greatest iii iirban areas, where tuel cihoi ce 
is largoly deterieid by price. The possibility of 
fuel substitution in rural areas is less promising 

since most poopli live otside the commercial 

ciconomy. 

On the spiplly side, virtually llI aspects of 

coal bri mttting manu fact.ire and distribution can 

http:otbset.li


be controlled by the private sector. 
 Unaer 


agreement with the government, which most often 


has ownership rights to coal in developing coun-

tries, private enterprises callmine the needed coal. 

Whether this means expanding existing mining 

operations or establishing new ones, significant new 

employment is possible. 
Priv~te manufacturers call 

briquette the coal--especially if an intermediate 

level of technology with reasoflablo capital costs is 
used. In some countries, the needed machinery call 

be manufactured locally, as is the case in India. 

Finally, tile dist ribution network call easily consist 

.f private dealers. Indeed, ill Inalny countries 

where fuelwood or charcoal 
is traded as a commercial 

iteh in urban areas, the potential private distri-

hutors already exist ill the form of wood and 


charcoal dealers. 

Coal Briquetti 

Coal is often described as a "dirty" fuel, 


which upon combustion 
 emits smoke that is offensive 

and contains constiluents that are harmful to human 

health. Moreover, ,;ome raw coals are highly friable 

arid are not easily handled or distributed in their 

natural state. However, by briointting and pyrolyz-

ing when necessary, coal call ie put. into a rela-


tivev clean, compact, ;ind stable form for 
use. 

The resulting fuel is flso relatively inexpensive. 

Coal briquetting is a process by which raw coal 

is compacted into uniform, usuaIly hard, and 

impact-res istant. agglomeratic.ns, making it more 

suitable for use, transport, anl/or further proce:ss-

ing. It has been practiced for many years, at 
least. since the beginning of this ct'ltury.17] 

It is also a teclilology that has been researched in 


many different. counlries, including 
 such wiaely 


dispersed places East. arid
as West Germany, USSR, 

Australia, Korea, TrIdia, China, and tile United 

States. 
 The wide extant of the research has 


several reasons. First, llt coals 
are not alike, 

aridoften research has beell aimed at. developing ;Ill 

improved briql t ing process for a particular coal. 

Second, ltri l I ing :;il bl!(lone with or allwithout 


addit ive (hiider) to habll ill agglolmrat ing arid 

giving Cobesiye str'fngth to the briluettc. Mich 

research has gone ino suitable binders, as well as 

into processes by which briquett ing can be performed 

without a birider. Third, someresearch has been 

directed at. improving the propert ies of tile 

briquettes, sucih as maintaining ignitability while 

keeping volatile matter 
low as well as reducing
 

smoke and sulfur emissions upon burning.
 

It should be emphasized that there is not 
 just 
a single briquett ing technology, nor oven a set of 

two or three or a half dozen well-defined tech

nologies for coal briquet-ting. Rather, a set of
 

parameters for the briquatting of coal, such as 
temperature, pressure, pressing time, binder, type 

of coal, type of press, pretreatment, etc., callbe 

varied to produce unique briquetting processes, 

Coal briquetting can be perforned on lump coal 

or on coal fines, the latter applicat ion often 

being all attempt. to salvage af otherwise wasted 

product of coal handling. The usual process of coal 

briquetting consists of crushing, sizing, drying, 

possibly mixing with a binder, often heating,
 

pressing in arid
motils, cooling, packaging or 

loading.
 

Although substantial adverse health effects
 

could be expected from burning coal or coal
 

briquettes 
 for cooking purposes, a well-developed
 

technique exists to convert coal *- a saler form 
 for 

combustion. This is coal carbonization, converting 

it to a "soft coke" by pyrolvsis. This is similar 

to tile conversion of wood to charcoal. Dlrilg 

the heating of tile coal witlhout its combustion, 

volatile content is reduced, and gases arid tars
 

containing some of tile other 
harmful const i tuents
 

are igiven off. 'he result is a product. ligh ill
 

fixed carbon, which call be hurrned with litt le or 
 no 
smoke arid few harmful emissions. Carbonization can 

be performed before or after briquttting--or even 

w.thout iriquett-ieg, it irregular "soft coke" Ilmps 

and loss of the coal fines are acceptable. Because 

tile soft coke is virtually smokeless, it will be 

referred to often as "smokeless coal" ill tile 

remainder of this paper. 

Health and Environmental I ssues 

One of the ilportant aspcts of the coal 

carbonizat ion irocess is that rian. of tile 

potentiallv harmful LonstitueIts of Coal are 

removed. As mentioned(, most. of the vlatilos are 

driven off during pyrolysis ilto 1h(! off-gases, 

tars, or liquors. A certain level of volatiles is
 

left ill the soft coke (approximately 15% 20%)to 

to promote its easy ignition, but this level is 

deemed safe and (lees not allow tle fuel to smoke 

significantly.13] Many of tilepotentially 

carcinogenic and other organic constituents, such 
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as benzo(a)pyrene (BaP), toluene, benzene, etc., While this is a mdorately sized plant and to a
 

come out in the tar. certain extent tied to coludil lon,; foutd i+i :akistan, 
"Tie sulfur content is also reduced as the a review of their est imites can give an idea oi the 

sulfur is converted to hydrogen sulfide gas. economic viability of tue coal briquetting/carbon-

Actually, several- steps can be taken for sulfur ization technolog',. 

removal to make the final smokeless coal lump or The plant vlewed il their .- nario takes the 

briquette rather clean with respect to sulfur path of an "iutcrmediate t(' chnology." It would be 

emissions. Washing the coal with water prior to capabhL of recovering the coal tar and oil, but lone 

pyrolysis is a simple, inexpensive, and orron of the aqueous liquor.;. The proces s off-gas would 

effective step. More sulfur is removed durilg the be us:ed to generate 1007 of tie power requirements 

carbonization process. Finally, if lie coal is a for the plan'-. Utili ing ['akistan's high o llfur 

higher sulfur coal, lime o- limestone carl be added lignite coal, the b-iqauttes rcould be fornmod 

to the final briquette so that any remaining sulfur without a binde-r, but lis'e would have to he aIded 

combines with it and remains in the ash upon prior to briquettinF to reduce sulfur emissions. 

combustion. The plant would have 6'" tons per day output of 

Particulates are considerably reduced by the smokeles.,; coil briquettes. The, rtio (of lO0 tons 

process of caroonization. Only minor fly ash per day coal intput to 66 tons per day output of 

results from combustion of the carbonized fuel. smokeless coal briquette!; was figured for a particu-

Also, while the temperature of carbonization lar Pakistani coal, and other coals would give 

is not high enough to remove many of tire trace varying yields. llwoveer, thu 1)00 .o 66 ratio is inl 

elements by volatization, neither is the temperature the middle! of ir range of about 51% to 75% that might 

of combustion of the smokeless coal. Thus, without be expected from variousv coals. 

particulates to which to adsoirb, tire trace elements Total investment, costs, including the cost of 

remain in the ash when the smokeless coal briquettes installed equipmont, site preparat-ion, buildings, 

are burned. This keULps the level of human exposure engineering and contingenries, are put at 2,130,000 

to trace elements at an insignificant level. U.S. dollar (1982$.). About half of this amount 

One remainng heal tl effect should be men- would be required in fore ign exchange. Operating 

tioned. The production of soft coke can expose costs, including coal, lime, labor, maintenance, 

workers to dangerous conditions unless strict loan retirement, and profit on th se manufacturling 

controls are Coal ill plants and braus, the price ofimposed. dust coring costs, rtat~oi rring 

is often very high and difficult to suppress. Tble smokeless conl briquettes to 1528 Pakistani r,,pees 

potential carcinogens in the coal tars, such as BaP, (Rs.) per mtric ton of 0ll equivaletnt: (TOE) 

suggest careful handling of these by-products. anywhere within a orre hundred mile raditv; of the 

Worker safety precautions in carbonization plants plant. By varying the scalf oh the plant, Fabriss 

are well known and they should be properly corn- and Totem further estimate that the cost of smoke

sidered in the design of new plants. less coai briquettes per TOE would be Us. 1622, 

It should be noted that carbonization is only s. 1/166, and s. 1407 for plants with coal inputs 

needed for coals below the rank of anthracite, that of 25, 300. and 1,000 metric tons (tonins) per( day, 

is, for bituminous, subbi uminiou;, and lignite respectively. By comparison, firewood costs an 

coals. Anthracite in it s natural state is t;uffii- average of Us. 211i/TOE. fhlu., tlie coal bri

ciently low in volatile arid ash contents and high in quott ing/carboizat ion operatin appears to inb 

fixed carbon that carbonization is unnecessary for a econorically coO:iipt it ive. Moreover, L:hi, i. the 

smokeless. fuel. However, anthracites are relatively case without even considering ;h ti t value 

rare. of the coal tar by-product. If 1 rark,t [or this 

Production Costs for Smokeless Briquettes can be found, even if used only as holhlr fueJ, 

Fabuss and Tatom (31 estimate the costq of either plant profits could hie raisod or ilhe prie of 

constructing a 110 metric ton per day (coal input) tire smokeless coal briquettes could be subsidized 

briquettlng and carbonization plant for Pakistan. with the by-product. income and brroughit to a yet 

lower level.
 
tIn 1962 when tire cost estimates were made, one US$ equalled approximately 12 hs. In t198'*,the exch;nge
 

rate is approximately one US$ to 16 Is.
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STEPS NECESSARY FOR IMPLEMENTING THE TECHNOLOGY 

There are a number of steps necessary to 

implement this technology in any country. Not all 

ttL, steps need to be performed in every country, 

since in many countries, the activities have 

already been performed or the circumstances are such 

that certain steps should be skipped. We briefly 

discuss these steps below, 

1. Resource Evaluation. The size and work-


ability of coal deposits from a geological stand-


point must be ascertained. The location of coal 


deposits, economic viability, vrid proximity to 

existing transportation systems and markets must 

also be defined. The lo.:ation of coal deposits and 

their proximity to existing i'frastructure will 

affect the cost of the coal brique.-ing technology, 


2. Market Assessment. In order to determine 

the best candidate coamunities and users, a market 

feasibility study should be undertaken. The market 

assessment itself should include examination of the 

target population, socioeconomic and cultural 

characteristics (particularly with respect to 

cooking), urban fuel use, fuel prices, and obstacles 

to acceptance of the new coal-based fuel, etc. 


The market assessment should examine energy 


use by fuel type in different e'cnomic sectors, 


including households, commercial estab.ishments, 


small industries, and public institutions. The 


potential for substitution of smokeless coal 

briquettos in each of t.hese sectors must be evalu-

ated. Besides price, one highly significant factor 

for substitution possibilities is consumer accep-

tance. What characteristics must the briquette have 

to obtain acceptance, e.g., size, shape, ignit-

ability, packaging, distribution points, needs for 

now ,"',ipment? How does the user feel about using 

smokeless coal relative to the current fuel used? 

One approach Is to conduct surveys of certain 

sectors, say the household and commercial sectors, 

These surveys assessing the potential acceptance 


of smokeless coal briquettes could be tied together 


with the information gathering on current fuel use 

and prices. 


3. Technological Assessment. The technological 


assessment of the coal under consideration should 


include an analysis of coal characteristics, an 


engineering study of the appropriate type and scale 


of briquetting and carbonizing operitions, and 


capital availability. 


The grade of coal and its sulfur and ash
 

contents will affect the type of briquetting and
 

carbonization operation that is appropriate.
 

Therefore, a representative sample of coal must be
 

obtained, shipped to a laboratory, and assayed.
 

Behavior of the coal under briquetting and carbon

ization conditions must be ascertained, e.g.,
 

relation between time/temperature conditions
 

and residual volatile content, ignitability vs.
 

volatile matter content, suppression of residual
 

sulfur content during combustion, the optimal
 

type of binder for briquette strength and dura

bility, etc. 

In addition, an engineering study is necessary 

to design the type of plant appropriate to the 

coal and the size of slant that s appropriate 

to the market. Which of the many carbonization and 

briquetting processes should be used? Should 

off-gases be recycled or be used off-site? Should 

by-product electricity be produced? Will the 

correct binder be reliably available? Where should 

the plant be sited--ta'ing into consideration coal 

supply, labor supply, availability of utilities, 

transportation, and proximity Lo markets. how labor
 

intensive should tie mining and briquetting/carbon

ization operations be? What measures are needed tL 

protect health, safety, and the environment? 

4. Government Polii.cand -Institutional Planning 

AssessIjent. While coal carbonization and bri

quetting provides an 2xceilent opportunity for
 

eventual control largely by the private sector, the
 

roles of the host country government in start-up
 

operations must be assessed. This incolves assess

ing both policies that are directly aim'd at coal
 

briquettfng and other government polic'es that have
 

indirect impacts on the helt technology. 

Other direct and indirect effects will re.,oLt
 

from current government pricing policie, . The 

extent to which smokeless coal briouettes will be
 

accepted in the market place will be affected by
 

such policies as subsidization of alternative fuels,
 

as is the case for kerosene in many counries. 

Differential taxation or price controls en energy
 

products would have similar effects. While not
 

generally advised, the government mi reverse the
 

roles just mentioned by subsidizing smok_. .e coal
 

prices and promoting tneir use over fuelwood.
 

In addition, there are a number ef actions that
 

the host government may plan to undertake to promote
 

the use of smokeless coal briquettes directly. The
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government might provide Information on use to 


potential users tndiinformation on production and 
markets to potnotlal producers. The governmont 


might support a small pilot plant or 
mntermedlate-


sized demonstration plant. 
This would indicate the 

viability of the technclogy, its costs, and the 


potential market acceptance to entrepreneurs. Also, 


the output would provide samples for market testing, 

would demonstrate to consumers the advantages of 
smokeless coal briqutt.cs, and could establish a 

"seed" mar!'et. 

The governn:tt might assist in overcoming some 
of the market uncertaint.ies facing producers by 

implementing such programs as loan guaranties and 

purchase agreements. Market uncertainties can 


affect the ability uf private individuals to obtain 


financing, and loan guaranties are 
one method to 

offset these obstacles in the market. This, 

however, would depend upon the scale and relative 

capital scarcities in the country. An additional 


way the government might help 
in overcoming market 


uncertainties would be to pr-"ide a ready market so 
that producers would be assured that they can sell 

at. least some portion 
ol their output. For example, 

the government. could enter into long-term c-, tracts
 
for buying coal briquettes for in p)ublic
use 
facilities, or for use 
inmthe military. 


5. Business and Market lmpementatijr_. Coal 

briquettinP 
 is an excellent technology for private 

sector initiative, since all phases from mining to 

manufacture to distribution can be undertaken uy 
private entrepreneurs. Beyond some of the pol icies 
mentioned in the previous section nd maybe building 
a pilot plant, tthe goal is for the role of the 

government to remain itinimal. Thus, there should 
bh an early assoassment of technical talent. and 

pote tial entrepreneurs for getting production 
and distribution started. Also, capit.al markets 
must be assessed for their sufficiency to finance 
the venttures. 

To involve private individuals who have the 

expertise, the financial attractiveness of the 
venture must he well documented. Does the financial 

attractiveness match the economic attractiveness 


from a societal standpoint.? Have processing 

risks been considered and holutions proposed? 
Are there mining risks that aflect tile costs 
estimated? A full description of the design and 

operations must also be provided, 

In implementing distribution of the smokeless
 

coal briquettes, 
the current dealers of firewood
 

and charcoal might provide a ready distribution
 

system. 
The examination of sources and distribution
 

of fuelwood made under the market assessment can
 
provide valuable information in so:ting up 
 bri

quette disuribution. The existing dealers should be
 

encouraged to take on 
the new product.
 

Finally, initial marketing to consumers 
is
 

extremely important in assuring the success of the
 
briquettes. 
 It may be advantageous in sume loca

tions to concentrate on a certain sector of the
 

market in initial efforts to 
sell smokeless coal
 

briquettes, such 
as the commercial sector. Restau
rants, hotels, and street vendors currently making
 

use of fuelwood and charcoa! ,lay be a ready-made
 

market for the smokeless coal briquette. They are
 
often a small, well-defined group that uses 
a
 

significant amount of fuel, 
and they could be
 
instruimental in establishing a market. They also
 
provide free demonstrations for the 
new product to
 

purchasers of their food products. 
 Moreover, they
 
may have the financial capacity to continue to
 

buy the product once they decide to 
switch to it.
 

THE HAITI EXPERIENCE 

Haiti occupies timewestern third of the island
 

of Hispanola in the Carribean Sea, sharing the
 
island with the Dominican Republic. It is a country
 

of about 
six million people, and the population
 

density at 211 
people per square kilometer is high.
 
Haiti is thie poorest country in Westernthe Hemi
sphere, with per capita 
income of only ttS$270
 
per year. Great pressure has been put on the
 

land for food production, because agriculture--much
 

of 
it subsistence agriculture--supports approxi

mately 80% of the population.
 

1,and clearing for agriculture, along with the
 
demand for wood and charcoal for fuels, has
 

contributed to widespread deforestation in tile 

count ry. Whereas 140 years ago wood was gathered and 
charcoal produced for the capital and largest city 
of Port-au-Prince it,the countryside only a few
 

kilometers beyond the city limits, 
today trees are 
felled and wood gathered at the extremities of 

the country to supply the capital city. As a 
result of the increasing scarcity of wood. tine 
real price of charcoal in Port-au-Prince has 

doubled in tenthe last years. Yet even with the 

increasing real price of fuelwood, it is still 
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relatively inexpensive. Charcoal, for instance, 
 the primary residential fuel--used exclusively for
 
ranges in price at retail in Port-au-Prince between 


US$ 110 and US$ 135 per metric ton (Mt)--and in the 


countryside comparable prices are 
typically 


one-third to one-half of these figures. 
These low 


prices arise because property rights to land and 


trees are very poorly defined in Haiti, and the 


original wood resource is harvested at virtually 


zerc cost to the harvester. 


With wood a rapidly dissipating resource in 


Haiti, the price of wood fuels on the rise, and 


the existence of lignite deposits in the country, 


Haiti was a logical choice for an examination 


of coal briauetting. The five evaluative steps 


described before were 
initiated in Haiti by the 


Government of Haiti (OD) 
 with the assistance of 


U.S. ATD. AID, in turn, initiated work with 


relevant individuals and organizations, including 


Oak Ridge National Laboratory (ORNL). Each of the 


five assessments as 
they have been implemented in 


Haiti is described 
belcw, with summary results 


determined at 
the time of writing described for 


each. 


1. Resource Evaluation 


Haiti has several deposits of lignite, of 


which the better known at this time lies near 


Maissade in the country's Central Plateau region, 


An assessment of this deposit was conducted by the 


German Federal Institute for Geologic and Material 


Sciences in 1982 [4). 
 Proven reserves amount to 


approximately six million metric tonnes, although 


this is based upon a survey of only 2% of the total 


area 
in the Maissade with potential reserves. The 

reserves are high in water, ash, and sulfur con-


tents, and low in caloric content. See Table I. 


2. Market Assessment 


As alluded to above, the major market for a 


coal briquette in Haiti probably lies with present 


users of wood and charcoal, which together supply 


75% of Haiti's total energy supply. Markets that 


appear most easily penetrable by this substitute 


fuel include residential and commercial establish-


ments, particularly in urban 
areas. Indeed, the 


capital city of Port-au-Prince appears to be the 


primary potential market. 
Here the prices for wood 


and charcoal are higher than 
in other parts of the 


country. In Port-au-Prince, the dichotomy exists 


that wood is almost exclusively an input to certain 


commercial establishments, while charcoal 
is 


cooking. No fuel is necessary for heating.
 

Among the commercial establishments, survel';
 

have been conducted for essential oils plants (root
 

and wood oils used in perfumes), school canteens,
 

baker,es, dry cleaners, cestaurants, and street food
 

vendors. 
All of these, except the last, use wood.
 

From the surveys, prices paid for fuels, the
 

amounts of fuel used, firm characteristics related
 

to size--such as number of employees, sales, and
 

taxes paid--and fuel preferences and technologies
 

ware gathered. 
 Scale ups to full market size
 

will be done primarily upon 
the basis of the numbers
 

of firms in each industry.
 

In the residential market, a survey of 
142
 

households scattered about Port-au-Prince and
 

stratified by 
income category wis conducted.
 

Questionnaires for this survey were developed
 

through extensive pre-testing, and the final
 

survey form included questions related to prices
 

paid, amounts of charcoal used per week, family
 

characteristics, uses 
for the fuel in addition to
 

cooking (such as boiling and pressing laundry, small
 

commercial activities, etc.), and other cooking
 

fuels used. To ensure geographic diversity,
 

metropolitan Port-au-Prince was divided into 28
 

neighborhoods and households were 
surveyed in each.
 

Economic diversity was ensured by interviewing
 

households in each of three income categories--poor,
 

medium, and rich. 
The first of these was inter

viewed most extensively since it represents by
 

far the majority of households. From the survey,
 

regrension relationships using family size and
 

income category will be estimated, which in 
turn
 

will be used 
to scale up to a full market estimate.
 

Finally, the survey provided answers to questions
 

about consumer preferences in their fuels which
 

should aid the Introductioa of a briquette.
 

In addition, 
a separate project being conducted
 

for U.S. AID by the University of Maine has gathered
 

information on total wood and charcoal 
imports to
 

Port-au-Prince by stopping all 
boats and trucks
 

entering Port-au-Prince at the 
five major access
 

points for a full week, 24 hours per day, and askino
 

for counts of wood and charcoal aboard. This
 

information will be used to compare with the
 

estimates obtained frob, the survey scale-up method.
 

The information from 
this survey also provided
 

extensive Information on the gographic sources of
 

wood and charcoal as well as transportation costs.
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Table 1. Analyses of Maissade lignite
 

Proximate analysis Wt. %, as received 

Moisture 28.8
 
Volatiles 27.9
 

Fixed carbon 18.6
 

Ash 24.6
 

Ultimate analysis Wt. %, as received 

Hydrogpn 5.4
 
Carbon 28.9
 
Nitrogen 0.6
 
Sulfur 4.8
 

Oxygen 6.8
 

Ash 24.6
 

Sulfur forms (2 samples) Wt. ., as received
 

Total sulfur 5.40, 7.19
 
Sulfates 0.47, 0.63
 
Pyrites 0.49, 0.65
 

Organic 4.44, 5.91
 

Inorganic analysis by X-ray fluorescence
 
(Oxides as % of total ash in coal)
 

Sillcon, as SIO2 36.1
 
Aluminum, as A1203 17.0
 

Iron, as 10.8
Fe203 

Titanium, as T1O2 0.8
 
Phosphorus, as P205 0.6
 
Calcium, as CaO 13.6
 
Magnesium, as MgO 3.2
 

Sodium, as Na20 0.5
 
Potassium, as K20 1.6
 

Sulfur (inorganic), as S03 15.8
 

Mineralogical analysis by X-ray diffraction,
 
0


following ASTM ashing at 750 C
 

Major components: CaSO4, SiO 2 , Fe203 (hematite)
 

Minor components: Fe304 (magnitite)
 
Trace components: NaAISi3O8 - CaAl2Si2 08 (plagioclase)
 

Heating value, Btu/lb
 

as received: 5,207
 
dry basis: 7,309
 

Source: Ref. 6
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Besides interviewing the potential users of 

the briquettes, questionnaires for wood and charcoal 


producers, transporters, wholesalers, and retailers 


have been administered. The purpose of these 


questionnaires is to 
better understand the existing 


fuel supply system and to determine if it can be 

adopted to the distribution of coal briqueties. 


Part of the chore here is to determine profit 

margins at various points in the supply chain and 

where in the supply chain It. nakes sense to intro
duce the briquette. For example, one approach 
for briquette!; manufactured in the Maissade country-thfor riqetts i mnufctuedIlissde ounry-constituents 

side would be to ship to Port-au-Prince under
 

ownership of the briquette manufacturer and to sell 
to Port-au-Prince charcoal wholecalers directly. At 
this point the exi-ting di';tributian network would 

take over. 


With the information on wholesale prices for 

wood and charcoal and information on transportation 
costs, one primary objective of tilemarket analysis 

is to back up the rusts of producing a lignite 

briquette to the mine mouth, to deremine if the 

briquette could be p:oduced at a competitive cost. 

That is. we 
 subtract from the wholesale price at 

which the briquette would have 
to sell in Port-au-


Prince to compete with charcoal and wood, the
 

transportation costs 
to the briquetting plant, and
 
processing costs as 
determined unde. 
the Techno-


logical Assessment described below. 
 If the differ-


once is sufficient to 
cover the cost of mining, 


which is yet to be estimated, then the briquette 


could compete eco:nmically. One alternative that 


will also be considerod in this context 
is the 


possibility of substituting importe6 coal for 


Maissade lignite. This route must also be 


considered 
 to determine how the briquettes could 


be produced most economically. 


3. Technological Assessment 

The Technological Assessment of the Haitian 

lignite has been performed by the University of 


North Dakota Energy Research Center (UNDERC) and 

the East-West Center in Hawaii. 
 The analysis 

performed by UNDERC utilized a sample collected from 

the Maissade deposit by the Haitian Ministry of 


Mines and Energy Resources (MMRE) supported by the 

U.S. Geological Survey in May, 1985. 
 After exposing 


fresh lignite by removing 0.6 meters of a weathered 


outcrop, approximately 300 kilograms of 
lignite were 


sampled and sealed In 
an air-tight steel drum for 


shipment to North Dakota. 


UNDERC performed proximate and ultimate analyses
 
on the coal, revealing a sulfur content of 4.8% and
 
an ash level in tileas-received sample of 24.6%.(6]
 

Some preliminary washing experiments were performed 
for sulfur and ash removal, with limited success. 

To produce ar optims_-l briquette, over 60 experi
mental combinations were tried, with tileresulting
 
"optimal" briquette having the percentage
 

distribution of constituents found 
in Table 2.
 

Table 2. Percentage distribution by weight ofof optmlum briquette 

Per.entae
 

Haitian lignite char 61.0 

(Naissade lignite pyrolyzed
 
at 7600C)


Bagasse (the cellulose by-product 15.0
 
from sugar cane milling)
 

Water 
 12.6
Borax 
 .2
 
Sodium nitrate - NaNO
3 2.0
 
HaitianCalcien molasses6.hydroxide - Ca(OH) 2 3.1
 

6.1
 

100.0%
 

Carbonization, of course, helps reduce the
 

sulfur content, 
and also reduced noxious odors from
 

the briquette. (See Figs. 1 and 2.) 
 The bagasse
 

addition helped improve the 
ignitability and heat
 
content of the briquette, 
and also seemed to assist
 

in the binding of the briquette. ihe so,"um nitrate
 

was also added in order to increase ignitability,
 

as the original Haitian lignite 
char resisted 

combustion. The calcitn hydroxide (lime) was 

added to precipitate sulfur and reduce sulfur 
emissions upon combustion, as well as to help 
serve as a binder in conjunction wirh the molasses. 

Borax is a wetting agent and aids in removal of 

the briquette from the mold. 

The briquettes were inproduce(] different 

shapes, including a "twin pyramid" and a log 
(cylindrical) shape, the 
latter to simulate the
 

shape of charcoal presently being used. The 
optimal shape was determined to be pillow shaped 

with maximum dimensions of 
5 cm x 5 cm and 2.5 cm
 
thick. (See Figs. 
3 and 4.) The one major problem
 

with the final briquette was a rather high ash
 

content, which could 
inhibit marketability with
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Fig. 1. Residual sulfur 	it,chat vs. pprolysis temperature. Maissade lignite.
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Fig. 2. Effect of bagasse on combustLion.
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consumers who are used to 
low ash in wood charcoal. 


Additional work on washing the coal to reduce ash 


content may be performed, as well as changing the 


bagasse content of the briquettes. 


The final task for UNDERC under the Tech-


nological Assessment involves designing a full 


scale briquetting plant and estimating costs, 


Other work under the Technological Assessniant 


is being performed at the East-West Center in 


Hawaii. The Resource Systems Institute within the 


Center will test the briquette produced by UNtFDE1C 

for emissions that may be harmful to hum.an health--

in particular, carbon monoxide, sulfur dioxide, and 


total suspended particulate matter. Comparisons 


will also be made with emissions from the current 


primary residential fuel, charcoal. The Resource 

Systems Institute will use Haitian stoves, an 


improved Haitian stove, and a scientific combustor 


in their evaluations and comparisons of charcoal 


with lignite smokeless briquettes. 


4. Institutional and Government Policy Assessment 


Tileinvestigation of institutional and policy 

Issues in Haiti has involved reviewing mineral 

and land rights issues, mlnin3 regulations, tax 

codes that would affect the mining and manuf.:cture 

of the briquettes, existing infrastructure .:coh 


as 
roads, capital markets, social and environwsntal 


impacts, and the degree of interest among potential 


Investors. The investigation was undertaken in part 


by employees of the GOH's Mini.r'ry of Mines and 


Energy Resources and in part by ORNL. A few 


highlights of these issues will be recounted here. 


The mineral rights to the lignite in the 

Maissade belong to the Government of Haiti, while 


the surface rights are held by a variety of small 


landowners involved in subsistence farming. in 


order to gain access to the deposit, the government 


would be required by law to reimburse the peasants 


for any land that they condemn for the purposes of 


mining. No particular arrangements, however, are 


made for relocation of the displaced farmers, 


Explicit regulations allow corporations to obtain 


concessions from the government to mine mineral 


deposits, and Haiti, with a tr-dition of allowing 


the private secto. to work, would allow a completely 

private venture in mining and manufacturing of the 


briquettes to be established, 


The roads from major population centers such as 


Port-au-Prince to the Maissade are generally poor, 


involving long sections of dirt and gravel road and 


even nel,-ral streati crossings. Transit time is
 

between four and five hours to traverse the 160
 

ilo;r Thus, improved
mers to Port-au- Prince. 


i.'rastructnr* is sorely needed.
 

Indi[genous financial capital exists in Haiti,
 

with which mining and briquotting ventures might be
 
financed--although potential Haitian investors
 

traditionally prefer going to do-mestic and foreign
 

banhcs for debt financing of projects. Current 

interest rates on loans are typically 16% to 19/ 

par year, with tatcs as low as 14.5% considered a 

bargain. Thus, returns on investment must be in 
the range of 20% to 207 to be attractive. This is 

all set in the context of an infl'.tion rate of 

about 10% over the last several years. Several 

industrial development organizacions aso offer 

loans at preferential rates, including the local 

"NWtional Bank for Ageicultural and Industrial
 

Development,' and the "Industrial Development Fund."
 

Much of the physical capital for mining and
 

mauufactrng of a briquette may have to be 

imported. ThiL. is a sigjnificant na:tive factor,
 

sinca Haiti's currency has recently undergone
 

extreme pressure in trying t, maintain its parity 
with thu dollar.
 

Tax policies are extremely favorable to 
new 
industrial .fevelepmenit in Haiti. New manufacturing
 

firms sett-Ing u!) in meteopolitan Port-au-Prince
 

enjoy a tax holiday for the first five years and
 

reduced taxation for the fol]lowing five. Those
 

sstablished outside the m.tropolitan area of
 

Port-au-Prince pay no income taxes for the first
 

fifteen years, and reduced taxes until the twentieth
 
year. Direct government subsidies of products in
 

Haiti, however, generally do not occur.
 

The social and environmental impacts of coal
 

briquettIng could be signiflcmnt--both peitively 
and negatively. From a positive standpoint,
 

net; jobs would be created in the poor interior
 

of the country If briquetting wore initiated near
 

the tffissade deposit, and the people here would 
probably welcome now mining and brlquetting 

ventures. On thL other hand, charcoal is currently 

produced In other parts of the country by low 

income people. However, tha dismlacement of
 
charcoal producers resulting from 'manufacture of
 

lignite briquettes would be mitigated to the
 

extent that the market for these fuels Is growin.g, 
and to the extent that tress are disappearing so 

rapidly that currtrnt charcoal producers would sooo 
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be unable to continue in any event. Laws on the 

books in Haiti require mining operations to reclaim 

land, which would keep environmental impacts low. 

Arid the advances in reforestation and control of 

soil erosion resu.lIt ing from the use of coal 

briquettes would result in posit ivr environmental 


consequences. 


A final task to be performed in tfhe market 


and policy studies wil be to inteyrvie potential 


private investo:-s. The investors 
will be presented 

with the risuilts of the study iii order to assess 


their partit ition in a briquett ing enterprise. 


5. Business and Market Implementation 

This final st.ep to implementing a coal 


briquettiog venture still lies ill the future 
 for 

Hait.I'ilTe planning for this step will depend 

upon the final ou t:OMe of the fOur previous 

assessriont., blt it ;aill probably include some kind 

of test market iii whi1ih actual briquettes are 

inti ,,. ced It a samplI of consumers. One 

possib.I i t y invo Ives tie bui Iding )if a pi lot plant 

to produce 'hose briquettes. It- looks at this 

point as thugh itiore private sector involvement. 

woult' be sought, through Iait ien consulting firms 

and investors, hain has existed during the current 

phalse if thi' work. This is as it should be, 
aSt trans it i n is nade towards fin I I private 

se.tor miiagemert of coal briquetting in Haiti. 

TlE PAKISIAN API'ROACHI 

in .akistari, firewood is the predominant 

i'esident ial Uooking and heating fuel, accounnt ing 

for about 70% f the total consumpt ion, and is 

lo.coming increasingly scarce ind ,,xpensive. For 

exalp le, foelwood prices increasied nearly 40(02 

letw'on I');'2 ")d 198-2. Sinc more wood is consumed 

than produced each 'iat t irewool ie oontributes 

(lirIrtly t,) fhf, problens of diforistat iii in 

Pakistan. Keroseon us-. las in.a;rr ill rMent 

Vveals as ripla:i'rl'i fiuel :oI irewool bil its 
rse clnsiros vali at)e littign exchange and is costly 

to tie ii ii' ((PO ) ll iti its(;,v-rnri,' 'lk ittai 

suI'sid i, I -,rpi . 

C a 1 l)t1 r1 s l, i I ri indigeirrus I I k I; atanl 
iul iofleor in atttact iv , 1ltevnat ire to those fuels, 

,'speciallv ill th' ,nil piri u- ing regions of 
Ball histae, Lakila and l'unjab. While these coals 

,I,. if r lat ivi lv low qruality (high ash ann "nilur), 

pi essilg arid hriqullr t jiig oflfr, 'i possibility of 

ipgrirlding tir( qaill r. in acceptable level. Inn 

particular, very useful analysis and test work has

been carried out by The Fuel Laboratories of the 

Pakistan Council of Scientific and Industrial 

Research (PCSIR) in Karachi, indicating the 

feasibility of making acceptable briquettes. With 

coal reserves in Pakistan est imated at one to two 

billion tons, and an incipient coal mining industry, 

a new coal-based fuel could make a significant. 

contribution to Pakistan's energy self-sufficiency, 

improved foreign exchange and reduced 

deforestation. 

The situation in Pakistan is much different
 

than that in 
 Haiti since tire resource base is
 

larger, better known, and part ially developed,
 

there is a history of briquiette manufacturing, 

and there are institutions already ill place to 

assess and test tire briquette product ill selected 

markets. As a result-, some of tit(, steps that have 

been undertaken in lHaiti cant be circumvented or 

modified. I n particular, ,he in it ia I stage of 

analysis in Pakistan will focus on the market, 

government policy and planning assessment.s, and 

the busiress and market implementat ion aspects of 

the general strategy outlined above. 

Background -..I Preliminary Findinrgs 

To }proide focus and direct ion to tire plarned 
market and business assessment, USAI ) has tiidertaken 

a preliminary review cf the Prospects for coal 

briquettting in Pakistan. This review was aimed at. 
understanding activities already underway in coal 

briquetting iii lakistan, identifying private and 

public st!ctor organ i zat ins Which bewl could involved 

iii coal briquett ing, and defining more precisely the 

market and policy relited issues which sho.ld be 

addressed in the planned market invest iat ion in 

1986. ijefore des-ribing this planned market 

assessmnt, it is riseful .o describe tie firdings 

of this preI iminary review into exist urig act i',,it. ius. 

any Pakistani companies a,! organizations have 

curreit activit ins o- plans ill tin ar a of coal 

briquetting, and tlii more prominent are described 

lnIow. Aiso Incinled are groups t hat. whi Ie not Vet 

i i l iiv Ivolved, co lI d pat iI ppiati 1i t lietrec 

vehIlpment of a cotmercial markel !,, ,r;aI 

briquettes ill Pakistan. 

Fuel Resr'arih i.,ntre, Pakistan Council for 
ientific and Industrfi Rl (esearch (PCSIR) 

The Fuel Researc(: Ceit re ( FRC) of PCSIR in 

Karachi has untiettakin nrse'arch for private and 

public sector grioups lo- many years. Recently, 
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the FRC has manufactured and tested several 


types of briquettes using coal from different 


mines of Pakistan. These tests have included 


adaptability to typical cooking practices of 


Pakistan, as well as rudimentary transportation 

and handling characteristics. Binderless briquette 


manufacturing processes were examined, as well 
as 


processes using various binders including clays, 


starch, molasses and organics such as P.V.A. 


Briquettes were made from coal, and from the char 

resulting from carbonization. The results of these 


tests will be reported separately by PCSIR. 


A new FRC facility is under conrtruction and 


is expected to be completed by April 1986. New 


laboratory scale coal briquette manufacturing 


equipment is being procured from the U.S. tinder a 

program sponsored and funded by USAID. The new labs 


will be adequately equipped to carry out more 


comprehensive research activities on Pakistani 


coal.. 


Pakistan Mineral Development Corporation (PMDC) 

PMDC is a public sector organization with 


about 15% ol 
the total coal market share. It owns 

and operates the largest coal mining area in 

Pakistan and sells the coal to agents on competitive 

bidding. The PMDC is currently planning to assess 

coal briquetting, with the objective of producing a 

coal based fuel to substitute for kerosene oil in 

market areas where natural gas is not available, 

PMDC has plans to evaluate the feasibility of a 

plant for smokeless coal briquettes in collaboration 

with Sofremines of France. This feasibility study 

has been approved but no funds have been made 

available to date. 

PMDC has for many years operated a coal 

briquettitg plant in Quetta to produce a winter 

heating fuel for use by the military. Output in 

recent years has been 5,000-10,000 tonnes per year. 

Enerplan - Ministry.nf Plaaning and Development 

Enerplan is the energy planning authority in 

the Ministry of Planning. Enerplan could assist 

in a coal briquetting program by providing coordi-

nation within the Government of Pakistan (GOP), and 


by assisting in making policy and legislative 


recommendations for governmental actions 
to facili-


tate market penetration. 


Appropriate Technology Development Organization 


(ATDO), Ministry of Science and Technolowy 

The ATDO interfaces with the population 

through organized practical demonstrations, 

exhibitions and distribution of literature for
 

developing small scale consnercial technologies
 

suited to local condition,; and needs. With offices
 

in every province of Pakistan and about 500 staff
 

members, the infrastructure for promoting and 

marketing of specific technologies exists. ATDO has
 

designed and developed an energy efficient charcoal
 

and firewood stove to suit the household cooking
 

practices in Pakistan. It is planned to introduce
 

this stove to the rural and urban populatioi through 

a mobile exhibition program - now pending approval
 

from the Ministry of Planning.
 

Private Sector Co es 

Discussions were held with several private
 

sector businessmen who could play a role in the
 

development of a coal briquettL4,industry in
 

Pakistan, including coal mine operators, wholesalers
 

and retailers of wood, charcoal, and coal, and
 

representatives of other industrial There
concerns. 


was strong interest expressed and most stated they
 

would consider participating in such an industry if
 

they were convinced that it was commercially viable.
 

They confirmed the need to examine this commercial
 

viability, and also 
to ensure that Government
 

policies for pricing and availability of alternate
 

fuels (especially natural gas and kerosene) would be
 

consistent with allowing such a market 
to develop.
 

Most businessmen believed that coal briquettes
 

would be most competitive in small to medium sized
 

towns not yet served by natural gas, and in urban or
 

suburban areas as a substitute for currently
 

subsidized kerosene. It was believed that the coal 

briquettes would have difficulty (o111t 1ir; against 

wood in rural areas where it is gathered directly by 

the users or against natural gas in urban area:s. It 

was believed that those markets could only be made 

attractive by government policies which restricted 

the availability and/or raised the price of the
 

alternate wood or natural gas fuels. 

United Nations High Commission for Refugees (UN[CR)
 

More than 2 million Afghanistan refugees are
 

now in Pakistan, and providing for their cooking
 

and heating fuel needs has put a considerable
 

strain on the fuel supply situation in those 

areas. UNCHR provdes relief to these Afghanistan
 

refugees, and energy assistance in the form of 20 

litres of kerosene per month to each of about
 

370,000 families in the Afghan refugee camps. UNCIiR 

obtains 50% of its kerosene requirements from 

donations--mostly from countries of the Middle 
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East--and purchases the remaining 50% with its own 


funds, 


The use of coal briquettes for the refugees 

could have considerable benefits 

exchange savings. UNCHR and the 

Cell (GOP counterpart agency for 

Afghan refugees) could provide a 

provid;ng coal b, iquettes to this 

and 	 certain market, 

in cost and foreign 

National Logist ics 

affairs related to 

iechatism for 

:elat ively fixed 

It a 	 similar activitv aimed it reducing the 

kerosene requirements and using available indigenous 
fuels, a small scale ric, husk briquetting plant has 

been 	 :;et up near (;ujraiiwL[a by UNCHR for refugees in 

the 0t1eoh province. 

Pakistan Assessmtits 

Because considotrable ork has already been done 

to assess the cotl revource base itt Pakistan, and 

the 	 technical feasibility) of producing briquettes 

from local coals, USA1D will focus its initial 

stage of invest igat i Ms onlmarket -related quest ions. 

In particular, USAII) is p[anning to conmission a 

study to examine circumstances roquired for coal 

briquettes to be commere i Ivy coinpatit ivo with 

existing fuels and how i lagely private sector coal 

briquetting industry co'i 1e initiatod. The study 


is beginning in earl- 198t), .tid will have three 


broad areas of investigation: 


1. 	Assessment of the Currit.nt 1-larket 

2. 	 Examination of Government Policy and 


Inst i tut ional issu.'; 


3. 	Development of a Business Implementation 

Plan. 

1. 	Assessment of Current Market 


The 	 market assessment will provide i.,detailed 

evaluation of the present markets for fuel 
use 


among th2 likely target customers for coal bri-

quettes in Pakistan. For each market., the study 

will indicate the quantities of fuel used for 

different purposes (e.g. , heating, cooking, and 

lighting), and the prices of each at. the retail 

anaiwholesa le love uI the supply/d istri but ion 

cha in to the supplier. lata on the present 

quantities and pri es will be collected, wellas 

as recent trends. Geographical breakdowns to the 

provincial level will be determined, and art assess-
ment made of important variations in prices and/or 

mix of fuels within provinces where it is believed 

to have a critical effect oil the market prospects 


for coal briquettes. 


Iih
f 

The 	sectors to be covered include the domestic,
 

commercial, and industrial markets, as well as other
 

potential captive or special markets such as
 

government installations, refugee camps, schools, cr 

other institutional establishments.
 

In addition, a survey of the types of fuel

using equipment presently utilized among these
 

target markets will be made to identify where new
 

equipment would need to be drveloped and/or intro

duced to allow the utilization of c,Al briquettes.
 

The entire fuel supply chain from customer to
 

supplier will be cxamined for each fuel to determine 

who 	 is presently involved, what are approximate 

costs and prico at eacn stage, what equipment or 

expertise exi tjSwhich wouhl support marketing 

and/or di, ti:uit ioji of briquettes, and if !Aih 

present tart icipants are willing tL 11,ind Ic coal 

briquette,; tor these iarkotis. 

Fuel ise palt.tern:s
will le t:ozetl for each
 

target market group, inclttding "lhn and how fuel Is
 

used, what is t wh.it are
equiiptnont utiLizod, typical 

fuel 	 purchasiag behavior pat.terns and criteria for 

choosing a fuel, and what- are ti necessarv/ 

desirable characteristics for at potential coal 

briquette.
 

From this data, the disirthble characteristics 

of the briquettes will te dein(d, and a judgment 

made as to the pric, required far briquettes to 

successfully displace existing fuels. 

2. 	 Government Policy ani Planrin Assesunent 

The Government of Pakistan is heavily involved 

in many aspects of the markets tihere briquettes 

could penetratel, such as in setting prices and 

controlling supplies and/or availability of fuel s. 

The policy assessment will identify and assess 

such issues as pricing ,if kerosene, nattur,t gas; and 

other competitive fuels, policie toward cutting 

of firewood, plans for ,,:tutindini ,iv.li ihilitythe 

of natural gas, what etv tirmental tequiitrcment.s 

would apply to the manufacturer if lt i eiittos, and 

what standards for health and sale -, ho!,Ilapply 

to the utilization of briquettes. 

3. 	 Business and Market Lhiplementat i tn 

Having determined the likely prices ,'t,ssary 

for 	coal briquettes to be attractive, and the size 
and 	location of the markets for these hriquettes, 

the 	 final step is to evaluate the financial attrac

tiveness of coal briquett ing In Pakistan and to 

develop a business implementatim Plan. Us ing 

existing information on the costs of coal in iach 

http:Currit.nt


region, and the likely transportat.ion costs to 


different markets, the total ailowable briquette 


manufacturing co;t will be estimated, 


Several ittarnationally recognized technical 


specialists in briquette manufacturing will 


then be consulted to judge the feasibility or 

practicality of producing briquettes of the required 

technical characteristics from the available coals 

in Pakistan within these identified allowable 


briquette manutacturing costs. The likely range of 


capital and operating costs will be estimated based 


on the specialists' judgment from similar situations 


in other countries ill recent years. 

Finally, meetings will be held with appropriate 

representatives of the private sector in Pakistan, 

including financial institutions, to evaluate their 

interest in investing in a briquetting venture, and 

to determine how the business could be structured. 


The business implementation plan will then be 


prepared, including assessment of the potential role 

of the Government of Pakistan, USAID (e.g., the 


Agricultural Commodities and Equipment Program) or 

other organizations, if necessary. 

CONCLUSION 


This paper has shown that there is a need for a 


substitute for firewoud and charcoal in many 


developing countries, and that there are significant 


opportunities for smokeless briquettes to penetrate 

certain markets. We have outlined the USAID program 


for assessing the potentici of smokeless briquettes 


in any particular country. The program developed by 


AID has a five-step assessment procedure: resource 

evaluation; market assessment; technological
 

assessment; government policy and institutional
 

assessment; and business and market implementation. 

Through a pyrolysis process the coal briquettes 

can be made relatively clean and capable of having
 

burning attributes that make them attractive to 

current users of firewood and charcoal. The tech

nology has undergone development. and refinement in 

many different countries and the production costs of 

the briquettes appear to make them competitive with 

Lharcoal in many urban areas.
 

Application of some of the elements of the AID
 

assessment program have been applied in Haiti and 

are being undertaken in Pakistan. Haiti is the 

poorest country in the Western lemisphero and has a 

significant deforestation problem. While the 

Haiti deposits of lignite are limited, there appears 

to be a significant opportunity for the displacement
 

of firewood anid charcoal with smokeless briquettes. 

The briquettes that have been niade have desirable 

burning characteristics, although they are very high 

ill ash. 

In Pakistan, we find that firewood accounts for 

70% of total consumption, and is becoming increas

ingly scarce and expensive. Howevar, in Pakistan
 

titeresource base is significantly larger for the 

potential production of briquettes, and unlike 

Haiti, a number of institutions already have been 

working on the briquetting issue. Therefore, tile 

study in Pakistan will concentrate primarily on the 

assessment of the current market, an examination of 

government policy and institutional issues, and 

development of the business implementation plan.
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MI. ASI FIIJ.,.AII 

PAKISTAN EXPERIENCE IN COAL 
BRIQUE'rTIiS PRODUCTI ON 

1. 1INTROUUCT ION 
1.1. the economic development plans of 

the country lay emphasis on continuing agri-

cultural development and industries hased 


on modern technologx as %~ell as increased 
production of manufactured goods:,lcadinmg 

to establishment of a strong industrial 
base. The achievement of the planned gro-
wth rate will require higher energy consum-

ption which indicate higher imports at con-
siderable cost which would 
place strain on 

country's foreign exchange. 


1.2. Pakistan is presently faced with
 
a serious energy crisis which 
is hampering 


all sectors or economy. The dependence on 


imported oil 
on account of limited domtustic 

supplies is causing severe drain on foreign 


exchange resources of the country and 
to 

that extent the investment plans and econo
mic growth 01 aia d . Pak iStan SalL est 

energy needs are increasing at a faster 

pace. According to an estimate the demand 
will increase from 7.10 IOr in 1987-88 to 

69.48 NUDEi in 2LI02-03 (Wgh ease). The 
domestic supplies, on the other hand are 

projected at 17.93 KOM in 1987-88 anid to 


55.30 MTOE in 2002-03 leaving a wide gap 

of 9.17 NTOE and 14. 18 TOLdurig these 
years. The situation seems to be rather 
grim and it will become difficult to real-

ize the targets unless a basis for long-
term expansion of energy supplies is laid. 

1.3. Recognizing that adequate and 


reliable supplies ofr foels is essential to 


economic development of tihe country and 
to 
sustain the economic growth, the Government 

has formulated a Nat ional Energy Policy 
which lays emphasis on the rapid and 
balanced development of indigenous energy 
resources, conservation of energy without 
constraining the ucnmomic growth, suitable 
fue! substitution and upgradation of fuels 
wherever significant foreign exchange 

savings could be effected. The upgra

dation and substitution of fuels also 
applies to coal and production of smoke
less coAl briquettes for domewtic col

sumption in substitution of Kerosene 

oil. 

2. COAl. BI QUILl I \; 
2.1. Col hriq tting tchnolog 

is l l estaluished. luring the last
 
two decdes, compettion from other
 
fuels resulted in improvement in quality 

and economics of the procoss as wl IHas 
automat ion of hr itquet to roduct ion . On 
a world ide b is ovr b9 mi lion 

to Mn S 01 briquettoS arc produced hich 

find a red), sale in the domes tic Market 
(;ermany is the largest producer and 80". 

of thle cool hr iquettes produced are t:i.ed 
as domestic fuel and rest is sold to 
the industry. National Sookelc:s luel 

Limited, West tritain, proitces over 

one million tonaCs of smokeless brique
ttes per annum. In Kre: briquetting 

was started in 193!0 and about 20 large 
riquettilg pants aru i operation. 

However, during the lost 20 years dove
lopment and improvement studioS on bri
quetting of brown coals have been under

taken mainly in East and West Germany. 
The object of riquettng is to convert 

low grade fuels into one of superior 
ulity ith good coric value. The 

process of briquett ing consists of 
alpplying pressure to a mass of part icles 
with or without addition' of binder to 
form compact agglomerates. In hriquett

ing coal the physical properties of coa] 
and the chemistry of its strface is 
important in carbonizing hriquettes. In 
briquotting of hot and devolatied coal, 
it is essential to have a knowledg,, of 

both physical and chemical changes that 
take place when cool is heated. In 
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briquetting conl Iithout h inder the follow- used for making water resistent briquettes

ing steps are involved. arc coal tar pitchi, bitumen or asphalt.
 

2.2.1. RAW COAl, PRIIPARAfION 

The ohject of raw coal prelara. 
tion is to produce fine coal in tihe required 

size. In iractice tle coal 
is crushed to a 
top size or mm and contains about but below 
hmm. Screens with a higher capacity than 
normally used, thin sw ini'ing screens have 

iue used. Now a da' ' clecctrical resonance 
or vilratcr screens are empIoyed. [iithcr 

imlprovements wiere made l1, use
the of classi-
fiers and the highest uttput in classifying 
coal was achieved iwith iniclined chamber 


classifiers iii hich wet 
coal is so greatly 
comminuted th, t additIonal g 'nding of the
 
dry coal is not reqiired. 


The optimulm moisture content 
of 

the coal is generally the moisture content 

in equ ilirium with a 750 
saturdted atms-


phere 	and vary from 12':to 18''. If tie 
moisture content 
is too low the briquettes 
sell 	 and may lose strength. A distinct 
advance in coal diing as acieed by th 
deveopmenit of tuh ar dreris with n row 
dry'in.g:tubes. Previously tublles w1itha 

diameter of 94- 104mm were 
used but suhsequ-
nt developments indicated that huariy eva-


poration rate considerably increasel in the 

narrow drying tubes.
 

2.2.3. 'l'EMI 3I-IATIGI lO BR IITT ES 
In order to achieve Optimurm 

moisture content, dryinrg and cooling or, 
for a coal with low moisture content steam-
ing may le required. A retention of time 

is also necessary to permit 
an equilibrium 
of tire moisture content to be established 
between the larger the 
particles. The temperature rise diiring 

n.,'d smailler coal 


briquetting may le of the order of bo0°F 
while the discharge temperature in excess of 
550 F has been reported. In semi hitumenous 

plants extensive cooling is done. 

WITh 

The binding materials mrost commonily 

2.3. 	I!E'I _W"'NC BINDERS 

The non-water proof binders are sulphite 

liquors from paper pulp plants, starchy
 
waste materials, molasses, 
lime, silicate
 
of soda or cement. 'he binders are usually
 
applied in quantities varying from 4 to
 

9M of tie coal feed. The following stages
 
are involved in briquetting coal with
 
hinder:

2.3.1. 	DRYING
 

The moisture content of coal 
is
 
reduced to 2 to 
41 as moisture in excess
 
of this results in higher binding material
 
requirement.
 

2.3.2. 6RINI)ING
 

The coal is usually crushed to
a size where about 93% 
is less than 0.88mm
and 8OS less than 0.55mm. However, for
 
making briquettes of larger size, 
the coal 
with larger fraction are used. 

2.3.3. MIXING, HEATING AND TEMPERING 
Te hinders are mixed with coal 

either in liquid or solid form. The mixture
 
is passed through a mixing mill where super
 
heated steam is injected into the mix. The
 
mixtore is heated 
to 200 to 21001: and then
 
cooled to a temperature which is 
slightly
 

above the softening point of binder.
 

2.3.41. PRESS ING 

For briquetting coal, rotary
 
table press or double roll press are used.
 
Inrotary table press the table containing
 
tihe moulds rotates intermittently and the
 
moulds are alternatively filled, pressed
 
and discharged. The 
time oF pressing is
 
U.25 to 0.410 
seconds and the pressure is
 
between I.3b 
to 1.8 tonnes per sq.inch. The
 
roll press consists of two rolls of equal
 
diameter, roll;ng iiiopposite direction
 
with equal speed. A set of identical half 

moulds is cut into surface of each roll and 
as the rolls rotate tlies: sets coincide. 
The hot mixture is fed between the rolls 
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and compressed in moulds. The pressures 


developed on briquetting is about 1.75 tonnes 


per sq.inch and the briquettes are usually 

1.25 to 2 inches in size. 

2.4. CARBONIZATION 

Carbonization before ur after bri-

quetting is done to produce smokeless brique-
ttes. Hligh volatile coals are subjected to 

limited carbonization to remove the excess of 


volatil es and the residual char is briquett-


ed with or without binder, 


At present the best choice for Pakistan
 

is probably to briquette the coal first and
 
then carbonize because in this process:-


i) the use of binder can be eliminated 


or atleast reduced, since the coal 


contains a significant amount of 


bitumen which acts as a natural 


hinder. This will minimize the 


cost of production; 


ii) processing the uniformly briquetted 


coal through coking system will 


present less problems than process-

ing the raw coal whose particles 


vary widely in size and shape. 

. PAKISTAN EXPRIEIiNCE IN 
COAL IqUUIlliITIN; 


The coal briquettes are being produced 
at Quetta and the record available with PbIDC 


shows that the existing briquetting plant 
was shifted from Assam in 1942. 'lhe main 
purpose wa; to make the fuel available for 

comfort fire to the defence personnel 

stationed at Quletta and other hilly stations, 


3. 1 The coal hriquette: are manufac-
tured by convential briquetting process i.e. 


preparation, drying, treatment and pressing. 

The coal is fed to the hopper and taken to 


crusher and mixer by means of bucket conve-


yor. The crushed coal is carried by another 
bucket conveyor to steam cooker where it ishea t ed 
roasted by sur/steam and then fed to a 
hopper placed over the press roller which 

produces uval shaped hriquettes. The hri-
quettes are loaded into truck by a chain 
conveyar and chute. Prior 
to lOt), bitumen 

was used as a binding material but the
 
steer rise in the prices of bitumen dur

ing 1971-72 made the process uneconomic.
 
In order to bring down the cost of bri

quettes to an acceptable level super
 

hcated steam was introduced to utilize
 

the tar of tbe coal itself as a binding
 
material without/ King one strength
 

of the briquettes. The power required to
 

run the plant is provided by a smoke tube
 

boiler which produces steam at a pressure
 
of 150 lbs. per sq. inch. A steam engine
 
runs the briquettini, plant.
 

3.2. The run-of-mine coal, contain

ing high ash and sulphur is used for mak

ing briquettes. The quality of the bri

quettes is therefore as inferior as that
 

of the coal. The briquettes are however,
 

of adequate strength to be handled and
 

transported without excessive breakage
 
or dusting. The limited market demand 
in the country did not justify any impro

vement in the process or modernization of 

the plant nor the washing of coal before 
briquetting was economically feasible. 

3.3. The capacity of the plant was
 

reported to be 50,000/60,000 tonnes per
 

annum but it has never been operated to
 
its full capacity because of limited 

market for briquettes. Although it is 

a very old plant yet PMDC has been succ

essfully operating the plant and it can 

still produce 50 tonnes of briquettes 

per shift. 

3.4. Like other coal producing
 
countries, the production of briquettes
 

has been showing declining trend. The
 
availability of lumpy coal from PMDC Mines
 

in Baluchistan, and subsequently the es

tablishment of LPG plant at Quetta and
 
then extension of gas pipe line was the
 

main cause for sharp decline in briquettes
 

consumption. The production of briquettes
 

declined from 30,000/35,000 tonnes during
 

sixties to only 5000 tonnes in 1984-85.
 
The production of coal briquettes from
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1974-75 to 1984-85 is shown in the table-I 


as annexure. 


4. SMOKELESS BRrQUET'TES 

4.1. The lignite coals found in 


Pakistan are relatively inferior and have 


the following characteristics:-


High sulphur centent. The burning 

of these coals pollute the environ-

ment due to emission of sulphur di-

oxide. 

lHigh ash which is converted into 

flyash. 

- High volatile matter causo. smoke 

as condensable hydro-carbon. 

4.2. The present energy crisis and the 

trends it implies for the future places 

increasing stress on utilization of these 

coalsas fuel for power generation, industries 

and space heating. The development of coal 


utilization processes that are sufficient 

and environmentally acceptable is a matter 

of priority. PMDC has been examining the 

possibility of converting lignite coals 


into sweet smelling smokeless briquettes 


for use as a domestic fuel in substitution 

of Kerosene oil. 


4.3. In rural and the urban areas that 

are not connected with natural gas trans-


mission system, large quantities of Kerosene 


oil is used as a domestic fuel. The pro

duction of Kerosene oil in the country is 

not sufficient to meet the existing demand 

and nearly 00% of the total requirements is 

met through imports. During tie year 1983-84 

about 411.200 metric tonnes of Kerosene oil 

valuing I S$.1ll.0o million (Rs.1.776 billion) 

were imported. The foreign exchange expendi-

ture during the last six years varied from 

US$.82.00 million to US$.161.00 million. The 

annual consumption and imports of Kerosene 

oil from 1978-79 to 1983-8.1 are given in 

the table-Il & III. 

4.4. PMDC had commissioned a study in 

1976 which was aimed at evolving an economic 

process for making smokeless coal briqujettes 

for use as domestic fuel in subs.i tution of 

Kerosene oil. The stud) was carried out
 

by M/s. Sanderson and Porter Inc., USA on 

bench scale. The tests were conducted on 

two samples of Sharigh coal (STS and SMS) 

and two samples of Lakhra coal (W1 and 

HIM 3). It was observed that by mixing 
eitJ,.r lime or calcium carbonate 
with each of the coal the desired brique

ttes could be produced. A 100% addition
 

of lime with Lakhra coal and 200%
 

with Sharigh coal based on the sulphur
 

content was found to be the optimum mix
 

proportion. A partial devolatization
 

of each of the coals was also carried out 
with a view to determining the potential 

of the coals for organic chemical feed 

stocks and using the resultant residue in 

the production of a sweet smelling, smoke

less and easily briquetted fuel. This 

indicated that all four samples could be 

partially devolatized to 50% of the 

original or less volatile matter. The 

resultant pellets produced by mixing 100% 

calcim carbonate with lnkhnr coal and 

2(0'. with Sharigl coal were cons iderably
 

weaker in strength than the non-devo,:i. 

tized coals.
 

4.5. Using the sulphur content of
 

1.00 float fraction of each coal, calcu

lations were performed to determine what
 
addition of lime or lime-stone might pro

duce sweut smelling smokeless fuel. The
 

sulphur values of 1.01 float fraction 

were:-

Lakhra coal 

ROM coal 1.00 float fraction 

5,51 to 12.15 WMI1 5.88t 

4.68 to 17.9j IIIM 5.051. 

Sharigh coal
 

ROM coal 1.0) float fraction
 

0.82 to 7.01) STS 5.501
 

8.12 to 8.521 SMS 8.351. 

,4.0. Due to hig!h ash and sulphur 

content of these coals it was determined 
that adding lime-stone to Sharigh coa 

(SMS 8.35% sullphur ) in double the quantity 

theoreticaly mmldvI to convcrt all the 
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sulphur to sulphate but it resulted in an 

increase of ash from 13% 
to 40%. 


4.7. Since these coals were high in 

ash it was observed that a specific gravity 

separation at 1.60 would yield much lower 

ash values at reasonable recovery rate. Ash 

values were ieduced as under:-


Lakhra coal 

ROM coal 
 1.60 float 

WMI 15.6 to 26.1% 
 -U12.7" 
HIM-3 11.6 to 30.2% 
 11I.-3 20.41 

Sharigh coalRhcoal 
 l fottwenty-four 

35.0 to 36.5% SMS 13.0%23.9 to 2.2% STS 7.6% 

4.8. The levels of additions for both 

lime and lime-stone cf 100,150 and 
200% were 

chosen for tho initial study using a press 

and a die to make individual pellets. The 

desired proportions of coal 
and lime-stone/ 

lime were mixed, placed 
in the die and 

pressure applied to form the pellets. As 

a guideline in selecting optimum lime or 

lime-stone contents for full 
size briquettes, 

compressive crush strength 
was determined 

for one pellet from each mixture, using 

universal testing machine. The results are 

given in the following table:-


Present level Crush strength Crush strength

of lime or in PSI for in PSI for 


Coal lime-stone hydration 
 lime lime-stone
addition addition 


Lakhra 

coal (N1I 100 1740 1090 

150 
 600 
 960 

200 1130 630 

t11IM-3 100 1400 
 1350 

150 1210 1210 

200 1300 1210 


Sharigh 

SrS 100 
 1040 
 720 


150 
 1060 
 920 

200 
 1300 
 870 


Sharigh 

RS 100 
 1620 
 1740 

150 1570 1210 

200 
 1690 
 1880
 
4.9. As indicated inthe above table except 


for one case calcium hydroxide additions resulted
 

in the pellet strength of over 1000 PSI.
 
A crush strength of 750 
PSI gcnerally
 

indicative of adequate strength to be
 
handled and transported without excessive
 
breakage.
 

4.10. Odor emission tests were per
formed by placing crushed pellets of the 

24 coal mixture on a nichrome screen, one
 
at a time and igniting the coal with
 
fisher burner. Even though two persons
 
participated in the test, 
no smell of
 

carbon-dioxide was noted 
for any of the
 
c:Oiis. A volatileodor discerned matterfor all coal and 
was
 

noticeably strongersweet in Sharigh coal.,smell, characteristic o1 heated 
lime was noticed to varying degrees for
 
all the mixtures. 
 When untreated coals
 
were burned, a sulphurous odor was 
felt.
 
io determine as 
to what degree a sweet
 
smelling fuel 
 could be produced a test
 
was devised in which sulphur analyses
 
were performed before the carbon burned 
off in a furnace and then the ash anal v
sis were conducted. After combustion
 
the ash residues were weighed, then analy
sed for sulphur content. By comparing 
the weight of sulphur in the unburned
 
pellets with the weight 
 of sulphur in
 
the ash the percentage of sulphur 
 retained in the ash Was determined. Sulphur 

rentention values for all four coalsare
 
given in the table 
below:

Lime-stone/ 
Sulphur retention .agelime additions Calcium 
 Calcm 

Coal %age I1vh',x idC carbonate 
h%11 100 48.06 53.27
 

15 71.40 77.41
 
200 101.50 85.26
 

HIIM-3 10 3(.96 41.10 
150 69.28 68.18 
200 98.78 84.36
 

STS 100 
 51.59 33.15
 
150 
 71.63 46.56
 
200 8(1.00 %3.71 

SS 100 
 51.9 43.28
 
150 
 70.37 
 46.15
 
200 69.08 46.06
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4.11. 	In nearly ever), case the percent 5. ESTIMATED CAPITAL AND
 

the amount of OPERATING COSTS
sulphur retained varied as 

sulphur sorbent added. In most of the cases The estimated guideline to capital 

calcium hydroxide was more effective. In the costs for a briquetting plai;t with a 

case of Lakhra coals, all or nearly all the production capacity of 100,000 tonnes 

sulphur present was retained in the ash %,hen per year of briquettes was estimated to 

200% calcium hydroxide was added, 101.5% be as under:

for WMI and 98.78, for 1IM-3. Description Foreign Pak 

exchange(US$) crey 

4.12. 'he ash percentages determined 1. Floatation 250,000 25,00,000 

during the pellet combustion tests are given 2. Driers and conveyors - 5,00,000 

hereunder:  3. Mill and screening 
200,000 2,00,000
Ash percentages plant 

Additions Cliu Calcitun 4. Lime-stone mill and 
Coal % \'droxide Carbonate Screen 150,000 1,50,000 

0111 0 12.70 12.70 5.Mix Muller 100,000 2,00,000 

100 23 20 23.03 6. Press and Conveyors 100,000 5,00,000 

150 28.26 28.21 7. Packer 25,000 1,00,000 

200 33.0t) 30.65 8. Site preparation etc. 15,00,000 

1IM-3 0 20.40 20.40 9. Buildings 10,00,000 

100 29.11 28.94 Total:- 825,000 76,50,000 

150 34.98 33.69 Engineering and 
contingency 200,000 P_21,000

200 39.72 36.55 	 100o o 88,41,000_ 
7.00
7.60
0
srs 

100 19.54 !9.85 5.1. The operating cost for 100% and 200% 

150 24.91 21.10 addition of lime->.-one was estimated at Rs.453/

200 28.48 23.52 and Rs.3V./- p ,r tonne respectively. 

.SlS 0 1S.00 13.00 

100 30.31 27.31 The above estimates are no longer 

150 36.36 30.56 valid as the prices of men and materials 

200 38.93 32.61 have considerably gone up. However, even 

smokeless coal briquettes with a4.13. It is evident from the above table if the 

that the percentage of nshh increased with calorific value of 10,000 BTU are sold 

the increase in the amount of additions. for Rs. 1000/ per tonn, they would be 

In almost all the cases calcium carbonate competitive with Kerosene oil on heat 

produced less residue than calcium hydroxide. 	 equivalent basis. The cost of one 

million BTU of Kerosene oil on the basis 

4.14. The main consideration in attempt- of the consumption price of Rs.3.oper 

ing to produce briquettes from treated mix- litre or Rs.3,744/- per tonne works out 

tures of coals examined was strength. It to Rs.86.63 as against Rs.46.64 per 

was determined from compressive strength million BTU for the coal briquettes. 

data collected on the pellets that 100% The smokeless briquettes could therefore 

calcium hydroxide and 200% calcium hydroxide play a sigificant role in substituting 

would give better results for Lakhra and for Kerosene oil. 

Sharigh coal respectively. The flow diagram 6. USAID STUDY 

for a briquetting plant as evolved by the 6.1. Another study was sponsored by 

consultants is given at Annexure-l. USAID in October,1982 on coal briquetting 
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in Pakistan which was carried 
out by United 

Engineers and Constructions Inc., USA. 

6.2. The consultants prepared a conce-
ptual design and carried out economic araly-
si, of a plant with 100 tonnes per day coal 

input. According to the consultants, the 

technology chosen by them indicated a com

promise in the ItL of sophistication and
 
only the coal Lar j.jdoil were assumed to 
be recovured. The exercise was carried out 
on the assumption that the briquettes can be 
produced without binder prior to carboniza-


tion of coal and internal combustion engine 

operating on excess off gas could provide all 

the power required to operate the plant. 


0.3. The process consists of crushing, 

drying, milling and mixing of lime in the 

pug mill before briquetting followed by car-
bonizatiun and cooling. The off gases will 
be cooled to recover tar and oil and they 

will be used to 
operate internal combustion 

engine. The engine will produce about 150 


HP which will be sufficient to operate the 
plant. The exhaust from the engine could 
be suppl ied to he drier whicn will be ade-

quatocontentoto dry the coal to about 15 moisture 

content 


6.4. EiST I lATFI CAPITAL ANDOPETvING COST 
The capital cost f the plant was 

estimatud at USS.213.00 million including
 
50 in foreign exchange. The details are 
as tinder:-

Eq.ipment 

Condenser/Scnlibr.r 


Drier 


Crusher 


Roll Mil 1 


*ViibratingScreen 


Carbonization Kiln 

Puig Mill 


Briquetting Press
Engin 

tngine G;enerator 

Conveying system 


Installed 

Capacities cost in US$. 
ZMIU 

5TPHl 

STPI 

1.5 TPH 

1.5 

5I1HI 
5TPH 

STPIIGenrato-

5TPI 

50,000 

100,000 

45,000 

60,000 

5'PH54,000 

450,000 
60,000 

45,0005,000-Briquettes 

50,000 
130,000 

Total:- 1I11000 

Mlj"iw COST 

-. Installed equipment 11,14,000 

-Site preparation 1,50,000
 

-Buildings 2,50,000
 
- lbgineering contingency
(40%) and 6,16,00 

Total:- US$.21,30,000
 

6.5. The operating cost was estimated 
at Rs.832/- per tonne for smokeless bri
quettes and Rs.529.00 per tonne for ordi
nary briquettes. The details of cost 
cetl ites are given below:-

Briquetting 

and coking Briquetting 
P es./tonn)(Rs./tonne) 

- Coal for briquetting 240.00 240.00 
- Lime @Rs.80/- per tonne 8.00 8.00
 
- Labour and overheads 37.00 25.00 
- i'9intenance 20.00 .10.00
 

- Loan repayment on 20
 

years interest @12% 103.00 73.00
 
Total cost 408.00 356.00
 

- Profits 25% 
 102.00 89.00
 

- Sale price FOB per
 
tonne of coal feed 510.00 445.00
 

- Briquettes price FOB
 
per tonne 772.00 469.00 

- Transportation cost 

1ls.1.20 per tonne/mile,

50 miles overage distance 60.00 
 60.00
 

- Average 
 price within 100hiles 
832.00 529.00 

6.6. On the basis of the cost analy
sis the Consultants concluded that the
 
briquettes can be produced at a price var
ying from Rs.33.30 to 

BTU and that there is 
available except for 

compete with the coal 

comparison with other 

made as under: 

price 
(delivered) 

- Range (delivered) 

- Firewood price 

- Range 

- Kerosene oil 

- Natural gas 


Rs.38.15 per million 

no single fuel 

natural gas that can 

briquettes. The 

fuels prices was 

Rs. per million BTU 

38.52 
36.11 to 40.93
 

53.37 

38.67 to 77.67 
81.88
 
15.55
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7. PRICING OF BRIQUETTES AND ECONOMICS 


It 	is evident from the available data 


yet to be confirmed in a formal feasi-


bility study, that briquettes could compete 


with other available fuels. However, the 


briquettes if to be made competitive should 


be priced at or below the price of urban 

wood. The USAID Consultants suggested that 


their price should not be above Rs.45.O0 


per million BTU initially and as the smoke-


less proprty and the higher cooking effi-

ciency are achieved the price may be raised. 


Using the data derived through economic
 

analysis the consultants concluded that if
 

a 	family of six consumes fire wood energy
 

at the rate of 24 million BTU per -ear, in
 

six month they would buy firewood worth 


Rs.540/- as compared to smokeless briquettes 


valuing Rs.420.00 and Rs.300/-. 


8. MARKET STUDIES 


It is not easy to introduce any new 

product in the market particularly when it 

has to compete with other traditional 

products available at cheaper price. The 

briquettes will have to compete with Kero-

sene oil and natural gas which are cleaner 

and easy to handle. The penetration of the 

briquettes into the local market, will 

require Government support for briquetting
 

concept before proceeding further.
 

9. FUTURE PLANS
 

Under the existing circumstances it is
 

necessary to proceed with the project cau

tiously. Besides, the feasibility report
 

a complete design and economic analysis
 

report will have to be prepared in order to
 

establish the market through consumer pre

ference survey and appropriate technology
 

to be used.
 

Accordingly, PMI)C has prepared a plan
 

for carrying out a detailed techno-economic
 

study for establishment of a smokeless coal
 

briquetting plant with an ultimate produc

tion capacity of 300,000 tonnes of briquett

es per annum. The scheme will be executed
 

in two phases. The first phase includes
 

studies to determine their accept lility and
 

consumers preference survey as a domes

tic fuel to assess the market demands
 

and pilot plant scale tests for evolving
 

a process of briquetting. The consumers
 

preference survey is proposed to be 

carried out through introduction of the 

product in the market on trial basis. 

After detailed analysis of the data and 

subject to the positive results, detail

ed planning and designing of the project 

will be carried out. All the arrange

ments in this regard have been finalized 
and the stu~dies will be started shortly.
 

References:
 

I. Martin A. l'lloit, Chemistry of
 

Coal Utilization.
 

2. 	 ,/s. Sanderson and Porter, 

"easiiity stttldv 1'orCollieries". 

U.Ilnited Engineers and Constructors 

Inc., LISA- Preliminary stutdy on coal 

a :ica domiestic fiil in Pakistan. 

,1. 111) LInstiltant 5 ,\ report on Long

term Energy Plan. 
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TABLE- I 

PRODUCTION 

Year 

OF BRIqUETTES 

Production es0oil 

1974-75 

1975-76 

1976-77 

1977-78 

1978-79 

1979-80 

1980-81 

1981-82 

1982-83 

1983-84 

1984-85 

14,889 

13,305 

10,015 

9,605 

14,390 

10,000 

9,626 

10,015 

10,000 

8,737 

4,985 

Year 

1978-79 

1979-

190- S 

i9 - 82 

1982-83 

1983-84 

Quantity
fln .) 

S:iS,S2 

s,l ,90: 

377,410 

-I52,420 

390,)39 

411,19 

Valuc 
(Mi1 iS5S 

! o 

1s . o 
124.00 

124. 00 

1 1.00 

TABLE- 1I 

CONSUMPTION OF KEROSENE OIL 

Year Quantity(Tonnes) 

1978-79 

1979-80 

1980-81 

1981-82 

1982-83 

1983-84 

693,645 

637,311 

528,052 

553,49o 

604,114 

690,036 
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BRIQUETTIBILITY OF COAL WITH REFERENCE TO PAKISTAN COSLS.
 

Dr. Nisar Ahmad 


M.Zahid Raza, 


S.K.Shah, 


Farid Sibtain. 


ABSTRACT. 


Coal Briquetting, a process for 

agglutinating fine sizes of coa,, lignite 


and other fuels to make composite larger 


sizes, has as its principal objective 


boneficiation of coal by providinq 


a resultant size that can be more easily 


handled and burned. Various prevalent 


techniques of briquetting coals and 


chars with and without binders and
 
the standards and methods for testing 


the quality of briquettes have been 


described. Keeping in view the quality 


of Pakistan coals briquetting is considered 


to be a necessary step in any programme 


directed towards domestic use of these 


coals. Coal briquetting status in 


Pakistan has been briefly mentioned. 


Studies conducted indicate the effective-


ness of addition of lime for fixation of 


sulphur in ash in the pre!uence of inorganic 


materials to a larger extent. The use of 


organic and inorganic binders for produc
ting briquettes from coal and char and 


the quality of briquettes thus produced 


have been described. It has been conclud-


ed that Pakistan coals can be economically 


briquetted with and without binder,however 


for smokeless briquettes from char, us;e of 


binder is a must. The necessity of deve

lopment of appropriate technoloqg, [or the 


production of Processed Coal Briquettes 


and its introduction as domestic fuel has 
been emphasized. 

FUEL RESEAhCH CENTRE,
 

P.C.S.I.R.
 

OFF UNIVERSITY ROAD,
 

KARACHI-39
 

INTRODUCTION
 

Coal Briquetting, a term applied to
 
processes for agglutinating fine sizes
 

of coals, lignite, etc., so as to make
 

composite larger sizes, has as its
 

principal objective beneficiation of
 
the fuel by providing a resultant size
 

that can be more readily handled and
 

burned in conventional equipment.
 

The materials adaptable to benefi

ciation through briquetting are :
 

peat, lignite, bituminous coal, anthra

cite, charcoal, coke breeze, saw-dust,
 

wood, lampblack, petroleum coke, lignite
 

char, baqasse, straw, husks, shells,
 

grain hulls, seeds and wood chips.
 

Commercially anthracite, bituminous
 

coal, brown coal, and lignite account
 

for virtually all the briquetted tonnage,
 

any of the others being for special
 

purposes or local disposal.
 

Heat, pressure, binaers or combina

tion of the three are the mediums
 

employed for securing the necessary
 

cohesion, the choice depending almost
 

upon the raw materials ustrd and the
 

stability of the product desired.
 

Lignite, which is a low rank coal,
 

can be briquetted easily without binder.
 

However, as the coal becomes more 

mature, it becomes harder and more 

difficult to briquette without a binder. 

As the chanqe in the coal rank is 

gradual so is the change in the 
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briquettibility of 
coal. 	 - Relatively smokeless briquettes 

The 	nature of the forces of adhesion 


involved in briquetting coals of different 


rank is the same, but the pressure 


required for their agglomeration differs, 


For this reason lignites and bituminous 


coals are not briquetted by the same 


process. Briquetting of bituminous and 


high rank coals require the use of a binder. 


The methods which succeed in making 


hard briquettes are those which aim to bring 


the particles close together. With bitumi-


nous coals which is harder than brown coal, 


this is achieved by the adoption of or
one 

more of the following conditions 


- Use of high pressures. 

- Preparation of coal by fine grinding. 

- Controlling the moisture content, 

- Briquet ring at appropriate temperature, 

Apart from *hese factors the streagth 


of the attachement will depend on the area 


of the surface in contact. It is also 


probable that the cleanliness of the 


surface is important and any contamination 


of the surface would tend to reduce its 


cohesive power. 


Many advantages can be accrued by 


briquetting the coal: 


-	 Waste coal fines could be utilized. 

-	 Coals which are friable and cannot 

stand handling could be converted 


into more stable briquetted forms, 

- Coals which are susceptable to 

weather or likely to ignite spontaneous-

ly could be briquetted into stable 

form. 

-	 In high sulphur coals, sulphur could 

be 	fixed in ash by mixing suitable 


additives to the coal powder before 


briquetting. The briquettes thus
 

produced pose least health or environ-


mental problems, 


could be produced from high volatile 
coals by d(voIat iization. 

- Combustion Properties of the 

briquettes could be adjusted to an 

appreciable extent. 

- Briquettes of desired size and 

shape according to the requirement 

of the consumer could be produced. 

- Briquetted coal is environmentally 

more acceptable than run of mine 

coal or lumps. 'he scattering of 

coal dust/fines in homes and streets 

resulting due to breakage of coal 

lumps, could be avoided. 

BRIQUETTING WITHOUT BINDER:
 

Briquettinq of coal without prior
 

addition of a bindcr that promotes
 

agglomeration of the coal particles
 

is in practice restricted to relatively
 

soft lignites demands careful attention
 

to th- size consist and the moisture
 

conte:if of the feed. To facilitate
 

close packing of particles during
 

compression it is generally essential
 

to crush tho coal to <4 mm, with 60-65%
 

< 1 mm., and for maximum briquette
 

strength moisture content must be adjust
ed to values that vary inversely with
 

the briquetting pressure ,4
 

Briquetting is usually conducted
 

at 38-65'C i.e. at temperature at which
 

advantage can be taken of enhanced
 

plasticity of small particles.
 

It is possible to prepare binderless
 

briquette on a commercial basis with
 

sub-bituminous coals, lignites, peat.
or 


In order to form satisfactory briquettes
 

from lignite the follwoing conditions
 

are 	necessary.
 

1. 	Drying to the stage of equilibrium
 

moisture content of the coal.
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The optimum moisture content varies 


from 12-16%. 


2. 	The application of pressure sufficient 


to make the particles deforn, 


under load. The pressure requirod 


for self binding briquettes is 


relatively hiqh usually about 'l.-

/
1500 Kq/cm fo, liqnites. 


Two 	 types of presses are suitable for 

the 	manufacture of self-binding briquettes, 


namely: Direct acting plunger-type presr-;s, 


preferably operating as exrrusion presses 


and the ring-roll nrosseF. The preferred 


press for liqnites is th. extrusion pross 


which makes briquettes of rectangular, 


circular or dumb-bell shape. 


BRIQUETTING WITH BINDEP
 

Bituminous coals, anthracites and 


coal chars are briquetted with binder. 


Briquetting with a binder is a very useful 


method of utilising small waste high rank 


coals in a covenant solid form. The 


principal types of binders can be catecc,r;!o-


ed in four groups namely : 


- Inorganic binders: sodium silicate, 

sulphate lyeclays, magnesum oxychio-

ride, cement, etc., 

- Cereal and carbohydrate binders: 

flour,
Starches, ground cereals, maize 


molasses etc. 


- Heavy hydrocarbons or asphalts: 


coal tar pitch, bitumen, etc. 


- Synthetic organic binders: 


Phenolic resins, and epoxides. 


Inorganic binders have the obvious 


content
disadvantage of increasing the ash 


of the briquettes, but the simplicity 


of the briquetting process may sometimes
 

offset this disadvantage. 


Cereal binders in small proportlons,3-8% make 

satisfactory briquettes. Unfortunately 

such briquettes disintegrate under moist
 

or tropical conditions. When using flour
 

paste the larqe quantity of water requir

ed necessitates drying the briquettes
 

at. a temperature of 1201C before they
 

are suitable for marketing. The use of
 

vory small additional proportion of
 

water resistant organic substances
 

improves the water resisting properties.
 

Petroleum asphalt and coal tar 

pitch are ftrfrost nreferred binders. 

These have good cementing strength, 

water resistance and toughness. The 

usual weight percentage of these binders 

to coal in 5-7%. However, these type 

of briquettes pro6uce smoke and soften 

as they become heated.
 

The type of presses in general
 

use 	for briquetting with binder are
 

the rotary-tuhle press and double-roll
 

press. The pressure applied is generally
 

within the range of 60-300Kg/cm
 

Briquettes from roller presses have
 

always the shape of eggs, pillow, tear

drops or similar forms.
 

The briquetting of coal involves
 

five different steps of drying, grinding,
 

mixing and pressing of coal and cooling
 

the briquettes. For each of these
 

stages there are optimum levels of size
 

grading, moisture content, temperature
 

etc., and these vary from coal to coal.
 

Because the percentage of binder used
 

is usually quite low, therefore, for
 

its 	uniform distribution,the mixing tech

nique! of powdered coal or char with binder
 

is very critical. Shen increased
 

density and strength of briquettes are
 

required, a reduction in size is mandatory.
 

HOT 	BRIQUETTING
 

Another way of getting good hard
 
Anter of eting ood hr
 

briquettes from bituminous coals is
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hot-briquetting. The temperature required 


is around 4000C, at which these coals are 


near plasticity stage, 


The pressure applied is within a range 


of 300-1500 Kg/cm.
2 The optimum conditions
 
for briquetting vary according to 
the nature 
of the coal, its palsticity, coking power 

and volatile matter. The briquettes so 

made possesq considerable mechanical 

strength and a calorific value greater 

than that of the oriainal coal. They 

are weather resistant, ignite easily, burn 
well and ufe less smoky than the coal from 

which they are made. The briquettes 


made at temperatures below the point of
 
incipient plasti-ity have a granular 


structure whereas those, made at high
 
temperatures from coking coals have a fused 
structure and are more dense, 

BRIQUETTE QUALITY : 


Briquette quality is assessed on the 
basis of some property that is peculiar 


to the briquettes or the way they are used. 

'rho strength of the briquette is of prime 


importance and for many purposes the most 

useful measure of briquette quality is 

dens ity. 


Tests more generally applicable are
 
those that measure the mechanical properties 


of briquettes. 
 Crushing strength determines 


whether the briquettes can with-stand the 

wieght of the overburden if the briquettes 


are stored in bins or silos. A drop 


shatter test determines whether the 


briquettes have sufficient resistance to 


withstand repeated drops encountered in 
bulk hindling. A tumble test determines 

whether the briquettes are abrasion resis-

tant enouqh to be transported in bulk 


without undue loss in weight. All of these 


tests 
measure certain aspects of briquettes 

quality but the results must be interprett-


ed with care as they are irfluenced by the 


size and shape of the briquattes as well
 
as by the properties of the material
 

from which the briquettes are made.
 

NEED FOR BRIOUETTING
 

Considering the scarcity of fuel 
and energy resources, increasing demand 

of fuel due to population growth, rapid 

industrial and the quality of indigenous 
coals, the necessity of utilizinq 

processed briquetted coal ha': been felt. 
The factors responsible for putting 
emphasis on coal briquetting can be
 

enumerated as under:
 

Energy Position
 

The total primary energy consumption
 

in Pakistan is currently (iq85) estimated 

at 24.6 million tons of oil equivalent
 
(MTOE) of this, about one 
third is met
 

by consuming conventionl indigenous 
resources like firewood, Thmr al, cow
dung, etc. The primary commercial
 

energy consumption of 16 mTOE is largely 
based on the use of fossil fuels i.e.
 

oil, gas and coal. Natural gas, which
 
was the leading .3ource of ,-nergy for 

about 10 years in the country, now 

occupies second postion.
 

At present oil, natural gas and
 

hyde] power meet almost all the country's 
commercial energy requirements, the
 

percentage contribution of oach source
 
for the fiscal year 1984-8t beinq
 

oil 38.6 gas 34.8 coal 
7.4, Hydel 19.3
 

Nuclear and LPG 0.4
 

Increase in economic output and 
population are the main causes of growth
 

in energy demand. The present growth
 

rate of energy calculated on the basis
 

of GDP and population growth rates come
 
to 11.5%. The consumption of individual
 

commercial sources of energy for the
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years 1983 to 1985 are given in 000tons
 
6 7
 

oil equivalent in Table: 1. ,
 

TABLE : 1
 

ENERGY SUPPLY BY SOURCE
 

in 000 tons oil equivalent
 
percentage )
 

Year Ended June 30
 

Source 1983 1984 1985
 

Coal 862 1218 1270
 

(5.52) (7.39) (7.37)
 

Oil 5888 6436 6862 

(37.75) (39.08) (39.82) 

Gas 6054 5630 5560
 

(38.82) (34.18) 132.26)
 

Hyde] 2701 3046 3378
 

(17.31) (18.49) (19.60)
 

Nuclear 65 80
 

(0.39) (0.46)
 
90 

LPG (0.58) 72 80
 

(0.43) (0.46)
 

Coal is the second major energy source country are estimated to about 2 billion 

after oil in the world but is playing a tons. Out of this nearly 160 million 

minor role in the energy pLcture of Pakist:an tons are proven reserves. During 1984-85 

at the moment as is evident from the Table:l Pakistan's coal production was 1.985 

This facL had led to th, realizatino that million tons. This figure does not 

the development and utilization of this include the unreported production from 

source of erergy be given priority to fill- some private mines, for which authentic 

up the energy gap atleast partially. information is not available. At 

present the largest usE of indigenous
 

Indigenous Coal Pesources : coal is in brick kiln (95%). The
 

remaining 5% is utilized in domestic
 

The geological coal reserves in the sector and to a small extent in
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electricity generation. These coals 

are mostly of 
low rank i.e. lignitic 

to sub-bituminous, non 
coking, largely high 

in ash and sulphur contents, friable 

and often liable to spontaneous combustion, 

They are characterized by marked physical

and chemical variations both within indivi-

dual beds and from one coal field to another 

The coal found in the Sharigh field process
es medium coking characteristics. 


Environmental Aspect 


Pakistan coals appear an attractive 

substitute for firewood and kerosene which 

are dominent domestic fuels and which are 

increasingly in short supply. Indigenous 

coal burns with smoke and sulphurous fumes 

that makes it undesireable as domestic fuel. 

This demands that 
some means for neutralizing 

the sulphur and driving off partly the 

volatiles be devised. Due to 
the friability 

and spsceptibility to weathering and 

spontaneous combustion of these coals it is

also necessary that it must be briquetted 

before puttin1g 
it to domestic use. Moreover, 

there is now a fundamental 
need to reduce 

cutting of wood as it is resulting in 

deforestation, and causing environmental
 
problems at the same 
time. The introduc
tion of coal briquetting is therefore,
 
one of the alternatives to come 
out of
 
this critical situation.
 

Status of Coal Briquetting
 

in Pakistan
 

Only small quantity of briquettes
 
are produced in Pakistan and supplied
 
to army. These are made in a plant at
 
Quetca which is run for 
three to four
 
months (Nov.-Feb.) and produces about
 
5000 to 6000 tons of briquettes each
 
year. Weakly coking, run of mines
 
Sharigh Coal with 26 
to 35% ash is used
 
for making briquettes without using a
 
binder. These are made with 
the help of
 
super-heated steam and pressure. It is
 
claimed thet super-heated steam causes
 
the coal 
to release its inherent tar
 
which acts as binder.
 

500 tons of briquettes are produced
 
at a cost of Rs.300/ton in a working day
 
of about 8 hrs. 4 tons of coal is used
 
in the boiler per day per shift, These
 
are sold at a rate of Rs.500/ton.
 

TABLE 2.
 

ANALYSIS OF LAKHRA COAL SAMPLES RECEIVED FROM VARIOUS SOURCES.
 

Moisture 
 (as received) 

Moisture 
 (air dried) 

Ash .
 

Volatile Matter , 

S (total) 


Higher Heating 


Value K Cal/Kg.
 

U.S AID PMDC 


37.3 16.3-30.3 

9.2 4.6-14 

24.1 11.4-39.3 

35.0 21.9-39.8 

5.51 3.41-5.99 

M.AMIN.
 
(private miner)
 

12.9-33.5
 

12.3-23.3
 

5.3-43.3
 

37.3-5.83
 

1.9-5.83
 
4,930 
 4,620-5,970
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STUDIES ON BRIQUETTIBILITY crusher and ground in a disc mill so
 

OF PAKISTAN COALS that 80% of it passed through a 20 mesh
 

sieve. The average analysis of this
 

Studies on various coals were under- sample is given in Table :3
 

taken in Fuel Research Centre of PCSIR
 

The emphasis however was laid on Lakhra TABLE : 3
 

coal being the largest deposit. Its
 

reserves are estimated to be about 240 As received Moisture
 

million tons. it is lignitib in nature Free
 

and has relatively high Eulphur and Moisture 11.6 

volatile fatter. it is friable and liable Ash 11.9 
 13.46
 

to spontaneous combustion. The wide varia- Volatile 38.6 43.67
 

tions in the composition of this coal are Matter
 

evident from Table:2. These variations and Fixed Carbon 37.9 42.87
 

are worth considering while making Sulphur 3.34 3.78
 
(Total'


briquettes. 	 Gross 5,290 5,990
 

Calorific
 
BRIQUETTING OF LAKHRA COAL : Value,KCal/Kg.
 

Raw Materials : 	 b) Char: Char was obtained by carboni

a) 	 Coal: sing the coal at different temperatures
 

Lakhra Coal was crushed on a tooth- in an electrically heated steel retort.
 

TABLE : 4
 

YIELD AND ANALYSIS OF CHARS.
 

Carbonization Yield of Moisture Ash V.Matter. Sulphur
 
Temperature. Char. (Total)
 

4500 	 72% 22.7 15.9 29.5 4.51
 

Moisture 16.34 30.32 4.64
 
Free
 

5000 	 58% 2.4 17.2 24.1 4.77
 

Moisture 17/62 24.44 4.77
 
Free
 

5500 	 63% 2.5 17.8 17.5 4.43
 

Moisture 18.25 18.94 4.54
 
Free
 

6000 57% 3.1 18.4 13.00 4.50
 

Moisture 18.98 13.14 4.64
 

The yield of char and their character

stics are depicted in Table :4.
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Char obtained at 500 0C, was used for 

experimental work, as 
at this temperature
 
the volatile matter was around 25%, 
 the 

calorific value of this char was about
 
6,100 KCal/Kg. At higher temperature the 

yield of char is low and the production 

cost is increased which adversely effects
 
the economics of the process.
 

c) Additive: 


Lime: Quick lime available from local 

shops was slaked and was ground to pass a
 
60 mesh sieve (ASTM). 


d) Binder: 


The following materials 
were used as
 
binders.
 

1. 	Clay : Powdered kaolin and pottery
 
clay. 


2. Cement 	: Portland cement.
 

3. Starch 	: Commercial grad, starch.
 
4. Molasses: Molasses 
(of density
 

1.46 g/ml.) 

5. Synthetic Binders : Polyvinyl 


alcohol solution 


Biqueting Procedure: 


The charge for briquettinq was prepar-


ed by mixing first the 
solid ingredient
 
then adding liquid material/paste to it

and homoginising them. The briquettes 


were then produced on a small manually
 
operated hydraulic press. The cylindrical 

briquettes were made at different pressures 

maintaining it for 
15 seconds. 	The
 

briquettes were cured for 3 days. The
 
charge for each 'iriquette was 25 gm. 


The change in volume of charge after 

briquetting at various pressures were
 
determined. 
The calculated compression 


ratic (I itial volume:Brriquette: volumrne
 

are given in Table:5
 

TABLE : 5.
 

COMPRESSION 	RATIO OF COAL AND CHAR.
 

Material 	 Pressure 
 Compression
 

Kg/cm2 Ratio.
 

Coal 
 320 1:0.58
 
640 1:0.55
 

960 1:0.51
 
1280 
 1:0.48
 

Char 	 320 
 1:0.63
 

640 1:0.55
 
960 1:0.52
 

1280 1:0.50
 

Testing of Briquettes:
 

The briquettes were tested for their
 
strength and resistance towards water
 
after curing for 3 days.
 

a) Strength : The strength of the
 
briquettes was determined by dropping
 

these from a height of six feet 
on a
 
steel plate and observing the resultant

condition of the briquettes.
 

b) Water Resistance: The briquette
 

was considered satisfactorily water
 
resistant if 
it did not disintegrate
 
after remaining in water 
for 24 hours.
 

c) Sulphur Retention : After
 
combustion in 
a muffle fu:nace, the ash
 
of the briquette 
was careful.y weighed,
 
then analysed for sulphur centent. By

comparing the weight of 
sulphur in the
 

unburne(. briquette with the weight

of sulphur in the sh, the percentage of
 

sulphur detained in 
the ash was deter
mined.
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RESULTS AND DISCUSSIONS: 


Briquetting without Binder: 


Coal powder was briquetted as such 


without additive or binder and the moisture 


content of coal was maintained at 15%. The 


briquettes were ,.a*e at various pressure5 


The results are given in Table:6.
 

TABLE :6 


BRIQUETTES WITHOUT ADDITIVES OR BINDER : 


Pressure Briquette
 

Kg/cm 2 Strength Water Resistance 


Weak Non-resistant 


640 Weak Non-Resistant 

320 


960 Satisfactory Resistant 


1280 Good Resistant. 


The strength and water-resistance of 


briquettes at higher pressures were good
 

and these burned smoothly but with smoke 


and obnoxious fumes.
 

In another series of experiments lime 


was added to coal in the stoichiometric 


ratio of 1:1 on the basis of sulphur in coal, 


8 parts of slaked lime was added to 100 


parts of coal with a sulphur -ontent at 


3.34%. The characteristics of the briquett-


es thus produced are shown in Table :7. 


TABLE :7. 


BRIQUETTES WITH LIME BUT WITHOUT ANY BINDER 


Pressure Briquettes 

Kg/cm 2 Strength Water Resistance 


320 Weak Non-resistant 


640 Weak Non-resistant 


960 Satisfactory Resistant.
 

1280 Good Resistant.
 

As indicated in Table:7 the addition
 

of lime produced little effect on the
 

strength and water resistance,but when
 

burned less smoke and sulphurous fumes
 

were emitted. The analysis of ash produc

ed by burning these briquettes has
 

shown that about 50% of the sulphur in
 

coal was fixed in the ash.
 

Experiments were carried out by
 

increasing the ratio of lime from the
 

stoichiometric ratio of 1:1 to 1:2 on
 

the basis of sulphur. Little effect was
 

observed in the fixation of sulphur.
 

A few more experiments were carried
 

out with a little quantity of inorganic
 

salts in association with lime and it
 

was observed that the fixation of
 

sulphur in ash was increased to an
 

appreciable extent. Further study in
 

-this direction is in progress to maximi

se the fixation of sulphur in ash.
 

Briquetting with binders:
 

1) Coal : Numerous experiments
 

were carried out with lime and binders,
 

in different proportions and at
 

different Pressures. No appreciable
 

improvement in strength and wat, r
 

resistance was observed. on the othr
 

hand, with the addition of clays and
 

cement, the ash content of the product
 

increased proportionately thereby
 

reducing the neating value.
 

2) Char: Briquettes were produced
 

with the addition of lime and binders
 

like clays,cement, starch molasses and
 

PVA. The properties of those produced
 

with molasse_ and starch are given in
 

Table :8 and 9. The ratio of lime to
 

sulphur in char was taken as 1:1.
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TABLE : 8 
 Onlythe briquettes with 15%molasses

CHAR BRIQUETTES WITH LIME 
 were satisfactory. 
With starch as
 

AND MOLASSES. 
 binder 7.5% of starch on the basis of
 
coal was sufficient to bind the char but
 
with less proportions the briquettes were


Molasses Pressure Strength dater-
 weak.
 
Kg/cm 2 

resistnace
 

The briquettes produced from char
 
and PVA, at 320 Kg/cm 2 were very good
15% 320 
 Weak Non-resistant 
 with repect to 
strength and water-resis

6,! Weak Non-resistant 
 tance.
 
960 Satisfactory Non-resistant
 

Good Non-resistant.
1280 ECONOMICS OF BRIQUETTING:
 

TABLE :9 
 The cost of fuel in terms of energy

per million Btu is given in Table:10.
 

CHAR BRIQUETTES WITH LIME AND STARLd: 
 It is evident that of all 
the fuels the
 
coal, coal-lime and the smokeless
 

Starch Pressure Strength Water-
 briquettes are the Iowest in cost. But
 
Kg/cm 2 


resistance 
 due to the 
inherent drawbacks of.coal

-being 
 high in sulphur the use of coal
 

briquettes in domestic as well
7.5% 320 as indus-
Weak Non-resistant 
 trial 
ser~tors is difficult.
 
640 Weak Non-resistant.
 
960 Satisfactory Resistant. 
 The processed coal briquettes which


1280 
 Good Resistant. 
 qive off only 50% of sulphur present in
 

The briquettes produced with clays 
the original coal in the flue eases can
be a marketable commodity acceptable to
and cement were weak. Briquettes made with 
 consumers-domestic as well 
as indus

5%,10% and 15% 
of molasses were produced, trial.
 

TABLE : 10
 

PARTICULARS OF VARIOUS SOURCES OF ENERGY
 

Briquettes 
 Indiqenous Furnace
Wood Charcoal 
 Oil Kerosene T.PG Gas.
 

Price/million 22 35 68 
 80 15.00 49.00 86.00 
 34.00 40.00
 
Btu, in Rs.
 

Price/Unit 420/ton 750/ 750/ 
 2000/ 300/ 
 1.8/lit 2.75 1.8/ 140/
in Rs. 
 ton. ton. 
 ton. ton. 
 lit. lit. lit.
 

Calorific Value, 4,860 
 6,110 2,780 6,280 5,000 10,270 11,100 12,220 19,610
 
KCal/Kg.
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In comparison to the coal lime 


briquettes the smokeless briquettes are
 
more expensive and require a lengthy 

processing but even 
the compares favourably 


with the dominant fuels used presently. 


The coal lime briquettes can be burnt 

in the specially designed stoves meant for 

smokeless burning of the coal/ptoccssed coa 

briquettes or in'the conventional charcoal 


stoves, popularly known as "ANGITHIO.
 

CONCLUSION 


It has been reported that 100% 


stoichiometric additions of sulphur seldom
 
followed the theoritical postulates and 

that most coals often require twice or more 

of 	the theoetical quantity of lime 
to 

achieve about 100% fixation. But addition 


of more lime adversely affects the strangth
 
and quality of the briquette. The studies 


conducted at Fuel Research Centre reveal 

that: 


i) 	 by the addition of lime in the 

stoichiometric ratio of 1:1, 50% 

sulphur can fixed. 


ii) 	further addition of lime had no or 

little effect on the sulphur retention, 


iii) 	fairly strong and water resistant
 
briquettes can be produced at a pressure 

1280 	K(y/cm 2 .
 

iv) 	these briquettes can be burned in 


specially designed stoves with much
 
reduced smoke and obnoxious sulphur 

and fumes. 


v) 	 the production of smokeless briquettes 


from coal-char is about 50% more 


expensive than the briquettes from
 
coal . The production of coal-lime
 

briquettes is an economically more
 
attractive proposition.
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DEVELOPMENT OF MANPOWER FOR 	 THE COAL MINES LAKHRA
SIND 	 ) ATTACHED WITH 

RANA M. SULTAN
 
Chief Inspector of Mines. Punjab. ( Pakistan 
 ). and 
President Institute of Mining Engineers. ( Pakistan ). 

HI5-ORY 

The coalmining industry in Pakistan is 

nearly 
one century old. The traditional method of 

extracting coal by employing manual labour is in 

practice since beginning. The quality of coal 

generally is sub.bitumenous in the areas of Punjab 

and Baluchistan, while Ligitic type of coal is 

abundantly available 
 in Sind. Due to presence of 

Sulphur and Ash contents the coal has not been 

able to find its utilit:i in the industry. Presently 
the coal is being used in the brick kiln industry, 

which is mostly located in Punjab. NWFP and Sind. 

Due to thin coal seams, the coal cutting has not 


been mechanised. Some aspects of mining such as 


loading, transportation, roof support etc. have ueen 


mechanised while the rest of the processes are 
still being managed tihrough the use of rnanual labour. 

The coalmines which are being managed 

by the Public Sector Corporations are adequately 


mechanised while the coalmines of 
 the Private 

Sector are mostly un-mechanised. 

The various categories of personnel who 

are vital in coal raising have been trained by the 


industry itself, while working 
on the lobs. Although 

there is a net-work of Technical Training Centres 


and Vocational Training Institutes spread all over 

the country which impart training in variou3 

mechanical, electrical and Auto skills, but none of 
the training institutes cater for mining disciplines. 

NTRODUCTION 

The Lakhra Mine Development Project is 

going to be the first of its kind in Pakistan having 

a production capacity of 4.3 mt per annum, 

The successful operation of this project depends 
upon the availability of trained manpower as well as 

machinery. The Lakhra Mine Development Protect is 

to act as feeder to the planned Thermal Power 

Plant, Lakhra. The Power Plant is going to produce 

TWO 350 MW THERMAL POWER 
PLANTS. 

700 MW of electricity based on Lignitic Coal of 
Lakhra (Sind). The Lakhra Mine Development 

Project shall develop 2 surface mines at LaKhra 

namely the Western Block arid the Easte.n Block 

and one underground mine in the centre of these 
two blocks. The mining operations shall be fully 
mechanised so as to raise the desired production 

of coal economicaily. 

There is no other coal mining project 

ini Pakistan which will equal this project. For 

purposes of manpower distribution the project has 

been 	 bifurcated into the following categories;

1. Surface Mines (Western & Eastern 

Block). 

2. 	 Underground Mine (In between the 
Surface Mines). 

3. 	 Common Facilities i.e. Coal-Platform. 

Washing Plant etc. 

4. 	 Infrastructure facilities. 

SURFACE MINES 

According to the consultants twi surface 
mines spread over 22 70 square kilo Meter area 

shall be developed in Lakhra to produce 4.0 . t 
of coal annually. The Western and Eastern blocks 

shall each produce 2.0 mt./annum. To manage the 
surface operations . services of Mining Engineers, 

Mechanical Enrineers, Geologist and Industrial 

Engineers shall be needd besides their supporting 

staff. (Annexure I ) The other major

constituent of 
 surface mines shall be the deploy 
ment of heavy machiny The type of machinery 

which shall be used in thesn operat:ons is 

exhibited in Annexure I1. 

These heavy duty machines would 

requiro experienced and trained personnel for 

their 	operations. Estimated distribution of 

manpower on the surface mines is exhibited at 
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Annexure- Ill.. 	 Except for personnel dealing purely Lakhra Mne Development Prolact envisages 
with the mining aspects, the other categories of to iproouce 2 mt. of coai frn thpt We;stern Pit, 
technicians and operators locally trained through the 0.3 rit. from th undetg-ound crentral block end
 
Technical 
Training Centres 	 and Vocatonal Institutus 2 rot. from the Eastern Pit. As equal quantity of
 
of the Labour Departments are readily available. coal shall be raised fion 
 the two Open Pits, 

therefore, the emoloymrnr, potential Ft the surface 
mines (Open Pits) arnd undorgiound mine, shall be 

It is planned to pruduce 0.3 mt. of cool as undur"
 

annually through u-iderground miniig operations in 
 an 
of 3.204 SKM. Long-wall advancing method is "
 

proposed to be implemented . The type of personnel Distribution of manpower t the Mines of Lakhra
 

area 	 TAttLE . 

Miie DeveloEment Project
 
required for underground mines and machinery to tt 
 - =-
 =  =
 
deployed are exhibited at Annexu~e- IV & V M i n , Epe~riatrc Domestic T o t a I 

Sii.- - ------ --respectively. 	 -. IrWestern Pit. 16 II490 506 
Central Block 

Extensive drilling has been carried out in Cntraro c1
underground. 0 516 516
Lakhra over an of Square Meter order Eastern 16 490 Ii 506
area 26 Kilo in a Pit. 


to prove the extent and thickness of different seams .
 .- = = .- = = 
 =
 
of coal tabulated as under. 

COMMON FACILITIES 
ipql.E I.====== 
 -==T 


escio fL-kht ie=eeoCoal Seams thickness at LOMP 	 m n& area under dev. The section of Lakhre Mine Developrn nt 
Name of Western Central : Eastern Project which is to deal with the common
Coal Seam Pit Block Pit 12.02 facilities of surface and undergroun mines include

10.68 Sq. Underground Sq.K.M. Coal latfor. CoafWashing ?lant, Coal Sample
K.M. 	 3.204 Sq.K.M. 

-------------------------..*.. Testing Laboratory etc. All the cool which wi; be 
lst Seam 2.14 m 1.6 m raised from the surface and underground niine. 
2nd Seam , 1.71 m 1.91 mII 	 2.14 m -hall be transported to tie Coal Platform throughII 

3rd Seam 0.04 m 0.66 m Trucks and ConvLjr Belts. A i:t of personnel 
4th Seam 0.63 m 

ii iiiI 
required at this Section is exhibited in Anncx'Vi 

5th Seam 0.70 m" .. INFRA-STRUCTURE FILITI'.S 

The requirement 	 of different categories of The infra structure facilities are supposed 
personnel for surface a: well as underground mines to consist of:

shall vary. In the pre-development stage the require. 

ment shall be li ited while with the progress in the 1. Office 
development process additional trained hand, of 2. Housing Colonies; 

different skills shall be needed in accordance with 3. Roads 

the nature of the jobs. The manpower strength 4. Schools 

indicated in the Annexures indicate the estimated 5. Hospital 

number of manpower when the Laknra Mine 6. Transport 

Development Project was initially planned for 1.4 nit. 7. Water Supply 

of coal production. Latest report of the consultants 8. Electricity 

based on 4.3 mt. production was not available at the 9. Gas 

time of writing this paper therefore reliance has 10. stores etc. 

been placed on the old report so far use of designa- The management and successful 
tions, categories and disciplines of manpower tie operations of these facilities require the availability 

concerned. 

of experienced and qualified workforce. 
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Comfortable living conditions shall attract experienced 

people to work at the project. The type of personnel 

needlad to manage the above mentioned facilities can 

be perused from Annexure ViI. 

•According to the consultants the break up uf 

the nianpower in broad terms viza-vizexpatriates and 

domestic employees have been given as below in table 3. 

TABLE-3 

Statement of Manpower Required du-i M anpow:::: ::--------- rinq__developmenit ------developm: 

Expatriates Domestic Total 

Surface Mines. 32 980 1012 

Underground Mine. 0 516 516 

Common Facilities 16 175 191 
(Coal Platform. Coal 

preparation etc). 

rnfratructure. 1 428 429 
...== .= ===== 

49 2099 2148 

The mining trades which are missing in the 

country and vitally needed for the surface arid Loder-

ground min s at Lakhra Mine Development Pi.rii.;t are 

enlisted as under-. 

1) Mining Sirdar 

2) Coal Cutter 

3) Shot Firer 
4) Mines Rescue Crewmen 

5) Mine Ventilation Assistant 

6) Mine Sample Collector. 

Mining Sirdar. 

A certificated nymor who has practical under-
ground coalmirrng experience nil atleast 3 years and 

have passed the examination conducted by the Board of 

Examiners under the Mines Act, 1923 of Pakistan. 

The existing Mining Sirdar Certificate holders working 

in the coal mines all over the country are mostly 

illiterate. Incidently there is no institution in the 

country which imparts training in this discipline of 

mining. To e ohgible to it in the Sirdar Certificate 
Exam,n-ttion, one haey to work underground on various 

obs such as coal cotter; timbermn, katcl4 worker 

(work in the country rock). Ventilation A. oistant etc. 
atleast for 3 years. Norirally Sirdar examinations are 

conducted twice a year by the Doard oh Examiners of 

each Province. At an average 50 persons qualify each 

m0.,t ri 

In other words each province of Pakistan except 

JWFP turn out 100 Sirdar Certificate qualified 

persons annually. This means 300 Mining Sirdars 

Certificate Holders are available annually. 

Such qualified persons find job.i readily in the coal 
mines in their respective provinces. Failure to find
 
jobs in their own provinces they move out and find
 

lobs in other provinces. A Sirdcr in fact is incharge 

of a section of a rmire under the Mines Act. In a 
section of a mine normally 20-50 miners work. 
O n the sam e ana log y t wou ld be safe to persum e 

that each section of Lakhra Mine Development 

Project shall be supervised by a Mining Sirdar 

Forenan or a person of equivalent status. 

Considering the proposed layout of the lungwall 
mining method the requirements of Mining Sirdars/ 

Foremen workout in table-4 as under-

TABLE-4. 

1t. Shift 2nd Shift 3rd Shift Total 
===r=== ====-=== ======= ======
 

W F W F W F W F
MD 

(5 entries). 7x5 5 35 5 35 5 105 15 

PD-t 
(2 entries). 10 2 10 2 10 2 30 6 

PD-2 

(2 entries). 10 2 10 2 10 2 30 6 

PD -3 
(2 entries). 10 2 10 2 10 2 30 6 
LW--i 22 2 22 2 22 2 66 6 
LW-2 22 2 22 2 22 2 66 6 

LW-3 22 2 22 2 22 2 66 6 

131 17 131 17 131 17 393 51 

The type of Mining Sirdars/Foremen 

required for the coal mines of Lakhra Mine Develop
ment Project are different from the quality of 
sirdars available in the field. Literate persons/sirdars 

shall have to be recruited and specially trained 

through shm,0t courses. There will be other workers 

on 
engage,/ underground work but not directly involved 

in the productirn. However they shall continue to 
be considered on the roll of the underground mining 

operations. The services of Mining Sirdar/Mining 
Foreman are equally useable in the underground as 

well as on the surface mines. On the surface a 

quarry face of 200-500 meters can safely be placed 
under the charge of a Mining Sirdar/Mining Foreman. 
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Coal Cutters. 

A coal cutter in Pakistan is a skilled worker 
who has learnt the trade while at the job after spending 
3-5 years underground on the job of coal cutting. 

Usually he is an illiterate person coming from Swat. 
Kohat (NWFP) and Azad Jamrnmu & Kaihmir. iel works 

with hand pick; and cuts the coal from the thin seams 
from the face. Usually his Output Per Manshft (OCMS) 

ranges between 0.25 to 0.5 tonnes. His workin instru. 

nent is his pick. Due to migrution tr,-,-' of this labour 

to the Middle East there is always dearth of mining 

labour force. The private mine owners advance money to 

the Mates/Jor sars to bring labour for their mines. These 

coal cutters work on piece rate basis. A viry few sects 

of locals are involved in this trade of coal cutting. 


The existing labour 
 force of coal citters in Pakistan 


works mannually and cut the coal 
 with hand pick. 

The type of coal cutters required by Lakhra 

Mine Development Project are quite different from the 

conventional coal cutters. These coal cutters Shall be 

regularly employed on whole time basis and required to 

operate the coal cutting machinery. Therefore, 

mech nically trained coal cutters are not available at 


all/shall have to be trained 
by the Lakhra Mine Develop 

ment Project from the time p!eparation/construction 


phase of mining :tarts. 


Shot Fireis or Blasters are veiy essential 

for rock blasting for surface mining as well d5 'r 

underground mining. There is no institution in the
 

country which imparts training on regular basis to the
 
Shot Firers/Blasters. 
 M/s Wah Bufors at Wah, Hassanabdal 

dealing in explosives, organizes one week course every 

year in Advance Rock lasting Techniques for Engineers. 

Shot Firers/Bla liers as such are learning the techniques 

of blasting while on the job. Most 
r 

o hiese Shot Firers/ 

Blasters are without ary certificate granted by any 

recognized institute in the Thosecountry. experienced 

persons who apply to the Chief Inspector of Mines, for 

the grant of ceirtficates are given a test and thereafter 
granted certificates b the oar i of Examiners 
under the Mines ACt. Skilled workers in thi. trade shall 

have to be specially trained by the Lakhra Mine 

Development Project for its surface and underground 
mr r e .se 

mines. 

Shot Firers shall be needed for the undeiground 

coalrnine as 'well and the estimated number -,hall 

vary according to the number or panels being 
developed. To train these Shot Firers it would be 

advisable to organise a shortcourse of 6-8 weeks 
during the planning phase at site. As an 3lternative 

experienced Shot of numberFirers required can be 

rpcruited. Shit Firers/glaters Shall be certainly 

available to loin Lakhra Mine Development Project 

on better ernoloifients; aid facilitie, . The training 

facilities of the Training Centre and Training Mine 

at Choa Saidan Shah (Distt Chakwal) (Punjab) can 

be utilized by getting specialized courses arranged 

for Shot Firers/Bla~ter.. rnfant for Lakhra Mine 

Development Project. All these pcrsonnel selected 

for the job would be recommended to be referred 

to the Board of Examiners of Sind Government for 

test and issue of statutory certificate of Shot
 
Firing.
 

Mine- Rescue Crew.men. 
-

Establishment of a Mine Rescue & Safety 

Station near Lakhra would be very essential on
 

account of the fact that the 
Lakhra i,4ino
 

Development Project 
 is going to produce 4.3 mt.
 

of coal annually with an employment of 2148
 

personnel. The project sha;i 
 be producing 4 mt. of 

coal from the rurface minus while 0.3 nt. shall beproduced fircm the underground mines. Heavy
 
machinery 
 Shall be depioyed at the surface mines
 
and sirrriarly underground mning operations shall
 

be mnecharnised to their maxirruon eatent. 

J16 personnel shall be engaged fur underground
operations while 1,012 snal he engaged on the 

surface mines. To deal with the mine accidents of 

Lakhra Mine Development Project otherand private 

sector mins it is rperative to hive i Mine Rescue 

end Safety Statirn either established by toe Laktrra 
Mine Deeloprent Priect t~cit ofby tnc Govt. of 

Sind at Laihra. The eitabishiij t of Such a Rescue 

Station s inevitabie keping in 4iw thL quriturn 

o)f work to be carried ut(.t ,it the n e. and also 

th pec f hazards an r ia to u un iorrortg
Th:. Rcr:coe Stu t on is sopprisi!d t) lunct ron on the 

roternatrorral s[tndard:; with a rit the clock 

rv ic e . R esc ue r gade s t a a ll r beoi I th e. t e 

available at the Resc-ue Station awaiting calls of 

accidentv from the coal mines of the area 
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The Rescue Crewman is a specially trained person on the underground -perations by collecting samples 

breathing apparatus. Trained and experienced crewmen of dust and gas and by testing them for the 

are not available in the country, because it it only very prevention of hazards and occupational diseases. 

recently that Mines Rescue Safety 32rice has been 
SPLITTING OF MANPOWER FOR TRAINING 

introduced in the Provinces of Punjab , Baluchrstan by PURPOSES. 

establishino one Mine Iloscue d. Safety Station at 

Khushab (Punjab) an the other at Snjidi(Baluchistan) rhe manpower required at the Lakhra Mine 

near nuetta. Development Project can be bifurcated into the 

following broad categories
 

Besides above, two Sub.Stations are being
 

established in Punjab one at Makerwal(Mianwali, I. Engineers, Managers, Officers;
 

Punjab) and the other at Choa Saidan Shah (Chakwal, II Sub.Engineers, Foremen, Supervisors,
 

Punjab). The Government of Baluchsitan have established Section Incharge;
 

two Sub.Stations, one at Duki and the other at Narwar. Ill. Technicians, Skilled Trademen,Craftsman.
 

Under the crcumstances it would be the need ENGINEERS, MANAGERS, OFFICERS; 

of the time that specially selected personnel having The personnel who deal with the 

underground experience, physically and medically fit to planning of the operations are the Engineers. 

work as Rescue Crewmen hould be got trained at the Managers and Officers. There will be no visible 

already established Mineos Rescue Stations in the country dearth of Mining, Electrical, Mechanical, Chemical 

by .rrangrng special courses for Lakhra Mine Development Engineers, Geologists and Officers. ( Annexure V III). 

Project. Fresh graduate engineers from Lniversities can be 

recruited while experienced engineers already
Mine Ventilation Assistant. 

serving in other country projects can be attracted 

The undergrond mining operations shall through attractive teris of employment. 

require middle line superVw!ors who are experienced and Professional Managers, Geologisits and Officers 

trained to iyork a,!Mine /entilation Assistants. experienced in their trades of Accounts and 

the type and size of undergroundrnine being planned by Administrative rnatters can be engaged through 

Lakhra %Mine Development P(rject i, non axistant in attiactive terms After engagement of top brass 

Pakistan. These prsonn:l hall have to be selected out of the project, short rerm Courses can be got 

(if those persons who are already engageo in the Coal arranged through ! IPA, PIPA, WPIM & WAPDA 

Mining Industry of Pakytan. Their further polishing by specially for the emnployees of Lakhra Mine 

Lakhra Coamining Project irlid te considered Development Polect Alternatively Engineers, 

essential. Shut courses, W, 4 6 Ntecks is, considered Manager, and Officers can be nominated in 

idogus]te to train a tea: Jf Mine Ventilation batches to attend regular courses of these 

Assstartt,. fManagement Institutes lust to fresh their managerial 

k.linle Sample Oo dec tor .. and engineering skills. 

At the moment there i , nr agency in the countr, SUR.ENGIrtEERS, FOREMEN, SUPERVISORS,
SEC tIONt INCr-lARGE 

froim the nines except the Mine 
which r:vlrct:, samples 

Sample Tasting Laboratory Ifhushab (Punjab) under the These are the middle line personnel and 

lntspoctorate of Minfs, i tboratory ha,, been ver link the heirarchy.Pt jah i. [ a Vital in management 

recenti1 . l of 8 to supervisede.fablished very li(, i i t.line Development N rmally a group 10 workers is 


Project may tic uit jiefs(nnnel Aif rl(idjtirr line ivpeifo!,,)ry ideally by a rjualhfied and e-perienced Foreman/
 

level having underground P peience ,nI il rine, Supervisor. Ihe types of Middle Line Supervisors
 

these selected persons can litially be got tiained it needed have been enlisted ai below.
 

thy Mine Sample Testing I abiratory, olrisab
 

Concurrently a small Tenting Iahuratory ,hll have to I Mining Sirdar/Foreman,
 

be established near thie project ti constantly monitor ii) Electrical Forinan
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ill) Mecl-inical Foreman 

iv) Civil Overseer 


v) Chemical Foreman. 


vi) Industrial Foreman. 

vii) Accounts Assistant. 

vii) Labour & Legal Assistants 

ix) Administration & Management Assistants 

etc. etc. 

The engineeriny skills are taught at the 
polytechnics with 3 years course under the Education 
Departments of the Provincial Governments. Except for 
Mining Engineering skills other disciplines are on the 
regular curricula of the Polytechnics. 

Lakhra Mine Devolopri 2nt Project is a project of 
the Fedoral Government and being implemented with the 
help of WAPDA. P.M.D.C. and the Private Sector. also 
with the active financial assistance of USAID, World 

Bank, Asian Development Bank 
 etc. As this prolect 


shall be located in l.akhra 
 (Sind), it would be obligatory 
on the part of the Government of Sind to assi the 
project in respect of provsion of its infrastructure 


facilities. The 
 major field in which the Provincial Govt. 

can cont-'OJte is the avarlab hty . r r " .1 
for th3 various a:spects or coa: m-sisg. '.,hne ever the 

Provincial Govt. shall be lacking, trained manpower from 
other ?rovihces shall have to be encouraged. 

MINING POLYTECHNIC SIND.
In any cas.? the Government r)f Sind has 

to expedite the establishment of their approved prolect 

titled "Mine Polytechnic and Polytrade Training 
Institute, Khanote". This Polytechnic when ready shall 
be turning out the trained skilled men in the disciplines 

of 	 :-Areas 

1. Mining Technology ( 3 years course). 

2. Shot Firer ( t year course), 

3. Metal Mining Proficiency(1 year course). 
4. Ventilation ( 1 /ear course); 
5. Timberran 66 months course); 

6. Mine Haulage 

7. Mine Mechanic; 

8. Mine Electrician. 

EDUCATION DEPARTMENT AN[ DIRECTORAfE OF
MANPOWER AND TRAINING 3IND. 

The Education Department, Government 
of Sind runs Government Polytechnics/Technical Colleges 

with 3 year's' Diploma Courses in electrical and 
mechanical trar'es etc. Likewise Directorate of 

Manp-we-and [raining runsSind training centres and 
vocational institutes. the graduates from these 
institutes are the burtahle persons to be engaged on 
various lobs to work ;rs Middle line Supervisors. 
Annexure IX&X -ive the detailr of such institutions 

in the province of Sind ,:,J ,' t12 - t;.. 
capacity and the trades, alongwith other centres in 

Pakistan. 

MANPOWER BY PUNJAB GOVERNMENT. 

The Government of Punlao under the
 
Directorate of Technical Education 
 is managing
 
Government Colleges 
of Technology and Polytechnic 

Institutes wherein Electrical, Mechanical Engineer
ing trades are being taught on a 3 years regular 
COLse basis. During evening technical extension
 
proGrammes of 
 different durations are taught.
 

The morning courses produce middie line supervi
 

sots while the evening extension programme 

produce skilled manpower which is in fact the 
base of the related industries Various training 

courses being taught at the Government Colleges 
of Technology/Polytechnics in Punjab are exhibited
 

at Arnexure XI
 

AGENCY FOR F3ARANI AREAS DEVELOPMENT 
(ABAD) ( PUNJAB) 

This agency has established training 

istitutes of certificate level atai; the district 
levels The 5kills taught are listed hereunder -

TABLE 5. 

Trade fraiing CurIse Priividt! by the Aqency for
 

Development.
 

Sr. T r a d e Seatng C(ruriie Minimum
 
No. Capacity Duration Entrance
 

(Mcnth5) (2ualifica

lion. 

1. 	 Auto Farm 128 1? No irr
 
Machinery 
 qualification 

2. 	 Machine Shop 128 hived.12 has been

3. 	 Wood Working. 128 12 However 
4. 	 Welding 128 6 preference 

is given to5 	 Electrical ! 128 6 literate 
6 Tlorici 128 6 lierst
6. 	 tailoring 128 6 persons. 

7. 	 Masiinry/Radclo 
Mechanics/Motrir
 
Winding. 128 6
8. 	 Buldoer Operator. 30 5 

9 	 Buiidozer Muchl 20 12
 

Ii.ta: 946
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COOPERATIVE DEPARrMEN I, PUNJAB. 

The Provincial Cooperative Depart merit is 

running an institute at Chak No.5 Fatz, Multan pfriTiarily 

for assistance in the Agricultural field, the out-turn of 

trained manpowter in drffeent trades is given hereunder 

at Table-6. 

TABLE -6. 

Tra;nig Courses Provided by Pakistan German inititute 

of Cc.''..p_-r?isi__Agricultuie.t . .. . .. ... .Molt. ..n.• ........ ...... 
P ' 


Sr. F r a d e Seating Course Minimum 

No. Capacity Duration Entrance
 

(Months) Qualification 


1. 	 Tractor and 

Auto Mechanic. 25 24 Matric 


2. 	 Carpenter. 15 24 Middle Pass 
Matprfralrie 
preferable
 

3. 	 Tractor 
Operator. 80 6 Middle Pass. 

Matric 
------------ p!eferable. 

Total' 120 

A cursory look (in the trrde; neirig taught 

verythat the.,e trades are 

to the I.akhra Mine Development Project. 
at different institutes reveal 

much relevant 

In othei words rio specrial trainig schoJols or centrs:; are 

to be ezslabliseclr for the irralect in question 

TECHNICIANS, SKIL.LLI.) IPADEMEIS & CRAFT1SMEN. 

This 	 deal with trained mar,owir vhich 

i; the base of every indislry . !he Provinrcial Govern 

ments have launched exhAsist iVe orograirrmes for the 

training of skilled and senri skilled manpower in the 

respective provinces. the Directorate o| Manipower rnd 

Training in Punjab 13 resporrrb Ie for the rrranacTerent 

and 	administrdtion of Iechnircil training Centres having 

the ,eating capacity it 4,0.14 and impart traimrig ir 26 

trades gri,)uped under rriechars.. irectfridl, auto and 

construction trades. there arc? three Appientetri-hip 

lrainiog Centres and 13 Vocatiin,il ln,titute having 

seating capacity of 620 and 2,786 re,ptivel, 

IRAINING CEHIRE f.lt t CFIOA ;AIDAN&. IPA lr (Nl-

SHAH 

the Government of Pkinhab has alo 

evtablished a Training Centre and a training Mine fur 

Mine 	 Supervisors and Mining Technicians at Choa Sardan 

Shah, 	 District Chakwal. A three years course is 

planned for the matriculates in the following 

disciplines-

Coal 	 Cutting 

Timbering 

Blasting/ShotFiring/Use of Explosives 

Mine 	 Electrical 1echnicians. 

Mine 	 Ventilation 
tabour Management & Mine Legislation 

Mine 	 Mecnanical lochnicihn. 

The first batch of 40 students is scheduled 

9 8 6 to be adivirtted Orl 1..1 . Besides above different 

classes of 40 rnre .lrall tie imparted training through 

short 	 courNes during each year. These short courses 

shall 	 be in different liscipline5 and the duration 

shall 	be 3-4 months. 

MANPOWER BY NWFP GOVERNMENT. 

The Directorate of Technical Education. 

NWFP has established 44 institutions in all and 8 

Vocational Institutes are under construction and will 

be ready shortly. SiX PolytecI~nic Institutes, one each 

at Pershawar, Harrur, D.I. Kharn. No-oshera & Swat 

foi males and one at Peshawar for woiien, These 

institotions offer 3 years diploma cour:,es in 

mechanical3, radio electronics, Civil, Electrical, 

Chrinical and Auto Technologies. The seating 

capacity of these politechnrcs is 2,170. 

The Directorate cf Labour Welfare, NWFP 

is responsible for tN, manpower training in various 

diriphnres such as Electrician, Mechanical, Auto 

Diesel Mechanic etc. Apprenticeship 1raining 

programmes are in addition to the Technical 

Trainmg Centre progianimeN. Total distribution of 

eating capacity is enlisted as under;

tABLE -7. 
- -= -r 

Iradewise Training Facilitres in NWFP in Training 
iCpntrp, under Provincial I-abouirDepartment. 
...., nder P===rvni =abour -=partr --=t 

qr. Name of Trade Seating Capacity 

No. TICs ATCs Total 

1. 	 N iCugi tsrraritrclia rca I. 58 58 

2. 	 C)raughtsrnan. Civil 

Engineering. 10 1 

3. 	 Electrician. 113 113 

4. 	 Radio Mechanic. 24 24 
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5. 	 Television Mechanic. 10 10 
6. 	 Machine Shop Worker/

* Turner, Machinist. 125 20 	 145 

7. 	 Bench Fitter. Millwright
Fitter. 10 15 25 

8. 	 'Air-conditioning/ 

Refrigeration 
Mechanic. 15 15 

9. 	 Auto Mechanic. 103 103 

10. 	 Farm Machinery Merhanic. 20 20 

11. 	 Textile Machinery 

Mechanic. 
 15 	 15 

12. 	 Welder/Plumber/Sheet Metal
 
Worker. 
 83 20 103 

13. 	 Pipe/Sanitary Fitter. 20 20 
14. 	 Foundry Worker. 24 24 

1 5 . CA b inet/P atter n M a k e r .
 
Carpenter. 
 75 20 95 

16. 	 Mason , Brick Layer. 20 20 

17. 	 Tailor, Garment Maker. 20 20 

Total: 	 710 110 820 

MANPOWER PROGRAMME BY FEDERAL GOVERNMENT. 

From the perusal of the traning 

programmes pursued by the different pro ncial Govt, 

Governments; it is revealed that the trades being 


taught 
 at the Technical Training Centres, Vocational 


Institutes , Polytechnics and colleges of Engineering 


are relevant to the r iquirement- of Lakhra Mine 


Development Protect. 


It is understood that 73% of the success 


ful students find lobs with n 6 months 
of their passing 

out while the balance 30% seek lobs either within a 

span 	 of I year. or proceed to Middie East, !n other 
words 30% skilled manpower without jobs shall be 

available for engagement at the Lakhra Mine 

Development Project. 

In order to promote vocational/technical 

training facilities *n various fields, an Ordinance namely; 
"National Training Ordinance, 1980" was promulgated by 

the President of Pakistan. Under this Ordinance 

National Training Board as well as Provincial Training 

Boards have been constituted at the Fpdoyral and 
Provincial level respectively. It is imperative for the 

National as well as Provincial 1raining Boards to 

prepare annual training plans. 


Currontly various techinical tratinrq 

programmes are under i'npleiientaition int tri country 
for the supply of kii'led and !,em j klled manpower 

to the industries in Pakjitin ;., N,-l i, in 	 ptl(ldle 

East. Itheprogamme, (Ifr a rit 

1. National V, c atwri I ,ilnni Sy:,tem. 

2. Other Public Ajerici., 

3. '-rivate Instittitiuo , 

4. Appienticehip Frograrmri 

5. Ii formal S' tl,+irr, 

6. Returning MigrIrt, 

Alth t iih mr une 

th e pf r e t , i f hr
o a .,t j t. n e
 
thee prograrnrr., tr ipfil for I:aitirti t,ne 

Deve:oprn rt Projec( t,r ail > tl the, than mining. 

:n urder t,. r,,ike the,,(. r{-(clai I' r-,mr u efut 

towairt'. tht rnminqi id-I t, .t the i ntti in 

general and Iakhri .trre I )ir, .(siio t P o cjr- in
 

particulat the iflnlg ,kil 
 i (iif ht * qtt ,ritrritj .e( 
if not in t hfrri(;al ( ,ri - tleall ri,;ilrin r :,t 

1country at lea,, ft" t +m leoinal Truning Centre.: 

and 	 Vocationil Intut+tite , ucait,(Iiii t, Flly-)adtr.
 

near 	 Lakhra (Sitidl it i, fy, irie It,: ri>and the
 

Sind Governmernt ,r the Federil Grovernment 
 to
 

look int th,l , ,bpc ,r l,, and that ti;o
 

imnediately.
 

Tho 	 Table be'ow give'., in(. tatltjcs of 

out 	 turn of the above n entiruned tranog schemes-

TAI3LE Vill. 

Supply of skilled and semi kkli-,lliu t ltlr ' r 1984 & 

..----- 1995 

Source 
 19F4 

Skilled Sere, I otal 

Mannower :killed 

_=n i:power 

National Voca 3 100 3.320 1.500 

tional Training 
System. 
Other Public 7 410 1t1 440 117.650 
Agencies. 

Private Instittono. 20.000 20,000 

Apprenticeship 1.110 1.100
 

Programme.
 

Ir.'armal System. 3 000 7.600 10.500
 

Returningrai, , 9.310 10 380 19 390 

Total (1984). 24.010 151 940 
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TABLE ViI (Contd). EMIGRATION OF SKILLED WORKERS FROM 
PAKISTAN FROM 1971 TO 1984. 

Source 1995 ',ira of Emigra - 1983 1984 Total 
Skilled Semi Total Occupation tion 
Manpower skilled from 

.- - Manpower ___ 19711971 826 

National Vocational 7740 11.640 19.400 Welders. 11184 2145 1163 14492
 
Training System. Mason. 58571 1116 7389 87076 

Other Public Agencies' 8 500 116.230 1e4.130 Carpenters. 63580 7783 4621 75984 
Private Institutions. 2 30.000 10.000 Electricians. 29637 4428 3162 37227 
Apprcnticeship 2.700 2.700 Plumbers. 12281 2102 1478 15861 
Programme. 3 
 Steel Fixer. 30278 4576 3379 38233 
Infomal System. " 4 000 11 000 15 0U0 Painters 15332 2862 1837 20031 
Returning Migrance. 14.240 11.390 26 110 Mechaics. 28771 3319 2467 
 34557
 

Cable Jointer5 . 2111 212 194 2517 
Total (195). 37.200 180.760 217 960 

Operators. 13431 15ni 1200 16132 

Fitters. 29550 794 992 31336
Source Provincial Training Boards ARTEP (1984) 

Report. NTB and Boards of Technical - - - -======----=---=-=-- =
 
EDucation. Total 314726 30838 27882 373446 

These include the various Provincial Departlnents------------------- =
 
of Social Welfare. Educatiun . Technical Education.
 
Rural Development and Local Government dealth.
 
the Provincial small Industries Corporations/Buards, Currently the Coal Ming Industry of 
and the Overseas Pakistinis Foundation. Pakistan is employing 40,000 workers to produce 

Based on information gathered from the Boards of 2.00 mt. approximately annually. The number of 
J Technical Education (Sind and Punlab). ioal mines is 1600 approximately ranging from 

Based on information gathered from the NTB and 5 tonne:/day production to 500 tonnes/day Morethe Provincial Trainig Boards. 
e Pthan 

80% of the coal mines are in the private
Based on Survey by the Oderseas Pakistanis 
Foundation in 1980 which reports that over 60% of sector which are responsible for nearly 90% of the
returning migrants interviewed upon return intended coal prnd,,r'ri,,' Most of the mining industry is non 
to move into business and trading activities and and 
aboit 15% wanted to go intc the agricultural sector. mechansed/the demand of trained skilled men have 
Since 78 99% of those returning Pre production never come from the mining industry. Therefore. 
workers, these results show that most returnees 
rather than go back to their original skills would no special effoit had been nade i the past for 
rather go elsewhere. Results of a PID study show developing mining skills except one centre
that 23.1% of skilled and semi skilled returrr.ies
 

that23.%o sem reurrjesr'~cently established by
an sklle sklle the Government of Punjabdo the jobs commensurate with their skills 
classification while 13.8% are still looking for the at Ctroa Saidan Shah Distt; Chakwal.
 
job. In Turn . 60% & the 13.8% are still lacking
 
for work which can offer higher wages. For our 
purposes, therefore, we take 23.1% as the According to a survey carried out 
percentage of returning skilled and semi-skilled by the itudy group of the Government to assess 
workers who do skilled and semi-skilled jobs. the requirements of the trained mannower for the 

mining industry during the sixth 5 year plan 

(1983-88), it was revealed that 108 new mining 

projects shall be established besides grant of 

1170 new mining leases. The requirement of 

various cat',sgories of trained manpower are 

truly reflected in Annexure. XI . Against a 

demand of 303 Mining Engineers during the plan 

period an estimated out turn of graduate Mining 

Engineers stand at 425. 
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in 
In other words 122 Mining Engineers shall be /excess to 
the actual requirements. If we account for the retire-
ments rate ai. exodus of Engineers to Middle East 
and other countries, and employment by the private 
sector-then there shall be a very nominal number of 
graduate Mining Engineers who would be on the surplus 
list. Besides above the other demanding skills are 
Geologists, pare Geologists, other Engineering Technici-
ans and para mining Engineering skills. 

TOP MANAGEMENT. 

In the foregoing explanations it has been 

made clear that trained manpower of the top level 
management shall be readily available for LakhraMin DveopentPrjet.men, the 

Mine Development Project, 


MIDDLE LINE SUPERVISORS. 

Middle line supervisors level, personnel of all 
trades except mining are readily available on account of 
their regular 3 years courses being conducted at the 

Government Engineering colleges/Polytechnics. Inclusion 
of mining disciplines in the Government Polytechnic 
Institutes/Colleges of Technology at Sukkur and 
Hyderabad Sind shall be of immediate helpt to Lakhra 
Mining Development Project. Meanwhile the Mining 
Polytechnic at Khanote and the Training Centre and 
Training Mine at Choa Saidan Shah, Distt; Chakwal. 
Mine Survey Institute Makerwal shall be able to meet 
the future requirements of the Lakhra Mine Development 
Project. 

SKILLED AND SEMI SKILLED MANPOWER, 

The skilled manpower, which is trained 
through the net-work of rechnical Training Centres 
and Vocational Training Institutes and Apprenticeship 
Training Institutes in the country shall be adequately 
available in all trades for engagement at the Lakhra 
Mine Development Project. Annexure- IX & X give 
the data of TTC, ATC AND VTI in the country along
with their trades and seating capacity . A look on the 
Annexures exhibiting the technical training centres and 

the vocational institutes in Pakistan gives the annual 

turnout 'of 7247 and 3304 respectively of trained 

skilled workmen of different disciplines. There is hardly 

any trade except for mining whose skilled workers 

needed at the Lakhra Mine Development Project is not 

available in these training centres/institutes. 

The tradesmen would prefer to change jobs on 
better terms of employmeit he;nce there will not 
be any visible shortnre of manpower to Lakhra Mine 
Development Project. A separate programme under 
the National Training Board is therefore reconmended 
to be formulated during the construction phase of 
the Lakhra Mine Development Project to meet 
shortfall if any. 

To meet the deficiency o" para mining 
Engineering skills, the Inspectorate of Mines, Punjab 

has started short courses in these skills and have

been successful in impirting training 
 to 243 Shot
 
Firers, 49 Ventilation Assistants, 48 Timber.
 

395 First Aiders and 267 Mine Sirdiars
 
during the first half of the sixth five year plan.
 

(1983-84. 1984 -85. 1985-86). 

The annual turn out of various skilled
 
workmen of mining from different agencies/
 
In,titutes is exhibited at Annexure -XIII
 

APPRENTICESHIP PROGRAMME. 

Apprenticeship Training Ordinance 
requires of every industry upon which the provisions 
of the Ordinance have been made applicable, to 
recruit and train 20% of the strength of each category 
of employees. Keeping in view the volume of 
manpower rnquired in the Lakhra Mine Development 

Project the provisions of tho Ordinance are recommen
dad to be extended to Lakhra Mine Development 

Project. This will facilitate the Lakhra Mine Develop
ment Project to have trained and skilled manpower 

all the time available with it. 

The conspicuous trades of mining in 
which skilled workers shall be required are enlisted 

as under:

1. Mechanical Coal Cutte,. 

2. Manual Coal Cutter. 

3. Shearer Operator. 

4. Longwall Coal Olpn ol. 

5. Roof Bolter. 

6. Tirnberman. 

7. Track Layer. 

8. Ventilation Assistant. 
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9. Conveyor Belt Operitor. 

10. Rescue Crewman. 

11. Electrician. 

12. Dust Sample Collector. 

13. Backhoe Operator. 

14. Dozer Operator. 

15. Safety Supervi'Sor. 

16. Dragline Operatur. 

17. Shovel Operator. 

18. T'ruck iyivers. 

19. Shot Firer/Bla ters, 

20. Mine Surveyor. 

RECOMMENDATIONS. 

In conclusion the strategy designed for Vie 

deveopment of manpower says that,. 

1) There will be no specific effort required 

in training the engineers of different 

disciplines. They will be avaiial~e as the 

out turr from !he Technical Universities 

is encouraging. Spociciizel courses can be 

organi/ed of specili d durtaion wilh the 

cullaborratir. of Trisinino inititutes of 

highor learnixl. fur management and 

Administrative skills. 

2. The operations as planned at the surface 

and underq ~ound nines are comparatively 
of a larger volume as compared with thegg 

mining operations of the eivStinq C0al 

mines in Pakistan. hL~2tatf responsible 

for these operations 5hold enjoy the 

designations which do not conform withhc onot no5)
other wise 

the nature of jobb/ iro likely to be viewed 

with dis interest and the managernent 

may find difficulty in ongaging corrmitent 

and experienced staff to get thmiiattracted 

for employment in Lakhra Mine Develop 

reTent Project. 

The designation of Fureman has boen used 

for iery important positions in the hierarchy of the 

manbgement at the surface and underground mines. 

As a solution to this problerr. it is 'reposed that 

instead of using the word Foreman, th.e nomenclature 

of Manager or Superintendent may be used in 

preference to Foreman . The name of Foreman in 

Pakistan is considered to be inchrrge of a g,'oup 

of 8-10 workers and that too semni-literato. Ondor 
and 

the circuiristance>, keeping in view the volume of 

work involved and the ortent of the project , the 

designation of Forenan is iecommened to bo 

replaced with some piestiq,.iu designation-

By changino this designation, it shall be 

possible to engage E',ineir. on tie-e jobs who 

would be too willing to accept such responsible 

a signrnents. 

3) Availability of middle line supcrvisor:; of 

alldisciplines except mining i assured through thi" 
Governrrent Technical Colloges/Polytechnics. Early 

completion of Mining Pclytechnic Khanote ( Sind 

and Training Centro & Training Mine.Choa Saidan 

Shah kPunjab) ind Mine Survey Institute (Makerwal) 

is recommended. 

Regular conduct of E-xaminations by the 

Board of Examinor3 under the Mines Act by the 

Provincial Governments are necessary, so that 

Mining Sirdars, Shot Firers, 2nd Class & 1st Class 

Mine Managers and Mine Surveyors are available 

in the field. 

4) For the training of skilled manpower in 

disciplines of mining, the platform of NT3 must 

be utilized by organisin1 training courses at the 
Technical Training Centres Vocational Training 

Institutes, and Apprenticeship Training Centre at 

Sukkur, Hyderabad, Kotri (Sind) in collaboration 

with WAPDA. 

The Apprenticeship Training Ordinance be 

made applicable on the operations of Lakhra Mine 

Development Project. This will facilitate continued 

supply of skilled manpower of all categories during 

construction phase as well as development phase. 

6. Literate persons/Sirdars are recommended 

to be recruited and specially trained through short 

courses to make thern competent enough to '.porvlse 

the underground and surface mechanized operations. 

Such training is recommonded to be arranged at the 

Training Centre and Training Mine , Chon Saidan Shah 

and Mining Polytechnic, Khanote (Sied). 
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7. Coal Cutters with underground experience 7 John T. tIoyrd Corripany I igrite Mine
 
are recommended to be engaged on regular basit and 
 Feasibility Study idkhta Coi Project
 
imparted training on the machine., to be 
 used at the Vol. 4 USAIDI Pak!,tan VAPFA Contract 
surface and underground coal cuttin opprations. No.391 D478 C C(O htfiC (;6
 
Recruitment of coal cutteis thfough joiiiar%/Mates
 
shall have to be dispensed v th. 8. Rana M. 
 Suitan : 01 Qarria i:kn 

PC I. Trairingj Centre .Ro !,,nmig >,ine fi:,
8. The Chief Inspectoi,. of Mine:, of all trie Mine SunervisOrx and d.'~j h
 
Provinces should 
 arrange Shot Firer's Examinations on Choa Saldan _.iiah f',it I!v, L.t'.. 'aki:tan 

regular basis and may grant certflfcat of corpetericy 

in Shot Firing to the ruccessful candidate! 9. Pianning Corimi..sion Ito ,iith Five Year 

Plan 1983 88 Government of Pakistan.9. The Government of Sind ,hi du expedite the 

establishment of Mine,, Rescue X, Safety :.tation near
 

Lakhra so that the re!,cue servce 1 avai lartle to tie
 

workers engaged at Lal.hra Mine rle.vicpnent Project.
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DIEJCIPI.INL. W'; rnSTRIBUTION OF tRAINED PERSONNEL 
MINE (WP) DURING DFIv-LOPING PHASE. 

FOR THE 

ANISNEXURE-.1 

SURFACE 

I CENiAL SUPL-R VISORl OFFICE 

Civil , I a I Electrical Mining Misc. Misc.Seni 

2 wntt 

Forer, w . 

Oantpruince 1 Deputy 
Manager 

Skilled Skilled. 

2- Warehouse 
clerks. 

1 flech'ird 

2 Feld 
. alttetioirpc, 

Fwerein. 

3 

S 

', !,trqF/in. 

Shot F/m. 

,',' i eI ouj3 

1 Chief 

Mning 
Engineer 

2 Assistant 
Mining Engr. 

I Geolugist 

2 Secretaries. 

3 Shift F/m 

4 Stripped 

1 Bank 
shooting F/r. 

2 Lignite Load 
Haul F/r. 

II) OVEFRF.URDEN DRILLING AND BLASTING 

6 Maintenance 
Mech. 

3 Maintenance 
Electrical. 

3 Drillers. 
1- Shot Loader. 

1 Dozer 
Operator. 

3- Diillers 
Helpers. 

1 Asstt. 
Loader. 

Shot 

I- Shot Firer. 

1i1) h"NTERE1IIDTDE, DRILLING AND BLAS'ING. 

1 .;inntenanc(, 

Mech.,ncal. 
1- Driller. 1 Dozer 

Operator. 

I -Maintenance 
Misc. 

1- Driller 

Helper. 

iv) 0/RBURDE[T REMOVAL SHOVEL/TRUCK. 

2 Shovel 
Operatoe,. 

14-Truck 
Drivers. 

2 Shovel 
C ter. -

2 Doter 
Operators. 

;4 Vaintenance 
Mt.chanjcal. 

6 Maintenance 
Eiectrical. 

1-Grader 
Operators. 

4-Water Tank 
Drivers. 

4-Maintenance 
Misc. 
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v) OVERBURDEN REMOVAL - DRAGLINEo 

(Contd). ANNEXURE-!. 

Civil Mechanical Electrical Mining Misc. Skilled Misc. Semi

skilled 

4-Dragline Operator. 

4- Dragline , Operator. 

4-Dragline Groundman. 
12-Maintenance Mech. 

-

-

-

6-Maintenance Elec. -

4-Dozer Operator. 

3-Maintenance Misc. 

vi) INTERBURDEN & LIGNITE LOADING. 

2 -Maintenance Mech. 2-Maintenance Elec. 2-Dozer Operator 

2-Bac!khoe/FEL 
Operators. 

2-Maintenance Misc. 

vii) LIGNITE HAULAGE AND ROADS. 

8-Truck Drivers. 

2-Grader Operator. 

2-Scraper Operator. 

2-Dozer Operators. 

2-Front End Loader 
Operators. 

2-Dump Truck 
Operators. 

2-Water Tank 
Driver. 

S-Maintenance Mech. 1 -Crusher Operator 

2-Maintenance Misc. 

viii) RECLAMATION AND DRAINAGE. 

3- Maintenance Mech. 

.3-Scrap3' Ope',ator. 

1 -0,ader Operato,. 

3-Dozer Operator. 

1 -Backhoe Operator. 

2 Maintenance Misc. 

ix) MISCELLANEOUS MINE SERVICES. 

5 Power Districution 
Maintenance. 

1 -Exploration 
Drill Operator. 

13 Misc. Un 
assigned people. 

1-Backhoe Operator. 

6-Pumpmen. 
6-Utility men. 

8 Service/Lub 
Truck Driver. 

1 -Exploration 
DRill Operator
Helper. 

6-Mech/WeldingTruck Driver. 

6-Fuel Truck 

Driver. 
6-Service Supply 
TruLkDrivor. 

5 67 22 34 116 9 
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ANNEXURE - II. 
STATEMENT OF THE MAJOR DRILLING. STRIPPING. LOADING. HAULING AND SERVICE 

EQUIPMENT TO BE DEPLOYED ON THE SURFACE MINE. 

OVERBURDEN PREPARATION. 	 8. Dragline CAble (11 KV). 

9. Shovel CAble (8KV). 
1. 	 Overburden Drill BE-55R. 
 10. Miscellaneous Connectors/Switches etc. 
2. 	 Interburden Drill BE-35R.. 

3. 	 Rubber Tire Loader Cat. 980C. or equivalent RECLAMATION AND DRAINAGE.
 
(201 KW).
 

4. 	 Povder Truck. 1. Scraper cat. 631 -D or equivalent (336 k.w.). 
5. 	 Supply Truck. 2. Grader CAt. G-16 or equivalent (186 kw.). 

3. Buldozer Cat. D-9 or equivalent (343 k.w.). 

DRAGLINE STRIPPING. 4. Utility Backhoe 2 C.M. (101 K.W). 

5. Water Truck (425 KW).
1. 	 Electric Walking Drgalhne Model 1370 W or 

equivalalent delivered and erected with spare GENERAL PURPOSE EQUIPMENT.
 
Bucket (4400 KW).
 

2. 	 Buldozer. D-9 or equivalent (343 KW). 1. Mobile Crane 100 Ton. cap. (416 k.w.) 

3. 	 Water Truck (425 KW.). 2. Mobile Crane 40 Ton Cap. 183 K.W.). 

3. Lowbed end Tractor ( KW).

SHOVEL / TRUCK STRIPPING. .. Forklift
...... ... ...... ..- :4. 	 ( K W.). 

1. 	 Electrr s'jvel Pl&H 2300 or equivalent with 5. Tire Forklift ( K.W).
 
20 C.M. urket. Pelivo)d and Erected. 6. Fuel Trucks 6000L . Cap. (140 KW).
 

2. 	 End Dump [fuck 136 lonrie Cap. (963 KW.). 7. Service/Lube Trucks (140 KW.). 

3. 	 Rulduer Cit. D 9 or equivalent (343 KW.). . Welding/Mechanica Trucks (140 KW). 

4. 	 Grader Ca. G 16 or equivalent (186 KW.). 9. Utility Dump Trucks (336 K.W). 

5. 	 Witer rrucl, , (425 W), 10. Electrician s Truck (to KW.). 
11. Geophysical Logging Truck (149 KW.). 

1. 	 laciue 01 & K PH20 ori Equivalent DEL 12. Supply Trucks 5 Ton Cap. (65 K.W). 

Erected (870 IV 
 13. Portable Air Compressor.
 

2. 	 Buldoier Cat. [1 9 or Equrvalent (343 KW.). 14. Pickup Trucks (50 K.W). 

3. 	 Front End Loader Cat. 992 or equivalent (515 KW.). 15. Supervisor s Vehicles (58 KW.). 

16. Surveyor Vehicle (108 KW.).

I~l(iJl AIh RA.DS. 17. Exploration Core Drill(362 KW).
l" H.AULAGE: 


1. 	 Eo ),,nip iruck., 136 lunne Cap (963 KW.). 18. Tow Truck (140 KW). 

2. 	 Grader C(at. 6 16 or equivalent (186 KW.). 19. Eight Plants (8 KW.). 

3. 	 Scr'aper Cat. 631 F) )requivalent (336 KW.). 20. Ambulance (55 KW.). 

4 .	 Warter I ick, (,425K . 21. First Aid/Safety EUtroment. 

CAt. fi 1r, i-quivalent KW.). 	 Truck K.W).5. 	 Elrrjtic.!er 9 (343 22. Fire (140 

6. 	 FRunt End Loader Ct. 9,38 or equivalent (280 kw). 23. Comrunication Equipment. 

24. Road Compactor (231 K.W).
 
,IINE POWIP FISTRIlJTION 25. Engineering EQuipment.
 

1. 	 Main Mine S.tjitr 132 KV 11KV (30MKV). 26. Personnel Busses (140 K.W).
 

Facl-rities, l1 .440 V.
2. 	 Surfarfi,! Transformer 1 27. Lignite Laboratory and equipment. 

3. 	 Pit .;ubstatrun SKID MID. for [ ragine 11KV 
7.2 K V. 

.1. Pit Substation KI|) tvTD. for shovel 1IKV-6.9 KV. 

5. 	 Two Load 8 KV Brcaker House. 

6. 	 Cab0le Connectors. 

7. 	 CaLl,. I oo!s. 
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ANNEX JRE Ill. 

STATEMENT OF ESTIMATED NUMBER OF TRAINED MANPOWER REU()UIREO AT 
THE SURFACE MINE DURING DEVELOPING PHASE. 

Westren Pit Ea~tten Pit Total 

1. Drillers. 5 5 10 

2. Driller Helpers. 5 10
 

3. Shot Loader. 
 1 1 2
 
4. Assistant Shot Loader. 1 1 2 
5. Shot Firer. 1 1 2 

6. Dozer Operator. 15 15 30 
7. Maintenance Mechanical. 58 58 116 
8. Maintenance Electrical. 18 18 36 
9. Maintenance Misc. 18 18 36 

10. Shovel Operator. 2 2 4 
11. Shovel Oiler. 2 2 4 

12. Truck Driver. 43 48 96 
13. Grader Operator. 4 4 8 

14. Water Tank Driver. 6 6 12 
15. Dragline Operator. 4 4 8 
16. Dragline Oiler. 4 4 8 
17. Dragline Groundman. 4 4 8 

18. Backhoe/FEL Operator. 4 4 

19. Scraper Operator. 8 8 16 

20. Front End Operator. 2 2 4 
21. Dump Truck Driver. 2 2 4 
22. Crusher Operator. 1 
 1 2 

23. Punrpmen. 6 6 12 

24. Utility Men. 6 6 12 

25. Power Distribution Maintenance. 5 5 10 

26. Misc. Unassigned People. 13 13 26.
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ANNEXURE -IV. 

nISCIPLINEWISE DISIRIBUIUN TRAINEDOF PERSONNEL FOR UNDERGROUND MINE 
DURING DEVELOPING PHASE.:......................................................................................
 

Mining Mer.idnical Electrical Misc. Skilled Misc. Semi-skilled. 

i) Administration. 

1 	 Mine Superintendent. 2-Office Clerks.
 

1 General Mine Freman.
 

II) Mine Superv,,ur 

3 	 Shift Foutrran. 1 Belt Move Foreran. 

3U Section Foreman. 3 Maintenance Foreman. 

2 Mine Inspectoi. 

3 Cieneral I/, F/rn. 

iii) General Out.ide. 

5 	 Diesel Vehicle Repair nian 1 Transport Driver. 6 -PlckingT Table workers.
shop. 1 Blacksmith. 1 General Labour. 

3 Lamp man and 

Bath house.
 

v) 	 General Inside. 

3 Mechanics. 	 3-Mechanic,, Helper. 9 Utility. 

1 Belt Repairman. 	 I Conveyor Belt 
Repairman helper. 

6-Brattice & overcast 
construction.
 

7-Roof Support. 3 Ploernan. 21 -Conveyor Belt cleaner &
 
Petrol.
 

6 
-Supply men & 4-Conveyor
 

Rock Duster. Belt mover.
 

:J Buffourmen. 	 1 Roadway Maintenance. 

v) 	 General Inside. 

27 Roof Support. 63 Loaders. 

27-Coal Cutter:i. 9 Boom Operators. 

12 Scouptrain Loader 
Operators. 

63 Roof Support. 

63 -Coal Cutters. 

. ...... 

== = ==== ==
..... = = == == == = ==== == == == = =0== == == == == 
= = = == == == = == ===5 == =
 



ANNEXURE-	 V. 

STATEMENT 	 OF MAJOR MINING EQUIPMENT TO BE USED IN THE UNDERGROUND 
MINE OF LAKHRA MINE DEVELOPMENT PROJECT----- = ==_---------------


GENRAL SURFACE FACILITIES. 1- Road a maintenance machine.
 

2-	 4-wheel drive vehicles for supervisory use. 6- Diese! Person;,el Vehicles 6 passengersrubber tired.
 
2- Pickup trucks. 4 wheel drive. 
 5- Diesel personnel carriers. 24 passenger. 

1- Flatbed truck. 
 rubber -tired. 
1- Auxiliary Diesel generator. 1000 kw. 6- 914 mm belt conveyors. w/head and tail sections. 

drives, motors, starters 3600 m. conveyor belt 
MINE PORTALS. 7200 m structure. 37 kw drives. 

8- 914 mm 	 belt conveyor. w/head and tail sections1-	 Mine Incline. 668 m. length. 4.27 m. width. drives motors, starter 5600 m conveyor belt. 
4.27 m. height. complete. w/belt conveyor. 11200 m structure. 75 kw drives.
 

2- Ventilation fans. exhaust type. 1.83 m. 
 6- 6.4 cu. i/mm. electric air compressor 6.900 kpa. 
diameter. 150 kw. motor. 

4- 10.3 cu. m/mm. electric air compressor 6.900 kpa
MINE POWER. 

1- Lot 7600 m. fresh water pipe. 75 mm dramneter 
1- Mine distribution panel w/4 circuit bar. 11 kv. wv/hydrants. 

1-	 Lot surface high voltage distribution cable. 3000m.. FACE EQUIPMENT. 
11kv. 
 = . .	 . 

1-	 Lot underground high voltage distribution cable 50 Pneumatic picks with lines couplers. and tools.
 
7600 m.. 8 kv. 
 4 Longwall conveyors 60 tph 11 kw motor. starter 

1- Lot high voltage i distribution cable. 2700 m. 1 Lot 500 hydraulic props w/link bars feed systemn 
8 kv. 3 cond. and power pack.
 

14-Switchhouses. single vacuum breaker. w/relays MISCELLANEOUS UNDERROUND EOUIPMENr.
 
and feed through. 
 MISCELLANEOUS ND ND 

3-	 Ongwall conveyor power centres. 30 kva. 2 Welding seti w/ tools
 

8- Belt power centers. 
 100 kva. 	 3 Axhiliarv face fans 5000 cfin. 

6- Belt power centers. 50 kva. 1 Lot ventilation tubing 450 m.
 

2- Transformers 
 200 kva. 11 kv/2300 v.. for mine f;in. 3 Pnuematrc drills w/accessories.
 
1- Transformer. 750 kva.. 11 kv/440 fur offices shoF. 1 Set bulk 
 rock dusting 	 equipment rubber tired. 

warehouse and bathhouses. 1 Lot winches and miscellaneous tools.
1-	 Transformer. 500 kva. 11 kv/440 v. for incinql a;t. 

1-	 Transformer. 150 kva. 11 kv/440 v.. for picking belt SAFETIY EQUIPMENT.--- -- -- _ __U/-------_ 
and crusher.
 1 Lot First Aid equipment.
 

WATER SUPPLY AND TREATMENT. 1 Lot 550 mining helmets safety toe shoes. 
and mining belts. 

1- Lot 500 m.. 100 mm. raw water line including 1 - Lot 550 electric cap lamps with charging racks. 
excavation, valves bedding, and installation. 40. Flame Safety Lamps. 

1- Lot 500 m.. 75 mm. potable water line including 15 Anem Jmeters. 
excavatio,. valves. bedding, and installation. 

1- Sewage jystem. w/septic tanks and sewage pits. 1- Lot 550 personal self rescuers 

1- Lot breathing apparatus and gas masks. 

OUTSIDE L.GNITE HANDLING FACILITIES. 
MISCELLANEOUS. 

1- Portable crushing plant. 400 tph capacity w/hupper. 
feeder, picking belt. screen, roll crusher, on rubber Spare Parts and supply inventory 
tire trailer. 

1- Radial stacker. 107 cm x 38m. w/adJustable boom 
and motorized carriage. 

1- Refuse truck, 10 tonna! capacity. 

MINE HAULAGE AND SERVICES. 

3- Diesel tractors for transporting supplies. 

6- Diesel scooptrams. 2.5 cu. m capacity. 
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ANNEXURE- VI. 

STATEMENT OF PERSONNEL CONNECTED WITH COMMON FACILITIES AT LAKHRA 
MINE DEVELOPMENT PROJECT. 

LMDC GENERAL ADMINISTRATION. COAL HANDLING AND RAILROAD LOADOUT. 

Staff- Number Staff. Number 

e.ur-Eed R nquired 

Genral Manager 1 Chief Lignite processing Officer. I 
Chief Engineer 1 Deputy Lignite Processing Officer. 1, 
Mining Engineer - Surface Mine 1 jhift Foreman. 2 
Mining Engineer - Underground Mine. 1 Lignite Quality/Haulage Coordinator. 1 
Electrical Engineer. I Lignite Analytical Lab. Director. i 
Industrial Engineer 1 Lignite Analytical Lab. Technician. 3 
Assistant Mining Engineer- 1 Total[ 8 

(Surface Mine). 

Assistant Mining Engineer 1 Workers' 
(Underground Mine). Stationery Equipment Operator - ROM 3 

Senior Geologist. 1 Stationery Equipment Operater 3 
Financial Officer(Corrrptroller). 1 (Radial Stackers). 

Deputy Comptroller 1 Stationary Equipment Operator 2 

Chief Purchasing Agent. 1 
(Railroad Loadout).

Mobile Equipment Operator 3 
Assistant Purchasing Agent. 2 Ligiite Sampler 3 

Chief Training Officei. 1 Maintenance Mechanical 2 

Deputy Training Officer. 1 Maiiitenance - Electrical 2 

Training Instructor. 6 Maintenance Helpers 2 

Chief Sah~ty uyficer. 1 Laborers/Hand Pickers. 10 
Deputy Safety Officer. 1 Total 30 

Safety Inspector Surface 1 

SafeyOPTIONAL PREPARATION PLANT FACILITIES. 

Director of Employment/Personnel I Staff-

Chief Surveyor. 2 Manager. 1 
Survey Crew. 4 qhift Foreman. 6 
Draftsmian. 2 Laboratory Supervisors. 1 
Pirector of Building Maintenance 1 Laboratory Technician. 1 

lnito r al Se rvices. 20 7 'ta " Z 0 

Fir st Aid lechnicrans. 3 
otal 10 

Director of Security. 1 Workers 

Clerical/Secretarial 1O ROM Operators. 6 

Director of Iransport Services. 1 Plant Operators. 4 

Radial Stracker Operator. 5 
Total- 68 Endloader Operator. 2 

Workers
== == Buldozer Operator. 

Refuse Truck Operator. 
2 

2 
Building Maintenance Crew. 3 Loadout Operator. 3 
Security Guards. 18 Maintenance Mechanics. 12 

General Transport Operators. 15 Electricians. 2 

Total- 36 Samplers. 4 

Laborers. 15 

Total- 57 
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ANNEXURE VI1 

STATEMENT OF PERSONNEL DIRECTLY AND INDIRECTLY CONNECTED WITH
INFRASTRUCTURE FACILITIES AT LAKHRA 

MINE DEVELOPMENT PROJECT 

INFRASTRUCTURE - PERSONNEL. WAIER. ROADS. AND STREFTS. 

Number 
Required 

Management. 

Foreman. 

Chief Administrative Officer 1 Labour' 

Clerical/Secretaria . 3 

4 
Assistant Foreman 
Water Attendant,. 

4 

10 

BUILDINGS AND GROUNDS-

Management-

Assistant Water Attendants. 

Equipment Operatur. 

Assistant Operator. 

8 

1 

1 

Colony Superintendent. 

Assistant Superintendent. 

Foreman. 
Chief Constable 

1 

3 
1 

Truck Driver. 

Helpers. 

Subtotal i.abour. 

Subtotal Water. Roads and Streets. 
======z======= 

3 

6 

33 
=== 

34 
t 

Subtotal Management. 6 Schools, 

Management 

Latour- School Superintendent. 1 
Clerks. 
Mason - Grade 

Mason - Grade 

1. 

2 

3 
1 

2 

School Principdl 

Sub total Management. 

3 

4 

Mechanic- Grade 1. 1 Labour-

Mechanic- Grade 2 

Waste Disposal Collectors. 

Waste Disposal Drivers. 

Recreation and Civic Facilities 

Equipment Operators.1 

Assistant Operators. 

Constables. 
Driver Light Truclk. 

Gardeners. 

Helpers. 

Bus Drivers. 

2 

5 

3 

14 

2 

19 
2 

4 

9 

5 

Teachers. 

Housekeeping 

Clerk 

Subtotal Labour. 

Subtotal Schools. 

H osp it a l 

Management. 
Medical Doctor Chief of Staff. 
Medical Doctor. 

Subtotal - Management. 

25 

3 

1 

29 

33 

1 

3 

4 
Electrician 

Electrician 

- Grade-1 

- Grade-2 
2 

3 

Labour-

Nurses. 18 

Subtotal - Labour. 78 

General Technician. 
Technicians. 

2 

1 

Total Buildings & Grounds. 84 

Housekeeping. 

Clerks. 
9 

2 

Subtotal Labour- 32 

Subtotal Hospital- 36 

504 



- -- - - - -- - - - - - - - - ------------- ---- ---

ANNUAL TURN OUT OF GRADUATE ENGINEERS ( 4 YEARS ) OF VARIOUS DISCIPLINES FROM THE 
TECHNICAL UNIVERSITIES/COLLEGES OF PAKISTAN ANNEXURE-ViII. 

Sr. No. 	 Name of University C i v I I Electrical MeAchanical Mining Chemical Industrial Metallurgy Petroleum . Electronic :Fuel Computer :; Archi
------------------------	 ' " te cture
 

1. 	 ,,University of Engineering 185 207 193 47 54 47 17 ' 

and Technology. Lahore. ======= ======= ======= ===========---------------================.. .. . .. 	 -----------.-.. . .. .. .	 i
 

2. 	 Faculty of Chemical 120 ,. , 
Engineering. University of ,
 

'Punjab. Lahore.
 

3. 	 N.W.F.P. University of 74 78 72 20 4 
"Engineering & Technology 

Peshawar. 

4. 	 N.E.D. University of . 212 141 211 - - . - - - - -:1 70 
.Engineering 	 & Technology .. ,
 
Karachi.
 

5. 	 :-Jawood College of -- 76 20 30 210 " ' 40 

I",-Engineering & Technology. 
Karachi. .... [ IT
 

... ... ... .. ... .. ... ... .. ... .. ... .. ...- -. .. ...- - - -= == = == = = = = = = = = = = = = == = = = = ==-= == = = = . . . .. .t . . . . . .. . .- =
= === = 	 i= = 

6. 	 College of Engineering & 78 81 74- . - -- ", - *- , 
Technology. Nawabshah. .I . . 

. Mehran 	 University of 76 55 55 18 25 20 25 34 20: 
;Engineering & Technology .	 . ,, ii 

',Jamshoro. 	 . , 

-	 i---
8. 	 'College of Engineering 76 70 69 -. _ 

,and Technology Taxila. ' ' 

,, 	 ,TI II II 

I- 'I 	 i I I 

ii''I 	 II 'I II 

TOTAL--	 701 632 671 85 275 40 102 17 244 B20 , , 40 
iii 'i' '' 	 II Ii 

=--	 -- - . . . .. ---.. ---------- -------
TT - - - - - - - - - - - - - - - - - - - - - -	 - - - - 
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ANNEXURE -XI. 
TRADE TRAINING COURSES OPERATED BY GOVERNMENT COLLEGES OF TECHNOLOGY/ POLYTECHNICS IN 
............-- PUNJAB. 

Sr. 7 r a d e Seating Course Minimum Entrance Qualificaticri.No. Capacity Duration 

(Months). 
1. Electrician. 463 6/12 Middle Pass/M.atric (Science). 
2. Electrical Supervisor. 217 9/12 Middle Pass/Matric (Science). 
3. Electrical Engineering. 43 12 Matric (Science). 
4, Refrigeration/Air (. unditining 171 6/12 Middle Pasc/Matric(Science). 
5. Tracer. 400 6/12 Matric (Science). 
6. Draftsman (Civil). 135 6/12 Matric (Science) 
7. Quantity/Civil Surveyor. 478 3/6/12 Matric (Science)
8. Radio Mechanic. 62 6/12 Middle Pass / Matric (Science).
9. Television Mechanic. 12 12 Matric (Science). 
10. General F,tter. 8 6 Middle Pass 
11. Welder. 21 
 12 Middle Pass. 
12. Auto Servicing Mechanic. 121 6/12 Matric (Science). 
13. Auto Electrician. 12
28 Matrt (Science). 
14. Armature Winder. 16 
 12 Middle Pass. 
15. Turner. 16 
 12 Middle Pa s 

T o t al 2.191 ====== =========:= == == === 
 ====== = ===
=== z = = = .=== == _== = ==.= ==== = =====z======= ==
 

TRADES IN T.T.Cs. G.V.Is. & A T.Cs. PAKISTAN. 

T... s.. G._V_..is. A.T.Cs. 
1. Electrician. 

2. Radio/TV. 

3. Ref. & Air Cond. 

4. Draftsman (Mech). 

5. Draftsman (Civil). 

6. Wireman. 

7. ARmature Winder. 

8. Auto Mechanic. 

9. Auto Farm Mach. 

10. Auto Electrician. 

1. Electrician 

2. Radio/T.V 

3. Draftsiomh (Mech). 

4. Draftsman (Civil). 

5. Ref. & Air Cond. 

6. Instrument Mech. 

7. Armature Winder. 

8. Auto Mechanic. 

9. Auto Etectrrcian. 

10. Tractor Mech. 

1. Fitter. 

2. Turner. 

3. Machinist. 

4. Welder. 

5. Electrician. 

6. Textile Fitter. 

7. Ref. & Air Cond. 

8. Radio/TV. 

9. Plumber. 

10. Surgical Instrument 

11. Plumber/Sanitary. 11. Fitter. Mech. 

12. Welding. 

13. Turner. 
12. eldig. 12. Turner.1. Tuner.(Sports 

13. Machinist. 
11. Leather/Wood workgoods). 

14. Machinist. 
14. Welder. 

15. Millwright. 

16. Bench Fitter. 
17. Sheet metal. 
18. Moulder. 

15. Plumber. 

16. Carpenter. 

19. Carpenter. 
20. Painter. 
21. Tailoring. 
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STATEMENT SHOWING MANPOWER REQUIREMENT FOR THE ANNEXURE - XII.SIX TH F IV E Y EA R PLA N FO R T H E M IN IN G I- STR Y-...............
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2. 
3. 
4. 
5. 
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.. . . . . .. .. .. .. . . . . . . . . . . . . . . . . . .Pakistan Mineral Development Corporation. Baluchistan. 

Resource Development Corporation ( Federal ). 
Geological Survey of Pakistan ( Federal ). 
Pakistan Industrial Development Corporation ( Federal ).
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STATEMENT OF OUT 

Name of Institute/Agency 

1. 	 Training Centre & Training 

Mine for Mine Supervisors 

Choa Saidan Shah District 

Chakwal ( Punjab. 

2. 	 Mine, Rescue & Safety 


Station. Khushab(Punjab).
 

3. 	 Mine Survey Institute 

Makerwal District 4jianwah 
(Punjab). 

4. 	 Chief Inspectorate of Mines. 

Punjab. Lahore. 


5. 	 Mining Polytechnic &Project
PolytradeKhanot.(Distt. Dadu) 
Sind. 


6. 	 Mines Rescue e. Safety 

Station Lakhra (Distt 
 Dadu) 
Sin-. 

7. 	 Chief Inspectorate of Mines. 

Sind . Karachi.
 

8. 	 Mines Rescue & Safety Station. 
Sinjidi . Baluchistan. 

.9. Chief Inspectorate of Mines. 
Baluchistan. Quetta. 

10. Chief Inspectorate of Mines. 

NWFP. Peshawar. 
11. PMDC Su,.ey Institute 

Khewra. Jielum (Punlab). 

SF- Shot Firer. SC 

TM- Timber Man. FCM. 
RCM- Rescue Crewman. SCM-

MSU- Mine Surveyor. MT. 

MCS-

TURN OF VARIOUS MINNG TRADESMEN FROM THE INSTITUTIE S/
 
AGENCIES IN PAKISTAN.
 

ANNEXURE XII1 
1986 1937 1988 1989 1,90 

10-VA 10 	VA 201MT 20 MI 
10-Shot Firer 10 SF 10 VA 10 VA 
10-T.M. 10 KIT. 10 SF 10 	 SF 
10-MMT 10-TM 10 	iM 10 ;M 
10-MET 10-MET 10 MET 10 MlE 
10-MGE 10-MGE 10 1.C 1 10 ,"(:[-.
 

10 	 tT 10l l80-RCM 80.RCVI 80 -RCM 80 RCM 80-RCM 

20 	MSU 20 MSU 

100-SC 
 100-SC 100-SC 100 100SC SC5-FCM 5.-FCM 5 FCM 

5-SCM 5-SCM 5 SCM
20 	 MCS 20 	 MCS 20 	 MCS 

is i the plannng tage oinJ v likelv to be 
P
 
completed by 1989 90.
 

[hp 	 nroject is under constiLJCt~in ,taileand 

shall take 3 5 years before start c iaticn i 

full 	swing. 
50-SC 
 50.100 SC 100 SC50 50 100 sk 50 100 SC 

100-RCM 10O-RCM 100-RCM 100 	0CM '00 0CM 

100-SC 
 100-SC 100-SC 100 sr: 
 100 	 SC
5-FCM 5 FCM 
5 .SCM 5 SCM 

10-MCS 10 	 MCS 
50 -MMS so MMS 

40-MSU. 40- MSU 40 	 MSU 40 .MSU 40 MSU 

Sirdar Certificate MGE-Mine Gass £ Explonivo, 

First Class Certificate. VA.- Ventilation -",tant 
Second Class Certificate. MMT Mines I'l-rl,-c~Iechnicians. 
Mining Technicians. MET-Mines Electrical Technicans. 

Mine Competent Surveyor. MMS Metalliferous Mine Sirdars. 

- -- -- -)--- -- - -- -- - -- -- - -- -- - -- -- -. 



MANPOWER DEVELOPHENT TO SUPPORT INCREASED COAL
 
PRODUCTION AN UTILIZATION IN PAKISTAN
 

POLICY AND INFRASTRUCTURE PRIORITIES
 

Donald W. Meals, Ph.D.
 

Arthur D. Little. Incorporated
 

25 Acorn Park, Cambridge. MA
 

02140 U.S.A.
 

INTRODUCTION
 

Can coal be extracted without the hands 
and 


minds of people? 
 Can it be made to benefit man 


without human 
Intervention? 
 Unless we believe In 


magic, the answer 
 to both questions Is a confident
 
Do! Not even a tentative "maybe" 
or a cautious 


'perhaps" Is acceptable. 
The fact is, growth and 


change in anyi busincss or 
social enterprise,
 
Including those of government, are conceived by 

people, planned by people and operated by people.
 
Their suc,'s or 
 failure depends upon people. 

It i!; 1"t.tlng and proper that this conference 
'eckon with the liuman resources needed to combine 

financial, technological, to
and material resources 


increase the pruducticil and utfli atiot of coal. 

We ar all aware- of th 
 rived to recognize that the 

right people mu;t be in tie right jobs 
when thy 


are needed. We also know 
 that it is important to 

train the people who operate new equipment, tho~e 

who maintain that equipment. and, indeed, those who 

supervise an) ,manage 
 the people using and saln-

taining riw equipment. But that is not enough. 
Our questioins ;,nd atin;ers must go beyond the
 
alloca tion of time 
 and money to create tie human 
skills that implement all plans. lWho does the 

training, how is it accomplished, and where it 
takes place are' as important as concerns about 
blending coal to improve combustion or mine 

safety.-for t.he'se also depend on hurman skills. My 
aim, therefore, is to share with you two concerns 

that grow out of first-hand observations of 
manpower development in Pakistan and seven other
 
rapidly developing countries. 
 How well technical 
and financial discussions cope with these manpower 

development issues can make or break any high hopes 
and ambitlous programs that grow out of this
 

conference. They are:
 

o Vhat is the best place to train? At home 

or abroad? 

o flow should trainin be managed? 

BACKGROUND: 
 TRAINING TECHNOLOGY 

Before considering these two issues, a brief
 
examination 
of what has been happening to training 
will be helpful. In brief, we are 
experiencing
 

technological developments as rapid and significant 
as those found anywhere. There is a modern 
training technology. It is a; different from that 

9of the 1 4Os as the miners pick is from a 
continuous miner modernor shuttle car. Three 

complementary developments account for ongoing 
revolutionary chang is in training and educational 

technology. 

0 Improved understanding of the learning 

process.
 

o Application of visual controland 

technologies.
 

o New course design techniques. 
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THW;.earn inz Process 

While the phy';ical scientists have given 


cigineers new knowledge to apply to 
new physical 


technology, behavioral 
 scientists have given
 
teachers new kiiowlied, 
 that makes teaching more 


efficient. Todav's well trained teacher 
 is a 


better skill-building engineer 
 than his or her 


predecessors fifty 
 years ago. And a, und,,rstanding 

improves, teaching and training get st ill better. 


in addition, we can giv- the 
 trainers much better 

tools.
 

Visual and Coot rol rechnoloLes 

By far the most evident change in training and 

education is the application of modern -'edia and 

computer technologie-s to the teahinglearning
 
process. We are all famillir with the rapid 


transition from the printed picture to the
 
projected image, to 
 the motion icture, htoa,!cast 

video. and now the video cassette thiat i!;i inva. -,g 

homes everywhere. We awareare that the power of 


the computer has been harnressed hy te:chers anti 


trainers. Rapid technological advances 
 in 

computing have lowered costs while 
increasing 


power. The result: 
 computers in classrooms and 


training centers 
providing drill and practice. 

'rhey simulate complex processes to help trainees 

learn to control them. These developments have 

been expanding the capability of trainers just as 

modern mining equipment has been expanding the 

productivity of work rs 

Within a remarkably short time, both the range 

and power of 1-iching tools 
and their adaptability 


to individual 
trainees has Increased. There now is 

iolid evidence that 
the use of these technologies 


increases the productivity of the teaching and 


learning process. >or example: 

o Since 19/8, the public schools of six towns 

close to mi home have been using computers 


for part of the instruction given in 

language and mathematics. Their carefully 

maintained and analyzed records show that 


this mode of instruction has been superior 


to conventional instruction. 
Learning
 

goals are achieved more quickly too. 
 Small
 

low cost computers are entering classrooms
 

in great numbers-.aven as budgets for
 

public education diminish.
 

0 A 25 million dollar grant by IBM to the 

Carnegie-M1ellon University has produced a 

set of computer programs or software for 

higher education. A reviewer has stared
 

that "... it Vill Make educt,i jna! 

appl tcarions av porrablie an, r:erbookx." 

Training technologies also enforce quality
 

control. Most important, they are wobile. T ey 

can move across national boundaries, they can move 

Into industrial training centers, onto the factory 

floor. 

ThP Dj elo _ajnIDZ 

The revolution iniraining ha dware
 

technology ha n
, widely reported. Meanwhile,
 

there has 
L'en a quiet but equally significant
 

development of a technology 
 for combining what we
 

know about how people learn with the 
 new hardware, 

called by some instructional System Design (ISD).
 

It focuses on 
trainee needs, reaching only what the
 

individual 
needs to know. 
 Built-in techniques
 

prevent the 
waste of time and effort, Its products
 

are called "software" ;t a computer io-,olvedis 

but, more generally, they 4re referred to 
 i 

"courseware" or 
"validated instructional inmter

iis." 

Lest Instructional System Design appear to be 
an 
esoteric activity of university professors, one
 

example of its 
use is necessary. The International
 

Telecommunications Union (ITU) in Geneva,
 

Switzerland, has taught hundreds of trainers in 

developing countries to design efficient
 

instructional materials. 
 Such materials now teach 
telephone employees in Singapore, Kenya, and
 

elsewhere to 
install and repair telephones. 'lie
 

ITU has also developed teaching materials for
 

modern switching eq-'ipmrnt. The process is being 

used in both developed and developing countries 

simply because it saves timne and money.
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yopcurrent Develoomeni: Trafnin- and Other 

Techn g1technology-driven 
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FIGURE 1 CONCURRENT GROWTH OF TRAINING
AND OTHER TECHNOLOGIES 

The significance of the new technologies (f 
training for Pakistan begins to be evident when we 
place them 	 in the broader -ontext of technological 

developments generally. Figure 1 portrays the 


growth of technology as accelerating. 
As It does, 
the demand for knowledge and ;kill to apply the new 
technology increases. Many say this requirement 


increases at a faster 
rate than the technology *. 

But, even if technology and the associated demand 


for expanded human capabill ties 
grow aL about tire 

same rate, ti. general demand for trining 


increases very rapidly. 
Dvvrilnlment that: uses 
competitive technologies, thetefore, can he 
expected to increase th- demand for training and 

retraining. This suggests that investmentrs In 

capital equipment should be matched by 	 investments 

in human capital. 


*New projects such as 
a stil mill or vastly 


expanded coal extraction generate sudden surges in 


the demand 	for new skills rather than the steady 


growth shown in Figure 1. This Intensifies the
 

need to produce new skills 
as efficiently as
 

possible.
 

Once it is recognized that satisfying
 

demands for 	 human skills is a 
necessary cost of developmsent, finding ways 
to
 

reduce those costs becomes important. Training
 
technologies promise 
to cope with those demands.
 

l~qynIlcy/Nr.. W ao,-
Techntology 

Apphc-ble
.lelj

Technology 

Spp 
A lAppl110... 

Em.mnte, 
 TehVfQ 

........ 
 A901 
_
 

1940 
 1 %0 
 1990
 

Figure 2: 	 Impact of Alternative Training
 
Technologies on Manpower

Development
 

How important it is in the long 
run to make
 

use of modern training technologies is suggested by
 

Figure 2. If less advanced training methods 
are
 
employed to cope with new technologies, as at "B",
 
the use of new technology or 
even the growth of an
 

established one 
will be hindered by inadequate,
 

delayed, 
or costly manpower development. On the
 
other hand, as shown at "A", 
 if training technology
 

matches or exceeds production technology, the
 
demands for 	worker skills and knowledge are more
 
easily met. 
 Inferior training technology is likely
 

to be lens efficient, cost more. 
 The inference is
 

that in both the short-run and the long-run,
 

training technology must keep pace with growth and
 

technological change.
 

We simply carnrnt efficiently grow, or expand a
 

1975 technology, with 1935 training. 
This is the
 
message of the parallel development of training and
other technologies. 
 It has special meaning for
 

those who decide where training is done and how it
 

is managed,
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THE LOCATION OF TRAINING 

We have argued here and elsewhere that modern 


training technology is needed to produce efficient
 

solutions to the human resource problems created by 


rapid growth and technological change.. 


Unfortunately--and incorrectly--many leap to the 


conclusion that much of the training that supports 


growth and change should, therefore, take place in 


the West. The unexamined assumption seems to be 


that the trainee-must go where the training tech- . 

nology is best. Apart from the cost penalties of 


doing so, offshore training is a bit like"7ending 


your raw materials to be manufactured abroad 


because the production technology there is more 


modern, more efficient, A better solution is to 


move the technology to the raw materials and basic
 

manpower resources. Like investments in the 


production and communication technologies, bringing 


training technologies to the workers creates self-


sufficiency and independence. Moreovor, doing so 


bitilds a balanced developmental capability, 


Three arguments for keeping the maximum amount 


of manpower development at home are especially 


important: 


o Training Is Continuous 


o Training Is Adaptive
 

o Training Technology Is Mobile 


Continuous Traintna 


The need to train workers to cope with new 


machines and processes does not end on the day a 


factory opens or when coal production exceeds seven
 

million metric tons a year. Turnover, promotions 


and retirements create a constant internal' flow of 

human resources into different jobs with different 

demands, Asmanagement learns to adapt the 

organization and its equipment to the local 

environment and customs, there will be changes in 

the organization and, consequently, changes in job 


responsibilities. Incremental changes in 


technology will impose further needs to acquire new 


skills. Retraining for redeployment will make 


continuous training support as essential as the 


maintenance of equipment.
 

Failure to provide for continuing support is
 
an all too common cause for low productivity. It
 

happens this way:
 

. A successful equipment vendor agrees 

to train X operators and Y maintenance
 

personnel in hls own "modern" training
 

facilit'ies thousands of miles away.
 

Although cost Is substantial, It Is
 

hidden-in the price of the equipment. To
 

the buyer the numbers to be trained seem
 

large in comparison with the available
 

supply of skilled workers. In practice,
 

the numbers to be tralned have been set
 

at a minimum level by the vigorous price
 

competition encouraged by the tender.
 

Two years after delivery of the
 

equipment several trainees are supervi

sors, several more have used their
 

training to find better jobs, and one or
 

two have been assigned elsewhere.
 

Inadequately trained employees fill the
 

slots as negotiations get underway for
 

the vendor to train more employees
 

this time, perhaps several trainers as
 

well. The price will no longer be hidden
 

in equipment costs.
 

Building a modern local training capability
 

helps avoid costly dependence on foreign sources
 

of training or the use of Inefficient methods of
 

developing human resources. Moreover, manpower
 

development can respond to continuous
 

requirements for training and retaining.
 

Adaptive Trainlns
 

A basic principle of modern Instructional
 

Systems Design that Is consistent with what we know
 

about how people learn Insists that training
 

begin with what the trainee knows at the start
 

of training. The training builds from that to
 

produce Just those skills and knowledge needed
 

to do the Job well. That Is, training adapts to
 

the trainee and the Job. How then can a manager
 

be sure the foreign traintr with program
 

•: : : , : • ' : . 5 14 'i ...: ~i




7 

.degned for his largest xarket will accommodate
his needs?, Will the programs of the foreign 

supplier change as his jobs and trainee .populations 

change?' WI i.the foreign 
trainers be able to cope 

with trainees with different cultural values? 


There are some trainers who can adapt 
to 

changing and diverseneeds. 
 But, few adaptations 

can be as sensitive and complete a 
those the 

manager makes himself 
. The more training he does 

at home, 
the better able he will be at adapting to 

his own special needs. 


obile
A • .Technology 

Emphasis 
on training"within"one"s 
ow 

Em + +,+cphasustraining withtn one's o;+ on 

would. be 
 fanciful and impractical if up-to-date
training technology were not mobile, 
 The fact of 

the matter is 
that the essential elements are 

highly mobile and are widely disseminated, 


An example of the mobility of a key part of 

training technology, course design, 
is the work of 

the ITU mentioned above in training course 


designers who now apply these techniques in a dozen 

countries. 
Another example is typical of such 

'ransfers, 


Forty members of a staff responsible for
 

creating educational and training programs 
in
 
a developing country learned to apply the 

Instructional System Design techniques. 

Within a 
year they were producing fl!rst.rate 

Instructional programs employing television, 


teaching machines and special textbooks, 


During the second year, this group trained an 

equal number from another developing country. 


What about the hardware? 
 It too, is mobile,

Overhead!prjetos, vhideassettplayrs, and~
vemicrhpro jeors,
for example, 
are 
 pnthe move,
microrocesors
fo eaparon 


temoehs
They are penetrating training environments because
they behave like all good capitol investments: 


They i ild good returns on investment Market 

growth and rapid technological change are driving 


prices everlower. Oth vide~o and computer basedinstruction cost less than a'tenth of what' they 

cost a decade ago--and their benefits 
are greater, 


time gives 
the owner of the hardware or delivery

device control 
of the training process, 
 it is
 
necessary to own a safety razor 
in order to take
 
advantage of 
 available blades of low cost and high
 

quAl ity.
 

Before moving beyond hardware as a source of
 
mobility and local control, a comment on 
resistance
 
to training hardware 
is in order. OurIidealization
 
of the teaching-learning 
process makes it 
a highly
 
personal matter: 
 teacher and student working
 
together, chalk and chalk board, lectures and
 
exams. Resistance is the natural desire 
to hold on
 

to the old and familiar, 
 Fears of excess cost: andcomplexity are 
the last defense, just as they were 
' 

for the internal combustion engine, 

The truth is, the hardware is not the key
 
feature of the revolution in training technology.
 
It 
is just the delivery and control device for
 
modern courseware, 
 If one encounters resistance 
to
 
training technology, back down the curve we
 
examined earlier, 
 use 
a lesser technology for a
 
while. 
 Improved training, mobility, access to
 

courseware and, above all, ownership will hasten
 
the transfer oftraining technology..and expand the
 
local capability for matching human skill to 
the
 
demands of new technology.
 

Tp
 

The parallel growth of production technology
 
and training technology ista phenomenon that cannot
 
be ignored. 
 Abetter understanding of learning and 
the design of courses have been combined with

technological adaptations that increase training 
efficency and make it more mobile 
 Theue are the 
tools for learning that now must be continuously 
and ever adaptive, To buy or rent but never own
 
these tools is to 
delay an understanding of them
 
and a control of their power. 
This means that
 

raigao 

nepiems
thoser reainanw enrpris insist on the
mustginith onthe
transfer ..of .rina technology along with other 

technologies. A commitment to the maximum p..ible
 
amount of in-country training 
uported b modern
 

training technology enables m'
anagement to own and 
control thecontoley he fo deelomen. Larning toool
key tools for development 
use them will increase the capability for ft$.are
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But the major benefit is not in the hardware; it is 


in the courseware. Just as the radio and home 


video enable the owiter to have access to multiple 

sources of information, educational hardware makes 


courseware highly ac-eqs ible, i.e., mobile, 

Through the co ne 'are he creates, a single master 

trainer can bp in five classes in Sind while at the 

same time ,teiching" thri:e groups in Baluchistan. 

Hardware makes courseware portable and there-

fore mobile. It enables the trainer to use 

learning material:- produced thousands of miles away 

or to produce his own in Karachi for use in L.ahore. 

Such portability expands mobility and at. the same 

development--enable human resources to keep pace 


with techialogical change and growth, The answer 


to 	my question of where to do the training: 


Do 	as much] traininp as possible at home with the
 

best training technolo y that can be acquired, 


o4nd and used. 

M%.NAGING TRAINING 

The most damaging aspect of off-shore training 


is the associated complacency about the management 


of human resource development. It is as if the 

vendor, by taking trainees into his school, has 

assumed total responslbility for manpower develop-

ment. Yet, he cannot do more than a small piece of
 

the strategically important job of developing human 


resources. There are just too many related
 

activities that determine whether manpower goals 


will be met. 


MANAGEMENT. 	 --.HUMANRESOURCEOEVELOPMENT, 

, 

N.wHire$ ~ PRORAM k , PERFORMANCEPRORAM ,PulXMuln 

.-:that, 


FIGURE 3 'RAINING MANAGEMENT: 
MORE THAN SCHEDULES AND FACULTY 

Consider some of the activities that determine
 

whether money spent on training will be wanted. We
 

begin with a training program at the center f 

Figure 3. It makes no difference whether it takes 

place in a classroom or on-the-job. Apart from the 

level of technology involved, the reason for 

training is to provide knowledge and skill. But 

for what? Obviously, the knowledge and skill are 

intended to enable the trainee to perform his job.
 

This means that the program is related to one or 

more jobs. If the job changes, the training may 

need to change. Some one must make that happen. 

Next we rust have trainees. They Lay be 

current employees or newly hired ones. Not all of 

them will enter training programs at the same time.
 

Nor, will all trainees enter the same course. Some
 

one 	must control the selection of trainees.
 

Wi-hout further complicating the need for 

coordinated actions and process control, it is 

evident that there are a number of critical points
 

where things can go wrong--and often do. 

o The wrong trainees are selected to attend
 

the 	training program.
 

o 	The skills produced by the program are not
 

those needed on the job.
 

o 	The program is too long.
 

o 	Trainees get assigned to lobs not speci

fically related to their training.
 

Every time one of Lhese familiar events 

occurs; there is wastr--not just of time, money,

and opportunity, but of human resources. Mean

while, excellent menagemen talent may be
 
controlling finance; and transportation with 
finesse. It would appear at 
first to be simply a
 

matter of diverted attention. In most cases, it is
 

but much more. Very often the techniques and
 

technologies of human resource management are just
 

not in place. There is no infrastructure. For 

example:
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o 
The wrong trainees may be selected because: 


Objective measures of aptitude and 


trainee potential are 
not used; 


performance appraisal is missing or
evaluates unimportant employee 


qualities. 


The trainer has not specified the 

capabilities the 
trainee must have to 


succeed in his course. 


The wrong employees wee hired. Few 


qualify for the 
training program.
 

peformanceta rUn= 
 s unrelated to the 

Job. 
 ur a dthe 


haveman 
 mentwithut
&.We ~From 

measurement-
-a fatalflw, 


o 
The skills produced are inappropriate 


The job has not been analyzed. 


The course has 
not been evaluated 
to 

determine whether it produces what it 

produce, 


Thetechnigues f obanalysishavenot
 
beenappled. 


o The program is too 
long because: 


-Much 
has been added to compensate for 

the lack of certainty about what the job
 

requires. 


It has not been designed for efficiency 


and the appropriate use of teaching
techniques 
and materials. 


ornu 
r 
 LLi&AkBig:
 

0 Trainees are assigned to other jobs
 

because:
 

The Jobs for which they were trained are
 

filled or not yet established.
 

The placement process begins when the
 
trainee graduates rather than before
 
training starts.
 

o olannine is lacking.
 

Such deficiencies lead to 
a gross wastage of
human resources. Training is not linked to what
 
trainee later does on the Job- -his performance.
 

this focus 
on Job performance .nd 
its
 
associated measurements 
comes the information
 

managers need. 
To avoid wasting human resources,
 
there must be 
a plan and the means of controlling
 
a complex set of activities: 
 recruiting, 
selection
 
of trainees, the design of courses, the assignment
 
of trainees to jobs, and others. 
To succeed in a
 
new venture will require managerial skills applied

to money and equipment. Developing human resources
 
calls for equal or better management of a similarly
 

complex set of activities.
infrastructure Without a supporting

and adept management, 
more money can
 

be wasted on training than on anything else.
 

The waste of money on inappropriate training
 
will be greatest for those 
training courses
 
cal :cted off-shore. 
 Here is an example. It is
 
M.pical of six training contracts I have recently
 

examined in detail.
 

The tender for very expensive modern
 
equipment was carefully prepared by engineers

tho drew up tight technical specifications.
 

They were based on careful analyses of
operational 

requirements 


that took account of
 
maintenance and interfaces with other
 
components of the system. 
Bids were evaluated
 
carefully and a winner declared, the contract
 

negotiated and signed.
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Al 	ng the way, almost casually, and Conclusion:
 

without any analysis, the tender called on the
 

Well managed manpower development will: 
contractor to provide training. The number of 

trainees was specified without any manpower 

planning. The pro-trainirg qLalfications of a Demand training programs that produce the 

skills needed; enforce requirements
those to be Lrained by the contractur and the 

that
 

only Instructional Systems Design can meet.
 results of training were vague--far from the 


precision of the hardware specifications.
 
o 	Call for the best techniques available for
 

delivering training; insist on the
 
The negotiations were instructive as 


well. Almost all of the negotiation effort application of the best available
 

technology to hardware.
 was devoted to clarifying and enforcing 


specifications- -of the hardwnre . Very little
 
nreoifations-time theshspent
on)hVetraintngTaken 
 together, such training, well supported
negotiation time was spent on the training,
 

s to worry and managed as part of the development of human
 
for there were no specificat 


resources can help make expanded coal extraction a
 about. From the record It is apparent that 


success. Whet is more, it will prepare the way for
 
the winning contractor liked that. There 


would be no careful inspection and measurement other and later developments as coal producers and
 

users own and use modern capability for increasing
of what he had agreed to deliver. Moreover, 


your most important resource. Tnius, the answer to
 
there was a good possibility that there would 


be a separate contract for more tralnlnj--a my second question: "How should training be
 

managed" ? is:
late discovery that both trainers and replace-


Create a human resource mareement infta-slg-urements would need to be trained. 


of 	 which training is a oarLt.D1d!___anaPe it with as 
Unnecessary--often blind--dependence on 


talent as thateapI ._dt the

off-shore training is frequently the result of much or more 


manazement of equipment and moLey.
inadequate analyses of manpower needs and the 


absence of the supporting human resource
 

development capabilities. Training is but one
 

segment of the continuous manpower development
 

required by both growth and change. Without the
 

found it an important means of coping with the
 allied capabilicies, it is small wonder that, the 


dema:s of growth and new technology. The
 
devlopment of people gets little management 


potential value of this technology and its
 to make effective use of 


application to the developmental
 
attention. The ability 


expensive off-shore training is limited by 


challenges of Pakistan argue for its application

inadequate management support. 

here. in the final analysis, however, the 

oreffectiveness of all training--at home abroad--
If 	 a lack of a manpower development infra-

depends on the integrated management of all human
 the value of off-shore training,
structure limits 

resource development of which training is a part.
 

it places local training at an equal or greater 


risk. Training that is not supported by a well 
 It adds up to just this:
 

managed human resource infrastructure is like an 

expensive piece of cquipment with uncertain input, o vpand owthbest tiaining
 

unplanned use of output, and no maintenance. 	 capablt posbe- t wil srve
 

Moreover, well managed manpower development will be deveo btter th an g ainin
 

capable of detecting and adjusting to changes in
 

input and new demands for adapting to changes.
 

o 	Above all, provide the human resource
 

management capabilities that support
 

training. Manage it well.
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Keep as much training at home as possible.
 

degin now to adapt, use and own modern training
 

technology. Manage this technology as 
part of a
 

strengthened and vigorous manpower development
 

capability.
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Abstract 


Many developing countries are in the 

exploration and production phase of the 

commercialization of domestic coal re-


sources. Often the coal is low rank and 

lignite. Since the coal industries are 

newly emerging, a critical need is to 

train local personnel in every aspect of 

the industry, from upper management 


through engineering staff, supervisory 

personnel, to production workers, 


The Conventional Energy Training 

Project (CETP), which is conducted by the 

Institute of International Education 

(IIE) under contract with the United 


States Agency for International Develop-

ment (USAID), has broad experience in 

energy training. We have found that 

formal courses in the cual industry in 


the United States are scarce. New 


courses will have to be designed espe-

cially for Pakistan and other c ,.ntries 


with emerging coal and lignite industries, 


The IIE/CETP staff is currently in 

the process of designing a sixteen-week 


course involving lignite and low rank 


coal utilization by industry and utili-

tils. The course is practical and will 

be held in lignite-burning plants, 


We have also developed training pro-

grams in coal mine engineering, coal 

chemistry, coal briquetting, geology, 


geochemistry, plant efficiency, and coal 

use in utilities, 


Introduction 


Established in 1981 by the United 

States Agency for International Develop-

ment (USAID), the Conventional Energy 


Training Project (CETP) trains working 


engineers, geuscientists, managers, plan
ners, economists and other energy profes
sionals from developing countries to
 
better use their oil, gas, coal and non
nuclear electric power resources.
 

Emphasizing the development of job
 
skills for working professionals, AID's
 
Office of Energy (S&T/EY) Energy Training
 
Project has recently entered its fifth
 

year. CETP has already trained over five
 
hundred energy specialists from forty

five countries worldwide. We have
 
trained seventeen for Pakistan. Pie
viously exclusively funded by Sta, iY,
 
more and more missicns have added thejr
 

own funds to the CETP to assure the
 

availability of training slots in what
 
they view as a highly effective training
 
program. CETP has earned a reputation as
 

a no-nonsense, hands-on, practical train
ing program which requires participants
 
to work a minimum of forty-hur weeks
 
throughout the period of training. Each
 

participant signs a contract agreeing to
 
this; the participant's employer is asked
 

to review and endorse the terms of traim
ing and stipulate that they will continue
 
to pay salary and employ the parcicipant
 
for the period of study and upon return
 

home. Each participant s progress is
 
carefully monitored by CETP staff.
 

Since September of 1981, the CETP
 
has been administered by a special energy
 
training staff of the Institute of Inter

national Education (IIE). Founded in
 
1919, lIE is the oldest and largest not
for-profit private sector institution
 
whose sole mission is the international
 
exchange of persons. Since 1948 the
 

Institute is best known as administrator
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of the Fulloright Fellowship program, the 


Humphrey Fellowships, ivd the UNESCO 


Fellowships. 


HE adminK ters programs for over 

one hundred sponsors, facilitating the 


exchange of nearly 10,000 students,
 
faculty and ci.izens. Among the sponsors 

are the United States Government, the 

United Nations, Worid Bank, Ford Founda--

tion, private corporations, and several 

foreign governments. 


CETP combines highly regarded train-

inq offered by the energy industry with 

the best that academic institutions can 

contribute. We have provided profes-


sionals from developing countries an 

opportunity to receive the same 
training 

that U.S. energy professionals receive. 

Roughly two-thirds of CETP graduates have 

received their training with either in-


dustrial institutes, as interns with 

United States ener'gy companies, or in 

special courses created by 
the IIE staff 

and operated by selected training compa-

nies or institutions (see appendix), 


CETP has, since its inception, in-

volved the U.S. private sector energy 

industry with U.S. foreign assistance and 

has proved that providing technical 

training can pay great dividends for the 

country receiving the training as well as 

for U.S. industry. The host country 

receives skilled manpower prepared to do 

their job better. The measure of success 


for the CETP is that its graduates can 


make a contribution the first day they 

return to work. U.S. industry becomes 


more aware of international marketing 


opportunities. 


Although the energy crisis has 

abated in 
the United States, AID-assisted 


countries are still economically devas-


tated by high energy prices. Oil must be 

purchased with scarce hard currency, 


CETP is based on AID's assessment that 


energy is basic and essential to all eco

nojii and social development. Trained
 

energy manpowe is essential to achieving
 

these goals in agriculture, industry,,
 
health, and other vital sectors.
 

Training in Coal and Lignite
 

For a substantial number of devel
oping countries recent discoveries of
 
indigenous coal and lignite reserves pro
vide an opportunity to gain 
some measure
 
of energy independence. For many coun
tries, the development of indigenous
 
coals and lignite provides the possibi
lity of creating an entirely new indus
try, as well as a range of ancillary
 

enterprises.
 

We are currently conducting an
 
exhaustive survey of U.S. energy training
 
institutions for all forms of energy. We
 
have found a severe lack of relevant
 
courses in the coal industry. Unlike
 
petroleum, the coal industry in general
 
has no support industry that regularly
 
provides training. Most of the training
 

is conducted within companies for their
 
own personnel exclusively and is
 
primarily for production workers. We
 
found coal companies reluctant to train
 
outside personnel, particularly non-

Americans. Coal operators usually work
 
closely with the mine unions 
to *ssure
 
harmonious relations and are 
therefore
 

sensitive to their concerns about the
 

exportation of coal technology or ex

pertise. Moreover, we found the coal
 
industry sensitive about high unemploy

ment and fearful that people are being
 

trained 
to supplant American production
 

workers at lower salaries. Mining engi
neers, geologists, petrologists and oLier
 

upper level people, with university
 

degrees usually receive their practical
 

experience on the 
job and are not as con

cerned about outside competition.
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Several colleges and universities 


carry on limited skills training in coal 


through continuing education programs and 


consortium arrangements. However, we 


have found no comprehensive programs 


offered on a regular basis to meet the 


needs of developing countries starting an 


emerging coal industry. Some sources 


suggest that training in lignite opera-


tions would be similar to those needed in 


bituminous coal operations, especially if 


the lignite was to be surface mined. We 


have found no existing lignite training 


programs and there is strong evidence 


that there is no organized training in 


either bituminous or sub-bituminous coal 


operations. The capability does exist 


to develop useful training, but unlike 

the petroleum industry, these capabi-


litiee have not been organized in any 


cohesive manner to assist developing 


countries to develop their domestic 


resources. The reason for this is that 


skills training has [.ever been important 


in coal production in the United States, 


except in health and safety areas. This 


concern has been mandated by U.S. national 


law for more than ten years but is only 


now emerging on a regular basis, 


The mandating of specific safety 


training did more than protect the safety 


of iine personnel. Mine owners who had 


fought the imposition of training pro-


grams for a long time have now begun to 


see a positive relationship between 


training and [.Loductivity. Training is 


now being applied to an increasingly 


broad range of activities, beyond 


safety. More enlightened coal companies 


provide orientation training for new 


hires, training for existing personnel in 


new equipment and technologies, task 


training for greater efficiencies of 


effort, and supervisory training for all 


promising personnel. Mine owners in

volved in other industries such as petro

leum or steel have been more willing to
 

implement training programs and have
 

moved to do so more rigorously than
 

smaller, more traditional coal operators,
 

since they have seen the benefits of such
 

programs in their other industrial
 

activities.
 

The lack of an organizeo training
 

industry to support coal development
 

activities of developing countries means
 

that creativity is a critical factor for
 

an organization such as ours. In order
 

for us to make available training oppor

tunities to developing countries, we have
 

had to piece together elements of
 

existing capabilities, assess them, alter
 
them and develop new program components,
 

and coordinate these elements to meet
 

participaiits' and their companies' needs.
 

For example, a chemist from Costa
 

Rica, a country with newly discovered
 

coal reserves, studied as an intern with
 

a coal testing firm. She spent four
 

months on-site learning (by doing) coal
 

and coal ash analysis. She learned all
 

the required ASTM procedures in the
 

field. She recently established the most
 

modern coal laboratory in Costa Rica.
 

Because of this lack of existing
 

training, three years ago we developed a
 

training program for the Lakhra Jamshura
 

project. We defined the basic training
 

requirements and identified sources that
 

could fulfill these requirements to
 

implement a full-scale training program
 

that would privide the necessary manpower
 

training for both mine development and
 

power plant construction.
 

Working with Stone and Webster, we
 

developed a program that addressed the
 

needs of the various functions of the
 

Lakhra Jamshura project. We identified
 

523
 



the functional training needs and poten-

tial training sources, as well as the 

professional criteria for the 
following 

positions: project director; chief 


financial officer; 
chief engineering 

officL.; chief construction engineer; 


chief procurement and contracts officer; 

Thief support services officer for cost 

estimating, scheduling, control and 

auditing; chief resources 
officer for 


manpower development training, re-

cruiting, spare parts, maintenance, per-

sonnel and operational services; liaison 

officer; project officer for 
transporta-


tion; project manager for power plant; 

project manager for fuel supply; and 


project manager for infrastructure. 
For 

each position the specific training area, 

the type of training needed and the pro-

jected length of 
training were identified. 


Subsequent phases of training 
were 

created to facilitate the plant becoming 

operational, and to 
create an on-going 


training facility and program. At each 


phase the number of trained people was to 

increase until the continuous flow of 


trained manpower necessary for continued 

plant operations cuuld be provided, 


Besides the operational aspects of the 

project, we recognized the need to inte-

grate the Lakhra Jamshura project into 

other existing considerations. As 
a 


result, CETP's program provided for 

issues of 
funding sources, organizational 


involvement of Pakistan institutions and 

technology transfer approaches, 


Useful training requires practical 

hands-on experience. This is why we 


believe that practical training must take 

place outside of a purely academic 


setting. While academic programs can 

augment training for specific applica-


tions, a real training setting is of 

great importance. Training involves more 


than just skills development; it includes 


improved attitudes regarding the work
 
ethic and work habits. These can best be
 
provided by practitioners in the field.
 
Our own experience strongly supports this
 
in petroleum, power systems and coal.
 
This experience was 
a major element in
 
our design for the Lakhr 
 Jamshura
 

project. Certainly, for 
c major project
 
such as Lakhra Jamshura, training must
 
include such subjects as: mining, trans
portation, beneficiation, combustion,
 

carbonization/gasification, fuel 
substi
tution, siting, electric power genera

tion, and industrial applications; but,
 

in addition, the training needs to
 
address issues such 
as company structure,
 

human resources development and utiliza

tion, economics, management, contracts
 
and negotiations, procurement, account
ing, funding strategies, health and
 

safety, and environmental issues. Years
 
of our own efforts and the evaluations of
 
those efforts show that this 
life-cycle,
 

hands-on practical approach works.
 

Recently, we were requested to dev
elop a practical training 
course on the
 

use of low-rank coal and lignite. 
The
 
sixteen-week course 
is for in-plant engi

neers and managers L. countries with new
 
coal industries. 
 it combines classroom
 
training with in-plant engineering. As a
 
first step, we canvassed large lignite

burning utilities and coal consulting
 

companies to provide the required
 

training. One major utility with lignite
 
burning facilities has emerged 
as an
 

ideal site for this training.
 
The course to be offered for the
 

first time will 
take place in the United
 
States over a sixteen-week period to a
 
competitively selected group of trainees
 
from the ASEAN countries. It is speci

fically designed for mid to upper level
 
technical managers of utility and 
indus

trial plants which do now or 
may plan to
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use low rank coal in the near future. It 


is understood that participants will in-


clude plant engineers, technical managers 


of power plants, and supervisory engi-


neers who are to be trained to understand 


the overall scheme of lignite and sub-


bituminous coal utilization. 


The first eight weeks will take 

place in a classroom, but will be prac-


tically oriented, stressing experiential 


learning methods. Operating lignite-


fired generating plants will be used 


during this period to substantiate the 


classroom portion of the course and will 


afford imaximum opportunities for hands-on 


applications, 


The final eirilt weeks of the course 


will be spent in internships at t4o gene-


rating plants. Participants will be 


placed in these facilities to specialize 


in applications of special interest to 


them. All activities during the intern-


ships will be job oriented. Each parti-


cipant will be placed under the tutelage 


of an assistant foreman or supervisor. 


Training at this level will insure that 


the participant will be exposed to real-


life plant operating conditions rather 


than textbook examples, It will also 


afford each trainee with management 


experience.
 

Participants will be encouraged to
 

bring with them specific problems
 

relating to plant operations in their
 

home countries. The training staff will
 

work with each participant to solve these
 

problems either individually or in teams.
 

Problems will be addressed on a theore

tical basis during the classroom portion
 

of the course and practical solutions
 

confirmed during the internship period.
 

Each participant will document his/her
 

problem in a written course project which
 

will be judged by instructors.
 

Below is the outline of the first
 

eight weeks or classroom portion of the
 

course. Internships are expected to be
 

negotiated individually with the training
 

staff.
 

It is entirely practical for the
 

CETP to provide a similar course for the
 

Pakistan coal development effort. Once
 
the course is 4n place it will be
 

applicable to all lignitt-based power
 

operations.
 

The impact of the CETP has recently
 

been evaluated by an independent team of
 

training specialists which visited twelve
 

countries and interviewed 209 partici

pants, supervisors and U.S. officials.
 

The conclusion of this report is that
 

"participants learned critical new skills
 

and knowledge and have begun to apply
 

them in their employing organizations...
 

[they] experienced personal growth,
 

leading them toward greater
 

self-confidence, assertiveness and
 

initiative in taking action...
 

participants, their employers and their
 

countries are receiving a diverse range
 

of benefits from both academic and
 

nonacademic training in an overall
 

program that has been almost universally
 

praised."
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Preliminary Course Outline 
 III. Combustion
 
0. 	Course Orientation A. Powerplant Boilers
 

A. 	Introduction to Solid Fueled 
 1. Fuel Characteristics and
 
Power Plants Handling
 
I. 	Physical Plant 
 2. 	Burr Controls
 
2. Manpower Requirements 	 3. Boiler Operations
 

I. 	Coal Preparation 
 4. 	High Speed Blowers - Forced
 
A. 	Sampling Techniques 
 Draft and Induced Draft
 

1. 	Core Analysis/Geological 5. 
Boiler Cleaning Systems
 

Happing 
 6. 	Sootblowing Systems
 
2. 	 Fuel Samples 
 7. 	Specialized Instrumentation
 

B. 	Fuel Analyses 
 and 	Control
 
1. 	 BTU Content 
 8. 	 Fly Ash/Bottom Ash Handling
 

2. 	Ash Content 
 and 	Disposal
 

3. 	Sulfur 
 9. 	Simulator Training
 

4. Moisture 	 10. Powerplant Chemistry
 
C. 	Blending 
 B. 	Other Industrial Boilers
 
D. 	Quality Control 
 IV. Boiler Design and Modification
 

II. Coal Handling 	 A. Boiler Sizing
 
A. 	Mining Overview B. Boiler Cleaning Systems
 
B. 	Transportation C. So-tblowing Systems
 

1. 	Heavy Wheeled Equipment D. Compressor Systems
 
a. 	Front-End Loaders E. High Speed Blowers - Forced
 
b. 	Haulers 
 Draft and Induced Draft
 
c. 
Railroad 	 F. Fly Ash/Bottom Ash Handling and
 

2. 	Mechanized Pit Equipment Disposal
 
a. 	Cross Pit Conveyors G. Control System Upgrading
 
b. 	Standard Conveyors H. Data Acquisition Upgrading
 

C. 	Storage I. 
Enhanced Operator Interface
 
1. 	Short Term 
 J. 	Maintenance
 
2. 	Long Term V. Environmental Control Technology
 

a. 	Required Long-Term A. Precipitators
 
Storage Characteristics B. Wet Scrubbers
 

b. 	Drainage Requirements C. Bagging Systems
 
c. 	Spontaneous Combustion D. Dust Suppression
 

3. 	Equipment Requirements E. By-product Disposal
 
4. 	Operator Skill Requirements F. Economic Considerations
 

D. 	Processing VI. On-The-Job Training 
1. Feeders and Conveyor 	 Trainee will arrange for an
 

Systems 	 appropriate placement in his/her
 
2. 	Grinders and Pulverizers field of specialization.
 

3. 	Mill Maintenance
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Tentative Time Schedule
 

I. Coal Preparation 

40 hours 

I. coal Handling 

72 hours 

III. Combustion 

132 hours 

IV. Boiler Design and Modification 

40 hours 

V. Environmental Control Technology 

36 hours 
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PRIVATE SECTOR 

After graduating from University of 

California at Leriely in June 1954 I joined 

Habibullah 1.in.-s Limited, which was and 

still is the biggest producer of coal in 

Pakistan, initially asi a mining engineer, 

later as its chief mining vngineer and last-

ly as its managing director. I ntave 3G 

years experience of coal minir. 'This resu-

me on the oubject 'u 1-rivate ..ector Coal 

kining in kaeistan ix. based on my personal 

coal mining experience and knowledge. The 

subjects discusst d in my paper are (i) 

introduction, (ii)evolution in mining 


methods and mechanisation in coal mines, 


(iii) technical problems in coal mines, 


(iv) future of coal mining in Pakistan, 

(v) what needs to be done by private sector, 


(vi) what needs to be done by Government of 


lakstan and (vii) conclusion. 

I. Ik1TROL'UTIOAI: 

iaKistan utilizes over fifty percent of 

its entire annual export earnings on the im-

port of oil. Otner countries who were in 

similar condition have either managed to ra-

duce or are in the process of reducing 

their dependence on imported oil by develop-

ing indigenous sources of energy and fuel. 

The success in this direction of the deve-


loped countries has resulted in IoF.r 

worliw voisun!t e i ano - ,nwprii, u 

no IIigi price, 

3o far Pakistan haa not succeeded in 


mobilising its own known resources of ener-


gy and fuel. Heavy dependence on imported 

oil continues. Local oil production has 

increased but the demand for oil has also 

jumped up. Gas fields are being developed 

to yield more natura1 gas hut the gas con-

sumption is also increasing. The gap bet-

ween electric power generation and demand 
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has become a usual feature and such frt

quez,t load-snt ddings have resulted in 

tower agricultural erni industrial produc

tion. 

TIhis picture, though looks dismal, is
 

the resultaut of a growing national econo

my. uuring 1984-d5 growth rate ot ,jP 

was 6.4 percent, for agriculture 9.,i per

cent iand in.dustry d.6 percent. If the fuel 

and power supplies were suflicient to meet 

the requirements tn growth iate of the 

national economy would have been nigher.
 

Lnder the far sighted and able helms

manship of or. I'iahbubul 4aq, Pakistan 

dynamic linister for Finance, Planning & 

Development, the Government of Fa~istan 

has for the first time realised the abi

lity of indigenous coal to substitute for 

imported oil as well as for gas, which 

could then be reservea for higher value 

uses. At prescint the international price 

for ofl is dropping out w:tth the revival 

of global economy the conoumption of oil 

will again go up and this in turn will. 

hike tne selling price of oil. Pakistan
 

is already groanixq.- under unfavourable 

import-export imbalance and cannot afford 

to earmark more of its forcign exchange
 

for the import of oil. At the Federal
 

Government Cabinet level it has been
 

accepted that indigenous coal shouli be
 

used for power generation in thermal power
 

plants but the public sector agency res

ponsible for power generation, Water and
 

lower Development Authority (WAPDA) is
 

still half hearted in its efforts to use
 

indigenous coal for power generation.
 

The proposal for making use of indi-. 

genous coal for power generation was put 

forward In the Provincial Assembly of Aest 
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' ,, .kakitan in ah .re in 1965. Uonsequently whu tanat valubihle taMe chwas lost, wich 
M") .' tfle Uovernent of 1iakistan accepted the could 'i1ve . en u' eIn pro the exo ...assistance of .Poluna towards tire 'prepara- t' t U1 known.ionoffeasiility reports on th' COalie"l (1a, their coal re-' rv, c.'.
sub- or'. qualities ara quitabilit : 

Jects of mining' of coai. in Lkhra Coal- 0: i 11" oui" ,O,outlcon 1 -or'powergeneration ' field anoageneration of electric power 
 in Ltl lireoi ther.maj power plants.
tnrough Likhra coal fired thermii power On JeI)tt'mber 22, 1985 the Government - : .,Plnts. The Poiish reports were completed u" rakistiifi thiougn itu Lconomic uoordi

'"4'.' : ai. .tosuo.itted Govertimbnt of kakistan in . z theof O'1.i. Caoinet ( uu;."1966. As itmportec oil was readily available ' coniiderd the induction f.private seecwAri)A too&'i Ltt notice of these favourable tcr in Lhe power gi-ineration and ,too.KafeasiL ,lity reports and the subject o uuei' u.'deci1ono. Firstly t was fblt 
SUtiStution off importe oil with indige- tn,,L iznade(quae Investmeni in power had 

A ,, 'r,ous coal received no sUpport frian uovern- Letr. ,he principrI reiSon for recent,ent of "aKisti-. power shortage. As funds ior public sec
,vert duvin'"1975-76, when the world was tor investment would continue to be lessenr.uIed by the oil crisis, akigtan conti- than the requirements, in the 
foresee

ued. .
 to import o'il under cocessional condi- able future, it appenreo desirabli to
tiond because ox' its unusual guod relations mobilise private resources for develop
with the'cii pruauciing countries it, tie ment of power network. ajeroidly WAPDAidle-,. Last. That was the time when lakiu- was burdene with manifold responsibili
tan. Shouid have aade all posnible use of' its ties and was examining ways of decentra-
Kiiowiinieenous coil resources aria also 
 liiation. krivate' operated generation 
,nui.o nave urier. ta1en am, oliborate pro- units would relieve WAPDA of some of its r grtrr.eor proving its corn. reserves 
ii,aii future day to day responsibilities.
tre anuwn 'coifielus. l, was enown that Thirdly, power generation was a conve

tK111'a 'could. :, a vcr, Lit coitlijeid and nient point. 'or Inducing private parti
the uridergrouiidmiznink conuitiuns in tnat cipaLion. In the light of experience
ieia were 'favuraule coeipnrative :wi,ii gained, the role 
of private enterprise


.rhor coailfields tiut tio lunos were p'ovitied in the development of the power system
-4 tle uovernruen. for driilin, 'fur ae pur- could be enlarged, 
The ECC took a number pose o' proviur ii*t coal reserves or for of decisions on how to induct private
deLerminiig .ne Lhemical arid other quali- sector in the power generation. With
 
ties oi Kafnra coal. As imported oil and 
 setting of coal fired thermal power
 

S" eUveas were o conveniently available, plants it would bepobible touse ndi
even imported coal was not seriously consi-
 genous coal in big quantity for power
oaere as a substitute in thermal power generation. The Governments'decision of
 
plants. importted coal would have proved as 
 8eptember 22, 1985 has laid a sound 
a cheaper fuel. compred to imported oil. ' foundation for establishing,a modern coal 
iome.'feneration of power in Karachi area mining industry in the near future. 
co'uld nave neon based 'on imported coal keep-
 During the 'last thirty eight years
 
.... in view the existing port facilities 
 snce 1947 coal
snc 47cioa .iningindustry has been 

atrotairsan teoption of usint se reated as a: neglected orphan child.'water for cooling in the Thermal plants.. Whatever attention was given wa8'showered 
but This aspect never received meanimngful by the Uoeneton its ow6 ulcscsupport from &arachi 
 ctric
.. 3upply .orpo- tor 
or.. iationu, speci 
 pic eckistan

ration (ALC).. ne end result of all this 
 Kineral. DevelopmenL uorporation.(P•DC).
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Inspite of this step-motherly treatment the but there is a limit to how much coal
 
private sector proved vigorous enough to 

account for 87 percent of the total nation-
al annual coal production during 1984-85 & 
the public sector org nisation including 
PI.DC, were able to produce the remaining 
13 percent. 


1he Govern cut of Pakaiztan and the Pro-
vincial Uovernmrints have beer, investing 
'tilions of U.S. dollarj on public sector 
coai mining over the past twenty ftive years 
but failed to even provide bank financing 
3n easy term to private sector mining in-

dustry. This .'orced the private sector to 

stand on its 
own feet, without financial 

support from industrial develorment barinks, 
such as Pakistan Industi-iul Credit & Invest-
ment Corporation (iCEC) and industrial 
DL'velopment itanK of I'l.iistan (11BI). The 
private sector howevr took loans it heavy 
interest rate!s from commercial baluks against 
pledge af.d hypothecation of their stocks of 
mined coal and also viuterlal- inciudini. 
nlinirwr timber. 


The entire privte sector coal mining 

industry was self-fintincd. The -xtent of 

self-fino.clng cnn ! e apprefciated by realis-

ino that today it requires a, investriznt of 
hupees 18 to 24 millions to develop a coal 
-Tine which csi produce one hundred tonnes 
of coal pcr day. ,his includes expenditurc 
on Pvloprt-iit ci the permanent mine work-
ings ,icii as all t.,,tunnels, inclined or 
vertIcle :Ahafts, hulat-e roads, veutilation 

w1:ys nnd levels, miring machinery and equip-
ment, buii nps fo, housir installed 
macninery. offices and residential purpose 
builiiiiis aid hingled roads. 


The chisc reanon nor the government's 

neglect wis that indigenous coal had only 
one IndastrJnlt aee of beini- the fuel for 
burnin,- clay bricks in brick k iis. Over 82 
percpnt of thi, crlire nati.Dlnal narual coal 
production is bein used for thin purpose. 
Fortuitely for Lte ca)nl mining industry the 
baked clay brick continues to be the cheap-
est and most desired huilding material for 
the construction oTfhounes rid buildings, 

-n Do consumec tor burning clay bricks, 
thus the coal mining- industry has not 
progressed mxuch, as can be seen by not
ing that 1.5 million tonnes of coal was 
produced during 1964-69 and last year tije 
fiture was 2.2 ,illion tonrnes. 

The othr industrial use of indige
nous coal is thp consumption of a few
 
thousand tonnes annually in 2 x 7.5 
Iegawatt coal fired thermal power plant 
of WAIDA at Sheikh Manda near Quetta, 
which was established in 1965 and conti
nues to function even today inspite of
 
its defective cooling system. This is
 
the only coal fired thermal power plant
 
in ljnkiston and it has proven one point
 
that indigenous coat call be used for
 

power generation.
 

A few thousand tonnes of coal are
 
consumed annually for winter heating 
in houses ;uid office buildings, specially 
in uetta. A9 dui (as has now been made
 
available In Quetta the use of indige
nous coal for this purpose is declining. 
Utilloatlon of ndifenous coal in I080-81 

is given below:-

Brick Iniustry = 82.3 percent 
Power 1.3 percent 
HousehoLd 1.3 percEnt 

others 12.8 percent 
Distribution losses 2.3 percent 

100.0 percent 
"he importance of coal mining in

dustry hts thot up tinder the dixth Five 
Year lPs1i. WA-),, win directed to nLan 
for the e:rti tIlr;hrneul !f a '0 .egswa't 
j,-khra co:I; iirel to, rniil power plant 
to Le estatlii:;hi: at ,olflhiinoro near tycier
abal in Sind i},iivn .*i-. iC ws'.instruc

ted to piAn lea ti pi,,1uctiun of 11.4 
nijijun ta ,ie nn,us ll coal from itso 'N-

:iniiiiiig jei i in :fwh:bra oa[iiield uniter 
.1oint v1 1.aL11 bUtl',oen i'i urivateJG and 
,ector. ,.;i tace w t iiri from uSAilu 
nor tile preptiition oi feasibility re
port on )I caithe ln, iLaN'nch'l in coal 
fired tnermal power pi-nia and for 
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proving sufficient coal reserves in .1),DC 

area in Laxhra Coalfield, which would ensure 

coal supply to *APDA's 300 Megawatt power 

plant for 30 years of operation. The entire 

picture of the coal iining industry both in 

public and private a,:ctors is expected to 

change in the near future. 

II. 	 EVOLUTION OF hMl.NIG NTHODS AIOD 

NECHAu,ISATIOa IN COAL NINEJ: 

i) In Baluchistan. 

Mechanisation and modernisation of coal 

mines are carried out not for philanthropic 

but for economic reason only, that is for 

mining large quatity of coal most inexpen-

sively and under safe Iining conditions. The 

chief limitations are marketing of mined 

coal and extent of investment available to 

the mining industry. In 1948 the national 

annual coal production was only 20v,000 

tonnes. As Pakistan started developing this 

called for more construction of houses, 

buildings and civil works. Baked cloy bricks 


were and are still today the cheapest and 

most desired building material in the county, 

Consumption of bricks rose steadily thus 

creating more demand for inditgenous coat. 

The annual coal production rose from ?u',OO 

tonres in 1946 to 1.5 million tonnes in 

1964-65 and by 1984-85 it has crossed 2.2 

million tonnes. Thewo iirures should bf 

considered renembering that the actual (oal 

production iv more thaii reported. 

This risint, coal demaJ encouraged ice 

private sector to invest more rony in the 

development and irechanisation or its coal 

nines. Not only a ost u Lno earner Fr'-:iir 

were ploughed back, iresh inveoti-ericn 

tnrough establi;hnienT, or,artz,er'nips wicre 

made to ensure increase in oi irr,-uv' jn. 

In i 1146 tile r thoci 1 ; ilinr" ,1! a 

prin-itive form or zoom anri l.r. io,:r. tne, 

creatLiu o I riijt~u t nre w-.t no. 'r-

tion ()f .uslir fr- onarat ni tv, -'*ire 

mine supervi ,ory ;ni enieri ," t:i 

consi steo ol irrir i,, ;irnns,srnm ;to, , hsn) 

janJ and Jharia Conilletuis o r',ca)L] 9nd 

iihar. ioom ano rl.irrr r:etnorj o coaL 

t=iiinr' was practise tlract' ;11, it was 

unthertt:uonhl tr. tho.) .a zr; wouil 1o

introoucen in ta iwt:n. toa1 mali..' was 

procticea by u,;ing- onjy iumo. i.,t,nur 

id th no eployru'nt o inc hian'ry or equlJ, 

merit. G:oal wal cut .i4 tri n-'.ti plcKi, 

shoveiLon llio 'lunlny UREs a'll canrries )no 

sack oy rine la-'our all the wny to tfir 

rinse mouth. The entire worr< o riiJ.n ' 

coal aid transuortio it to outaire tne 

mine ioutn was enru.tec t, U ci.g 01 

wor ers en ied a "jorhee" ii i tii g,ug 

leader was cnllea trie 'jorneor". b.ich 

person of toe gang was givei. i particular 

job amn coitlectively the gang r:inaged to 

mine coal and transpo.t it manual ty to 

outside the mine mouth, from where it wani 

loaded in trucks to be transported ti 

brick kilns. This method proved ecorlopi

cally satisfactory till the mine depth 

increased to over 5C) feet and the "jorirev" 

consisted of over 30 persons. 

The need for mechaiiisation was felt 

to cut down the number of workers of the 

"Jorhee". It wao realised that out of 30 

workers 25 were employed for the manual 

transport of coal from the coal face to 

the mine mouth. A manually operated 

wooden haulage device was invented. This 

haulage device had a manila rope of about 

100 feet length and was operated by 

using feet of the workers. Aooden planks 

were affixed in the haulage way and two 

bags of coal were hauled up at a time by 

the 	 haulage device. This method reduced 

the 	 jorhee strength from 30 to 18 persons. 

Ventilation inside the mines continued 

to be relied on natural ventilation. If 

water was encountered inside the mine 

then first it was tried to remove the 

water manually by using buckets and if 

that did not succeed then that mine was 

shut down. 

1960 was an important milestone in 

the history of coal. mining development in 

Pakistan. At that time only 400,000 tonnes 
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of coal was being produced annually. The 
Government of Pakistan felt that by 1965 
the country would need 1.5 million tonnes 
of coal annually. The government called 
both the private and public sectors coal 
mining concerns and assigned them annual 
coal production targets to be achieved by 
1965. PMDC, which was then PIDC, was given 
the figure of 1.1 million tonnes and private 

extracted, was introduced. The Govern.. 
ment Inspectorate of Mines was cautious 
and thus instructed the mining firms to 
pack all voids created by the extraction
 
of coal with shale, free of carbonaceous 
content. Thus suitable nhale nad to be 
f ined from outside the nirt-s and trans
ported to the longwall,3. This method of
 
mining proved successful but had two
 

sector coal mining firms were made respon-

sible for the remaining 400,000 tonnes. 


For the first time a number of Incen-

tivee and tax concessions were provided by 

the government. Import 1.cences for import-

ing trucks for coal transportation and 
mining machinery were issued. The private 

sector rose 
to the occasion and invested 

heavily in its mining industry for import-

ing and installing mining machinery & trucks 

While the Government allocated millions of 

US dollars for public sector mining, it 

felled to arrange bank loans on easy terms 

for private sector mining, 


It was realised that to achieve more 
coal production the existing coal mines 
needed basic mechanisation. Diesel electric 
generating sets were needed to 
provide 

power to operate electric winches/haulagee. 

air compressors, water pumping sets and 

ventilation fans. Steel rails 
were required 

for providing the rail track and mine tubs 
were to be employed for coal hauling from 
the coal face to mine mouth. Pneumatic 
picks and rock drills were introduced for 

coal cutting and drivage of mine workings. 

Coal mines were becoming deeper and the 

above mentioned form of mechanisation wa6 

essential to cut down the strength of the 

Jorhee back to 12 to 15 persons. Adits were 

driven and hand tramming system was prac-

tised where possible inside the mines, 


New mining methods were introduced to 
bring about higher coal production with 
employment of lesser mine workers. Ini-
tially retreating longwall method of mining 
with full packing of the "goaf" area in 
coal seams, from where coal had been 

serious defects. first the retreating
 
longwall method of mining was 
time con
suming before regular coal production 
could stari and seconi the full packing
 
of goafs with shale from outsrl.e wqa 00
 
expensive. 

By 1965 retreating longwall metnod 
of mining with no packing was introduced
 
successfully. A retreat of 3 feet per
 
shift was practiced, but this method
 
still had the defect of being time con
suminF before regular coal production
 
could be obtained. To prepare the
 
retreating longe:all face two level-ways,
 
one above the longwall and the other 
below had to be driven to the full pres
cribed length of the longwall. These 
level-wayc were kept maintained, for
 
which regular repair work was needed as
 
the roof support continued to be timber.
 
The debris recovered from the drivage of
 
the two level-ways had to be hauled out
 
of the mine.
 

By 1965 coal production reached the
 
target figure of 1.5 million tonnes.
 
What was unusual was that the private
 
sector, which had been assigned the 
annual production target of only 400,000
 
tonnes, was producing 1.1 million tonnes
 

annually, while the public sector was
 
producing 400,000 tonnes instead of the
 
target of 1.1 million tonnes.
 

The increase in coal production was 
forcing the private sector to cut down
 
on cost of coal production. To do so -he
 
private sector introduced advancing long
wall method of mining, with modification 
in the ystea and with no packing of 
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. goafs.' The modifications were firstly the 

longwa.. length was reduced to about 100 

feet; secondly the debris removed from the 

drivage of the two level-ways, one above & 

the other below the longwall, wa'ppacked 
inside. The usual size of the levelwas 

.......	 6 ieet x 6 feet, but to accommodate the 

deruris coal upto 6 to 8 feet was removed 

towards the dip direction in the seam and 

the debris was packed i. the void created 

ty the removal of this coal in the level-

ways and thirdly to etuure good ventilation 

at tne advancing 100 ieet loiag longwall, 

pillars or 5u ieet in length and 25 feet in 

width were waiintaincd above the lower level-

way. ne passages of 5 feet x 5 feet bet-

qen pillars were sealed when the lonbwail 
advanced sheno. One passage nearest To the 

iongwail was kept open to permit removal of 

mined coal and flow of ventilation air. 


To eitaolisn the modified longwalls, 


naulagr roadu in the dip direction of the 


coal seam were driven and the distance bet-


ween haulage roads was kept at about 800 


feet. The coal seam,between tne two haulage 

roads was divided in strips or panels, each 

8uO feet in length and 100 feet in wiath. 
This strip or panel accomodated two lOng-


wall faces. The mined coal from these 


faces was,transported to the nearest haul-


age road by hand tramming, as rail tracks 


were provided in all level-ways, 


After removing all the coal in the 


panel of 800 feet x 100 feet the panel next 


below was taken for establishing similar 


two modified longwall faces. The existing 


lower level-way of the exhausted face 


became the upper level-way and thus to 


establish the longwall face only one level-


way was driven afresh to serve as the lower 


level-way. Advance of 3 feet per shift of 


8 hours of the longwall face was maintained 


and steady coal production was ensured with 

reduced cost of production. , . 

Irrespective of the coal seam thick-

ness the mine outlay in the panels and the 

modified longwaj.l faces remains the same. 

Level-way has to be.6 feet x 6 feet.' 

Distance between two haulages is kept at 

about 800 feet. If the coal seam is 

thicker the cost of production is lower
 

and vice versa if the coal 'seam is 
thinner the cost of produotion is higher.
 

ii) In Punab:
 

Mining and marketing conditions are 

different than in Baluchistan. The dip 

gradients of the seams are much less and 

the seam thickness on an average is 

thinner. One very big advantage available 

to the coal mining firms in Punjab is 

the nearness of coal consuming brick 

kilns. Punjab being the most populated 

and prosperous province of Pakistan has 

also most of the brick kilns. Ooal mined 
in Punjab does not have to bd hauled
 

over long distance thus cost of truck 
transportation between the mines and the 

kilns is considerably lower. 

Because of these reasons the urge to 

modernise and mechaniae the coal mines 

was not as great as in Baluchistaa. 

Improvement in mining method and mechani

sation lagged behind,. Employment of 

Jorhee system is practised in some mines 

but there are mines where every worker is 

on his own. He is assigned a working 

place and is paid wages 'on coal produc

tion basis. Both room and pillar and 

modified longwall system are practised. 

iii) In NWF. Province: 

There is little coal mining'in the 

province of North West Frontier (NWFP) 

iv) In Sind Province: 

In Sind Province coal was mined from 

Neting - Jhampir Coalfield for many years. 

The coal seams here belong to Laki Forma

tion . As far back as 1935 it was known 

that coal existed in Ranikot Formation 

in Lakhra. For the first time coal was 

mined commercially in Lakhra by Habibullah 

Mines Limited in 1959. Unlike coal of 

Punjab and Baluchistan, Sind coal is of 

brown lignite quality with low heating 

value and, high moisture and sulphur 
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contents. Even though Lin ra coal isof 
inferior quality yeT it is being success-

iully used for burning of cla, bricks in 
brcxK kilns aiiuated in tne areas of bind 
±rovince, Vultan, nanawalpur, kaisalabad 


ana Lahore. The sale price of bind coal 

is so low that it can compete with coals 


from Punjab and 1aluchistan Provinces. 


iining conditions in Lakhra Coalfield 

sre very favourable compared to those 


existing in the coal mines of Punjab and 

baluchistan. There are 3 coal seams, in 
Lakhra but at present mining is restricted 


to Lilian Coal Seam, which is the top seam 

and is only 80 to 150 feet below surface. 


The seam thickness is 4 to 9 feet. Though 


Lakhra is an anticline the seam at the axis 


is flat and both the rldra of the anti-

cline dip genitly, thus for practical minirg 
purpose the seam can be assumed as flat. 


because of nearness of Lilian Seam to the 


surface little roof pressure exists in the 

mine workinp,;'underground. No mine gas or 


water is enuountered. 


These favourable conditions in Lakhra 

have resulted in steady increase of coal 


production and today, according to one 

estimate, over one million tonnes coal is 

being mined annually from Lakhra CoalfJeld 


alone. Room and pillar method of mining 

is practiced in the coal mines of 8ind 


Province, including in Lakhra. The mining 

is mostly manual. Coal is mined by using 


hand picks and is loaded in gunny bags, 

which are manually transported to the 


hoisting verticle shaft, where a diesel 

engine powered hoist is installed near the 


shaft mouth. The steel rope of the hoist 


goes through a pulley, which is suspended 


from a tripod affixed over the mouth of 

the shaft and the end of the steel rope is 


hooked to a tub, which is then used for 

hoisting the coal up. Aio mine safety 

equipment is employed. Occasionally rall 


track is laid for hand tramming. 


Same are the mining conditions in 

Neting- Jhampir area but the coal seams 

there are much thinner than Lakhra thus 
the cost of production of coal in 
Meting - Jhampir is higher. The method 
of mining is the same in all coalfields 
in Sind and the seam thickness affects 
the cost of production of coal. It is
 
because of this reason that coal mines
 

of Meting-Jhampir cannot economically
 

compete with those of Lakhra.
 
No basic infra-structure has been
 

provided in Lakhra. A metalled road is
 
just being constructed to link Lakhra
 

with the Kotri-Dadu Highway. Water has
 

to be carted from Sind River to the
 
mines in tractor hauled steel tanks.
 

There is no telephone or telegraph
 

facility. The nearest police station
 

is over 21 miles away from the mines.
 

WAPDA has as yet not extended its elec
tric power lines to the coal mines. Same
 

are the conditions at Meting-Jhampir
 

coal mines.
 

Inspite of the lcck of infra

structure, the mine labour at Lakhra is 

able to earn a decent wage because of 
favourable mining conditions, absence of 
machinery and equipment and lesser over
head expenses. Labour employment prac
tics is the same as in Baluchistan and
 

in Lakhra labour also works in a Jorhee
 
under the Jorheesar's supervision but 

he can mine one tonne of Lakhra coal in 
one shift of 8 hours when a mine worker
 

in Baluchistan can hardly mine a third
 

of a tonne.
 

Because of these reasons the method
 
of mining has not changed much and need
 

for mechanisation has not been felt. If
 

Lakhra coal is used for power generation
 

in coal fired thermal power plants,
 
which may be established by WAPDA or
 

private sector, then the mining picture
 

will change drastically. The demn of
 
the power plants will enforce moderni

sation and mechanisation of coal mines.
 

Heavy capital investments will have to
 
be made and the cost of Lakhra coal
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production will rise considerably. 
v) Further evolution in mining methods 

and mechanisation will depend upon how 
much coal is required in the country. If 
annual coal consumption keeps on rising 

10 percent per year, then the 
existing 

manual mebhods 
 of mining will suffice. 

Progressive minirvr firms will 
adopt the 

modified advancing longwall method of 

mining with partial mechunisation, which 

moans installation 
of dionel electric 

generatirg ats, air compresnors, rail 

track and mine-tubs, haulage/winches, venti-
lation fans, water pumping sets, pneumatic 
picks and rock drills. 

With installation of coal fired ther-
mal power plants the requirement of indige-
nous coal will rioe manifold, which will 
result in moderntuation and mechanisation
 
of coal mines. Proper advancing longwall 

method of mining 
will have to be itro-

duced. The length of the longwsll faces 

will have to be increased from 100 feet 

to over 300 feet. Hydraulic steel props 
will replace timber support. X:echanical 
coal cutters or shearers will have to bo 

installed. 
 Chain and belt conveyors will be 

employed where 
 needed. Nining machinery & 

equipment already being used 
 will continue 

to operate but these will have to be of 

bigger- capacity and better quality, 


In Punjab and ialuchistan permanent 

mine workings, such as haulage 
 roads, level.-

ways and ventilati.on roads will have to be 

of bigger sizeH and safer 
iron sponetneous 
combustlont undsr,.'rtund. The drivage of 
these workiiigs will huve to be don in a 
suitable stratum balow.i the coal utratum. 
In Baluchistan a fc, r;t-nlng firms have 
already started such drivage below the 
snndstone bed, above which the bottom seam 
rests. The siz3 of these drivage is 7 feet 
in height and 8 feet in width. As the sand-
stone forms the roof of these drivages, 
there is no breakage of timber support, 
owing to roof pressure. Mine workingr of 
bigger sizes will pernit better ventilation 

underground and instaiat.i on of more 
efficient coal nauilre systein. 

1.odernisatiuJi ,f ,,iea wii for 
Letter re.iiuerntial, reor'InidJrl. :ie 
undorground wo',i ng c oi ;. o'3t: i or iaHt,.r 
"al staff. a.r iWt':i ii.-o Wi it 

coal procOtion wll curat<e 1110cr 
to work harder. it trWj at, proninrne 
Will nMVoe Lo Oe Uiael to traii, i0our 
and stai'L iu tLseLe of ..ousts mi,,ing 
.. z,;ninery ad how to repair i101 Keep it 
in ope'raution:il conuhton. 

!iine anfety w1i1 nave to (t much 
improveo and all roquires rino srity 
e uiprni L i ntave 1,o o Juov ,i1iJii.i, 
machinery aitt equifment iiistftlleo moefl'

grouna will nave 7o oe 'uitubl for use 
in tatty coal rines. 

ili. , rIojA , IllCtLta;ih.±Ctn,.,.,: 

a) it) hLt.uvhiiTln: 
Coal dePro:nis in ;.tlucn;tar, IteLozq. 

to rocene ato. tire inr;1ev eXlt in
 
nylicline or ret-ninla s'1.11c01 1
tjti W1n1e 

becluaise l -o±ugct'c. til (1lqTU2OarnceS LNOi 
coal bea-ik- aroas nre reuch foleti ;n,] 
faulted. i.,i i,,g canaiti ons in the coai 
nins are Unfavouracle. The seams (121 
steeply. Th-re i2 heavti. Of floor & -

conuideraince reel pre.ssure uniierground 
in thei mines, which calis lor regular 

change of timber rnrin sutiporL. The uilier
grourici roads and min workin-u reoui-re 
conti nuous repairs. Larngerou) minte 
gasen exist in the rines. ili rinoze are 
subjected to fire-damp ga, which 
because of its explonive nature c:tuse 
nany mie. accidents. black damp and 
carbon monozide gas are aloe encountered. 
Water is present in almost all the mines, 
calling for watar punping. 

ka the coal mines in haluchietai 
have been worked for a long period 
therefore these mines have become deep. 
some of the mine workings are 3COU feet 
away from the mine rmouth. The unfavour
able underground mininF eonai Lions have 
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put limitation on economical mechanisation 


of mines, 

Quality of coal varies from mine to mine 

within the same coalfield, which results in 

different sale prices for these coals. In 

Bore Range Coalfield the difference bet-

ween the beat and the poorest qiuality coals 

is as hie, a51 s.300/- per tonne. The min-

ing concern which has better quality coal 

has tremendous edge over another firm with 

poor quality coal, even though they be 

neighbours in the same coalfield. The min-

ing industry considers this variation of 

coal quality and of coal seem thickness as 


act of God. The coal deposits were created 

by nature as such. 

There are usually two to three coal 

seams which can be mined economically. The 


variation in seam thickness is from mine to 

mine within the same coalfield. In Sore 


Range the thickness varies from 15 inches 


to eleven feet. Cost of coal production 


much deprnds on the thickness of coal seam 

because the expenses on creation of long-


wall faces and coal getting places are the 


same. Thicker coal seam will result in 

more coal production and benefit both the 


concerned mining firm and the mina labour. 

Government of Pakistan had as far back 

as 1948 engaged the famous consulting firm, 

Powell Dufferyn to advise on suitable 


methods of coal mining in Sore hange.Powell 

Dufferyn had advised that incline shafts 

in a suitable stratum below the coal seans 


should be established to provide entry to 


the the coal mines, haulage roads for mined 

coal transport and mine ventilation. All 

coal mining firms ignored the advice as 


drivage of inclines in another stratum 


other than the coal seam stratum was consi-


dered expensive. Powell Dufferyn also did 

not recommend establishment of adits. Time 

has proven that Powell Dufferyn was right. 


Incline shafts in the col seam stratum are 


prone to spontaneous combustion causing 


mine fires.. The mine ways are subjected to 

much roof pressure and floor heaving, 


resulting in heavy repair azid mine
 

timbering expenditures. 

b) Inbun ab; 

hinini conditions in Punjab are not 

as bad as in BaluchistaiL, however there 

are many similarities. As mine moderni

sation and mechanisaticn is lagging 

behind compared to Baluchistan, this 

gives an advantuge to the mining firms 

of Punjab. They can t:,ike benefit frcom 

the experience gained in BOD.uchistan. 

They can nae colection in regards to 

rnechanisation and improvement in methodu 

of wining.
 

c) In Sind: 

Favourable nining conditions exist 

in this province. The coal sevms are 

flat or slightly dipping. While 1'.etiiig

hampir has thinner seants, Lakhra has 

the right thickness of coal seen from 

4 to 9 feet for easy mining.
 

In regards to technical problems
 

the major set back at present is the
 

lack of infra-structure, specially
 

wAPDA's electric power supply, without
 

which mines cannot be mechanised and 

modernised. b.etalled roads are re

quired to link the mines with the na

tional highways, as the chief form of 

coal transport is by trucks. Telephone 

and telegraphic facilities are required.
 

To maintain law and order in the coal

fields police stationshave to be opened 

at suitable places. Short supply of
 

water is a serious problem, as water
 

has to be transported from Sind River 

to the coal mines. 

There are three chief underground 

problems in Lkhra Coalfield. The first 

one is that the floor level of the coal 

seam keeps on changing up or down, even 

thoug the coal seam is almost flat.
 

These ups and downs create steps of six
 

inches to eighteen inches and are fre

quently encountered every 100 feet or
 

so. Surprisingly similar steps are not
 

so much found in the roof of the coal
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thus the thickness of the coal seam keeps 

on changing. If there is a down step the 

coal seam becomes thicker by as much as the 

depth of the step. Similarly if there is 
an 

up step the coal 
senm becomes thinner. At 

present this does not 
pose a serious prob-

lem as 
coal is mined manually. When thcse 

mines are mechanised and modernised then 
the coal cutting machinery irnstalled at the 
longwall faces w.ll have to accommodate 

these up and down steps in the 
seam. 


The second chief problem is that above 

the coal seam there is a bed of loose 

silica sand. The distance between the coal 
seam and the silica sand bed varies from 

a few inches to 
a few feet. if the distance 

in-between iv a few inches then loose 

silica sand pours down during coal cutting 
operation. ,ey8 and mean will nave to be 

found to chac 
 thF! sand flow at the long-
wall faces. 


The third ch iel iroble: ':;that in the 

e'oaf area created by cne]':ii 
 oi coal 

fro the coal cewn,, the rool 
 ,i r, :;eam 

noes not tr*'sduualy sag down. nig uiOCto ;f 
Lne rooiin::i come down suuueo-iy, causing 
smail air blasts and anxiety LO n.inle wor-

-r.
At pneort tjis problem ha not 
cauueu iiauii accioent8 a. a prillitive form 

of 
 roor ard piilur r.ethod of rn.iniq- is 

ucec aLna te 
 jidth at the roos-i is kept

2etween c o ,u teet. oith the intrornuc-
tion of eetisnise iongwa.l method of 
tniing, protective measures wiLl rave to 
ne tKien qP:,.i;t these 1alling blocks. 

IV. rulwlt U. UUA , ,I. njT AN: 
As nm,,tioned oefore there is a limit 

to how ,uct) indi'eous c al cari be con-
sizted by tonsl brict inunatr . ilreany over 
62 perctil of th-. r,nu.L co:,l proauction 
is usA.d by tr;iciitu.tri. ii unreported 
coal production 1s Kppt it. mind this per-
cer atae wili rise to u p,rcent. brick 
cousumptioi, in rodJtan sanslightly Uec-
lined owin- tr, reruction in remittances 
by overWeaso 
ru isr~ni5, which has resulted 


in lesser construction of houses. Cement
 
industry is reluctant to use indigenous
 
coal to replace natural gas or imported
 
oil.
 

Besides the brick industry there is
 
no major consumei, of indigeious coal.
 
Over production of coal has b'ought 
about active competition ariongs coal 
producers. Coal mining firms of Bn'.u
chiatan have suffered the most dura. 
the last one year. Jelling price of coal 
io steadily going down and today the 
selling price is less than Lhe cost of 
production,. I' thia situation continues 
for long, m!o Ly coal Miltnes in Baluchis
tan willsoLut down.
 

lhiniig firms in inkhi' 
 a :nl Meting-

Jhampir are also oufffrIng. T#fe; coal
I 

selling price is 
 also below cost or
 
production. Huge stocks of coal havc
 
accumulated 
 near the mines. Th pouliu
 
seutor including ak ,t 
 r )inen. ...
 
lopment Corporation ha iL.ci ocen hi
 
As Sind coal is of lignite qualiy and
 
is prone to spontaneous combustion,
 
these coal stocks are on fi'e. If this
 
situation continues mining operations
 
in Sind province will have 
to be cur
tailed.
 

Coal mining firms in Punjab are not 
that bad off. The nearness of brick
 
Industry is 
a very big advantage. Truck
 
transportation between Quetta and the
 
brick kilns in Punjab runs between 
Is.400 to 500 per tonne, while in case 

of coal produced in Punjab the truck 
transport does not (,oat over h,: 100 per 
tonne. Coal minirg: will not get badly
 
hit by the exist:,, unfavourabhe market
ing condition.
 

If this situation continues I fore
see 
mining industry suffering financial
 
losses over the next 
5 years till brick
 
consumption rises considerably or other
 
industrial source of indigenous coal
 
consumption is created.
 

The obvious vpw industrial coal
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consuming source is the establishment of 

coal fired thermal power plants by WAPDA 

and private sector. Aa m,-itioned before 
Iovernment oi Paitki.an has allowed private 

sector to come !araard and establioh power 

generation plantat. It wi 11 be technically 

possible to gener'ate 2100 iegawatt power 

through establihrnent of" coaL fired tberual 

power plunts over the next ten years and 
this would call for annual indigenous coal 

supply of ten million tonnes, for which 

proven mineable coal reserves of 300 


million tonnes would be required to guaran-
tee coal supply ior 30 years ol power plant 

life. 


Indigenous coal fired theral power 


plants of 25 to 50 i.eguwatt can be estab-

lished by private sector near ,uetta, Mach, 


Harnai, bnkerwal. Stalt hange, Lakhra and 


M1eting-Jhampir. WAPDA is planning to set 


up a number of 300 Negawatt coal fired 


thermal plants based on Lakhra coal. 

Government of lakistan n.d private and 

public sectors nave to get together and put 


up concerted efforts to bring about the 


establishment of these thermal power plant3. 

Nith the setting, up of these power 


plants modern coal mining both in public 


and private sectors will get established 


on sound foundation. 'ihe widei'ing gap bet-
ween power generation and power demand in 

i-akistan will keep on calling for more such 
power plants and more coal production. 


Irom the above it is clear that future 

of coal mining in lakiuta. will depend on 
the policies adopted by Government of Pakia

tan. Private sector will continue to be the 

major coal producer but there is place for 

both private and public sectors in the 

field of mining industry, 


V. WHAT iDS 1 L,01.6 BY PhIVATh SCTOh: 

frivate jector in coal mining industry
 
will have to undergo a major change if 


demand for indigenous coal is created for 


power generation. Heavy investments would 


be required to mcchanise and modernise
 

the mines. Proper longwall method of 

mining will have to be introduced.
 

Hydraulic props will replace timber mine 

support. Chain and belt conveyors for 

underground coal transport will also
 

have to be introduced. Compressed air
 

will be needed to operate pneumatic picks,
 

rock drills and pneumatic equipment.
 

Mine safety equipment will be required.
 

Suitable mining machinery will have to 

be selected and installed.
 

At present the private sector con

sists of mostly of proprietorship and
 

partnership firms with a feu private Ltd.
 

companies. To give sound financial base
 

to the industry these will have to be 

encouraged to convert into public limited
 

companies.
 

Small coal mining firms could exist
 

without much change as long as they are
 

not forced to conform to the full
 

requirements of mine supervisory staff
 

and mine safety standards dictated by
 

the ines Act. Coal produced by them
 

using existing labour intensive methods
 

will continue to be cheaper than coal
 

produced by modern and mechanised mines.
 

This situation could change if labour
 

wages of mine workers rise maL fold and 
the requirements of safety under the 

Nineo Act are strictly enforced. 

I am of the view that the private
 

sector be allowed to go through evolu

tion according to the dictates of the
 

law of supply and demand and free market

ing environment. To enable the private
 

sector to produce needed coal for power
 

generation Government of Pakistan should
 
encourage the private sector and provide
 

more incentives, tax conceusions and
 

facilities.
 

Vi. WnAT hi3DJ TO Nh bul,h bY UOVEkidNLIhT 

OF PtAITAh:
 

e continue to hear repetedly that
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Government should encourage the private 


sector and provide more incentives, tax 
concessions nd faciiit!ies. These require-

ments need to be spelled out as follows:-

i) 	 Government should realise the impor-

tance of private sector in coal min-

inst industry: 

Uovernment "of Pakistan is promoting 


private sector specially in the field of 


industry. The Government has realised that 


private sector in mining produces over 87 


percent of the national annual coal proauc-


tion and that the private sector would 


continue to be the major coal producer for 

the next ten years. 

ii) Bank Loans for Coal Nining, Industry . 

at 3 Percent Concessional Interest 

ratebeGiven: 


In the recent past Government in 


national interest had provided bank loans 


to exporters of Pakistani goodeat the 


concessional'interest rate of 3 percent. 

This concession was given to promote ex-


ports to improve the export-import imba-


lance, how national interest demands that 


indigenous coal fired thermal power plants 


be established, for which coal production 


in 	 Pakistan needs to be increased. The 

private sector is requesting Government to 


provide bank loans for investment in mining 


at 	the concessional interest rate of 3 

percent. 


iii) Central Board of Revenue Should Amend 


Income Tax Rules to Allow 100 Per-

cent Depreciation on Expenditure 

Hade by Mining Firms on GOnstruction 
Works on Buildings, Houses and Roads 

at Mine Sites: . . 

Coal mines are located in wilderness 

far away from towns. Buildings at mine 

sites are valuable as long as mining 

operations continue and the mine is produc-

tive. While in towns land and buildings 

appreciate in value with time, buildings 

at min sites have no resale value. 
Private sector feels justified to request 
Government to allow 100 percent depreciatim 

as 	is allowed in case of machinery
 

installed at the mines. 

Jv) Depletion Allowance: 

At present 15 percent depletion 

allowance is allowed to mining companies 

but this is subject to the condition that 

the depletion allowance does not exceed 

50 	 percent of the total invested money 
in 	 the mining venture. The private sector 

has requested the Government to remove
 

the condition and allow the depletion
 

allowance to all coal mining firms. The
 

private sector has further pleaded for
 

increasing the depletion allowance from 

15 	to 20 percent.
 
v) To Encourage Coal Lining Pirms and 

Private Limited Companies to Con

vert to tublic Limited Companies:_ 
nt present 90 percent coal mining 

concura are partnership firms. A few are 

private limited couipanies. There is not 

a eingle public limited (coal mining) 
company in Pakistan. If sound financial 

foundation is to be provided then these 

mining conernis have to be encourage to 

convert into public limited companies
 

with their share stocK quoted on Karacni
 

8tock Exchange. 

AB the situation exists today, owners
 

of mining cozerns have lot to lose
 

financially if their concerns convert to
 
public limited companies. The reason is
 

that they have invested heavily in their
 

coal mining ventures in the establish

ment of permanent mite workings such as 
tunnels, adits, verticle and incline 
shafts, level-ways, haulage roads and
 

ventilation roads; but they had for
 

simplicity of book keepin charged the
 

expenditure as coal production cost and
 

had not entered these expenses as mine 
development assets. This was per~itted 

by the Income Tax Department as it made 

no 	difference towards assessment of
 

income tax, but under this practice 
balance sheets fail to show all the nine 
development assets. 
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Private sector has requested that 

Government should permit tnem, asc - special 

case, to revalue the mine deveLopment 
assets on present day value of these pertrra-
nent mine workings and allow them to ro-

flect the revalued figures in balance 

sheets as mine development assets against 

issue of "bonus shares', on the condition 
that these mining firms would convert to 

public limited companies. The private sec-
tor has proposed that a special committee 
of the Government (under the 1inistry of 
Finance) may be formed to approve the re-

valuation of the mine development assets 
on present day value. 

It is relevant to mention here that 
the Federation of PaKistan Chambers of 
Commerce and Industry (FPCCI), which is 

the highest body in the field of commerce 

and industry in Pakistan, has strongly re-
commended to Government of Pakistan to 
grant 4ll the above mentioned incentives 

as requested by the private sector. These 
recommendations areunder consideration of 
the Government. 

At present mining industry contributes 


little in form of income tax. If the above 


mentioned incentives are given, Govern-


went will not have to lose any more than 


what it is getting from the mining industry.
 

These requested incentives can result in 


the 	formation of modern mechanised coal 


mining industry in Pakistan. 

vi) Proving Coal.Reykrves: 

Besides the above, Government has to 


take a number of steps to determine enough 

mineable coal reserves in all known coal-

fields to enable coal mining industry to 


produce ten million tonnes of coal annually 

for 2100 Megawatt coal fired thermal power 
plants. By obtaining foreign aid and loans 

or from Pakistan's own resources, Govern-
went has to finance a major core collecting 

drilling programme for determining coal 

reserves and coal quality in all the known 


coalfields. Drill holes at one kilometer 


apart need to be drilled all over the 

cuuiielor, irrespective o' whether 

the 	,'.if i raIhta be .ul to private or 

pL, uuic secLoru. At !east .u. urLi 
1oles per vllr Lnuuio .e arLi.ea over 

a peni of zaext ter, vohrs. ny Ot- .rid 
w,f, is pri ua dr.a.ij, o' i 2uG dria j 

i,,.eo w.1± prove e:.Juij, cnsti reserves 
to Ltet tt- r .4f .oreA' : 

' I::.. e'I. ,eiwatt cotL :irca ner,,..
 

p bwer
elnnt8. 

11iere is ai:.pi ..o ay to hv.iu tne 

'.1-1 pr ,gramine. it hal tu De. ioze. 
T'ne sooner toe tioverprrrivrt rfalias tris, 
the ootter it wi L. too zor reIuci.nt thv 
gup betweer, power .,trnfiratiun .aIi power 

cterrd.d inZ aviritcnr. vno Should urnior-i,*( 
this r llipo pr.,grtne, hH to ne 

tieciaon by thu uovirlreqvnt. Uienl6 ticav 

jurve3, of -.justan cOULt eat .ioh. ,, 

ieparate aeprtrr-zt 1t this, IAU.!On 
is (i'verr,,eot :,roviaus tn, reqiiiren 
filaincl 11K. ±1:terniont tender coulajoJ 

be Iloatm'o taiw reputhile cnnp-,lonie, who 
are exi,ertr in ariiling, coulo be (:ive, 
contracts to carry out the requiron :'oo. 

erjvate sector in drilling fiela could
 

be invitt1a to conie iorward in tnis 

regard. "it is for the tiovernment to 

decide how this is to be done. 

ViI 	COCLUJIO,:
 

I submit my conclusions as xollows:
 

a) The policy now adopted by the 

Government will decide the fate of pri

vate sector coal mining. If indigenous 

coal fired' thermal power plants tire rot 

established in sufficient number and 

capacity, the existing private sector
 

coal mining, idustry will suffer tremen

dously and many coal mining firms in 
Baluchistan will close down with 5 years 

from today. 

b) If the Government can encourage 

cement industry, both of private and 

public sectors, to convert from use of
 

naturol gas to indigenous coal that
 

would create additional demand for coal 
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and will benefit the mining industry. The 

gas being used by the ceient industry could 
be diverted for value added industrial use. 

It is my opinion that at present it would 
be difficult for the Government to force 
the cement induetry to convert to coal, as 
the cemunt induot will b. able to offer 
many excuses for not bein. able to do so. 

c) Public sector coa: mining, sjhould be 
able to co-exist wLth private asctor coal 
mining, as the puolic sector has the advan-
tage (over the private sector) of Govern-
itent financing ,Lnd foreign aid and soft 
loans, irrespective of whether the public 
sector makes profit or loss in its mining 
ventures. This haa -eer so in the past. 
Healthy competion from the private sector 
will. promote better efficiency in the the 
public sector org isations.
 

d) The private sector is capable 

of shouldering the responsibility of 
producing moot of the coal, which will 
be needed by coal fired thermal power 
plants, as the private sector is versa
tile and vigorous, subject to the condi
tion that the incentives roquested by 
the private sector are given by the
 
Government. I believe that the private 
sector coal minine will perform better 
than our present expectatione. This 
has besii the casoe in th' past and 
similar performwice ru be expected 
from it in future. 
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Financing Lignite Projects in Thailand
 

b__Aswin Konpsiri, Executive Vice President 

Industrial Finance Corporation of Thailand
 

Project Financing in Thailand 


Before considering the specif ic aspects of 

linancing lignite projects in Fhiailand, it will be 
useful to look first at the overall situation 

regarding the availbility of project financing In 

Thailand, as the approach to financing lignite 

projects has to contain all tile basic elements of 

normal project financing. The different problems 

encountered in financing lignite projects will be 

brought out when we discuss the case of the Thai 

Lignite inling (TLM) project. 

The Financial System in Thailand consists of 

16 domestic cemmerc al banks, 14 branches of 

foreign cormcrcial nanks, over 100 finance compa

nies of varlous types, and a number of specialised 

financial institutions established by the Govern-

ment, namely the ,ank of Thailand (tile central 

bank), the Goveramen Savings Bank, the Government 

Housing Bank, the Bank for .\griculture and Agricul-

tural Cooperntives, and the Industrial Finance 

Corporation of Thailand. Many foreign banks have 

exprersed a keen interest in opening branches in 

Thailand, but the Government't, poli cy on this has 

b,!en quite restrict ive; nevertheless over 30 

foreign banks have established representative 

offices in Bangkok. Other types of financial 

institutions, such as insurance companies, are of 

course well established In Thiiland, and tile stock 

market, the Securities Exchange of Thailand (SET), 

has been In operation since 1975. While foreign 

exchange transact ions are supervised by the Bank 

of 1hailand, 'halland's foreign exchange policy has 

been relativelv itIaxed and the raising of funds 

from abroad by both the private and public sectors 

for legitimate Investment purpose: has not been 

restricted. Therefore financing artanged by 

financial institot ions based in neighbouring 

financial centers such as longkong and Singapore 

is fairly common, and oil-shore sources of funds 

can b.' conair,reud to be reasonably accessible for 

enterprises located Ill Thatl:nd. 

Thailand's financial system can be considered
 

to be well developed and sophisticated in terms of
 
commercial banking and trade 
financing services.
 
The branch network of the commercial banks is
 

extensive, and while there is a natural concentra
tion in Bangkok, which Is by far the largest city 

in Thailand, virtually all towns in the country 

are serv'ed by at least one commercilal bank branch. 

Electronic banking services are already being 

provided to bank customers in Bangkok, although 

the transfer of funds to anI from Bangkok and the 

provinces is still slow compared with more 

developed financial systems. The finance compa

nles, however, have very limited branch networks 
as most of them concentrate their operations 

only in the Bangkok area and the major cities 

outside Bangkok. 

The legal framework under which the financial 

system operates is essentially based on Western 

concepts, and the procedures and documentation 

for entering Into financial ttansactions are 

relatively simple and well established. Mortgages 

on movable and immovable property, pledges or 

assignment of receivables or securities, and 

personal guarantees, are the most common form of 

loan security used. For financial institutions 

located outside Thailand which want to have a 

lien on the fixed assets of a borrower in Thailand, 

it is possible to enter into a security sharing 

agreement with a domestic financial institution 

which can act as security agent. It should be 

noted that intentionally writing a cheque on an 

account witl insufficiett funds can be treated 

as a criminal offense. Therefore the use of 

post-dated cheques as loan security and the dis

counting of cheques to raise funds has become a 

common practice in the 'lhai financial system. 

Another less developed area is lease financing; 

while leasing services are avallable it Thailand, 

tle tax system, which does tlnt distinguish 

between financial leases atnd rentals, makes tile 

finncial cost of leasing higher than for hire 
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purchase or other types of loans. 
 With regard to 

taxation, remittances of interest and dividends 
abroad are subject to witholding tax, but this 
tax can be reduced or eliminated under double 
taxatien agreements that Thailand has with many 
other ceont ries, 

Despite the number and ofvariety financial 
ilstJL tut Ions stnt0olied above, Thailand's financial 
sector is dominated by the domestic commercial 
banks. Foreign bank branches account for less 
than 5 petcant Lo total commercial banks' assets. 
rhe largest and most successful finance compallis 
are controlled by Thai commercial banks. The only 
significant competitors to the Thai commercial 
banks are the specialised financial institutions 
set up by tile Government which are by definition 
limited in their Scopqe of activities. Furthermore 
most of the commercial banks, even the largest 

ones, are controlled by family 
 groups whose 


interests extend 
 beyond banking into commercial, 
trade and inlustrial activities. In other words 

tile privately-owned banks are tile centerpieces of 
extensive ard powerful economic groupings. The 

exceptions 
 are tiletwo banks currently owned by 

the Governmeat, tire 
 most important of which Is tile 
Krung Thai Bank which the third largest in terms 

of assets. trhis 
 bank serves as the main commercial 
banker for tire Government and its state enterpris,. 

Pro'eLc Finarncin Tie preceding paragraphs 


proid the setting against 
 which we can consider 

tile state and ircrt ice of 
 project financing in 

Thailand. As can be 
expectedl. given tileevolution 

of tire Thai financial system, the concept of 
project financing has only been recently 
introduced 

and can be said have been practised only over the 

past 25 years in the private sector. 
As in most 

developing countries project: financing was intro-
duced by the World Bank after tireSecond World War 

for large in rastructure projects, such poweras 
generation and 
irrigation, in the 
public sector. 

Project financing in the private sector was 

introduced on a systematic basis after tireestabli-

shmerit of tire industrial Finance Corporation of 
Thailand ii,1959. 
 Even now only about 6 of the 

largest commercial banks and about 4 of tirelargest 

finance companies have any capability in project 


financing. 
Many medium to 
large scale projects 
in tileprivate -ector still have to rely on tile 
services of foreign financial institutions to 
arrange project financing. 
This does not of 
course mean that projrects are not financed by 
domestic financial institutions. However loans
 
for projects are usually based theon collateral 
available and are often granted on an overdraft 
basis which is the most popular form of credit
 
facility in Thailand. Credit facilities ire also
 
often granted onla 'clean' basis or against only
 
a personal guarantee based ol 
tilereputation of
 
a family group which reflects the business envi
ronment in which virtually all enterprises are 
family owned and managed. Poor accounting prac
tices and the reluctance of family businesses to
 
reveal information 
for tox and other reasons
 
have been cited as causes for the lack 
of interest 
in project financing in most financial 

inst itut ions. 

Project financing in tire public sector has 
usually bee undertaken under tireleadership of
 
a multilateral 
ftinancial institution such as 
the
 
World Bank or the Asian Development Bank (ADB)
 
or a bilateral aid agency, although other finan
cial institutions are often involved through co
financing or 
the provision of suppliers' credits.
 
Some of the 
larger domestic financial institu

tions also participate in 
these public sector
 

project loans 
through their overseas branches,
 
but generally do not 
play any role 
in the evalua
tion of the project. 
The various lignite projects
 
undertaken by the Electricity Generating Authority
 
of Thailand (EGAT) were 
financed by a combination
 

of World Bank or ADB loans plus co-financing by
 

the private sector 
project financing anj sovereign
 
risk financing as all projects in the public
 
sector have either direct 
or indirect recourse to
 
the Government. As Thailand's credit rating in
 
the international capital markets is still 
quite 
good, many foreign financial Institutions are 
eager to lend to Thailand under tire guise of 
project financing, especially for state enter

priser, while in fact the decision to lend is
 
based on Thailand's creditworthiness and not on
 
the viability of 
the project itself.
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Arranging finance for projects In the private 

sector without recourse to tileG(overnent presents 

a greater challenge. As mentioned earlier, the 

Lndustri~a-------corlrationof T'ha lland was tile 

pioneer ilstituttion in this field aad continues to 

be the pre-emiinIt institution tor project financ-

ing illthe prIv;lLe see'cLur. The Ildustrial Finance 

Corporat ion Ioll vii and (ltCl'I) was established 

under a specil Iiw it)199 to operate basically 

itsa private seclor jisLitutfon with a majority of 

private seCtor hlre1ld's. Thie opeclal law 

granted IFCT certoin pr lviileus which enabled it 

to mobilise long-term rusourcLs it relatively low 

cost. IFCT, however, retLaias Its autonomy illits 

investment decisions and ill dcLermin ing its 

interest rtLes, and Its sharehOldlng structure, in 

which thL Government direcLIV and Indirectly owns 

only 26 percent of the ,hares, wlile the remaining 

shares are slpread over a large number of both 

Institutionl aid individual shareholders, both 

I'liai and ,re in enibles tile (Corporation to be 

objective ind protiessiontal ii tle conduct of its 

oporat ions, 1FCT's shares are listed and actively 

traded on tileSecurities Exchange of Thailand, and 

its steadv record of proIlit biliLy and regular 

dividend plyments over tile pist 2) ,'Cars have 

enabled it to increase its Cteltall base to keep 

P w- rapid Its operations.With the growthl of 

IFCT's other sources of funds were previously 

based mainly on loans from the World nik and the 

ADi and the 'Ilhai L:ove rlvnt, bt now the Corpora-

tion hais been able to diversity its funding 

sources into tile ill'erllit iollal capital markets, 

as well Ias to rai e domestic (urrency resources 

Liru.gI dei IIture issues in the lI'lai finaicial 

system, ill both cases withult hviv lng to dpend on 

it (;ovCerMellt kgUallotec, IiT can now make loans 

01 up to US$ 21) mill Ioo eqtuivailen for a single 

project with it replymellt period of 1,:to 12 years 

1 iXcd ;Ite wellat a e LO ilterest, as is take 

CelOit.' pirticip,tios illLhe projects it finances. 

In 19,J tit(e lr iIt i iI' llproveid loi'. lIounting 

to about l::;i 113 million equivalent for 140 projects 

il i broad range of industrial ellterprises. 

The project fi'inane ilng methods used by IFcT 

are based on the techniques introduced fly the Wotld 

Bank and adapted for use by development finance
 

institutions, many of which were establi shed In 

developing countries in accordance with the World 

Bank 'model' during the 1950's. These methods 

included alleconomic analysis of projects using 

shadow prices for larger projects to unsure that 

they made a real centrlintLion to the economy 

commensurate with the cost of Lhe resources used. 

The techniques of economic analysis are still 

controversial and itany question its usefulness. 

Ilowever the main objective of project financing 

must be to make the lending institutions as sure 

as reasonably possible that the project will be
 

able to service Its debt under a variety of 

assumptions, and at the same time to provide the 

project sponsors with the lowest cost financing 

available and on terms and conditions which are 

most suitable for that project. Tile various 

critical components affecting the viability of a 

project are well-known; the skill is in assess

ing the strengths and weaknesses of any particuIr 

project with respect to these components, and 

making reasonable assumptions about how changes 

in these components can adversely affect the 

project's ability to service its debt. Project 

sponsors are often justifiably annoyed by bankers 

who through lack of understaading or experience
 

overestimate the downside risks of a project and
 

as a result require additional security from the 

project sponsors. Financial institutions ill 

Thailand are no less conservative than in other 

countries and a number of project failures in 

the recent past has not helped them to become more 

aggressive.
 

One important aspect of project f inancing in 

developing countries must be mentioned here as it 

is particularly relevant to viii r,,yrla-ed projects. 

In larger projects the raw materials used or the 

products to be produced are often pol itically 

sensitive and may be subl ject to controls or res

trictions which are difficult to predict. Even 

if assurances haive beell tgiVl tll1 writing by tIle 

current Government, future (;overnments may for 

varicus political or other reasons follow a 

different policy. This kind o issue is often 

used by foreign financial institltlions as an 
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excuse to require 
a Government guarantee. Thailand 

has correctly and successfully resisted this 

requirement by stipulating in its Government gun-
rant .- law that only enterprises in which the 
Government holds more than 70 percent of the shares 

can be guaratteed by the ',overnment. As the trend 

is 'towards ratherless more stare enterprises, 


more projects will to be based ,ii 
 non-reeoiUr-;e 

financing. Moreover, u, like many dlveloping 

countries In Asia, Th:Itiland has elly tue iihustr ial 
development f inllntCig insti ition, nameI,- the IFCT, 

so there are no filly Gw. neaitn owned industrial 

DFI's which can provide an indirelt L-overnilIllet gua-

rantee. The strict pa Iih:con the i -suince of 


Governrt 
 .itira es has blib,:cil Linpolt".int faIctor 

in protecting Thiland'; a aa)itworthirceS as well 

as in ensuring that project financing in the private 
sector is done oi a realisttic basis. Some good 


projects may have failed to be 
 1plcmented OL have 

been delayed as a result, but o the whole this 

policy has prevented 
 a large nunber of ) d projects 

from being fin tlced under the prote ol of sover-

eign risk. 

In summary a typical medium to large 
scale 


project in Thailand 
is financed by a combination of 


a fixed rate long term 
loan from IFCT and a medium 


term loan from a commercial batik on a floating rate 


of interest. Tile same commercial bark would 


usually provide the working capital funds and other 


trade financing facilities. Sore projects may 

use a suppliers' or 
export credit which is guaran-


teed by the cormercial 
bank. For larger projects 


a consortium of batiks may be 
formed, both to lrovide 

direct financing and to guarante- off-shore sources 

of funds. For excCptionally large projects consi-

dered to 
be of national importance, the Government 


may request all 
the commercial banks to participate 


in the financing, but this politically motivated 


approach is cumbersome and liasbeen increasingly 


resisted by the commercial banks. The International 


Finance Corporation (IFC) 
and other 1)1''s in 


developed cou 
tries have also flnancd a number of 

private sector industrial projects il Thailand in 

the form of both loans and equity. Their equity 

contribution in particiiarly important as equity 
finance continues to bie the biggest constraint to 


project fin-nicing In lhalta d. IFCi usually
 

requires that at least 30-40 percent of the
 

project, cost is finIanced !)V eU ity; co:lMIi2lrcIil
 

banks tend I-ia he Ies triCt '.1 lb t-equ ity 
rat to 
rvlluiricnts i s they ii for a shr Icrterm and 

place more e. mIIIs ,.),cotInat.-ici ccwerage. Ewtn 

wheu the project is i, l-nt with a st rong 

foreign partlner, thl size of the invet-melt is
 

often limited by the ability et the 
local l.artner 

to raise cqu ifty financing. 

Forein ExclangePi_-k. ntie of t he main 

reasons that financial ills titutions it) devL I, lg 

countries are lot ore Iiivolved in prelect 

iniincing is their lack of access to sufficient
 

long -erm funds. i : cil markets in d'velopllg
 

countries are 
a,:;uall oriented towards Ilnvestmnents 

in short corm securities. In Thailand the longest 

term fixcd deposits of 3 years with the colmercial 

bank:; account for only a small percentage of total 

deposits. Tax incentives and interest rate 

differentials are ot sufficient to lttrict funds 

into bondsior debentures, nor is the secudary 

market developed enough to provide liquidity for
 

investors in long term securities. The Govert

m-ot'n domestic funding requiremeiits absorb most
 

of the institutional lang funds
term available. 

The main source of medium and 
long term funds for
 

project financing is therefore foreign currency
 

loans. While Thailand's foreign excllange policy
 

remains relatively open and some projects are 
in
 
a position to 
bear so,:e foreign exchange risks,
 

the commercial banks callprovide projects with
 

term loans by guananteeing foreign currency 
loans. 

However tinder tine recently introduce] float Ing 

exchange rate regime lewer projects are able to 

bear the foreign exchange risks; therefore some 

mechanism for alleviating this problem was needef, 

if a sufficient supply of long term funds was
 

to be provided for project financing.
 

As Thailand's lending 
i. ,-t financing
 

institution IFCT 
was acutely ,ware of this problem 

and has developed a mecilani sm which may be of 

interest to other countries. II[CTmobil ises 

most of its long term resources from abroad with 

repayment periods of at least 10 years and on.
lends these funds to project,,, in tlhailand without
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passing on the foreign exchange risk. In order to 


protect its financial position against extreme 


fluctuations in exLhange rates, IFCT has entered 


into an agreement with the Ministry of Finance under 


which IFCT has to pay a percentage of each foreign 


exchange loan into a reserve account on a monthly 


basis. If realised foreign exchange losses exceed 

the funds in the reserve account (which is accumu-

lated from all outstanding foreign loans), then 

the Ministry of Finance will Advance funds to IFCT 

which IFCT has to repay annually at a fixed minimum 

amount or as a percentage of its net profit, which-


ever is higher. Realised foreign exchange gai.is 

are paid into the reserve account. The key factor 


is the fixing of the percentage of each loan to be 


paid into the re ervc account which is determined 


in accordance with the currency borrowed, its 


exchange rate trend vis-a-vis the local currency 


and the interest rate paid. The percentage can be 


adjusted if there are significant changes in these 


factors. This mechanism forces IFCT to be aware 


at all times of the real cost of borrowing foreign 


currency funds and this cost is passed on to the 


project in terms of a higher fixed interest rate 


rather than a highly uncertain foreign exchange 


risk. Furthermore IFCT is in a much better posi-


tion than project borrowers to manage foreign 


exchange risks hy diversifying currencies and 


obtaining long maturities Thi ; r'ecanlsm has 

worked reasona!ly well nvr th paSt 12 years 

during which IUCT has ,,l , h:id to have recourse to 

an advni,;,. iron the Mlllstry of Finance once for 

an amount of about 21].I lion. If the foreign 

exchange risk i;Su mpLUiel,' absorbed by the Govern-

ment as in t-he car of wilt state-owned [Wi's, the 

danger i that the real coet. of foreign currency 

funds will not be ref1U.ted In on-lending rates 

with ,istortlouary effects oi the C0t , of capital, 

TheImpor_ace .of i.ite_n Thallead's Economic 

Develose;nt. 


Thailand is in a timilar position to other 

oil Importing countries which placed high priority 

on the development of domestic sources of energy 

folluwing the oil crisis of the 1970'3 in order to 

reduce the greatly increased foreign exchange cost 


of imported oil. Potential domestic sources of
 

energy included hydropower, solar power, oil,
 

natural gas, oil shale, and lignite. Most of
 

these domestic energy sources have been aimed at
 

electricity generation and have been developed
 

by the Electricity Generating Authority of Thai

land (EGAT), one of Thalkand's largest and most 

successful state enterprises. The domestic 

sources of energy which have achieved the best 

results have been hydropower, natural gas, and 

lignite. Thailand's hydropower resouices have 

been developed on a large scale since the end
 

of the Second World War and by 1985 EGAT was 

operating 12 hydropowered plants with a total
 

installed capacity of about 1.8 million kilowatts,
 

and has about another 28 possible hydroelectric
 

projects with a total potential installed
 

capacity of about 4.45 million kilowatts. The
 

development of natural gas in the Gulf of Thai

land has begun to bear fruit; four offshore gas
 

fields are now producing 350 million cubic feet
 

of gas per day, plus 17,000 barrels per day of
 

condensate, and have the capacity to increase
 

production by another 30 percent. EGAT has com

pleted the construction of a natural gas/fuel 

oil-fired electricity generating plant with a
 

capacity of 1.82 million kilowatts, as well as
 

a number of other smaller natural gas-fired
 

power plants, and has converted some ot its
 

existing plants from fuel oil to natural gas.
 

It is estimated that at the end of 1985 49 per 

cent of electricity generation is based on natural 

gas, 26 percent on hydro energy, and 10 percent 

on lignite. 

The share of lignite in electricity genera

tion is still relatively low even though the 

development of lignite mining for this purpose 

had started as early as in 1955 at the Mae Moh 

mine In the north of Thailand. Greater emphasis 

had been put on the use of natural gas aince the 

oil crisis of 1973, while the use of hydropower 

had peaked at a level of about 50 percent of 

electricity generating capacity in 1970 and 

gradually declined to 26 percent in 1985. The 

first real expansion of the Mae Moh lignite mine 

was undertaken in 1973, at the same time as EGAT
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started the construction of the first 75,000 kilo-


watt unit of tile Mae %ul lignite power plant. Since 

then EGAT has built 7 lignite-fired ,,enerating 

units at Mae Moh, tile last of which was, commi:isintod 

at the end of 1985. The first phaso of the project 

was completed between 1973-77 during which 3 units 

of 75,000 kilowatts each were built. The mine 

had to supply 1.5 million tons of lignite per year 

for these 3 units. The second stage of the 

development of the Mae Moll ligiit e Mine and power 

plant was completed ia 1985 af ter 4 units of 

150,000 kilowatts had been built for which the 

mine had t, supply 5.5 million tons of lignite a 

year. ie investment cost of tile mine, including 

the cost of expansion over the years, is estimated 

to be about lit. 7,065 million to supply sufficient 

lignite for 7 gene ratinlg units with a total capacity 

of 825,000 kilowatts, and to substitute for more 

than [it. 5,500 million in oil imports per year. 

The third stage of development of the Mae Mob 

lignite power plant envisages the construction of 

3 more generating units with a capacity of 300,000 

kilowatts each. Work has already started on the 

first of these units, for which financing by the 

ADB of US$ 122.6 million has been obtained to cover 

part of the total investment cost of about 


Bt. 7,000 million. The other two units have been 

postponed du, to tile country's public sector 

financing constraints. l.ignite reserves at the 

Mae Moh mine are sufficient to supply the planned 

expansion. While a 1971 study indicated that the 

total quantity of Mae Mob Lignite proven reserves 

was about 55 million tols whiich would be adequate 

to supply a generating capacity of 225,000 kilowatts 

for 30 years, R survey undertaken in 1980 using 

more advanced and etfficent technology and equip-

ment indicated that proven lignite reserves exceed 


500 million toils. 'The mine call be developed so 

that by 1992 it can produce 12 million tons of 

lignite per year to supply 10 generating units with 


a total capacity of 1.725 mill ion kilowatts. 

Us'e of Lignite _b,_ldust. From tile time 

that lignite was first discovered in Thailand In 

the southern province of Krabi in about 1892, many 

efforts were made to use this domestic energy 

resource, apart from the production of electri

city. Earlier this century an attempt to use 

lignite in railway steam engines was made, but 

tile low heat value of the lignIte and tie 

inaccessibility of the deposits at that time made 

the project unfeasible. More recently, tile early 

1960's. the ;overnment dcLidod to use lignite 

from the Mae Moh mine In the production of 

chemical fertilisers. ihe Chemical tert1l iser 

Co. , L.td. (Chemferco) was established in 1963 

and startcd operations in 1966. rhe plant was 

built by a consortium of German companies with an 

initial investment cost of about Bt. 300 million 

which was a considerable sum at that tine. The 

bulk of the financing was provided by the KfW, 

a (;erman ";overnment export financing institution, 

under a Thai Government guarantee with a repayment 

period of 8 years at an interest rate of 6 percent 

per annum. The lignite would be used by a steam 

generating plant which had been originally used 

to provide electricity for tile construction of the 

Bhumipol Dam, and in tile gasification process for 

the chemical fertiliser plant. Unfortunately the 

process design of the plant was not suitable for 

the characteristics of tile lignite ivailable, 

resulting in chronic production problems, and the
 

plant never achieved more than 50 percent of its 

production capacity. At tile same time other raw 

materials, such as naptha and natural gas were 

being used to produce chemical fertilisers which 

were far more efficient and cost-effective. 

Chemferco's problems were further exacerbated by
 

a change in the consumption pattern for fertilisers 

in Thailand away from the types of fertilisers it
 

was iroducing. The Chemferco project can be 

considered to be a case where project financing 

was inadequately carried out, partly no doubt
 

because the bulk of the financing was covered by a 

Government guarantee. 

In 1970 the Government increased lignite
 

production in the north of Thailand with tihe 

objective of encouraging the use of lignite for 

tobacco curing as a substitute for wood fuel. The 

use of wood fuel was seen as a major cause of tile 

depletion of Thailand's forests. Other industries 

became interested in the use of lignite to replace 
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both wood fuel and fuel oil following tile oil 

crisis of 1973. Lignite was considered to be 

particularly suitable as it had a low cost in 

terms of heat value and could thus result in 

considerable savings in energy costs, and it was 

relatively easy to convert tuel burning systems 

from fuel oil to lignite and at low investmenta 

cost compared to other sources of energy. As a 

result mar.y other types of Industry, apart frol 

tobacco curing, changed to lignite as their source 

of energy. These industries include cement, lime-

stone, steel, paper, noodles, sugar, vegetable 

oil, canned foods, and mineral refining. In fact 

these industries also began to use imported coal 

in increasing quantities. In order to discourage 

this trend the Government has accelerated the 

development of lignite production in Thailand by 

encouraging 
the private sector to undertake 


lignite mining, and by recently increasing the 

tariff on imported coal. Neverthelss with the 

increasing availability of domestic supplies of 

natural gas, many industries are using natural gas 

as a substitute for fuel oil, although the use of 

natural gas for industrial purposes will be con-

strained for somne time Iv tile lack of access to a 

gas pipeline. Furtihermore the Government places 

higher priority on natural gas for high value-

added uses, such us the production of fertllisers 

and petrochemicals, than for foe] oil substitution 

in the industrial sector, 

There are currently 12 lignite mines in 

operation in Thailand, of which 3 are operated by 
the Government and 9 by tile private sector. Nine 

mines are located in the northern region, and one 

mine each in the north-eastern, western and 

southern regions. Annual production has increased 

from about 761,340 tons in 1976 to about 2,338,470 


tons in 1984. In 1976 virtually all tile production 

came from the 3 G;overnment-owned mines, particu-

larly EGAT's mine in Krabi as the expansion of the 

liac 1ob was still at an early stage. The first 

privAte sector mine, Phrae i.Lignite Co., Iltd., unit> 

began to start production in that year. In 1984 

tLe l;overnment-owned mines accounted for about 85 

percent of total production, but there were now 
nine private secror iines operied, six of which 

were in operation and produced about 362,400 tons 

of lignite. After tile implementation of its 

massive expansion program, tile Mae Moh mine alone 

accounted for about 71 percent of total production. 

With regard to the import of coal and coke 

mentioned earlier, In 1976 about 36,766 'Lons 

valued at about [it. 86 million were imported. By 

1984 the volume of imports had increased to about 

214,307 tons valued at about Bt. 364 million. It 

is noticeable that the unit cost of imported coal 

and coke has been oila declining trend in the past
 

four years even in nominal baht terms, and is 

therefore becoming increasingly corpetitive with 

the cost of domestically produced iignite, 

especially as transportation costs ae 0'sC
 

declining in real terms. The Government has 

therefore taken steps to provide a higher level 

of tariff protection for domestic production,
 

In stmmary the Thai Government continue,, to 

place a high priority on tile development a-id 

exploitation of domestic sources of energy 

despite the decline in world energy prices. 

Lignite is already playing a significan" role ir 

electricity generation, as a substitute for wood 

fuel in tile tobacco cur ing ;.nJusir,., au as a 

source of energy In the cement indust ry. Th 

potential for its increased producr.ion Find use 

is great as the commercially exploitable reserves 

are estimated to be abundant, and as the technology 

required for its applicatlion in industry is rela

tively simple and inexpensive. 

The Flnancin ,of Lignite Projcts Li !'hailand 

Ihis paper will mainly consider tile various 

factors related to financing aI lignite project 

In the private sector, as most of the lignite 

projects in the public sector have been financed 

by tile multilateral financialliinstItutiiis who 

are well represented at tilts conference. lignite 

projects In the private sector range from the 

exploration for lignite deposits and the estima

t-ion of probable reserves, the stripping o1 over

burden before the start.of lignite iriin n: as in 

tile case of tile Mae Moh minoe where L(AI u)hin

tracted this work to the private sector, the 
mining of lignite itself, the storal), , tronl:por
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tation and distribution of lignite to end-users, 
 cost of overburden stripping relative to the
 
and the installation or conversion -ifindustrial lignite reserves. However, as these estimates
 
energy systems to use lignite. In this paper a 
 were based only on test drilling, a safety margin
 
lignite mining project financed by IFCT is used as of 20 percent is added to the overburden to lignite
 
a case study; the name of the project and the ratio in calculating the cost of ;tripping.
 
figures used have been changed to protect the con-
 In winning the bid for the mining concession:, 
fidentiality of the origin,,! information. TLM had to enter into a contract with NEA with the 

The Thai Lignite Mining Co., Ltd. (TLM) was following salient points:
 
established in the early 
 1980's with the objective - Life of the conc:ession: 18 years 
of excavating lignite from an open cut mine - Guarantee bond: Bt. 10.6 million 
located in the north of Thailand. The total - Average annual payments 
project cost was estimated to be Bt. 60.5 million 
 to NEA for 5 years: Bt.i.429 million 
baht, for which the project sponsors were able to - TLM has to procure 500 ral of land for NEA. 
offer to raise Bt. 25 million i,the form of - Minimum production of 210,000 tons per year.
 
equity. IFCT was requested to arrange financing 
 - At least 65 percent of TLM's output must be
 
for the project. 
 sold to tobacco curing p]an~s, but TLM can
 

For mining projects the starting point for 
 seek NEA's approval if it has difficulty
 
project evaluation is normally the size and cost 
 attaining this target.
 
of the ore reserves, in the same way as the avai- - Lignite must be mined for at least 95
 
lability and price of raw materials are e'aluated 
 percent of the estimated reserves of
 
in a manufacturing project. In the case of the 
 4 million tons.
 
TLM project the lignite reservea had been explored 
 TLM has to pay the following fees to NEA: 
and surveyed by the National Energy Authority (NEA) (a) A research fee of Bt. 500,000 per year. 
which had offered for tender the mining cuiicession (b) A production fee of Bt. 40 per ton in
 
rights for proven lignite reserves ,f 4-5 millioin the Ist and 2nd years. 
tons located in an area of about 400 rai In the 
 (c) A production fee of 15 percent of the
 
north of Thailand. The NEA also proeided the 
 value of production in the 3rd to 5th
 
results of 
a study of the soil structure of the 
 years.
 
concession area which can he 
summarised as 
follows: (d) A production fee of 17 percent of the
 

Top layer, to a depth of 1-5 meters, is 
 value of production in the 6th to 9th
 
composed of clay and silts, with an occasional 
 years.
 
underlay of laterite in some areas, 
 (e) A production fee of 20 percent of the
 

Second layer, to a depth of 10 meters,' is 
 value of production in the 10th and
 
composed of sand and gravel with small quantities subsequent years.
 
of lignite fragments. 


- TLM has to adhere to the followinF pricing 
Third layer is the lignite seam with a depth formula for selling lignite:
 

ranging . m one to 50 meters or an average of 17 4
Price at time of contract: Lignite Size rr cr
 
meters. The lignite seam has very little 
impuri-


-t/ton
 

ties, some white gray clay in parts. 
 Over 1 inch 270
 
Fourth layer is a rock layer consisting 
 Under 1 inch 187
 

mainly of quartzite, slaty-shale and sandstone. 
 Average 241
 
NEA's survey indicated that 
the average over- Price adjustment formula: P = K x Po 

burden depth is about 15 meters and the lignite Where: P = the lignite price after price 
seam depth is about 17 meters, giving an overburden adjustment.
 

lignite ratio of C.831 cubic moteis of overbur- Po
to - the lignite price at time f contract. 
den to one ton of lignite. This represents a low K = the escalation factor.
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The escalation factor is based on changes 


in the price of high-speed die3el oil as 


fixed by the Ministry of Interior. The 


high-speed diesel oil is given a weight of 


45 percent and he minimum wage rate a 


weight of 10 percent. 


In many mining projects the exploration and 


survey are done by the minilng company and is 

usually financed solely by equity funds as it Is 


too risky for debt financing,. If sufficient ore 

reserves are discovered, the exploration and survey 


costs are amortLised over a number of years together 

with other project development costs, in thib case 


NEA recovers its exploration and sumvey costs 

through the payment,; and fees imposed on the mining 

company, which helps to reduce the initial Invest-


ment cost for the company. However the mining con-

cession contract also stipulates that 65 percent of 

the lignite preduction must be sold to tobacco 

curing plants, as part of the Covernment policy to 

substitute lignite for wood fuel, and sets a 

formula for the selling price. An analysis of the 

feasibility of the project there ore requires a 

careful study of Lhe demand for lignite in the 

tobacco industry as well as :he trend for the high-


speed diesel price and the minimum wage rate. 

The mar'et analyXsis showed that there were 

452 tobacco curing plants in Thailand with over 

16,000 kilns In Thailand at that time. Lignite 

consumption by this industry was about 170,000 tons 

per year and had increased at an average annual 

rate of 21 percent in the past 3 years. If the 

tobacco curing indistry switched to lignite as its 

sole energy source, its consumption would be over 


480,000 tons per year. Furthermore other alterna-


tive sources of energy are more expensive than 


lignite, and wood fuel was becoming increasingly 


scs:ce ind expensive due to the severity of the 


Government's campaign against illegal logging, 


Future demand was therefore projected to be accord-


ing to the past trend. An additional factor is 


that TLM had a well prepared marketing program for 


selling lignite to the tobacco industry which 


included sending trained personnel to advise and 


assist in the conversion of tobacco curing plants 


from wood fuel to lignite. A market survey 


indicated that about 130 tobacco curing plants
 

with about 4,686 kilns and a consumption of lignite
 

of about 138,000 tons per year were interested in
 

using TLM'.; product. TLM was not therefore
 

expected to have any problems in meet rig its target
 

of selling 65 percent of its production to the
 

tobacco industry.
 

TLM's other target group was the cement
 

industry. Thailand has three cement producing
 

companies, one of which had started using a lignite/
 

oil mix in its cement production In 1981. It was
 

quickly found that this fuel mix not only reduced
 

energy costs, but also improved cement quality.
 

The other two cement producers began to use the
 

lignite/oil mix in some of their plants soon
 

afterwards. The consumption of lignite for this
 

purpose is expected to reach 443,000 tons per year
 

when TLM starts its mine production and to increase
 

as other cement plants are converted to lignite.
 

At the time that TLM's project was being
 

evaluated the supply of lignite for industrial
 

purposes was still limited and a survey of poten

tial new sources of lignite in the north of
 

Thailand indicated that supply would continue to
 

fall short of demand for many years, although
 

because its relatively large size, TLM's market
 

share in supplying the tobacco and cement indus

tries would exceed 20 percent. Using 1FCT's
 

standard assumptions for the rate of increase of
 

the price of high-speed diesel and the minimum
 

wage rate, TLM's price as stipulated in the NEA
 

contract compared favourably with the price of
 

lignite produced by the other private sector
 

mines. TLM's price in terms of heat value was
 

also estimated to be lower than the price of
 

lignite from other sources.
 

The technical aspects of the project are
 

relatively simple and consists basically of
 

stripping the overburden, removal of the upper
 

layers of soil, excavation of the lignite,
 

moving the lignite through th,- crushing and
 

screening section, and storage of the lignite
 

according to size. For quality control, samples
 

are taken for every 100 tons of finished product
 

and tested in a laboratory for heat value,
 

moisture content, percentage of impurities, etc.
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TLM's technical staff are well qualified and have 

sufficient experience in lignite mining; they will 


also be assisted by 3 coal experts from China 

during the start-up period. The machinery and 

equipment required is fairly standard and most of 

it will be acquired through competitive bidding, 

The project has an additional attractlo, for a 

development financing inotitution as some of the 

machinery was designed by Thai enginecis and 

locally fabriciecd, and has proven it;el.i as 

efficient and tultable. However about 44 percent 

of the total project is in foreign exchange. A 

contingency of 15 percent was added to the esti-

mated cost of the cons3truction and machinery and 

equipment to allow for Inflationary factors and 


possible fluctuations in the exchange rate. A 

project of this size and level of technology would 

obviously not require a cost overrun facility or 


a completion guarantee. Standard mechanical 

guarantees by the equipment vendor would be 


sufficient. 


At the time the project was evaluated, TLM 


had applied for, but 
not yet received Government 


promotional privilIgLes, which include exemption 

from import duty on machinery and exemption from 


corporate income tax for up to 
8 eight years. The
 

promotional privileges offered in Thailand are 


similar to 
those in other Southeast Asian cosntries 


and have been an important tool in encouraging 


investment. Recently the Board of Investment has 


placed higher priority on export industries, 


domestic resource based industries, and industries 


located outside the 
greater Bangkok area. As 


lignite mining would very likely meet 
these crite-


ria this project was appraised assuming that 


promotional privileges would be granted. 


Based on the technical analysis and IFCT's 


experience from other projects, TLM's annual 


operating costs can be estimated. An important 


assumption is the capacity utilisation ratio which 


depends on an assessment of the technical complexi-


ty of the project. In this case full production 


can be expected to be reached very rapidly. Another 


important calculation is the working capital 


requirement for the projected level of production
 

and the marketing strategy. In this case an
 

inventory of 15 days and accounts receivable of 

21 days plus a contingency of 15 percent were 

assumed. Underestimation of working capital 

requirements is a common cause of problems at 

the operating stage, especially when there are 

large :easional fluctuations in either the suppl 

of raw materials or market demand. Even when 

sufficient financing is provided for working 

capita]., lack of control over the use of funds, 

especially when there are cost overruns at the 

construction stage, can result in the same pro

blem occuring. 

Based on the estimated project cost, the 

market analysis, tile projected price trend and 

operating costs, and the equity financing avail

able, a financin " plan can be prepared. The
 

estimated project cost can be summarised as
 

follows:
 

Bt. million 

Construction 
 13.9
 

Machinery and Equipment 36.2
 

Office Equipment 0.1
 

Pre-operating Expenses 
 6.2
 

Working Capital 
 4.1
 

Total 
 60.5
 

IFCT looks at both the debt-equity ratio
 

and the debt service coverage ratio in assess

ing how much debt a project can prudently bear.
 

With the market and technical aspects fairly 

straightforward, as in this case, IFCT would
 

use as a guideline a maximum total debt-equity
 

ratio of 60 : 40, and a minimum debt service
 

coverage ratio of 1.5. The proposed share
 

capital of Bt. 
25 million would therefore be
 

sufficient to meet the debt-equity ratio require

ment, while the repayment period of the term
 

loans can be structured in accordance with the
 

projected cash flow to maintain the 
debt service
 

coverage ratio at above 1.5. 
 An adequate grace
 

period to cover the construction period and the
 

first year of operation, when delays or other
 

unforeseen problems may occur, is particularly
 

important.
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One major problem which affects the financing 

of most mining projects is the shortage of colla-

teral. If the mining company has undertaken the 

exploration and survey work itself, then there may 

be large pre-operatin expenses which are of little 

collateral value. The mine site, even if it 

belongs to the company, is also usually of little 

collateral value. The nest valuable asset are the 


ore reserves, thi: loan security value of which will 

depend mainly on the terms and conditions under 

which the company can utilise these reserves. The 

remaining assets are the buildings, which cannot 

be used as collateral if the land on which they are 

located does not belong to the company, and the 

machinery and equipment. In the TLM project the 

exploration and survey were done by NEA, so the 

company has low pre-operating expenses, but as the 

mining concession and land belonged to NEA, it 

could not use the mine or the buildings on it as 

collateral. One of the objectives of project 

financing is of course to reduce reliance on col

lateral, but a favourable evaluation does not gua- 


rantee the success of a project, and it is sound 


banking practice to ensure that as much of the loan 


as possible can be recovered from the liquidation 


of the assets if the project does fail. As a 


development finance institution IFCT is relatively 


more generous in its collateral valuation and does 


not require 100 percent collateral coverage for 

its loans. In this case only the machinery and 


equipment can be used as collateral; the investment 


cost of the machinery and equipment is Bt. 36.2 


million and the collateral value is estimated at 


Bt. 18.6 million, or about 51 percent. The amount 


of term loan required, however, is Bt. 31.4 


million, given that the maximum equity available 


is Bt. 25 million and working capital finance is 


Bt. 4.1 million. In this case a solution was 


found as the project sponsors were able to provide 


a "directors' loan" of Bt. 10.4 million which 


would be effectively subordinated to the term loan. 


The term loan required would now amount to Bt. 21 

million, giving a collateral coverage ratio of 


about 88 percent. In vlew of the fact that the 


project sponsors were willing to put up a subordi-


nated loan, and the favourable results of the 


project evaluation, this was considered accepta

ble.
 

With regard to loan security the sponsors 

of the project were also required to give a per

sonal guarantee for the term loan. While this 

is common practice among financial institutions 

in Thailand, in IFUT's case the main purpose is 

to ensure the commitment of the sponsors to the 

project rather than to be a recourse for loan 

cepayment. This is particularly important when 

the enterprise is family owned and managed. 

On the basis of the above-mentioned factors
 

the sources of finance for the project can be 

summarised as follows: 

Bt. million 

Shareholders equity 25.0
 

Directors' loan 10.4
 

Working capital loan 4.1
 

Term loan 21.0
 

Total 60.5
 

Based or. 'he projected cash flow and a minimum
 

debt service coverage ratio of 1.5, the term
 

loan can be repaid in 5 years with a grace
 

period of 1 years. The wULkii g capital would
 

be financed by an overdraft facility with a
 

commercial bank. An overdraft has the advantage
 

for this purpose of being used only in accordance
 

with the seasonal variationr in working c'apital
 

requirements and thus saving interest expenses.
 

The commercial bank was also interested in par

ticipating in the term loan in an amount of
 

Bt. 6 million on the same terms as IFCT (with the
 

exception of the interest rate which is on a
 

floating basis while IFCV's is fixed). The
 

remaining amount would be financed by a loan of
 

Bt. 15 million from IFCT.
 

The financial analysis of the project based
 

on the above financing plait showed that the
 

project would have a net profit of Bt. 1.15
 

million in its first full year of operation ris

ing t,, Bt. 6.33 million in the fifth year. The 

internal financial rate of return is 18 percent
 

(15 percent without the promotional privileges).
 

The debt service coverage ratio is 1.51 at the
 

lowest and rises to 1.84 in the fifth year. The
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capital structure of the company is sound 
through-

out the five years. Regarding the project's 

economic benefits, TLM will 
employ 173 people at 

an investment cost of about Bt. 
350,000 per job. 

he project would also result in net foreign 

exchange savings of about Bt. 261.1 million in 
the 

first five years of operations. 


The TLM project was implemented on schedule 

but at 
a much lower investment cost 
than expected. 

Actual machinery and equipment cost was only Bt.24 

million compared with Bt. 36.2 million in the 

project appraisal, and actual construction cost was 

only Bt. 4 million compared with Bt. 
13.9 million 

mainly due 
to reduced lignite storage requirements. 

Only Bt. 9 million of IFCT's approved loan of Bt.15 

million was drawn down. 
Actual production of 

lignite is at 
the rate of 300,000 tons per year 

compared with 210,000 
tons per year projected in 

the appraisal. 
The pattern of demand for lignite 

is also considerably different from what 
was pro-

jected. 
The tobacco curing industry still prefers 

to use wood fuel 
rather than lignite so demand for 

this application has been very limited. 
 However 

demand from the 
cement industry was much greater 

than expected. Furthermore the use of 
lignite for 

boilers was a new source 
of demand which TLM 

pioneered and developed by assisting factories in 

converting their boilers 
to lignite. 
As a result 

TLM was 
not able to meet its obligation under its 

agreement with NEA to 
sell 65 percent of its pro-

duction 
to the tobacco industry and had to'seek 
a 

waiver. With existing orders from the cement 

industry alone amounting to 250,000 tons a year and 

expected to 
inctease following the raising of the 

tariff on imported coal 
from 10 percent to 25 per-

cent, TLH is planning 
to expand its production 

capacity and has approached IFCT for additional 

financial assistance. 
 In terms of profitability 

TLI made a net profit of Bt. 
2.43 million and 

Bt. 4.28 million in its first two years of opera-


tions respectively, much higher than originally
 

projected.
 

It is not often that 
a project exceeds the
 
performance projections as 
much as 
the TLM project,
 
but TLM's success gives an indication of the poten
tial for the development of the lignite industry in
 

Thailand. 
 IFCT has financed several projects
 
involving the conversion of energy systems 
to
 
lignite and they all show the 
same potential for
 
success, in 
terms of both financial returns
 
and economic benefits for the country.
 

However, not all 
lignite related projects
 
are a succena. 
 IFCT financed a project which
 

was intended to produce artificial coal brique
ttes from lignite. 
 The use of lignite to replace
 
charcoal 
for domestic use has been a target 
for
 
the further development of lignite and would have
 
major benefits 
for the economy, as well as
 
support the conservation of 
forests. When a
 
German-educated Thai engineer demonstrated in a
 
pilot plant a process for the conversion of
 
lignite into artificial coal briquettes which
 
could be used 
for both domestic and industrial
 
use, IFCT was requested to provide long term
 
financing for a commercial scale plant based on
 
this process. 
 IFCT was aware of 
the technical
 
risks but decided to make 
a loan to this project
 
as a "risky" project, which meant 
that the risks
 
were worth taking as the potential benefits were
 
enormous. 
The loan was, fortunately for 
IFCT,
 
a small one as the 
plant was unable to make the
 
-ransition from a pilot plant 
to a commercial
 
scale plant 
and quickly went bankrupt.
 

In conclusion the financing of lignite
 
projects requires some major adjustments from
 
normal project financing methods. 
 The main problem
 
is 
the shortage of collateral within the project
 
and 
the need to have Yecourse to external loan
 
security. 
 Project financing techniques qhould
 
help to reduce the emphasis on collp-ral and
 
place more importance on 
the feasibility of 
the
 
project. ThL potential 
for the further develop
ment of 
lignite in Thailand is enormous, both for
 
power generation and for industrial use, 
so it is
 
important that sufficient financing on suitable
 
terms continue to be available for 
this industry.
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PRIVATE SECTOR FINANCING OF THE LAKHRA COAL PROJECT1
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Lakhra Project Private Sector Advisor
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INTRODUCTION
 

The Government of Pakistan's policy of 


encouraging the private sector to assist 


with the mammoth task of mobilizing more
 
energy resources has received increasing 


emphasis since the publication of the Sixth 


Plan in June 1983. Very recently, this 


policy was further elaborated by the pub-


lished notice of the Ministry of Water and 


Power inviting proposals from the private 


sector to build and operate power stations 


for the sale of bulk supplies of electric 

power to WAPDA and KESC. 

If Pakistan's recent record of high 

economic growth is to be continued, ade-


quate supplies of all forms of energy, 


particularly electric power, must be main-


tained. Manufacturing and processing in-

dustries as well as agriculture are highly 


dependent on electric power. While there 


is much room for improving the efficiency 


with which electricity is used today, there 


is no doubt that very major additions to 


the country's generating capacity will be 


needed until well into the next century. 


The demands on public sector resources are 


already very great, and it seems clear that 


unless significant private sector resources 


can be mobilized to increase energy sup-


plies, Pakistan may fall short of its ener-


gy and economic targets. 


The Private Sector's _o! in the Coal In

dustr y
 

The private sector has a larger role
 

in the coal industry today than in any
 

other energy supply sector in Pakistan.
 

While precise figures are not available
 

owing to the large percentage of coal pro

duction that goes unreported, it seems safe
 

to say that at least 85% of production come
 

foom private sector mines, and the balance
 

from PMDC and PUNJMIN mines. Total domes

tic coal production today is probably in
 
the region of 3.0 million tons per year,
 

with the Lakhra area accounting for not
 

less than 800,000 tonnes.
 

Much has been said and written about
 
the rudimentary state of coal mining in
 

Pakistdn, the lack of investment in mech

anization and the poor attention to safety
 

in all but a handful of mining companies.
 

There are, however, valid reasons for the
 

historical lack of investment. Since the
 

arrival of cheap gas, the coal industry has
 

been limited to its traditional brickmaking
 

markets. There was no to
reason invest in
 

productivity improvements when existing
 

mining methods were quite capable of meet

ing the moderate growth in demand from the
 

brick kilns. In addition, all investments
 

had to be self-generated. Until very re

cently, the mining regulations did not
 

facilitate commercial bank lending to min-


The opinions expressed in this paper are those of the author. They should not be 
 taken as
 
representing those of WAPDA, The Government of Pakistan, USAID of the World Bank.
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ing companies nor were the banks geared up 

for this activity. 


Today the coal industry faces its 


brightest future since independence dis-


counting, as one must, the current fluctua-


tions in the oil market. The cement indus-


try is beginning an orderly process of 


converting its ki Ins r use Pakistani 

coals. industri l users are beginning to 
take a new look at coal use for process 

heat and steam raising. And most important 

of all in terms of long Lermit potential, 

power generation is about. to hecome a veLy 

large user of domestic coa.l. A.,, currentI. 

conceived, the La k h r a power plant would 

need at ieast as much and probably more 
coal than thu entire country ia producing 

today. 

'rhe Private _Sector_Ile..n Coal SpQI y_.fo_r 

the Lak-hra_[Power Plant 

The Lakhra Preject presents very new 

challenges for flaki Stan's coal industry, 

The development ot worldscale open pit fig-
nite mines as well as one or more high 

productivity underground mines demands in-
vestment resources as well as managerial 

and operational skills that are not found 

today in Pakistan. Other speakers at this 

Conference have given you a full picture of 
the proposed mining operation that will 

produce coal for the power station. From 


that description it will be clear that the 


expertise to develop and operate these 


mines resioes in foreign private sector 


mining companies, although local earth 


moving companies are most certainly ex-


pected to make a contrioution in the open 


pit mines. Pakistani mining companies 


should also play an even larger role in 


developing the Project's new underground 


mines, 


The situation in which an electric 


power utility, such as WAPDA, invites a 


private sector mining company to develop 


and operate dedicated mines to supply ita 


power stations is common in a number of
 

countries, including Australia, Germany and
 

the United States. Even in the United
 

Kingdom, the public sector National Coal
 

Board uses private mining companies to 
carry out opencast mining operations. 

The private sector can normally be 

expected to respond positively to any pros

pective business situations in which the 

potential returns on invested capital are 

as good or better than alternative projects 

available at the time. A company's assess

ment of potential '.eturns will be heavily 

influenced by its perception of the risks 

involved. Such risks include economic, 

financial, political, and technological. 

My colleague troin the Dank of America 

International, who are Financial Advisors 

to this Project, will be going into these 
questions of zisk in considerably greater 

detail in a later session, but in discuss

ing private sector finaincing it is essen
tial to bear in mind at least four risks 

faced by investors. 

In the case of the Lakhra Project the 
economic risks facing a private company 

woudi include risks that the price it ex
pects to receive for the coal delivered to 

the power station would not cover its full 

costs. Such risks can be reduced both 

through a round long-term contract covering 

coal price and escalation, as well as 

through a proper understanding of the
 

underlying realities of the project. By
 

this I mean the large unsatisfied demand
 

for electric power in the economy of Paki

stan which dictates that the power station
 

will continue to be a customer for the coal
 

throughout the lifetime of the plant.
 

Financial risks for the mine, for
 

example, a worsening of credit terms once
 

the project is under way or a foreign ex

change crisis in Pakistan that would affect
 

the ability of the mining company to make
 

debt service and divident payments. The
 

first event could be mitigated by pass

through provisions in the coal purchase
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contract whereby interest rate fluctuations 


are reflected in the coal price charged to 


WAPDA. The only real protection an inves-


tar has against the second eventuality is 

the knowledge that Pakistan has to date 


never defaulted on a foreign exchange obli-


gation, and is expected to continue to 


follow economic policies that will minimize 


the risks of a foreign exchange crisis in 

the future, 


The private sector, both foreign and 


domestic, will make its own assessment of 


the political risks involved in commitment 


to a 30 year-plus mining project. The 


higher the perceived political risk, the 


higher will be the rate of return required 


from the investment. The perception of 


political risk will also place an overall 


limit on the total size of investment that 


foreign companies will be prepared to con

sider regardless of prospective return. 


This mining project does not pose
 
serious technological risks because the 


technologies to be employed are thoroughly 


proven and well understood. The only risks 


in this area might be those associated with 


proper operations and maintenance of the 

equipment, and these risks can be minimized 


with proper training, selection of person-


nel and skilled supervision, 


Advantages and Disadvantages of Private 


Sector Financing 


Advantages 


Speed of implementation. Because de-


cision-taking in the private sector is 


normally faster than in public sector 


bureaucracies, a project usually can be 


implemented more expeditiously when mana-


gerial and procurement decisions are in 


private hands. 


Fxperience. The private sector nor-


mally has more experience in project imple-


mentation than the public sector, 


_Optima] Procurement Mix. Private sec

tar firms usually have more flexibility to
 

negotiate an optimal procurement mix with
 

equipment suppliers.
 

Additionality. To the extent that a
 

privately financed project does not draw on
 

funds that would otherwise be used by the
 

public sector, additional capital is made
 

available for productive use iiithe economy
 

of Pakistan. Some of this capital may come
 

from abroad, while some may be domestic
 

capital that is transferred fron less pro

ductive uses. Additionality is not
 

achieved where a private sector project
 

uses, say, World Bank loans that would
 

otherwise have been used by the Government
 

of Pakistan for other projects. However,
 

IPC loans can only be made to the private
 

sector.
 

Disadvantages
 

Commercial Financing Terms tIay Worsen
 

Proect Economics. The Lakhra Project coal
 

mines, whether producing 3 or 4 million
 

tonnes per year, will be a very capital in

tensive project.
 

Project financing terms will, there

fore, have a significant impact on the cost
 

of producing coal. Virtually all the capi

tal equipment must be purchased during the
 
initial years, and will be used for at
 

least five years stripping overburden.
 

Luring this time interest must be paid on
 

the borrowed capital before a.iy revenues
 

are received.
 
To understand why commercial terms of
 

lending have a very different impact on a
 

private sector project than they do on a
 

public sector project is is important to
 

understand the difference between conces

sional and commercial terms of iinancing,
 

as as the different effects of commer

cial terms on public and private sector
 

organizations. When Pakistan ieceives
 

loans on concessional terms from bilateral
 

or multilateral donors these typically have
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a loan life, or tenor, of 26 to 40 years 


and carry interest rates of between 3% and 
9%. Commercial loans in Pakistan currently 
are at rates of 13% to 14% with tenors of 
up to about 10 years. Generally, when the 

Government passes on a concessional loan to 

a public sector body, such as WAPDA, it 

does so on commercial terms; the financial 

impact on that institution is softened by 

the fact that the public sector body de-

rives much of its income from the ADP - or 

annual government budget allocation. To 

state it another way, a public sector bor-

rower paying commercial rates on its debt 

has regular recourse to government to fi-

nance its overall operations, whereas a 

private sector borrower must rely on its 

own cash flow to service its debt. 


Any Lakhra private sector developer 

who uses commercial loans will face a debt 

service schedule that will be bunched in 

the first few years of the project. At the 

same time the mining company will not be 

selling coal until the sixth year of opera-

tions when the overburden has been removed 

and the power plant is starting in service. 

The developer will have to (i) borrow addi-

tional amounts to meet payments of interest 

during construction and (ii) realize vir-

tually all of his debt servicing require-

ments from the coal price charged to WAPDA 

during the very first years of coal produc-

tion. This will lead to high generation 

costs for WAPDA in the first few years of 

plant operation. Costs would drop once the 

mining company has met most of its debt 

service obligations. I will cover some 

ways of mitigating this in a moment, 


Prospects for Private Sector Financing of 

the Coal Project 


Financing may be expected to come from 

a number of sources: 


Te foreign and Pakistani mining com-

nanies who make up the group that is 
even-

tually successful in its bid to develop and 


operate the Project Area mines. These
 

companies will be expected to contribute a
 
substantial sum towards the equity needed
 
by the project. It would not be appro
priate to speculate on the amounts that
 
local and foreign firms might be prepared
 
to invest, but our discussions with poten
tial investors are encouraging in that all
 
have indicated their willingness to invest
 
sums that demonstrate a serious commitment
 
to the success of the project.
 

How do these expressions of interest
 
compare with the amounts that the project
 
will need? Bearing in mind that the final
 
mining cost estimates are still being pre
pared by the mining feasibility consul
tants, if one includes provisions for cost
 
escalation and interest during the five to
 
six year mine development phase the mining
 
project could cost somewhere between $500
 
and $700 million (excluding import duties).
 

Let us assume for the sake of argument
 
that 75% of this could be financed by debt.
 
This would still leave an equity require
ment in the region of $125 to $1.75 million.
 
Let us ask two questions. Is the private
 
sector, either in the form o( one company
 
or a consortium of foreign and Pakistani
 
firms, likely to be willing to invest on
 
this scale in the Lakhra coal mining proj
ect? My own view is that this would be 
very difficult to achieve without the kind 
of Government of Pakistan guarantees that
 
would undermine the private sector risk
taking nature of the project. The second
 
question is - Does the private sector have
 
to find the entire equity investment? The
 
answer to this question is that it may not
 

have to find the entire sum itself, and a
 
possible role for WAPDA in solving this
 
problem will be discussed shortly.
 

The perception of risk on the part of
 
foreign investors normally leads them to be
 
particularly cautious when approaching
 

projects whose output or product is not
 
exportable. Were this to be export quality
 
steam coal or crude oil, one could be more
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optimistic about attracting large sums of 


investrment. But even in such cases the 

amounts needed might be difficult to at-

tract in today's weak energy markets. And 

the iact is that Lakhra coal has no near-

term value outside Pakistan. One day it 

ma-i be possible to find regional markets 

for briguetted Lakhra coal, but this is not 


a current prospect. 


However, the suggestion that private 

sector foreign and local mining companies 

may vot be prepared or even able to come up 

with Lhc total required amounts of equity 

should not be t, -n as a discouraging pros-

pect for the project. Following the exam-

pies of similar projects in other coun-


tries, there are several ways in which the
 
equity needs can be ret. 


However, before looking at these it is 

important to take a brief look at the other 


potential sources of financing for the 


privat, sector, 


A niniber of Pakistani commercial Banks 

have indicated their interest in the proj-


ect: and their ieadiress to consider loans 


subject to their reviews of project via-


bility. However, the discussions that the 


project's Financial Advisors have had with 


local banks indicate that one should not 


expect to be able to raise much more than 


the rupee equivalent of $25 to $50 million 


from all local project finance bariks com-

bined. These loans would be at the pre-


vailing commercial rates, 


The Karachi Stock Exc hange could be 

a vehicle for raising a modest amount of 

financing, but a public stock offering 

prior to the start-up of operations of a 


commercial enterprise is unlikely to raise 


more than a nominal sum. 

Foreign lenders that the pLivate sec-

tor mining companies may be able to draw on 

include 9xjor credit aggncies, the Inter-

national Finance Corporation (part of the 

World Hank family) , international commer-

cial banks, and those development banks 

that have provisions to lend to the private 

sector in member countries. Once the min

ing company has determined its capital
 
equipment procurement plan it is likely to
 
find that the export credit agencies in the
 
countries that manufacture the equipment
 
will be prepared to finance a portion of
 
the purchase. The terms of such financing
 
should be slightly better than straight
 

commercial loans. When development banks
 
lend directly to private companies they
 
typically do so through the national com
mercial banking system. Thus, for example,
 
the Asian Development Bank has made avail
able to Pakistan a credit which is on-lent
 
throagh the National Development Finance
 
Corporation and other lending institutions.
 

Qpportunities for Risk-Sharing in thi
 
Financing of the LakhgajCoalne
 

We have already seen how the coal
 

price to the power station would have to be
 

raised during the early years of operation
 

in order to cover the concentrated debt
 
servicing requirements that would result
 

from financing most of the coal mine on
 

commercial terms. We have also seen that
 

the large size of the mining project will
 

make it very difficult to raise all the
 

needed investment from private sector
 

sources.
 

However, project success depends on
 

one or more first rank private sector min
ing companies being given responsibility
 

for executing the project and that they put
 

enough of their own money in the project to
 
create a strong incentive for efficiency
 
and success. The next most important
 
objective is for WAPDA to secure the lowest
 

possible prices for the coal it buys.
 

It is not unusual in projects of this 

type in industrial countries for the elec

tric power utility to share some of the 

costs of mine development with the mining 

company. Where very costly items of equip

ment have to be purchased arrangements are 

negotiated whereby the utility purchases 

the equipment and then leases it to the 
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mining company. Often the utility has far 


greater ability to raise financing than 


does a mining company. For example, in the 


United States most utilities can raise 


long-term financing on bond markets on 

attractive terms because of provisions in 

the tax code which make income from such 


bonds tax exempt. 


The situation in Pakistan may be com-


parable in the sense that WAPDA is a regu-


lar borrower from institutions as the World 


Bank and Asian Development Bank. Thus, one 
could envisage arrangements being nego-

tiated between WAPDA and the private sector 

mining companies under which WAPDA would 

make use of loans provided by donor agen-
cies to purchase capital equipment items 

for the mine, such as draglines, dumper 

trucks, loaders, etc. The terms under 
which such equipment was then made avail-

able to the mining company would have to be 

negotiated, WAPDA would obviously require 


a lower coal price in return for the fact 


that it was Lakinq on part ot the financing 

burden for the mine. 


An additional element could be a mi-


nority equity investment by WAPDA in the
 

mining operations. This could take the
 

form of a cash investment, or it could be
 
achieved in-kind through equipment pur

chases.
 

Yet another accepted mechanism whereby
 

the borrowing requirements fo the mining
 

company during mine development could be 
reduced (and hence the coal price reduced)
 

would be for WAPDA to make regular payments
 

for overburden removal during this develop

ment phase.
 

Conclusions. Since we are not yet at 

the stage where the private sector is asked 

to come forward with firm bids on equity
 

investment and coal price, much of what I
 

have said has been speculative. The next
 

major step in the project will be the
 
issuance of the Private Sector Request for 

Proposal - probably in late Spring. That 

will be the acid test of the private sec

tor's capabilities and intentions with
 

respect to financing and implementing the
 

mining project. My perscnal view is de

cidedly optimistic.
 

A good selection of first rank coal
 

mi.ning companies from around the world as 

well as from within Pakistan have already 

been prequalified. Others are still free 

to join the project if they meet Lasic 

tests of competence and if they team up 
with an already prequalified company. As 
Pakistan faces the world market as a buyer 
of power plants and as a customer toi for

eign coal mining expertise this project 

could not have come at i better Lime, be
cause both these sectors .re currently very 
competitive in seeking buisines. 6i th the 

great need for electric power, with the 
strong interest in this project on the part 

of lending institutions as well as on tie 

part of the Governments of Pakistan and
 

Sind, and with the demonstrated interest in
 

the part of the private sector, Pakistan's
 

coal industry should now see the most im

portant single forward step in its history.
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* THE ROLE OF THE OVERSEAS PRIVATE 

INVESTMENr CORPORArION IN 
PROMOFING U.S. BUSINESS 


PARFICIPAFION IN PAKisrN 


Jonn C. eoore Ili 


Insurance Officer, Contracto:s Services 


Overseas Private investment Corporation
 

WashingLon, D.C. 20527
 

ABSTRAC F
 

rhe Overseas Private Investment 


Corporation (OPIC) is a self-sustaining 


government agency whose purpose is to 


promote economic growth In developing 


countries by encouraging U.S. private 


'investment in those nations. UPIC 


programs are designed to mobilize and 


facilitate the flow of U.S. capital,
 

technology, skills and management into 


projects overseas, 


OPIC assists U.S. investors tnrougn 


two principal programs: 1) the insurance 


of investments against certain 


non-commercial risks and 2) tne financing 


of such enterprises through direct loans 


and/or loan guaranties. Also, OPIC has
 
designed a variety of specialized
 

insurance programs for U.S. companies 


involved in mining and other energy
 

exploration and development projects, as
 
well as for firms that provide goods 


and/or services on contract. 


OPIC's insurance and finance programs 


have been available to American companies 


doing business in Pakistan since 1955. 


OPIC feels that Pakistan offers an 


attractive business environment for a 


wide variety of U.S. business sectors. 


In order to promote opportunities In 

Pakistan, In 1983 OPiC conducted an 


investment mission for U.S. companies
 

interested in establishing or expanding
 

joint ventures there. Over tne past
 

several years UPIG nas experienced a
 
significant increase in Its activity in
 

Pakistan and will continue to actively
 

support a wide variety of projects in
 

Pakistan.
 

'he Overseas Private Investment
 

Corporation (UPiC) is a self-sustaining
 

U.S. government agency, created by the
 

U.S. Congress In l69 to encourage U.S.
 

private investment in developing
 

nations. Altnougn OPIC is an agency of
 

the government, it is structured more
 

like a private corporation and, in fact,
 

it generates a profit every year.
 

OPIC has a variety of programs
 

designed to assist U.S. businesses that
 
are investing in projects and joinL
 

ventures overseas. in the forefront are
 

two: an investment insurance program
 

which protects the investor against
 

certain non-commercial risks, and a
 

project financing program.
 

iNVESMeN17 INSURANCE
 

OPIC's investment insurance program
 

can insure eligible U.S. investors
 

against losses caused by inconvertibility
 

of currency, expropriation, and war,
 

revolution, insurrection and, civil
 

strife. Essentially, JPI is insuring
 

against the non-commercial risks tnat can
 

inhibit U.S. companies fromn entering into
 

long-term business relationships
 

overseas. Althougn many U.S. companies
 
see opportunities for their technology
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and products overseas, Lney are hesitant 

to move into an unfamiliar locale due to 

uncertainty about the risks over 
whicn 

they can exercise litte or no control. 

rnis is true even for a country such as 

Pakistan, wnich nas 
a good record of 

equitable treatment of foreign investors 


and compliance witn international law. 

the insurance tnat OPIC provides is 

long-term (tne 
insurance contracts run 


for as long as 
twenty years) and tne 

premium rates are relatively low. fhus, 


in many cases OPIC plays an important 

role in the investment decision and nelps 

to make tne project more attractive by 

providing the American investor wiLn the 

security it requires before venturing 


Into new ousiness environments outside of 


tne U.S. 


in addition to tne standard 

invest, ent insurance, ePIC has designed 
a 

number of additional insurance programs 


to meet 
the needs of specific industry 


sectors. For example, UPIC has an
 
insurance program for 
U.S. contractors
 
and exporters which are providing goods 


and services under contracts in
 
developing countries. this particular
 
program has been used extensively by U.S. 

suppliers to major projects in Pakistan. 

U.S. suppliers to projects such as 
tne 

power station at Guddu, tne rarbela Uam, 

and thne Pakistan elepnone Network have 

used the contractors and exporters 


insurance from OPIC. 
 OPIC insurance 

benefits the government buyer as well. 


If the 
U.S. company has OPIC insurance 


(available at a low cost), it can bid the 

contract at 
a lower price because It is 

not necessary to Include an 
allowance for 

potential losses In 
the bid price, 


OPIC alo has specialized services and 


programs for U.S. investors involved in 

developing mining, oil and gas, oil 


shale, geothermal, solar and other energy 


projects on a commercial basis, as well
 
',as companies supplying support services
 
or goods to sucn energy projects. the
 
OPLC Insurance program for mining
 
projects is designed 
to provide coverage
 

for the risKs unique to a project in the
 
mining sector. ePIC's insurance contract
 

is available to cover both 
tne
 
construction period, as well as the
 
Commercial production phase of a mining
 

project. .ne 
 amount of insurance that
 
OPLC can provide tor any one project
 

varies, but as a rule OPIC can insure up
 
to $IUU million per risk covered per
 
project. The amount of 
U.S. investment
 
in a mining projecc can often be
 

consideraoly larger, 
nowever. in the
 
case where ePIC cannot insure or finance
 

the entire U.S. investment, the presence
 
of the OPIC insurance in the project can
 
serve as an inducement for other insurers
 
or lending institutions to enter into the
 
project and provide additional coverage
 

or financing.
 

PROJECr FIAMIG
 

One of the most significant proolems
 
faced by U.S. companies contemplating
 

investments in Pakistan is 
the difficulty
 
in obtaining tne necessary cpaital from
 
international financial sources. 
 fhe
 
problem is particularly acute for smaller
 
firms and smaller projects. OPIC's
 
finance program can provide medium and
 

long term 
financing to U.S. ousinesses
 

wnich are interested in establishing or
 
expanding a business overseas. OPIC can
 
finance projects through either a direct
 

loan or a loan guaranty facility. Under
 

the loan guaranty program, OPIC issues a
 
government-backed guaranty 
to .the private
 

financial Institution which makes the
 
loan. ePIC's finance program can provide
 

up to 50 percent of the costs of
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establishing the venture. The terms and 


conditions of the loan are tailored to
 

tne specific needs of the project, but 


generally the term of the financing runs 


anywhere from five to ten years with a 


one to three year grace period. In 


short, OPIC's finance program provides an 


additional source of debt financing in 


countries where conventional U.S. 


financial institutions often are unable 


or unwilling to lend for long term 


projects. 


OGiC also has local currency lending 


capability in Pakistan, througn wnicn 


U.S. companies involved in projects in 


Pakistan can borrow PaI'.istani rupees at 


favorable rates.
 

UPIC'S PROGRAM'S IN PAKISTAN 


rhrougn OPIC and its predecessor 


agency, the insurance and finance 


programs have been available to American 


companies doing ousiness in Pakistan 


since L955. Currently, OPIC insures 25 


projects in Pakistan in a variety of 


sectors (mining, energy exploration, 


pharmaceuticals, agriculture, and 


chemicals). of the 2) projects insured, 


l9 involve equity investments and the
 

remaining six involve insurance for U.S. 


contractors or exporters. OPIC insures 


approximately 33 percent of the total 


U.S. equity investment in Pakistan. 


Fhe total direct U.S. private 


investment in Pakistan is approximately 


$113 million. Tnis figure has remained 


relatively constant over the past ten 


years. rhe largest investment of capital 


has been in the energy exploration 


sector, and this figure should continue 


to increase over the next several years 


as Pakistan continues to move towards 


greater energy self-sufficiency.
 

rhere nas been a significant upswing
 

in OPIC business in Pakistan in the last
 

several years. In addition to the
 

insurance contracts recently executed,
 

OPIC has registrations for close to $90
 

million in additional investments and
 

guaranties. OPIC has also extended local
 

currency loans to projects in Pakistan
 

totalling iPs.27d.d million, or $25.2
 

million, since 197D. M'ere loans have
 

supported projects in agriculture,
 

pharmaceuticals, and farm equipment
 

manufacturing facilit ies. Several other
 

projects are currently in tthe discussion
 

phase for potential OPIC financing.
 

OPIC conducted an investment mission 

of U.S. companies to Pakistan in i983.
 

fhe mission identified many
 

well-conceived investment proposals and
 

focused attention on a dynamic local
 

business community cager to join hands 

with appropriate America.i conpanies to
 

undertake joint ventures. rhe mission
 

was also elfective in nignlighting the
 

positive developments in Pakistan's
 

economic and investment climate. rne
 

number of visit_ oy American companies to
 

Pakistan to explore trade and investment
 

opportunities have since been on tne rise.
 

As a result of tne mission, several
 

joint venture agreements have been
 

signed, implemented or are in various
 

stages of negotiation. Irogress on some
 

projects has been somewhat disappointing,
 

however, due in part to difficulties in
 

obtaining quick Pakistani government
 

decisions on the projects. While
 

frustrating impediments to increased
 

foreign investment are likely to exist
 

for some time, the continuation of stable
 

economic policies, increased energy
 

discoveries, the development of major
 

projects such as the Lakhra coal mine,
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and the development of 
related downstream
 
industries can assure 
steady economic
 
growth in Pakistan over 
the next decade.
 

Furthermore, 
in order to attract
 
foreign investment, Pakistan offers the
 
foreign investor many significant
 
inducements, including tax 
incentives and
 
exemptions from customs duties for
 
astablishment of industry in certain
 

provinces and 
sectors, export incentives
 
and an export processing zone, as well as
 
an excellent 
record for repatriation of
 
profits and capital.
 

OPIC firmly believes that Pakistan
 

offers a variety of promising
 
opportunities for 
U.S. investors,
 
contractors and exporters and 
that OPIC's
 
programs can 
encourage U.S. companies to
 
take a positive, long-term approach 
to
 
Pakistan's business opportunities.
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CONSIDERATIONS FOR FINANCING COAL SECTOR PROJECTS
 

A. Tsus..,,a, Director
 
Industry and Development Banks Department
 

Asian Development Bank (ADB)
 

I am very happy to participete in this 
 Bank Assistance to the Coal Sectgr

Conference 
which marks the beginning of a 
 Within the Region served by ADB, coal

major effort for accelerated development 
 is the single largest energy resource aand utilization of coal in Pakistan. The vailable. While 
 the share of coal in the
coal resources of Pakistan, 
 despite their 
 energy resources in individual countries
 
relatively modest size and quality by in- differ widely, 
on average it accounts for
ternational standards, 
 have the potential about 
 50 percent of recoverable energy

to contribute 
 to economic development, resources in the Region. 
 In recognition of

particularly at locations where transport 
 the potential contribution of coal 
to the
costs of alternative fuels are 
 high. We energy supplies in the Region, ADB gives

believe that careful planning for 
 develop- particular attention to promoting and 
 as
ment, nurturing of potential markets, 
and sisting coal projects. The ADB has 

harmonization 
with plans and policies per-

pro
vided loansk of about $340 million over the
taining to 
 other energy subsectors will 
 past years for various coal development


ensure that contribution of coal resources projects, 
 as well as for coal utilization
 
to the economy is optimized. The delibera-
 projects. Loans to 
the Republic of Korea

tions of the last four days have focused on and the Philippines have assisted in 
the

the potential and needs of 
coal develop- development or expansion 'of coal 
 mining

ment. I am sure 
that these deliberations capacities. Loans 
 to Thailand have in
will help in the 
 early formulation of 
 creased coal utilization through creation
 
necessary plans and programs of the 
 coal of lignite-based power generating capacity
 
sector, 
 of about 1125 MW.
 

* ADB3 Assistance to Coal Development 

Country 
 Year Project Title 
 Amount
 

Loan 

.in$million)


Korea, Rep. of 1976 
 Coal Development 
 12.0
 
Korea, Rep. of 
 1979 Second Coal Development 25.0
 
Philippines 1979 
 Malangas Coal Development 14.0
 
Philippines 1984 
 PNOC Energy Project (coal
 

component only) 
 24.0

Thailand 
 1972 Mae Moh Power 
 23.0
 
Thailand 
 1975 Mae Moh Power 
 37.7
 
Thailand 
 1979 Mae Moh Power 
 81.8
 
Thailand 
 1984 Mae Moh Power 
 12.0
 

339.5 

Korea, Rep. of 1983 
 Third Coal Development 195,000

Philippines 
 1978 Malangas Coal Mine 
 114,000
 
Philippines 1982 
 Second Coal Development 330,000
 
Philippines 
 1984 Private Sector Coal Dev. 
 350,000
 
Regional 1982 ASEAN Coal Dev. 
Project 700,000
 

1,689,000
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Additionally, ADB has provided nearly 


.$1.7 million by way of technical assistance 

to undertake techno-economic and policy 


studies required for promotion and prepara-


tion of coal development and utilization 

projects. The technical assistance pro-

vided to the Republic of Korea and the 


Philippines were useful in focmulating 

projects that subsequently received Asian 

Development Bank support. 


Under another technical assistance to 

ASEAN countries, an assessment was made of 


the likely levels of production, utiliza-


tion and trade in coal within ASEAN member 


countries for the period up to the year 


2000. The requirements of developing min-


ing and coal handling capacities, logisti-


cal facilities, and associated investments 


were also identified. Simultaneously, in-


stitutional and policy arrangements needed 


to be evolved for the build-up of such a 


development effort were considered and 


outlined. The study has prepared an opera-


tional plan for development of projects, 


facilities and policy actions for the coal 


sector in ASEAN countries. The study has 


also indicated opportunities for increasing 


trade in coal and related investments with-


in ASEAN member countries, 


The latest technical assistance of the 

Bank to the Philippines in this field is 
designed to identify measures needed to 

increase private sector participation in 
coal development. It is recognized that 

development and distribution of coal offers 


numerous opportunities for participation by 

the private sector. Moreover, the develop
ment efforts required in the coal sector 


over the next decade in the Philippines, as
 
in many other countries, are so large that 


mobilization of capital and entrepreneur-


ship from all sources - public, private, 

local, foreign - would be necessary. ADB's 

technical assistance comprises two phases: 


Phase I, aimed at identification of factors 

that tend to discourage private sector 


participation in coal development; and 

Phase II, which will assist the private 


sector in conducting prefeasibilil rudies 


of promising sites for possible loan assis

tance from ADB. The findings of Phase i.
 
will be used by the Government to formulate
 

appropriate policy and institutional
 

changes that would encourage and promote
 
private sector participation. Work under
 
Phase II will enable private investors to
 
mobilize resources from the Asian Develop
ment Bank and other financing institutions.
 

it is hoped that the completion of the
 

ongoing technical assistance will pave the
 
way to a rapid expansion of private sector
 

participation in coal development in the
 

Philippines. ADB looks forward to its con

tinued involvement in this process through
 

provision of loans and technical assistance
 

for viable projects.
 

As for future ADB assistance to the
 

coal sector, I would like to assure you
 

that ADB continues to accord priority to
 

projects tor coal development and utiliza

tion, including those for coal handling,
 

energy conservation and fuel substitution.
 

I would like to add that in addition
 

to the provision of assistance in the form
 

of sector and project loans and technical
 

assistance as in the past, ADB's newly
 

initiated program of direct assistance to
 

the private sector will enable ADB to cater
 

to the aid requirements of the coal sector
 
more comprehensively. Under this program,
 
ADB could extend loan assistance to the
 

private sector without government guaran
tees and could also make equity participa
tion in private sector ventures on a selec

tive basis.
 

Issues in Coal Sector Development
 

Historically, in the years preceding
 

the "energy crisis," growth in coal devel

opment and use slowed down because of com
petition from crude oil. With the changes
 
in price and availabiity of energy since
 

1973, however, coal enjoyed a major cost
 
advantage over oil. Even at the currently
 

falling oil prices, coal could retain its
 
cost advantage over the long haul; at this
 

time, coal (with a calorific value of
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10,000 BTU/lb) is available to many coun-


tries in the Region at about $40 a ton. 


Such coal is competitive in power genera-


tion at this price vis-a-vis fuel oil 


priced at $16/bbl. 


Notwithstanding generally favorable 


economics of coal vis-a-vis competing fuels 


and particularly oil, coal development in 


the region has been somewhat slow. Coal 


production and use in the last decade in-

creased only at an average rate of 6 to 7 


percent in most countries in the Region. 


As a result, trne share of coal in energy 


use in the Region still remains at about 8 


percent. 


One of the main factors that seems 

responsible for inhibiting rapid growth of 

the coal sector in the Region is the lack 

of institutional and physical infrastruc-

ture needed. Any significant growth in 

production and utilization of coal requires 

coordinated development of a network of 

related activities such as resource assess-

ment and evaluation, mine planning and 


development, beneficiation, storage, trans-

port, handling, blending, retrofitting of 

existing and development of new user fac'il-

ities. Planning of these activities and 

creation of capacities require substantial 

investments and implementation efforts. In 

addition, formulation and adoption of 

appropriate policies and establishment of 


suitable institutions will be required, 


Matters of policy need to cover a wide 

range of issues such as foreign and local 

investments; incentives, taxes and royal-

ties on coal development, .interfuel price 

differentials; arrangements for guaran-


teeing supply to new users; assistance for 

conversion of existing facilities to coal 

use; and manpower training and skill devel-

opment In addition, appropriate institu-

tions need to be established to formulate 

and implement such policies and to plan and 

monitor development projects for the growth 


of required facilities and activities, 

Need to safeguard the quality of environ-

ment assumes special significance in the 

context of increasing use of coal.
 

Absence of such a network is a con

straint particularly in situations where
 

accumulated experience in coal use is
 

modest. Likewise, it can become a critical
 

gap in situations where physical and/or
 

institutional links between coal producer
 

and consumer are weak. For instance, mine

mouth power plants would obviate the need
 

to develop transport facilities; similarly,
 

when coal is mined by a final user such as
 
a power or cement company, marketing prob

lems are minimized, and better coordination
 

on coal quality is assured between mine and
 

user plant. In contrast, when coal pro

duced is to be sold to a number of users
 

who may also be physically separated from
 
the place of production, a whole range of
 
interrelated activities concerning produc
tion, transport, marketing, user facili
ties, and coal quality needs to be coordi
nated. In the absence of an adequate in
stitutional mechanism that would bring
 
about such coordinated development, sus
tainable growth of coal sector is diffi

cult.
 

In recognition of a network of such
 
activities needed to sustain coal sector
 
development, ADB assistance includes not
 
only projects designed for directly in
creasing coal production and utilization
 
but also projects for developing associated
 
facilities and capabilities. Future ADB
 

assistance available to coal sector pro

jects, therefore, could take the form of
 
provision of loans for coal production/
utilization ventures, as well as for the
 
creation of associated capacities in trans
port infLastructure, washeries, retrofit

ting of existing and development of new
 
user facilities. The ADB's assistance
 
could also include provision of expert
 
services, inter alia, for analysis and
 
evaluation of policies pertaining to fuel
 
choice, interfuel prices, and private sec
tor involvement; it would also include
 

services for exploration and evaluation of
 
reserves, project engineering, and manpc
 

training.
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The criteria used in considering coal 

sector prujects for ADB assistance are 

similar to those used for all its projects 

and required that the project (a) is via-

ble, (b) represents least cost solution for 

meeting forecast demand, and (c) is consis-

tent with the broader sector and economic 

development programs. The minimum expected 

standards of financial and economic viabil-

ity are usually expressed in terms of in-

ternal rates of return of about 12 per 

cent; requirements of sound financial 

structure are generally expressed in terms 

of acceptable debt-service and debt/equity 

ratios. Normally, ADB expects a debt-

service ratio of about 1.2 and a debt/equi-

ty ratio of about 70:30. It is regarded 

that for projects such as those in the coal 

subsector, a reasonably sound equity base 

is essential to provide flexibility and to 

ensure that the promoters have a sufficient 

stake in the success of the project, 


As indicated earlier, coal is expected 

to retain its cost advantage vis-a-vis 

competing fuels over a wide range of price 

variations. In the case of indigenous coal, 

it may often enjoy advantage in transport 

costs vis-a-vis competing fuels at certain 

demand centers. It is expected, therefore, 

that development of indigenous coal par-

ticularly in situations of reasonable pro-

duction costs would turn out to be the 

least cost option. However, given the 

major uncertainties now prevalent regarding 

oil prices, it is also necessary to estab-

lish that any project proposed for coal 

development would be capable of maintaining 

its viability against possible major reduc-

tions in oil prices. Moreover, as the 

international oil prices influence inter-

national coal prices, projects for indi-

genous production of coal will have to 

counter competition from imported coal. In 

considering coal projects, ADB would, 

therefore, ascertain the sensitivity of 

such projects to a range of varying oil and 

coal prices, 


It would, however, be an oversimplifi-


cation to conclude that considerations in 


assisting projects are largely confined to 
economic and financial aspects alone. A 
number of other consi'erations also pre
vail. Since coal production and utiliza
tion are essential complements of one com
plete transaction, ADB seeks an assurance
 
that developments regarding the two are
 
sufficiently coordinated. For instance,
 
acceptance of a project for coal production
 
would be contingent upon evidence of a
 
strong and issured market for the coal to
 
be produced. Inasmuch as there are often
 
competing fuels available to the target
 
consumer, it becomes necessary to asc.rtain
 
and fully consider the plans of user sec
tors as well as those for supply of com
peting fuels such as natural gas and oil.
 
In parallel, ADB also requires that ar
rangements should be in place to bring
 
about coordinated growth of various sup
porting activities (such as coal handling
 
and logistics) so that project implementa

tion and operations are not adversely af
fected later. Further, ADB would expect to
 
be satisfied that adequate environmental
 
safeguards are built into the coal mining
 
and utilization projects.
 

Every individual project is seen as an
 
integral component in the longer term de
velopment of the coal sector and that of
 
the energy sector as a whole. For this
 
reason, the ADB ascertains that the project
 
is viable and desirable not only in the
 
short term but would also be consistent
 
with the longer term development of the
 
coal and energy sector, besides being in
 
tune with the needs and policies for sus
tained development of the national economy.
 
While examining issues specific to the
 
project, ADB, therefore, examines programs
 
relevant to the longer term development of
 
the coal sector such as policies on mine
 
planning and modernization, safety and
 
environmental protection, manpower train
ing, and choice of technology.
 

Before concluding, let me commend the
 
efforts of the Government of Pakistan for
 
their promotion of the coal sector. Viable
 
and rapid development of the coal sector
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will continue to require Government support
 
and willingness to 
 consider appropriate
 
changes in policy and institutional trame
work that will facilitate rapid increase in
 
coal production and 
use. The nature and
 
size of coal sector developments being
 
proposed, including those for 
Lakhra coal,
 
will require significant participation of
 
the privatesector. 
 I hope this Conference
 
would have helped raise the awareness of
 
the private sector to such opportunities.
 
On its part, ADB is interested in assist
ing the development of the coal sector in
 
Pakistan. We have followed with keen in
terest the comprehensive preparatory 
 work
 
for Lakhra coal carried out with the assis
tance of USAID, and we look forward to
 
considering possible assistance in the
 
future for coal development projects in
 
Pakistan within the framework of considera
tions outlined by me earlier.
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FINANCING THE LAKHRA PROJECT
 

Tim Hartshorn
 
The Bank Of America
 

Introductiun
 

I am very pleased to be appearing 


before such a large and distinguished group 


whose mutual interest is the development of 


Pakistan's coal reserves. 


As has been mentioned earlier in the 


Conference, Pakistan benefits from large 


reserves of average to poor quality coal. 


Currently this energy resource is only 


marginally used, but it is the aim of the 


Government that such an indigenous source 


of fuel snould be included within the coun-


try's energy plans provided that such use 

fits into a least cost energy model for 

Pakistan. 

The Lakhra Coal and Power Project 


(which has been described in detail by 


earlier speakers) iz by far the most ao-


vanced of the proposed major uses of Paki-


stan's coal and has been actively supported 


by the U.S. Agency for International Devel-


opment (USAID) since 1983. 


Bank of America's Role 


In November 1985 Bank of America was 


appointee, under a USAID funding arrange

ment, to assist the Water and Power Devel-


opment Authority (WAPDA) by providing fi

nancial and packaging advice with respect 


to the Lakhra Coal and Power Project (the 


"Project"). Our initial role covers the 


following general areas (which of necessity 


require us to understand and then define 


the objectives of all the parties concerned 


to ensure that their interaction is fea-


sible and amicable): 


- Relating the Project's finances to the 


legal, contractual and regulatory relation-


ships between the Federal and Provincial 


Governments, governmental agencies and pri-


vate investors; 


- Developing a feasible plan for risk 

allocation and performance guarantees for 

both the coal and power aspects of the 

Project; 

- Structuring potential joint venture 

relationships in the mining component among 

donors, and private and public sector enti

ties; 

- Establishing that the coal mining
 

portion of the Project (the Lakhra Coal
 

Project) is feasible and financable as a
 

business venture;
 

- Preparing provisional financing and
 

the financial planning aspects of procure

ment for all elements of the Lakhra Coal
 

Project;
 

- Assisting with the drafting of the
 

formal request for proposals (RFP) for
 

private sector participation in the coal
 

mining portion of the Project; structuring
 

the RFP to include as many private sector
 

participation options as are feasible (re

viewing and contributing to the development
 

of a model coal supply contract as an
 

attachment to the RFP).
 

Risk Analysis
 

There are many separate, distinct
 

risks to each project. Project financing
 

is the business of identifying and evalu

ating these risks and allocating or sharing
 

them between the project sponsors, project
 

beneficiaries such as customers and sup

pliers, other parties such as governments
 

and insurers, and lenders. The project
 

risks for this Project (the coal and power
 

sections have distinct but interrelated
 

risks) mainly fall into the following gen

eral categories:
 

geso rce Risk - covering the , that 
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insufficient coal 
reserves are available or turnkey construction or development con
that insufficient reserves are technically 


or economically recoverable. 
 Lenders will 


normally lend only on proven reserves 
imme-

diately capable of extraction. They will 

require an independent technical audit to 

be performed, 
 together with an extensive 

engineering feasibility study. The feasi-

bility study currently being prepared by 


the mining consultant should provide the 

required comfort, provided the 
coal mines 


actually developed are based on reserves 

that have beeii sully proven and described 

in that study. 


Raw Material Risk - the risk that raw 

material inputs to the Project may not be 

economically available. 
This risk category 


is usually covered by arranging for 

throughput agreements or 
supply contracts, 

along with a thorough analysis of the mar-


kets for the raw materials. Lenders to the 

power plant portion of the Project will 

especially perceive the existence of the 

raw material risk and will look for 
 long--


term coal supply contracts. For the Lakhra 

Coal and Power Project this risk is linked 

directly with the coal resource risk. 


Completion Risk - a key issue in most 

financings of projects. This risk is 
 de-


fined as the risk that the project will not 

achieve required levels of actual or demon-

strated capacity sufficient to generate the 


necessary cashflows to cover operating 


expenses and debt service. Normally len-

ders will require a Completion Agreement 


between themselves and the project spon-


sors, where completion is defined to cover 

the period of construction, volumes and 


quality of production ny a certain date, 

cost overruns and projected future cashflow 

levels. Until completion, the project 


sponsors would be obliged to guarantee The 

project debt, or agree to 
either guarantee 


the debt or perhaps to purchase the assets 

of the project, contingent on completion 


not taking place by a specific date. As an 

alternative to 
project sponsors providing 


this support, lenders may agree to accept 

either a soundly structured fixed price 


tract from a strong contractor or the pro
vision of a pool of funds to ensure comple

tion.
 

Qperating Performance Risk - the risk
 
that the project wil] fail to perform
 

satisfactorily after completion. The prime
 
areas for concern are labor relations,
 

together with technological, environmental
 

and regulatory risks. Evaluation and miti
gation of operating risks will often be
 

subjective and lenders will normally assume
 
such risks within the margins of financial
 
safety. Quite often, the completion tests
 

embodied in the Completion Agreement can be
 
designed to significantly reduce post
completion operating risks.
 

Marketinq Risk - that the project out
put cannot be sold at the forecast prices.
 
This risk is usually covered by the
 

arrangement of long-t~rm contracts for 
 the
 
sale of project output with as strong 
terms
 
and conditions as possible. "Take or pay"
 
or "take and pay" contracts are often
 

arranged where the purchaser agrees to pay
 
a defined price (perh-aps including a floor
 
price) with the aim 
that the revenues will
 

at least cover operating costs and debt
 
service. A "take or pay" contract 
is one
 

where the purchaser agrees to pay for the
 
output, even if it is not produced. A
 
"take and pay" contract is one where the
 

purchaser agrees to pay for the output 
 if
 
it is produced and offered to the pur
chaser. Lenders 
 to the coal mines will
 
want 
 to be sure that the coal sales con

tracts to the power plant (i.e. WAPDA) are
 
sufficiently strong to 
ensure that finance
 

can be arranged. The marketing risk for
 
the power plant will be viewed as a regula
tory one (if prices are controlled by the
 
Government or some Government Agency) or 
a
 
consumer acceptance one, 
 and will have to
 
be reviewed when considering the strength
 
of the sales contracts. However, to ensure
 
that the coal mine operation is efficiently
 
run, we believe that it is essential that a
 

fixed price plus escalation coal pricing
 
formula is agreed. 
 A "cost plus" mechanism
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does not normally provide sufficient incen-


tive for the mining company to improve the 


economics of its operation. 


&naqALemen!t Risk - the ability of the 

project to attract. arid retain an effective 

management team. This risk may be covered 

by ore of the project sponsors having the 

required experience, or alternatively an 

operat1rig/managemelit/tran 1fg contract 

should be entered into with an experienced 

third party. As the coal mine developers 
may vary considetably in their iinanicial 

strengths and technical expertise, tie 
solution for each coal mine developiment may 

be different. 


Foreign I-xchanqe Risk -tr sk that 


project cash flows during the uoiistruction 


and operating periods may he adversely 


affected by movements in foreign excnange 


rates. This risk can sometimes be reduced 


or eliminated by arranging, as far as pos-


sible, for the matching of the currencies 


of the project receivables with those of 


the project expenditures. However, in this 


particular instance, the end product i 

sold in the local market while over one 


third of the Project's cost will be in-


curred in foreign currency. Governmental 


and Central Bank approval to remit foreign 


currency offshore will be needed. In fact, 


foreign currency will have to be dedicateu 


by the Government and included within its 


national plan to ensure its availability 


when required. Quantifiable foreign ex-


change risks may be coverable by hedging in 


forward foreign exchange markets, although 


the market for hedging between foreign 


currency and local currency is likely to be 


limited.
 

Political and Requlatory Risk - gov-


ernment intervention or regulation may
 
jeopardize a project's ability to service 


debt. Dealing with this risk can be diffi-


cult as the methods used to mitigate it can 


also be subject to the same risk. Politi-


cal risk insurance cover can be obtained 


from government agencies such as the U.S. 


Overseas Private Investment Company or from 


commercial sources such as Lloyds of Lon-


don. Additionally, the risk may be reduced
 

by creating appropriate incentives and
 

disincentives for the government concerned,
 
and by diversifying both project sponsors
 

and lenders, with the inclusion of the host
 

government in the former and foreign gov

ernment agencies in the latter. The in

volvemetit of one or more of the multi

lateral agencies can also be of benefit.
 

_asuatyRisk - the risk of damage or 

destruction of the capacity of the project 

to bring output to market. Insurance 

against loss of project assets before and 
after completion, and cashflows after com

pletion, must be entered into.
 

Force Maieure Risk - the risk of
 

events occurring outside the control of the
 

project sponsors, which could delay the
 

project, stop construction or production,
 

or reduce cash flow through lower revenues
 

or higher cost-. This risk, which includes
 

natural disasters and strikes, can be in

sured against or lenders may see: guaran

tees from the project sponsors or other
 

involved parties.
 

The ten risk categories, as set out
 

above, are certainly not exclusive, nor are
 

they independent. Each project has its own
 

particular risks and novel solutions may
 

have to be created to satisfy lenders,
 

project sponsors and other involved par

ties.
 

Once the Lakhra Coal and Power Proj

ect's risks have been analyzed in depth, a
 

risk allocation plan will be structured by
 

Bank of America in such a way that those
 

parties who are prepared to take the risks
 

are adequately compensated for s- doing.
 

Economic Acceptabilit, and Viability
 

Based on the economic feasibility
 

study beinq prepared by the economic con

sultant (whicn ibiturn will be supported by
 

the technical and other feasibility
 

studies), we will review in depth the fea

sibility and the ability to finance each
 

major constituent part of the Project to

gether with the effect of each part of the
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Project on the total feasibility of the 


project and the ability to finance the 

total project. It may be that a particular 


aspect ot the Project has a dispropor-


tionately adverse effect on the total Proj-

ect's economics. In such a case, we would 

work with the other consultants in an en-


deavor to solve the problem. Alternative-


ly, the economics of say, a particular coal 

mine, will depend on the terms of the sales 

contract entered into with WAPDA. 
 If the 


coal mines are, as is possible, funded 

separately, then we will have to 
 ensure 


that the appropriate terms are contained in 

the coal supply contracts to provide 


acceptable security the lenders. 
 In fact, 

Bank of America would utilize its past 

experience in reviewing coal supply 
 con-

tracts to ensure that a standard, broadly 


acceptable contract is drafted and pre-


sented to the coal mining companies, 


Variations in these contracts, negotiated 


by particular coal mine sponsors, will be 

reviewed on a continuing basis, so that the 

basic strengths of the contracts are not 

impaired. 


Procurement and Financing Plans 


Procurement and Export Credits 


- Procurement and export credit fin-

ancing are interlinked so we shall consider 


them together. 


Part of our role is to assist in pre-

paring 
a preliminary procurement matrix in 

conjunction with the 
technical consultants. 


This matrix will .1'st the various courcing 

alternatives available for 
all major items 


of equipment, gcods and services. The 


potential suppliers would all be techni-


cally capable of fultillng the specific 


contract requirements. The procurement 


matrix will be formulated under che initial 

assumption that maximum procurement from 


each country is obtained. Using this ma-

trix we intend to produce a compatible 


matrix for the financing options which will 

detail the terms and conditions under which 


the identified Export Credit Agencies
 

would, in principle, provide finance.
 

Export Credit Agencies are major
 

sources of funds for international capital
 
projects. They are generally government or
 
quasi-government agencies and altho-gh they
 
operate in different styles, they are very
 

similar in purpose. Many provide fixed
rate subsidized finance. Some, most not

ably Japan, West Germany and Switzerland,
 

do not provide subsidized finance, but
 

provide funds primarily in their local
 
currency at market 
 rates; whereas the
 

majority of Agencies ate willing to con
sider lending in hard currencies, particu

larly the U.S. Dollar.
 

The lending policies of most Export
 

Credit Agencies are governed by the Organi
zation for Economic Co-Operation and Devel

opment (OECD) Consensus, which sets guide

lines under which maximum and minimum terms
 

and conditions are 
stated. The Consensus
 

separates the guidelines into three cate-

gories, based upon the GNP per capita 
 of
 
the country of the borrower. Pakistan is a
 
category III country, 
 and the standard
 

terms for this category in U.S. Dollars is
 
8.80% p.a. fixed, with a repayment period
 

of up to ten years from commissioning of
 

the project. The rates are reviewed every
 
6 months with the next review as 
at 15th
 
July, 1986. In addition to setting levels
 

for U.S. Dollar finance and other higher
 

interest rate currencies, the Consensus
 

also defines certain currencies as Low
 
Interest Rate Currencies (LIRCs) and allows
 

officially supported export credits to be
 
granted in these currencies at market rates
 

below the above quoted U.S. Dollar interest
 

rate. For example, the Japanese Yen, the
 
Swiss Franc and the Deutschemark are de

fined as LIRCs.
 

The willingness of Export Credit Agen
cies to accept certain project risks varies
 

greatly between the Agencies, and it is,
 
therefore, important to develop a security
 

structure which will be acceptable to a
 
number of Agencies. To do this effectively
 

it is important to know the mode of opera
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tion and references of the individual Agen-


cies, and to develop a strategy where the 


most receptive Agencies are approached 


first, followed by the next flexible Agen- 


cies. If Export Credit Agencies are un-


willing to accept project risk, it may be 


possible to arrange an alternative security 


structure, 


Standard export credit terms permit 

finance to cover 85% of the value of goods 

and services exported; however, it is often 

possibie to obtain cover for local costs 

associated with the project to the value of 

15% of the exported goods and services, 

Also, supplies from third countries, to the 

value of 10%-30% of the exported goods and 

services, may be covered, particularly if 

both countries ,re within the EEC. 

Export Credit Agencies do not usually 

require principal payments to be made 

during the construction period of a proj-

ect; interest only is paid prior to comple-

tion. ilowr-ver, some Agencies may agree to 

capitalize interest during construction. 

This bnef:t should be sought wherever 

possible. Ini addition, there are normally 

11o prepajymient penalties associated with 

ex:ort ciedit,, therefore attractive possi-

bilitif!; !or t cinance may become available 

upon uomphttion or at a later date. 

A,n w(. tateLs earlier, ther lending 

t :1,; adI condit io~iO of most of the Export 

Credit Agoro~reis iru initially controlled by 

the GECD _,on:,ensus. so theoretically all 

term:; ;I:o[i he similar; howe'er, in prac-

tie, ,:: n, vary :. ilost Agencies are at 

lCt::L wilinq to rat-h superior terms and 

con(1iti.o:; ofl byie,,competing Agencies. 

ThI" will iIo10 to match, together with 

the deni;]e o1 couLLtriles to participate in a 

project as prestlgious as Lakhra to the 

maxmui extert jonsible, may cl!ow for an 

improvement in .standard terms to be made. 

It in one of our main obiectives to achieve 

thi. rncrere,nt ,l benetit. 

Once the parameters of the procurement 

and relating finance have been defined and 

our trategy syreed, we will make our ini-

tral, carefully planned aproach to the 

Export Credit Agencies, either solely or
 

jointly with the project sponsors as
 

agreed. The first step will be to write a
 

specific information Memorandum for the
 

Agencies which will fully describe the
 

Project, its financial requirements and the
 

risks to be absorbed. From this approach
 

we expect to receive an "in principle"
 

agreement to provide finance. Where pos

sible this will be on a project line of
 

credit basis, so that bidders from that
 

particular country will not each indivi

dually have to negotiate export credit
 

terms. The approach will be structured in
 

such a way that those Agencies most likely
 

to be flexible and to offer the more advan

tageous terms will be approached first.
 

Once acceptable terms and conditions are
 

obtained, then approaches will be made to
 

the less flexible Agencies :onthe principle
 

of obtaining, as a minimjm, matching terms
 

and conditions.
 

The outcome of this initial approach 

to the Export Credit Agencies will, of 

course, have to be considered in conjunc

tion with the prices, technology, delivery 

ariangements, etc. that are likely to be 

offered by the suppliers of the equipment 

and services from that particular country. 

The finance offered by the various 

Export Credit Agencies will most likely
 

include a variety of currencies, tenors, 

interest rates and other fees, and there

fore immediate comparison will not be pos

sible. To facilitate this comparison, we 

will analyze the cash flow implications of 

each offer, including the effect of curren

cy movement. The actual evaluation will 

include expressing the cash flows resulting 

from each option in a single currency with 

a single annual cost. This will endble 

each offer to be expressed as a Net Present 

Value (NPV), thus allowing direct compari

sons of each option to be made. 

Additional to this NPV analysis, a 

detailed sensitivity analysis will be com

pleted; this will concentrate on the main 

risk areas associated with each alterna

tive. Sensitivities examined will include 
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the etfect of potential exchange rate move-

ments. One aspect of 
this will compare the 

annual change in exchange rate needed to 

equalize competing offers (breakeven analy-


sis). 


reliminarv Financing Plan 
- At the 

same time, and in addition to the Export 


Credit Agencies, Bank of America will pre-

pare a preliminary financing plan for 
 at--

tracting the most competitive sources of 

funds to the Project. This plan will en-

deavor to link 
the economic benefits of the 

Project to the potential lenders and aid 

donors who 
mioht benefit directly or in-

directly from the 
 Project's successful 


implementation. It 
 is expected that the
 
World Bank, Asian
the Development Bank 

(ADB) and 
 USAID will play major roles in 

the funding of the Lakhra Coal and 
 Power 


Project. as will the Government of Pakistan
 
in the local currency area. Other regional 


development banks or specialized funds, 

including Arab institutions, will also be 

considered. Suosidized export credits 

will be maximized, suppliers will be 
encou-

raged to offer "mixed credits" from coun-

tries where aid support, in addition to 

export credits, is available. Commercial 

debt (local and off-shore) will be mini-

mized, as it is generally the most expen-

sive source of fund with a relatively short 

tenor. Possibilities of co-financing under 

the new rules of the World Bank and 
the ADB 

will also be considered. 


We will base the financial plan on the 

economics of the Lakhra Coal and Power 

Project (as presented by the various 
 con-

sultants) which will 
have been analyzed for 

their financial implications. Sensitiv-

ities will be performed where the major 

variables of are to
the Project modified 

observe their effects 
 on the Project's 

vaiability. Particular concern will be 

placed 
 on foreign exchange variations, 

mining costs, delays in production, elec-

tricity prices, and the 
level of equity, 

aid and subsidized funding raised. Echi 

participant in the Project (be they 
 the 

Government of Pakistan and 
 its Agencies, 


multilateral agencies, 
 area development
 

agencies, aid donors, Export Credit Agen
cies, specialized funds, foreign and local
 
sponsors, local equity sources or foreign
 

and local commercial loans) will have their
 
own objectives and requirements. After
 
negotiating to see 
how far these objectives
 

and requirements can be modified 
into a
 
standard form, 
 Bank of America will ensure
 
that the financing plan fully meets the
 
requirements 
 of the various funding sour
ce. 
 It should be noted, however, that the
 
Project's constituent parts may attract
 
differing funding sources with varying
 
security and other requirements.
 

e uest for Proposal to Participate in the
 
Investment Development and Management of the
 

Mines
 

Press announcements have been 
 issued
 

which notified interested parties of the
 
opportunity to 
prequalify to participate in
 
the investment, development and management
 
of the coal mines. We have reviewed all
 
the prequalified 
proposals as classified
 
under 
 the fiv, options included in the
 
third press announcement (which have been
 
described by earlier speakers'.
 

Based on the above review of the pre
qualified proposals, and on the work we
 
have performed previously, we are working
 
with USAID's other consultants in struc
turing a ftrmal request for proposal (RFP)
 
for private sector participation in the
 
coal mining component of the Project.
 

While structuring this formal RFP we
 
are bearing in mind the requirement that
 
the private participants in the coal mining
 
sector may have to work ettectively with
 
pubic sector entities in the same industry,
 
and the related power sector,. and will the
 
aid donors involved in that particular
 

portion of the Project. This relationship
 
malt have to be covered by a joirt venture
 
agreement which will describe the 
 activ
ities and responsibilities 
ot each party,
 
and how the joint venture entity will deal
 
with outside 
 companies and Government
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Agencies and Departments. The content and 


structure of this joint venture arrangement 

will be considered prior to the issuing of 


the RFP; however, its final form will de-


pend on the proposals received, 


Choice-of Participants in the Investment, 

Peveonent and naq ment of the Mines 


Following the receipt of tile offers in 
respon;e to the RFP, the offers will be 
reviewed in detail to ensure that they 

conform with the downterms set therein, 

Those conforming offers will then be ana-

lyzed in detail, but with specific atten-

tion being given to: 

- The cash equity being offered; 

- Private sector involvement; 


- Other funds being offered; 


- The ability to raise additional equi-

ty, aid and debt based on the structure 

implied in the ofLber; 

- The risks that the bidder is willing 


to accept; 


- The resulting price of the coal and 
power; 

- The economics of the coal mine devel-
opment and the effect cn the overall Lakhra 

Coal and Power Project economics; 

- The bidders' experience; 
- The technical soundness of the bids; 

- The Pakistani involvement; 
- The foreiyn exchange requirements; 

- The amount of coal supply contained in 
the bid. 

The ailm o the hFP process is to maxi-
mize the private suctor involvement in the 

coal portion of the Project as it is per-
celved that the oenefits to Pakistan of 
pursuing this privatization endeavor will 
be many and iaternal. The main benefits 

may be summarized: 

- Surface coal mining is new to Paki-
stan; therefore an experienced foreign 


pnrtnel LIS required. Pakistan should bene-
fit from the transfer of technology result-

ing from such an involvement. 

- Modern underground mining technology. 

- A real equity interest (running into
 

millions of dollars) should ensure thdt the
 
most dedicated and economically sound sup

port is obtained from the non-Pakistani
 

mining partner.
 

- The private sector (particularly the 
major non-Pakistani companies) are experi

enced in obtaining excellent prices for 

equipment and services on a world wide 
procurement basis. 

- The profit incentive (via a fixed 
price plus escalation formula for the sale 

of the coal to WAPDA under a 30 year con
tract) will ensure that the capital and
 

operating costs will be minimized and that
 

sound management techniques are employed.
 

- The private sector may be able to 
tap sources of funds that are not available 

to the public sector (i.e., the Interna

tional Finance Corporation). 

- The successful implementation of 
such a major coal wine development by the 

private sector should set a precedent for 

future private sector capital intensive 

projects in Pakistan by providing the legal 
framework of such developments and by 

demonstrating that both the financial 
 and
 
political environment is conducive to such
 

activities.
 

Conclusion 

Much work has been done over the last 
few years by all the parties involved with 

the Lakhra Coal and Power Project and the 

Project has not been brought to the stage 
where all the related feasibility studies 

are about to be completed and the issuance 
of the RFP for the coal mine development is 

imminent. However, there is still some way 
to go, i.e., the evaluation of the bids 

resulting from this RFP. the appointment of 
the A/E (Architect and Engineer) for the 
power portion of the Project, the negotia

tion of the coal sales contracts and the 

orchestration of the funding arrangements 

for the Project. 
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ROLE OF DEVELOPMENT FINANCE INSTITUTIONS IN COAL DEVELOPMENT
 

Muzaffar Mahmood Qurashi
 
Managing Director and Chief 
Executive
 

Regional Development Finance Corporation
 
Islamabad
 

INTRODUCTION
 

Coal mining in the subcontinent 


started in 
the last 19th century to feed 


the Railways and after independence was 


continued, perhaps more as an 
 occupation 


than an 
industry, in the traditional coal 

producing at as. Since the 
 mid-1950's 


utilization of coal was gradually replaced 


by oil and later by gas, but after the oil 

crises of the 1970's industry is shifting 


back to coal. Our low production of oil 


and limited gas reserves have led to re-


newed emphasis on coal. PMDC and 
 PUNJMIN 


in 
the public secior, together with a large 


number of private mineowners (operating 232 


leases and 501 prospecting licenses) pro-


duce 1.8 million tons of coal. About 85% 


of the production is contributed by the 

,
private secto .
 

The quality of our coal varies from 

lignite to bituminous. The main coal min-


ing 
 activity is in Baluchistan province. 


The estimated coal reserves of 1,178 mil-


lion tons are located in 13 major coal 


fields: 
of these 8 are in Daluchistan, 2 in 


the Punjab and 3 in Sind. 
 There are also 


minor coal reserves scattered throughout 


the country, including NWFP and Azad 


Kashmir. 


Although the energy demand has 
 in-


creased at a rate of 9.3% per 
annum during 


the last five years, only 5% is supplied by 


coal. NWFP and the Punjab are the major 


markL's for coal, 
 together consuming about 


85% of 
 the output, whereas Baluchistan 


consumes only 6%, 
 mostly for electricity 


generation by the Quetta Power Plant. 
 The 


major use of coal is 
in brick kilns, esti

mated at 90% 
of total consumption. The
 

remaining 10% 
is used for power generaton
 

and domcstic heating. The consumption of
 

coal as a 
source of energy is growing at a
 

compound rate of 5.6%.
 

The role of financial institutions in
 

assisting the private as well 
 as public
 

sector agencies to expand output has 
 been
 

limited, but it is necessary for it to grow
 

if expectations about future 
availability
 

of coal are to be realized. Coal mining
 

involves huge investment long before pro

duction 
becomes available. 
 The initial
 

investments on exploration are all borne by
 

the mineowners themselves. By the time
 

production starts, 
 the financial resources
 

of the mineowners are exhausted. 
 To keep
 

on producing, mineowners require short 
term
 

financing. The coal marketing 
 channels
 
involve middlemen 
 between consumers and
 

mineowners. 
 These middlemen, the dealers,
 

then become the source of short term 
 fi

nancing, 
 but their services are costly.
 

Huge advances are paid by middlemen to book
 

future quantities of coal.. On the one
 

hand, advances paid by the dealer to 
 the
 

mineowners 
 include mark-up on the capital
 

invested; and on 
the other, the dealers
 

demand advances from 
the consumers. The
 

main burden of this financing rests 
 on
 

brick kiln owners being the 
 major users.
 

Institutional finance would help reduce 
the
 

excessive 
 burden of mark-up charged by
 

dealers. This will make the 
 product
 

cheaper and 
 use of coal competitive to
 

other fuels.
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This p.tper attempts to describe the buyers. There are many profitable coal
 

coal mine situation, estimate the require- mines which men cannot enter except by
 

ment of credit if mining is to be expanded crawling or bending to waist heiqiht and
 

to meet the target of producing an addi- donkeys are used to tiansport coal Iros
 

tional 3.4 willion tons, focuses on the inside tunnels to dumps outside. The only
 

difficulties involved in evaluating private capital investment is usually in wooden 

sector coal mining projects and the role supports for tunnels and animal power. 

that develcminent finance institutions can Employment of mining engineers and geolu

play. Brief nention is made of the problem gists is rare. 

of security and critical deci.- wonder, that.o:is policy Little ten, institu

sions that need to be taken at the national ioneal finance for mining has been practi

level. The financial ueoJI of the public cally non-existent. It is a now initia

sector agencies, weile substant ial , ale t.ve. The NDt'C financial assistance during 

easier to meet; the decision rests squarely 182 amounteo to Rs. 20.9 million, of hnich 

with the Government. The paper concen- i<s.7.2 million was capital for exploration 

trates instead on expectations of the pri- and feasibility studies. A working capital 

vate sector and seeks to provoke discussion of Rs. I million was also disbursed during
 

on how these can be met. 1984. Three projectF were sanctioned by
 

PICIC for [s. 33.168 million in ioreicn
 

IEC_ EV PMENT FINANCE INSIT exchange while the Industrial Development 

TIONS (DFI__ Bank of Pakistan sanctioned 3 mining proj
ects in 1981-82 (Rs. 1.92 million in local
 

Before looking at the framework for currency and Rs. 11.16 million in roreign 

providing financial assistance to t.he min- currency). It disbursed Rs. 2.35 million 

ing sector, we have to consider the legal, in 1983-84 to one prolect and Rs. 15.43 

administrative and operational struCtures million to Lour mining and quarrying proj

which prevail a .d through which mining ects during 1984-85. 

activities are implemented. Prospecting 1DBP is ureeminent in having taken the 

licenses and mining leases granted by Pro- lead to finance private mining projects. 

vincial Governments prescribe a riqorous However, it is a measure of the difficul

discipline for reporting, scientitic manage- ties involved that all those loans were 

ment and progressive improvement in mining, processed more on the basis of adequate
 

The actual reality is a far cry from this secur ity rather than a project leans. 
-

expectation. Pronpecting licenses and min - Mineowners did not establish financial 

ing leases are more often than not managed viability of their proposals, nor did they 

as "one man business" or tenancy, often as proviuce geoleqic-3 data. 

a part-time occupation, and in many cases The recently established Regional Do

even follow the example of absentee land- velopment Finance Corporation (RDFC) has 

lords. It is by no means u;oommon for been given suecial responsibility for the 

lessees to .sublet the concession, especial- mining sectou. it made a small becjinning 

ly if the mine is profitable. When the to identify mining projects by writing 120 

lessee himself is not working on the mine, letters .-o different ineowners, out of 

it is managed through a "Munshi" (a rustic whom only 15 responded. This measure of 

farm manager) who in technical matters has response carn be considered systematic of 

to be guided by knowledgeable veterans of the mining ecology. These fifteen parties 

the locality. For the rest, it is a simple were followed up, but most of them dropped 

question of employing experienced laborers, out and eventually five projects wore de

keeping a daily (but informal) account of veloped. Subsequently, however, interest 

materials excavated and dealing J, the in mining projects seemed to have in
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creased. 
 Since its establishment it,1985, 

RDFC received 51 applications against which 

seven projects (Rs. 
 2.375 million in 

foreign currency and Rs. 
 9.912 million in 

local currency) 
have been sanctioned. 
 An-

other 23 
projects (requiring foreign 
cur-

rency Rs. 28.575 million and local currency 

Rs. 48.579 million) 
ate at advanced stages 

of appraisal. 
 Seven coal projects under 

active 
 consideration 
 require 
Rs. 10.926 

million 
 in local currency arid 
 Rs. 19.984 

million 
in foreign exchange. The 
 numbers 

are small and 
the amounts are 
modest. 
 But 

this is not 
for 
lack of effort. 


Commercial 
banks, on 
the other hand, 

have 
 long been providing short-term credit 

for coal mining. 
 This is regulated by 

securities 
 and is based on 
 the business 

relations 
 that sineowners 
 maintain 
 with
batks in their multifarious dealings, often 

touching 
 LpOU sectorL other than mining. 

Railway receipts (R/I:)
by banks against are also purchaseda margin, securing the 
advance against coal loaded 
 i'- railway 

wagons. 
 The eltort to 
 provide institu-

tional 
 credit for development of mining 
is 

of recent origin. It needs time 
to grow,

and support to overcome 
the many hazards in 

this new, hitherto unchartered course.demand 
 for long term finance has 

The
 
to be 


backed with ability to prepare viable proj-

ucts. Financial institutions have 
set up

mining cells 
which are 
only the nucleus, 

Their expertise has Lo develop 
and widen 

with exposure to 
the new demands. 
 There is 

also great need 
to develop proper 
 yard-

sticks on 
the basis of which projects could 

be appraised, 
 so 
 that many conclusions 

which 
 at present 
are derived 
 from pain-

staking 
 study and analysis of difficult to 

obtain data can 
be reached more quickly and
confidently. 


ESTMATINFI 
 ANCIALREUIREMENTS 

Two fundamental questions to be faced 

are: 
estimating the credit requirements for 

coal mining 
 in the private sector, and 

establishing 
 satisfactory 
 mechanisms 
 to 

prepare and evaluate projects 
to be fi
nanced by financial institutions. The 
two
 
are inter-related.
 

Private sector mines which give about
 
85% of coal production are size
small in 

but large in number. There 
are only a few
 
large mineowners 
(about 10% 
of total lease
 
holders) mostly in 
 Baluchistan 
Province,
 
and they produce in the 
range of 30,000 and
 
100,000 tons per 
annum. 
 Most mineowners
 
have more 
 than 
one lease; therefore the
 
management 
 of leases vests with groups 
 of
 
mineowners. 
 In the Punjab, although the
 
coal reserves 
are smaller than 
 those in
 
Baluchistan, 
 there are 
a large number of
 
leases 
 but giving low production. The
 
number of lease holders by size of the area
 
granted is 
as follows:
 

i u ,c:t;eLeas, i1ulders Tot al Area
 
Acres 
 (Noa.) Acres
------------------------------ 0Lof Total
 

a) O0-:Q 130301-1t1) 33,967c) 1001-15003 63 18.32 
22 45,778 24.6927,735 
 14.96
) 1500-2000 
 11 iS,318 10.15
 

e) 20 Q-300

f) 12 30,898 16.66
1 0
0 S()0 3) 05,015000 1 13,251 7.1514481 
 8.08
 

_5_4_.0
 

Titi 
 i
14. 131 100.00
 

Thus, 43% 
 of the area is held by 193
 
small mineowners. 
 Even if 
we go up to 1500
 
acres, 58% 
of the area is held by 215 
lease
 
holders, i.e., 
 89% of the total. We have
 
only 27 
lessees whose holdings 
are size
able. 
 Ten leases, mostly large, 
are in the
 
public sector.
 

This pattern has serious implications
 
for provision of capital and new 
 technol
ogy. Even 
 the task of estimating their
 
financial 
 requirements is made complex and
 
difficult.
 

Coal mining in Baluchistan, 
 which
 

provides 60% 
 of the production, is 
 the
oldest in 
Pakistan. 
 The mines now require
 

further investments to meet the 
 production

targets set in the sixth plan. 
 Except for
 
a 
few large mineowners who have maintained
 
their mines well, 
 the coal mines of small
 
mineowners 
 are 
heavily fox-holed and 
 it
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would be unrealistic to expect increased mated that approximately one third of the
 

production from the existing assets. The total production cost of coal is required
 

tunnels are capable of handling limited as short term financing to meet working
 

transportation and cannot cope with in- capital requirements.
 

creased production. The private sector has been given a
 

Most private mines are small in capi- production target of 3.43 million tons at
 

tal structure and deploy machinery which is the end of the current five year plan.
 

five to fifteen years old. The existing Present produtction from private sector
 

a
machinery has to be replaced in order to mines is 1.53 milllion tons, leaving 


increase production and make the operations balance of 1.9 milllion tons of additional
 

safe. This requires long term financing, production Lequired. In a study commis-


In the past equipment such as compressors, sioned by the Government of Pakistan by 
 a
 

haulage system, water extraction equipment leading consultant, the capital expenditure
 

and safety equipment was imported. But per ton of coal production has been esti

such items are now locally manufactured. mated at Rs. 300 per ton. But the existing
 

also in a poor state of repair
Purchase of locally manufacturcd machinery mines are 


would not only save foreign exchange but and would therefore need extensive balanc

reduce time lag between the financial ing and modernization to sustain present
also 


decision and its implementation. Above levels of production. The capital invest

ment on BMR of the existing mines is estiall, credit for its purchase is cheaper. 

150 per ton. Based upon
Finances are also required to replace ex- mated at Rs. 


such these, the capital investment for coal
isting locally manufactured machinery 


use inside mining in the private sector is estimated
 
as transportaticn equipment for 


the mines, parts of safety equipment, as follows:
 

charging racks, equipment to improve mining Existing mines: 

= Rs. 250 '.
methods and tunnel support systems. Im- 1.53 m. tons @ Rs. 150/ton 


mines:
provement in existing tunnels and excava- !.qew 


1.90 m. tons @ Rs. 300/ton = Rs. 570 m.
tion of new tunnels is necessary to upgrade 


internal transportation facilities. Esti

mating capital requirements for this kind Total:
 
Rs. 800 m.
3.43 m. tons
of a massive transformation and moderniza-


tion is difficult, especially in the ab--

Another estimate of the investment
 

sence of any set standards. 


In short term financing, the major required 	 by private sector mines to meet
 

target production is made by 
 one
 
demand of mineowners is working capital. the same 


During the peak season, the mineowners of the leading coal mine owners at Rs. 1110
 

dealers. million (Financing . arketing For Co.a

receive advance orders from coal 


labor becomes scarce jn ing Industry, Saifullah Khan Peracha.
 
During such seasons, 


at 2nd. National Seminar on Dev.
 
in mining areas and since it is tradition- Paper read 


areas NWFP, of Mineral Resources, Peshawar, May 21-24,

ally drawn from far flung of 


1983). Taking the two figures together, it
 
this can become a major constraint. Regu-


said that a capital outlay of Rs.
 
lar supplies of mining timber are also can be 


paid by 1000 million for the private sector mining

required. Advances have to be 


order labor and industry would be a fair estimate to begin

mineowners in to retain 


keep the supplies of timber flowing accord- with.
 

finances are p'ovided to private

ing to requirement. These advances are If 


in the debt equity ratio
 
sometimes in six or seven digits, which sector mine owners 


they of 70:30, then local curreuicy requirements
mineowners cannot easily mobilize; 

woild be 50% of the total credit require

require institutiunal help. esti-
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ments, the foreign exchange component being 


about 20%. 
 Therefore, approximately Rs. 

500 million in local currency would have to 

be financed by DFI's meet
to production 


targets set in the Sixth Five Year Plan. 

In addition, when 
the mines so developed go 

into production, approximately one third of 

the capital cost (i.e., 
 Rs. 300 million) 

will be required as working capital. These 

amounts do not seem unmanageable and could 

be provided by financial institutions in 

the next three years. 


These estimates may need 
to be modi-

flied. They may 
 even prove all wrong. 

They, nevertheless, do give 
us a basis to 

begin work in a direction that 
we all con-

sider important. 
 If credit allocations can 

be made for these projects and DFIs 
 en-

couraged to make disbursements, a more 

reliable estimate of the requirements would 

in any case soon emerge. 


OURFflSTr ALPRQOE-T 

The applications received by RDFC from 

mineowners are 
on very simple format, two 

pages only, prepared with a view to 
record 

basic information like the type of company, 

mineral, location, machinery in use, etc. 

The sponsor of project 
"E" took the simpli-

fication a step further; 
he only signed the 

form and then requested the FDFC officer to 

fill it out for 
him. He stated that he is 

not in a position to provide any informa-

tion, and invited RDFC to visit the site 

for compiling the required data. After 

some insistence, 
 the sponsor provided 

copies of development schemes submitted to 

Director of Mineral 
 Development in the 

1970's. The. maps originally produced in 

the 70's were provided with updating; chey 

were not , gned by any Surveyor or Mining 

Engineer. However, on request the sponsor 

updated the maps, showing a very rosy pic-

ture, with well-drawn adits, inclines, 

levels and galleries. But actually the 

adits, inclines, levels and galleries were 

small in 
size, haphazard in dimension, and 

zigzag in shape. 


On inspection, it was found that 
the
 

mine had a centcal incline in which a man
 
of average height cannot walk 
straight. At
 
the farther 
 end a side track was found.
 
which was merely a fox hole. A kerosene
 
lamp was burning at 
the end of the main
 
incline. A laborer appeared with a coal
 
bag on his back, crawling on hands and
 
knees. The old method of 
 poisonous gas
 
detection with the help or 
birds is still
 
being used. 
 The deeper you travel, the
 
more suffocating it becomes.
 

The 
 RDFC officer visited a number of
 
mines to obtain estimates of operating
 
expenses. A working paper was then pre
pared on the basis of information recelved,
 
setting out the assumptions of project cost
 
and earnings forecast. Each detail of raw
 
material 
 and manpower was reviewed at the
 
head office. The production cost so calcu
lated was taer discussed with a number of 
mineowners for confirmation. To firm up 
the project cost, machinery was selected 
with the help of the sponsors, and after
 
discussion with 
 PMDC engineers who have
 
vast experience in coal mining. 
Quotations
 
were then called for by RDFC from local
 
suppliers of foreign machinery.
 

The main problem arose in preparing
 
financial statements of the project. 
 The
 
sale price of coal, the quantity sold by
 
the sponsor, and the cost of production
 
were confirmed for 
the last three years.
 
On that basis the project showed tremendous
 
profits and 
 there was no apparent reason
 
for it to be short of finance. Further
 
analysis showed that all 
the profits, which
 
were high, had been drained away. None of
 
it had been reinvested. Nor were any de
posits retained in the bank. 
 The instan
taneous depreciation of 
the mine's machin
ery aggravated the problem in firming up
 
its true value. It took about seven months
 
to 
 finalize the project proposal, and it
 
underwent another analytical study for 
 a
 
month before being put up for sanction.
 

RDFC suggested in the sanction letter
 
that the partnership be converted to a
 
private limited company. The sponsor had
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already agreed to this, but after issue of 


the sanction letter, he discussed it with 


his income tax advisors and refused to 


convert the form of management. It was 


only after lengthy discussions and argu-


ments over a period of six months that the 


sponsor agreed to torm the private limited 


company. ThC p -ess ot finalizing the 


Memorandum and Articles of As;cciation took 


another two months; the company was formed 


eleven months after sanction. By this time 


the pro3ect had to be revised yet again in 


accordance with the decision to adopt non-


interest bearing modes of financing. 


The finances still could not be dis-


bursed because of legal objections on the 


security offered. Since the balance sheet 


provided was not authentic, not having been 


signed by qualified chartered accountants, 


the mine machinery and the lease itself 


could not be considered ias adequate secu-


rity. The sponsor then had to be Lequested 


for additional collateral to cover the 


local currency component of financing. 


During all this time, the RDFC was 


under constant pressure as the sponsor did 


not realize the importance of the issues 


involved. In his view, the mine was sale-


able and had substantial value. He felt 


that reserves were proven. But this had 


not been done scientifically. RDFC there-


fore took a different view altogether. For 


RDFC the value was mainly its good will, 


not a tangible asset which could be en-


cashed on default. Most of these difficul-


ties arise from the fact that the mine-


owners have not realized the importance of 


maintaining proper books of account and 


other records. 


HAZARDS IN A2PRAISAL OF COAL MINING 


ERYECTS 


Appraisal of mining projects is quite 


different and more exacting as compared to 


the appraisal of industrial projects. Here 


we deal with a hidden product; it would 


surface only if the assumptions made are 


justified fuJy and the planned methodology 


is implemented. These are all open ques

tions. They can be answered to some extent
 

with adequate technical support as was done
 

by PMDC when they sought financing from
 

NDFC. Their proposal gave details of each
 

aspect of project cost, production, sales,
 

reserves, etc. Their sales were already
 

committed because the collieries were being
 

developed for Pakistan Steel Mills and
 

WAPDA power generating units. The mines
 

were operative, the reserves were authentic
 

and properly verified; therefore there
 

could be no difficulty in accepting the
 

mining assets including lease as security.
 

The accounting records were well kept, and
 

reserve estimtes scientifically undertaken.
 

The equity investment was made from the
 

Corporation's own sources. Repayment of
 

the loan was dot doubtful; therefore no
 

problem arose during appraisal of the loan
 

for sanction.
 

But mining in the private sector does
 

not follow established accounting and tech

nical methods. The mineowners follow a
 

sort of hit and trial procedure; their
 

emphasis is on easy production; they seldom
 

undertake any planning before hand. The
 

first bottleneck is the availability of
 

reliable and accurate accounting and tech

nical data. Like most small businessmen,
 

the mineowners tend to keep two tynes of
 

record, i.e., for tax purposes, and for
 

personal use.
 

Most coal mineowners are registered
 

firms, partnerships or sole proprietor

ships. Often the lease owners directly
 

supervise the mining activities and do not
 

feel the need to keep any record of quan

tity or quality of coal mined out. This
 

helps avoid payment of taxes and royalty,
 

but it severely hinders project appraisal.
 

The accounts prepared for personal use
 

are recorded on personal diaries which can
 

only be understood by the author of the
 

accounts or sometimes his close family 

members. These accounts are n-' available 

to DFIs, and could not be dL-_ -ered if 

they were. It is difficult to appraise 

mining projects on the basis of records 
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?repared for tax purposes 
 because that 

record 
 shows losses in coal mining. The 

rates of profit in coal mining vary from 

mine to mine depending upon the quality of 

coal, and can be a mere 10% or as high as 

300%. 
 But in the absence of accounting 

data it is difficult to justify either 

hypothesis. 
 At the same time, the mine-

owners 
 claim that they earn meager profits 

and therefore mining w.ith 
modern equipment 

purchased through self financing is not 

possible. All 
 this makes institutional 

financing so difficult, 


Appraisal 
 of the project requires 

information reqarding previous working 
 to 

link it with future prospects. The labor 

costs, 
 raw material costs, development 

costs, operating cost, administrative 

costs, selling costs, 
 etc. are basically 

inputs for preparation of a feasibility 

study to ascertain project profitability, 

The mineowners undoubtedly spend huge 

amounts during exploration, before produc-

tion is available, but these costs are not 

recorded. This results 
 in difficulties 

while calculating depreciation schedules of 

mine development, the extent to which 
 the 

mineral assets have 
 been depleted and 

finally the net worth of assets. The net 

worth of the project is a basic requirement 

in financial analysis as well as 
to ascer-

tain net value of the mine for security 

purposes. 


A bigger problem is estimation of 

reserves. The total 
 reserve of leased 

areas, the reserves exhausted and remaining 

potential of the mines on the basis of 

which 
 the project could be evaluated are 

not available because few mincowners esti-

mate reserves with modern drilling methods, 

The provincial mineral departments do not 

insist on core drilling, since this is not 

mandatory. The minowners prefer 
to exca-

vate small tunnels (at small outlay) 
 to 

touch the coal seam. The seam is 
 then 

followed for excavating coal. The excava-

tion method followed is also not 
 scien-

tific. The mined out 
area (Goaf Area) is 

not properly filled. 
 This practice not 


only makes the adjoining area dangerous for
 
future working and results in wastage 
of
 
reserves; in the absence of proper drilling
 
and planned excavation, it 
is also diffi
cult to estimate the exact quantity of coal
 
reserves 
on the basis of which future po
tential of the mines could be estimated.
 

The financial institutions can provide
 
assistance ony after making sure that the
 
project is commercially viable 
and that
 
payments from the borrowers are likely 
 to
 
be timely. For this purpose, it requires
 
proper mining plans which can only be pre
pared 
 by expert surveyors and engineers.
 
Most mineowners, being small, do not employ
 
such technical staff. 
 They rely mostly on
 
mining "sardars" who are not in 
a position
 
to prepare written mining plans. 
 The in
ternal survey of the mines requires sophis
ticated equipment which is usually not
 
available to mineowners.
 

Drilling equipment is only available
 
with public sector organizations and some
 
private drilling companies. Its use costs
 
Rs. 500 to Rs. 800 per ft., while the
 
expenditure inclurred 
on excavating tunnels
 
and levels manually is Rs. 200 to Rs. 300
 
per ft. The latter method, though certain
ly cheaper, only gives a rough indication
 
of the reserves available between two
 
levels/tunnels; 
 it is time consuming and
 
does not give accurate potential of the
 
mine for its remaining life. On the other
 
hand, we have very few consulting houses
 
capable 
of making accurate and authentic
 
estimates of reserves, on whose recommenda
tions the DFIs can rely for project analy
sis. The capability of these consulting
 
firms is by no means 
 proven. Further,
 
their services are expensive and therefore
 
beyond the reach of 
most mineowners.
 

Mining, especiaLly underground, is a
 
risky and difficult industry anywhere. In
 
Pakistan, the mining 
areas are particularly
 
inaccessible 
 and their environment inhos-'
 
pitable, which makes mining 
even more ris
ky. 
 This makes it all the more necessary
 
for financial institutions to evaluate the
 
projects with and
care ensure that their
 

financing is secured properly.
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PROFILE OF A MINING ENTEPE LEj 


RDFC received an application which was 


so deficient in supporting data that it 


could (and should) have been rejected out 


of hand. This RDFC did not do. The verbal 


description provided by the mineowner and 


the preliminary study conducted by RDFC 


officers encouraged us to look further into 


the possibility of developing the mines, 


This made the exercise an interesting - and 


vastly instructive - endeavor. 


In this district the coal belt extends 


for many miles. The occurrences were known 


as early as 1876, having been first re-


ported by the Geological Survey of Paki-


stan, WPIDC, and two well-reputed Consul-

tants. The reports of the Geological Sur-

vey of Pakistan and one of the Consultants 

classified the coal as of "superior" qual-

ity, being of bituminous to anthracite 

grade, with high fixed carbon as compared 

to other coals. However, the reports 

showed limited reserves. The coal seam 

ranges from 1 ft. to 4 ft. in thickness and 

reserves of all categories have been esti-

mated at 126,400 tons. This estimate, 

based upon surface geological data, proved 

to be much too low in light of the claims 

of these mineowners and reports fo their 


practical working. 


Crude aditing was done by six parties 


on different locations at a depth of 100 to 


300 ft. This proved that the reserves are 


much more than what was reported earlier. 


The mines had ceased operation on account 


of water logging, non-avaiiability of road 


links to mine heads, market constraint (the 


coal being suitable for brick kilns which 


required transportation over long dis-


tances), primitive mining method and lim-


ited investment. While the project did not 


appear viable for major commercial develop-


ment, possibilities of operating it at a 


modcst level did exist, 


The sponsors approached RDFC for fi-


nancial assi.:-ance for mechaniztion of 


their mines, construction of approach road, 


and working capita) to restart mining, 


Though the coal reserves were limited, it 


was felt that small scale mining would be
 

feasible. Further, the coal appeared suit

able for the cement industry, and if the
 

project became viable it could provide a
 

good breakthrough. The sponsors were asked
 

to restart mining and move in further depth 

by tutilizing their OWnl capital so that the
 

reserves could be proved by studying sub

surface geology. In the meantime RDFC
 

wanted to study the market of this coal.
 

One of the sponsors, tried to open new adits
 

but could not overcome the undergL,,und 

water problem with his scarce resources. 

The mineowners insisted that the area 

is not short of coal but had never been 

explored fur detailed study. They were 

asked to provi6e a feasibility report; they 

responded with a geological Leport prepared 

at one of the Universities which merely 

mentioned the quality of coal and corciluded 

that reserves of the area are satisfactory 

where the strike length of coal is 4000
 

yards. This report was again prepared on
 

the basis of surface geology.
 

'he sponsors refused to invest any
 

money in preparation of a feasibility
 

study. The coal mines, therefore, had to
 

be studied twice and each time in great
 

detail by RDFC to verify the report. Even

-ually a proposal was p:epared to provide
 

working capital on the assumption that the
 

project be undertaken in two stages. Staje
 

one would bring the mines in working condi

tion, ma,'ket the coal and prove the re

serves for the second stage. It was pro

posed to them that mining activity be
 

gradually built up, starting from two par

allel adits, but they insisted upon opening
 

up all four adits from the very beginning.
 

The mineowners were reluctaiit to pro

vide security other than the lease itself.
 

They claimed to have exhausted their own
 

finance. That is why, they said, they
 

requested RDFC financing to restart the
 

operation. During these discussions it was
 

suggested to them that they should either
 

let another party with financial rejources
 

undertake the operation, or enter into
 

partnership with someone interested in co

586 



financing. Sonic parties were interested in industrial projects are located in areas 

development of this mine and were willing where marketability of the project itself 

to tinance it. But the present sponsors is not difficult. On the other hand, mar

were willing to forego no more than a 5% ketability of mining projects is highly 

share in the mines ajainst the offer of a uncertain, to say the least. 

substalitial ilnancing package. This ob- The past experience of the DFIs is not 

vi ously did not provide a practical basis encouraging. For example, the RDFC re

to secure agreumerit. ceived six loan requests from redium and 

RDPC arranged with a drilling company large mineowners. Two of these had already 

to unjertake drilling work in order to availed financial assistance from other 

qua, tify the deposits and, in an effort to institutions, granted five to eight years 

set the osll rolling, the drilling ompany ago. In both cases che security was a 

was persuaded to undertake one free drill- mortgage of the mine assets. One party was 

ing. it was Lurther agreed by tie drilling a complete defaulter, while the other had 

company that they would expect payments for been only paying the interest. The adequacy 

the remaining hole-; only in case the first of the mine assets as security has yet to 

hole proved successful. In drilling the be establisheo.
 

first hole, no investment by the present One practical problem in taking the 

Tineowners was involved. Unbelievably lease as security would be the difficulty 

attractive, one would have thought! But in assessing it in monetary terms. In case
 

the mineowners were not willing to under- the reserves have been properly evaluated
 

take any payments at all, not even in fu- and coal excavation is carried on in a
 

ture, not even if the first hole drilled systematic manner, it would be quite easy
 

free of cost proved successful. This is a to assign monetary value to the undepleted
 

sample, and by no means unrepresentative, mineral stock. But the absence of authen

example of the kind of attitudes encoun- tic data on reserves and unsystematic exca

tored in appraisal of mir:ing projects. vation of minerals make it very difficult
 

to ascertain the quantity of undepleted
 

LEASE AS SECURITY FOR MINING LOANS reserves. It is difficult to assess the
 

actual resale value of the assets at which
 

mine could be sold in case of default.
Institutional financing for mines is a the 


new initiative in Pakistan. According to Considering leases as security is only 

the prevalent financing practices, the only feasible in case of good and developed 

mineowners who qualify for loans are those mines, for which only big mineowners qual

who have prcved mineral reserves and who ify. But mines which are not properly 

have jevelopo some mining facilities on developed are risky. 

their own or who can provide personal secu- There are also legal problems in 

titles and collateral to secure the loans, taking leases as security. The mining 

rules of the Punjab and Sind doThe mineowners are hesitant in pledging concession 

third
their personal. properties as collateral and not allow transfer of lease to any 

taken as party, while the laws of Baluchistan andurge that only leases should be 

the NWFP have been amended to allow assignsecurity, 

in favor of financial insti-The mineral bearing areas tend to be ments of lease 

located in mountains, or at far flung areas tutions. Even in Baluchistan and the NWFP
 

away from urban centers. In case of de- assignment of the lease does not 
 seem a
 

fault, the exercise to assume possession of practical alternative because of location
 

mines becomes very difficult. The physical of mines in difficult areas. Mines that
 

from have been controlled and operated by the
conditions of mining projects differ 


the condition of industrial projects. Most lease holders for a number of years tend to
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be regarded as their particular domain; 

their authority and control is well 
 estab-

lished, and it is not easy for any 
 out-

sider, even if backed by law, to take 
over 

in safely operating the 
mine. Furthermore, 

even when the lease is assigned, the first 

charge 
 is always that of the government 

dues. DFIs will have tc 
be content with 

the second charge. 


The tax rules permit charging depre-

ciation 
at 100% in the first year of de-

ployment of mining machinery. After the 

first year the book value of such machinery 

and fixture becomes zero. 
 Mineowners do 

not keep records of the market value of the 

machinery for its remaining life. 
 There is 

no practice of charging yearly depreciation 

and calculating book value of 
the assets, 

In many cases the machinery is 10 to 15 

years old, fully depreciated but still 

used, with heavy maintenance costs. Can it 

still be considered as good collateral? 


The first step, therefore, is that 

mining concession rules of other provinces 


should also be dmended on the lines of 
 the 

amendment 
made in the Baluchistan and NiFP 

rules. This change would 
at least provide 

a basis for financial institutions to look 

upon the mining lease 
itself as possible 

security. The next step will be 
to ensure 

proper implementation of those rules 
 under 

which accounting and 
 record keeping is 

mandatory. This 
 is likely to be far more 

difficult, 
 but it is essential and must be 


initiated. Gradually, 
as leases come to be 

traded in the industry, their acceptability 

as collateral should improve, 


TWE__TIA.LSTEPS 


The credit system in Pakistan is regu-

lated at the national level. 
 The require-

ments for various sectors and 
 sub-sectors 

are estimated for the linancial year. The 

requirements and availability of 
credit are 

then matched by the National Credit Consul-

tive Council which lays down the 
 ceiling 

for each sub-sector. The ceilings are then 

assigned to 
 financial institutions 
 for 


financing over the year. 
 Thus, the re
quirements for agriculture, working capital
 
needs of industry, exports, small loans,
 
food procurement, etc. 
 are all estimated,
 
pioqrammed and monitored. 
 There is no such
 
allocation for the mining 
 sector. Mining
 
has to 
take its share from the credit pro
vided for industry. In the industrial
 
sector, however, various 
sub--classifica

tions have been made. First, the public
 
and private sector; second, between fixed
 
investment and working capital require
ments; and third, special allocations are
 
made for small industry. Certain sectors
 
are assigned mandatory targets which 
 the
 
financing institutions are required 
 to
 
disburse. 
 The first step, therefore, seems
 
to be that specific annual estimation be
 
made for the mining sector 
 and suitable
 
allocation provided. 
 The financial insti
tutions as well as the 
 mining industry
 
would thus become aware of 
the needs and
 
availability. 
 This would stimulate formu
lation of 
projects to be financed. The six
 
monthly and annual 
review of disbursement
 
would exercise effective pressure on finan
cial institutions to seek 
avenues for dis
bursing credit for mining. 
 Their expertise
 
in credit managLment and their 
influence in
 
the marketing system would be 
used to the
 
advantage of mining.
 

This, of course, will only be a begin
ning. The next step is 
to see what support
 
is needed to assess 
the miring sector. The
 

sixth plan states:
 

"it is proposed to provide judicious
 
set of incentives to the private 
sec

tor for the quick development of mines
 
to meet the targets of coal
 

production."
 
Traditionally, concessional terms 
of
 

financing have 
been used to assist such
 
priority sectors as exports 
and agricul
ture. It cannot be disputed that the min
ing industry fa:es many a traditional dis
advantage. Further, 
 it also occupies a
 
strategic 
 place in the national economy.
 
its need for support, therefore, is no less
 
urgent than that of the agriculture sector.
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.Consequently, concessional terms of finan-


cing already given to many sectors need to 


be given for mining as well. The Govern-


ment of Pakistan, with the collaboration of
 

International Development Agency, has in-


stituted a concessionary credit (popularly 


known as the IDA credit) to provide incen-


t,.ves for small industry. This credit is 


available up to Rs. 1.5 million per project 


and carries an 11% intrest rate. The 


mining industry, however, is not eligible 


to receive this credit. This should be 


rectified. Again, the State Bank of Paki-


stan provides a soft line of credit to 


encourage use of locally manufactured 


machinery in preference to imported machin-


ery. This credit carries an interest of 


7.5%. Similarly, as a measure to increase 


exports, the Government of Pakistan has 


allowed an export credit at a concessional 


rate of 3%. Since the increased use of 


coal will aid in reducing Pakistan's import 


bill, its mining and developmenit should 


also be entitled to a similar incentive. 

it is now the declared policy of Government 


to encourage use of coal in preference to 


other forms of energy. 


Can we not say, then, that coal mining 


qualifies for at least a comparable incen-


tive? 


RISK EQUALIZATION FUND 


While there is encertainty in agricul

ture on account of wea.her, the net output
 

from a farm can still be forecast with a
 

reasonable degree of accuracy, but such a
 

forecast cannot be made for mining. The
 

risk element in mining is much greater.
 

This implies that while softer terms of
 

financing would enable the mining sector to
 

overcome somse of the financial handicaps,
 

separate arrangements will still be neces

sary to provide cover against risks which
 

are substantial. There have t-en several
 

proposals under consideration of the Gov

ernment which, one understands, have re

ceived sympathetic consideration. Their
 

logic requires a bold decision to create a
 

pool of capital, a Risk Equalization Fund,
 

out of which investment that goes bad can
 

be replenished.
 

MACHINERY PQQL
 

It has been sugYested that RDFC should
 

finance the establrshMent of machinery 

pools in the mining districts, at locations 

to be fixed in consultation with associa

tions of mineowners and tne provincial 

governments. These machinery pools would 

include items 4n common use like pneumatic 

drills, compressors, pumps, generatinj sets 

and some heavy equipsent like bulldozers 

and cranes. This equipment would be pro

vided to mine operators on a rental basis. 

The availability oi equipment on rent or 

lease, particularly in the case of heavy 

equipment whers individual purchases are 

not justified by small mineowners, would 

expedite development, reduce costs, and 

minimize the need for ri-k capital. The 

critical constraint, however, is profes

sional management of the machinery pool. 

So far RDVC has not been able to ioentify a
 

party that can provide efficient manage

ment. The proposal has been discussed with
 

mineowners more than once, who all ex

pressed interest but have not yet come
 

forward with a specific project. The dif

ficulty in getting this worthwhile proposal
 

implemented underlines once again the na

ture of handicaps confronting th, industry.
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REPORTS OF THE RAPPORTEURS
 

OVERVIEW
 

Ashfaq Mahmood, Chief, Energy Section, Ministry of Planning & Development
 

The session began uith the paper 

on overview of the Energy Policy of 

Pakistan, followed by papers on coal 

utilization policies, factors 

influencing coal supply and denand and 

exploration strategy for assessment of 

coal resources of Pakistan. The key 

points and recommendations emerged as 

follows: 

location of Lakhra Plant 


The site selection should give
 

1roper consideration to human factors 


ricluding the educ'Itional needs of 


workers children and other social 


facilities. It was noted that such 


Ficilities could be built at new sites 


as was (one at PASMIC. 


a;tii~onl Coat Authority 


One viewpoint held that a 


,:;tinnoal Coal Authority would only 


efforts by PMDC, Provincial 

Coal Age.cies, WAPI)A, ENERPLAN and the 

.lineral Coordination Board. The other 
viw suggested that a central 

oigantz;n hody was needed to provide 


overall poI icy direction and to set 

go als. 

diIpl icate 

Alternatives For Energy Supply 


other 

h;on coal were considered, such as 

Itdvanctfiternts in nuclear power. Since 

Pakistan's energy requirement is about 
V"l MW/yr, it was concluded that coal 

it d other resources must be developed 
to supplement, not supplant, each 

Alternate energy sources 

o ther 

loo Many Studies 

Nutmeromis studies have been done 

,n I.:ikhr , Coal for more than 20 


YVar1 . T1,. opinion of those present 
Wd€; lh;1t it was time to start a 

IIor10.t whItch would yield tangible 

I( it 

( train t s%it t Con t 

Ihe Con ference noted that the 


n,t1 industry in Pakistan has
111 1) 

faced a severe crisis for the last two 

years. This has lead to an
 
at mine
accumulation of coal stocks 

sites, low sales, falling prices and 

heavy losses. A constrained market is 

the cause of the problem. Nearly 85% 

of the national production is consumed 

by the brick kiln industry. 

Overproduction during the past two
 

years, particularly from Lakhra
 

fields, has also contributed to the
 

glut situation.
 

Market diversification of coal
 

was recommended especially 
 in the
 

areas of cement, sugar production and
 

power generation. If necessary, laws
 

should be enacted • to immediately
 

require use of coal 
 in other
 

industries. Coal use for
 

gasification, fertilizer production,
 

town gas and coal-oil mixtures should
 

also be considered since it will take 

at least 5 years to fully utilize coal 

for power generation. Action is 

needed immediately to alleviate the 

current coal glut and this can be 

achieved quickly by reducing market 
constraints.
 

Integrated Planning For Coal
 

Planning for coal development and
 

use should be part of the national
 

energy plan.
 

be- R&D facilities at PCSIR should 
upgraded.
 

- The Mining Industry in Pakistan 

must be modernized. Joint 

ventures should be encouraged to 

bring modern technology and 

foreign equity into the country. 

- Mining laws need to be made more 

liberal. Import restrictions for 

machinery 
 should be liberalized
 

and concessional funds 
 be made
 

available.
 

be done to
 

evaluate the potential of
 

geothermal energy 


, 'Studies should 


resources, 

especially in the Lakhra and 

Bugti regions. 
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International Coal Resources Development and Utilization:Policies and Procedures
 

Charles Bliss, United States 


Five papers were presented during 
the session. One dealt with the world 
trade in coal . The other four 
presented coal development experiences 
in the Peoples' Republic of China by 
Zenp Qinghe, Greece by Andrea Vakalis, 
the Phillipines by P.P. Gallego, Jr. 
and Thailand by Tammaschart 
Sirivadhanakul. 


In the paper on the world trade 
in coal , conditions governing the 
export of coal from the major coal 
exporting countries (Australia, 
Canadi, Poland, South Africa and the 
United States) were described. The 
paper explained the resource and 
production conditions in these 
countries which determine the export 
price of coal. The quantities of 
metallurgical and stean coal in world 
trade were analyzed ovei the past 15 
years. The changing conditions of 
trade and pricing were analyzed in
 
three separate categories. The first
 
category prevailed about 1970-1978 and 
was characterized by a halance bctwj:en 
supply and demand and stable prices. 
The se.ond category, occurring in the 
late 1970's and early 80's, was 
characterized by excessive demand
 
resulting in rising prices. The
 
period coincided with a steep rise in 
world oi I prices. The final and
 
present category is one of excessive
 
supply and faiIing prices. There is 
concern over the conditions which will 
prevail in 1990-91 when the Lakhra 
Power Project could begin operation. 

The paper on experiences in China 
covered the development of low-rank
 
coal from the Ji ingx i Province.
 
Special attention was given to the
 
development of specially designed
 
steam generating equipment that could 
handle this coal effectively.
 

The next paper covered the
 
development of low-rank lignite from 
northwestern Greece. The quality of
 
this coal Is poorer than coal in
 
l.akhra. Large power plants have been
 
built in Greece to ut Ii ze this 
low-rank lignite and have successfully 
operated for many years. 

The Philippine paper showed how
 
It has been developing its coal
 
lesouurces for many years and has 
already built a large (300 MW) power 

Agency for Internati,;nal Development
 

plant to use coal. Unfortunately, 
lack of attention to the design of the 

steam generating equipment has forced 
the plant to import coal to blend with 
local coat to permit reliable 
operation.
 

The final paper showed Thailand's
 
development of its lignite resources
 
and how the country is advancing to
 
serve other than the power generating
 
industry. Noteworthy is the official
 
government policy to 

sector involvement 

development and the 

to indigenous coal 
imported coal.
 

encourage private
 
in coal mine 
protection given 

through tariffs on 
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EXPLORATION AND MINING
 

Mohammad Ali Mirza, Geological Survey of Pakistan.
 

Five papers were presented in 
this session. The first paper on 
"Coal Exploration Techniques", by E. 
R. Landis described a series of stages 
in an exploration programme. It 
emphasized the development of 
effective information, standardization 
of coal resource assessment, increased 
use of rotary type drilling and 
extensive use of geophysical logging 
and surveys. le explained inductive 
and deductive approaches to coal 
ex'ploration and their application to 
extend the knowledge of an area and 
narrow down choices through conclusive 
data. In reply to various questions, 
the speaker provided following 
elaborations on his paper: 


Extending the information of a 

geologically known area to an 
unknown area is inductive, while 
narrowing down to a specific area 
based on exploration is called 
deductive. The speaker suggested 
that the inductive approach be 
used for Baluchistan and the 
deductive approach be used for 
Sind. 

With intensive geophysical 

logging, 70-80% core recovery is 

as good as 100% core recovery, 


In an area with adequate 
geological control, one hole 
every 1 sq. mile is sufficient, 
If control is inadequate, it may 
require 4 holes every sq. mile. 

The second paper on the 
"Sonda-Thatta Coal Field" was given by 
Farhat Hussain. lie gave a detailed 
description of the work done by GSP in 
identifying and evaluating the field, 
which according to his judgment has 
vast potentials. The results of 23 
exploratory holes were presented, 
which lead to-an estimated 140 million 
tons of coal reserves in this field. 
lie proposed a long term program of 
190, 125 and 125 additional holes in 
the Feasihle High, Medium and Low 
areas respectively to determine the 
field's true potential. The speaker 
and the Director 
Survey of Pakistan 
to drill 4 holes 
in a "Feasible 
fifth centrally 
normally drilled 

General Geological 
erphasized the need 

per square kl ometer 
ligh" area where a 
located hole is 

to further improve 

the grid. DG, GSP observed that 
spending Rs. 60 million to explore 
Sonda is worthwhile since it will 
prove reserves worth Rs. 60 billion. 

The third paper entitled
 
"Contract Drilling" was presented by
 
Mohammad Istifa. The development of
 
core drilling in Pakistan and the
 
efforts of GSP to promote drilling and
 
train competent drilling engineers was 
summarized. He also discussed the
 
role of private drilling in Pakistan
 
and highlighted some of the
 
dirficulties that private companies
 
are facing, including the deployment
 
of public agencies drilling units
 
which restricts private sector
 
growth. fie provided guidelines for
 
private drilling companies and
 
proposed that the government provide
 
incentives to promote private drilling.
 

The next paper was presented by
 
Ashgar Malik, entitled "Coal Mining 
Policies and Practices". He provided 
a summary of coal exploration, 
production and use in Pakistan and 
showed how coal is being 
"overproduced" and under utilized. He 
pointed to policy constraints as the 
source of the problem and offered 
solutions to cure the ailing coal 
industry. le emphasized the need for 
jont ventures between the public and 
private sectors and with foreign 
firms, lie also proposed financial and 
other incentives to promote private 
sector participation in the 
exploration aud utilization of 
Pakistani coal. The speaker agreed 
viith suggestions from the floor that 
coal industry could be better managed
through the concept of public 
companies. lie suggested that the 
government should offer commercially 
viable projects for joi nt venture 
between the .uhlIc and private
 
sectors, i;., udIng foreign
 
participation if necessary.
 

The final paper entitled "Private 
Operations" was presented by Abdul 
, al iq who sumimarized the ailing 
status of the coal industry in 
Pakistan. lie asserted that existing 
government mining policies and 
practices prevent private industry 
from entering and remaining in the 
industry, lie proposed radical changes 
in existing laws to ,ttract prIvd I 
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investors. In reply to various 

questions, the speaker provided

following elaborations on his'paper: 


Banks loan available to the 
private sector are currently at a 
14% interest rate and require 
solid guarantees. Developed 
infrastructure and mineral 
reserves are not counted as 

assets. Further, private mine 

owners must create infrastructure 

for their own mines, adding to 

the cost of their investment. 


The private sector was capable of 
restructing the industry towards 
low cost production. In new 

areas this can be done without
 
compensating the public sector 

for preiniv(stment. The speaker

also focussed on the need of 

developing indigenous

capabilities in planning and 

designing mines, power plants and 

combustions technologies.
 

Sessions Recommendations 


To effectively explore for coal 

in Pakistan a sound basis of 

information is needed. Procedures 

should be standardized, increased use
 
of rotary drilling is needed and 

extensive geophysical logging and 

surveys are required. 


The preliminary results of the 

Sonda-Thatta coal field are 

extremely encouraging. The field
 
potentially holds more than 500 

million tons of good quality coal 

suitable for power generation. A 

thorough and systematic

evaluation should be done to 

determine its trtie potential. 


To become competitive and 

profitable, private drilling 

companies should develop teams of
 
highly trained operators, apply
 
new techniques of core drilling

and maximize core recovery
 
through proper use of mud
 
chemicals.
 

Future large scale drilling
 
programs must be done efficiently

by using diamond drilling
 
techniques. The private sector
 
in Pakistan has this expertise
 
and the government should
 
encoL.R Cge private drilling
 
throu6,i financial incentives such
 
as con~essions on import duties,
 
taxes and credit.
 

The mining code should be 
investment oriented and joint
 
ventures of ec)no,,rIc v'Iah!Ilitv 
between the pub I i c and pr i jte 
sectors and with fort.ig.n 
(a)si;ultants, should be encouIragted
 
for future development and 
utilization of coal.
 

Participation of the private 
sector Wil lt.ip increase the
 
percent of coal used in tiht
 
energy i, cut ren aiIal'clt 
6%. In add iion to I ITin ,iI 
incentive!; , infrist I tictoit e 
facil izies shc uld he ,teveloped by
the governirent for the pritvat 
sector.
 

Exploration I icens', should b)e
awarded freely on a I rst come 
first serve basis. Fh( reou ,al 
right of the public sector, whilIt
 
sanctioning a new area, shotld be
 
reconsidered.
 

The mining code should be
 
modified to be mort lnv.stmevnt 
or ien ted, based (n 
recommendations made by the four 
committees appointed by the
 
government during the last 20
 
years.
 

The Lakhra coal study for poweer
 
generation should provide
 
experience and ski I Is t; help
 
develop future coal Iltids aid 
power facilitics, especially wi th 
regard to 

- Formulation of Jn V1nergyv 
Policy, 

- Developing a nat tonal team of 
experts to evaltat, minerals, 

- Developing Ilak ist iit1 
consultants tO de'SIgni ine111' 
and power pl ant,; in lak ;tin 

- Transfer of coail comlgirbt in 
technology. 
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ICATION AND TRANSPORTATION
 

Khalid Pervaiz, Inspector of Mines, Punjab.
 

The session covered six papers. 


The conclusions drawn from the 

John T. Boyd Company paper are: 


- An annual production of 4.3 
metric tonnes of Lakhra coal will be 
required to fuel a 700 MW power plant; 


- The cost of surface mining 
although twice as much as underground 
mining is recommended because the coal 
resources will be conserved. 

The PCSIR paper discussed the
 
need to chemically and physically
 
characterize coal in order to evaluate
 
the economic and environmental
 
boundaries.
 

The Burns & Roe paper discussed
 
the use of truck, rail and conveyors
 
for transporting coal. Mr. Philipp
 
suggested that the exact combination
 
of transport'ng modes is very site
 
specific. Lakhra has to be studies
 
especially since the stacking and
 
transporting of coal that
 
spontaneously ignites is a difficult
 
problem. Special handling such as
 
water spraying is required.
 

The Stone & Webster paper

indicated that conveptional coal
 
washing of Lakhra coal will not
 
produce sufficienc benefits to offset
 
the carbon loss that will result from
 
the washing. As a res,,lt, Mr. Moore
 
suggested that the sulfur and the ash
 
could be reduced by blending with a
 
low sulfur bituminous coal. Besed on
 
the analysis of this lignite, 3.88
 
tonne of low ash, lcw sulfur
 
bituminou!, coal will have to be
 
blended with I tonne of Lakhra coal.
 
Tests have shown, however, that
 
electrostatic cleaning may be a
 
promising approach which needs further
 
study. It appears that Lakhra coal
 
would have to be beneficiated to a
 
higher heating value if it is to be
 
used in fluidized bed boilers.
 

The Geologic Associates' paper
 
suggested that disposal of waste from
 
the mine and power plant must be
 
carefully studied and subsequently
 
planned if it is to be done in a
 
cost-effective and environmentally
 

safe manner. If it is done properly,
 
land can be reclaimed and, in certain
 
cases, it has been shown that coal
 
waste will help vegetation grow.
 

The British. Mining Consultants'
 
paper demonstrated that when
 
underground coal mines are mechanized,
 
production is increased and the mines
 
become safer.
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INDUSTRIAL APPLICATIONS
 

Mohammad Nawa: 
Khan, Secretary, Mineral Coordination Board,

Ministry of Petroleum 


The session on Industrial 

Applications was chaired by the 

Secretary Ministry of Industries. The
 
session covered the use of coai in 
industries 
technologies. 

and the applicable 

The Pakistani papers brought out 

that prior ti the introduction of
natural gas, 
local coal had extensive 

use in the transportation, sugar and

fertilizer industries. The switch 

over to gas, and later to fuel oil, 

was because of low prices and not due 

to any technological advantages 
 or
 
policy decisions to regulate the use 

of fuels in industry. 


The speakers discussed how local 

coals could be efficiently used in wet 

process cement plants and large sized 

heating units through appropriate 

retrofitting. Extensive retrofitting

experience in other countries and the 

coal operating experiences in Pakistan 

in the '60s provide the confidence to 

introduce large scale conversions 

based on local coal. 
 If it becomes 

necessary 
 to blend fuels to lower 

sulphur output, very low sulphur

furnace oil, produced from Dhurnal 

crude at the Attock Refinery, could be 

used. 


All speakers suggested that local 

high sulphur coal could be used in dry 

process cement plants as well 
 by 

providing flue bypass techniques 

successfully used in other countries.
 

A Chinese paper discussed the
 
extensive application of 

technology in China and 
enormous potential it 
Pakistan for using low 
sulphur coals.
 

The technology 

coal-water 


fluidized bed
 
suggested the
 

holds ill
 
grade high
 

of using
 
mixtures was presented.
 

Although this technology is still
 
under development, demonstrations
 
using coals similar to that in
 
Pakistan have been successful.
 

Another economical use of local
 
coals could be as household fuels in
 
rural areas through briquetting.

Experiences in Haiti and Pakistan were
 
described.
 

and Natural Resources
 

Through the session, the
 
following recommendations emerged:
 

Policy decisions are needed to
 
introduce local coals in existing
 
cement plants along with
 
arrangements to sustain a steady
supply of coal at stablized 

prices and to provide financing

to cover retrofitting costs;
 

Policy decisions are needed to
 
require new cement plants to use
 
local coal;
 

The Government should sponsor
 
Pakistan scientists and
 
entrepreneurs Zo learn the use of
 
China's fluidized bed technology

and the use of low grade coals
 
for cement manufacture and power
 
generation in the USA;
 

Negotiations should begin with
 
foreign firms engaged in research
 
on coal-water mixture technology
 
with the purpose of studying and
 
setting up of demonst:ation units
 
in Pakistan.
 

Manufacturing smokeless coal
 
briquettes in Pakistan should he
 
undertaken on a priority basis;
 

The Government should institutv
 
all necessary incentives and
 
regulatory support to -encourage
 
the use of local coal.
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MANPOWER DEVELOPMENTf AND TRAINING
 

Abbas Ali 
Shah, Chief Inspector of Mines, Baluchistan
 

The paper titled "Environmental 
Considerations in Coal Development and 
Utilization" highlighted the need to 
consider the effects of coal 
utilization on all aspects of the 
environment including land, air, 
water, biological and cultural 
resources. Major impacts in each of 
these areas were discussed relative to 
coal mining, preparation, 
transportation and use. 

USAID should arrange to train 
engineers and geologists in the 
Conventional Energy Training
Project in coal mining and 
utilization techniques as 
applicable to Lakhra. 

The remaining papers of this 
session addressed malpower development 
and emphasized the need for training
and to assign the right man to the 
right job to increase efficiency.
Manpower training should be planned
for and implemented prior to the start 
of the project. The application of 
modern training technology was shown 
to produce remarkable results. When 
undertaking new enterprises, the 
transfer of technology training should 
be an integral part. 

The Conventional Energy Training
Project (CETP), which is conducted by
the Institute of Internal Education, 
Washington, D.C. under a contract with 
USAID, has designed a 16 weeks 
training course for utilization of low 
rank coals in industries and 
utilities. The Institute can design
special courses for a particular coal 
utilization facility. Areas where 
U.S. Coal technology practices and 
research could be transferred were 
also discussed. 

Session Recommendations 

Policy and guidelines for 
environmental considerations in 
coal development and utilization 
should be established, 

A system of environmental 
training should be created; 

Training mine supervisors,
technicians and workers at Lakhra 
should begin by starting a pilot
project t0ere; 

Pakistan should insist that 
training technology be included 
along with other technology that 
is transferred into Pakistan; 
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MOBILIZING FINANCIAL RESOURCES
 

Bashir Ansari, Chief Inspector of Mines, Government of Sind
 

The first paper entitled "Private 

Sector Coal Mining Industry in 

Pakistan" was presented by Mian 

Saifullah Khan Paracha, Minister for 

Planning and Development Government of
 
Baluchistan. He gave a brief history 

of coal mining in Pakistan and then 

elaborated on, 


- Utilization of coal in Pakistan, 
- Evaluation of mining methods and 

mechanization of coal mines; 
-
-

Technical problems in 
The future of coal 

coal 
min

mines, 
ing in 

-
Pak is tan, 
Work to be done by the private 

-
sector, 
Incentive to 
Government. 

be considered by the 

Mr. Paracha assessed the present 

coal mining situation in each province 

and specifically discussed the 

problems related to the present coal 

glut. If the mines are forced ro
 
stockpile coal, as they have been for 

the past 2 years, he believed that 

many mines will close within a few 

years especially in the Punjab and 

Baluchistan regions. To prevent such 

a situation he suggested that the 

cement industry immediately switch 

over to coal and that the private 

sector build small therip l power 

plants.
 

In summary, the speaker concluded 

that: 


- The policy adopted by the 
Government will decide the fate 

of the private sector in the coal 

mining industry. If the private 

sector Is not allowed to 

establish a number of small 

thermal power plants many coal
 
mine,; in Baluchistan will close 

down during next few years. 


- The Government should enicourage 
the private and publicc cement 
industry to swi tch from fuel oil 
to i nd Igenou coal , thereby 
increasing toal demand 

- Public sector coal mining should 
be ab l. to co-exist with the 
private sector, especially with 
the advantages of Government 
financing, foreign aid, and soft 

loans. Healthy competition from
 
the private sector will promote
 
better efficiency in public
 
sector organizations.
 

The private sector is capable of
 
producing most of the coal needed
 
by the proposed thermal power
 
plants provided the Government
 
grants them necessary incentives.
 

1000 holes 

Lakhra coal 

evaluation.
 

25-30 MW 

established 

between the 


be drilled in the
 
field for proper
 

power plants be
 
1n joint ventures
 
private, public and
 

provincial 2overnments.
 

WAPDA should offer a realistic
 
price for electricity produced by
 
the private sector through a
 
guaranteed and long term contract.
 

The second paper by Mr. Aswin
 
Kongsiri, Industrial Financial
 
Corporation of Thailand, covered
 
financing private sector lignite
 
projects. He presented the status of
 
a thermal power plint based on lignite
 
and of a utility in Thailand to use
 
lignite to replace wood as a domestic
 
fuel.
 

The last paper of this session
 
was on the private sector financing of
 
the Lakhra Coal Project by Mr. Neils
 
de Terra of Machtech. He highlighted
 
the risks associated with the
 
involvement of private sector in this
 
project. The risks cover economic,
 
financial, political and technological
 
issues. Outweighing these risks are
 
the following advantages:
 

- Expeditious implementation of the 
Project, 

- Greater experience, 
- More flexibility of procurement; 
- Availability of financial sources. 

fie said that the Lakhra Mining 
Project may cost $500-700 million 
excluding taxes and suggested that 
lending agencies channel financing 
through WAPI)A because of its 
establ i shed credibility. 
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Stssion Recommendations
 

A separate Department of Mines
 
and Minerals be established in the
 
Provinces to pursue all energy 
related
 
matters particularly th,. exploration

and development coal
of resources and
 
the safety of mines.
 

WAPDA should examine the
 
feasibility of converting existing
 
thermal power stations to coal.
 

WAPDA should assure 
a fair price

to private 
sector firms establishing

small thermal power stations based on
 
local coal.
 

Coal demand must be increased to
 
remedy the glut the
present in 
 coal
 
market.
 

Immediate steps should be taken
 
to encourage coal use by the 
cement
 
industry and the
for private sector to
 
establish small thermal power plants.
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THE VIEWS OF LENDING AGENCIES
 

Tajamal Hussain, Deputy Chief(Minerals), Ministry of Planning and Development
 

This session was chaired by 

Mr. D. H. Qureshi. Tie following 

recommendations emerged from the 
presentations and discussions: 

The World Bank agreed that the 
reports prepared by consultants 

on the Lakhra project are 

satisfactccy: However, the issues 

raised at the January 1986
 
weeting in Washington still 

required further work. The Bank 

would submit detailed comments by 

March 1986. 


The Asian Development Bank
 
assured that it acco, Is .hiqh 

priority to coal development ai:d 

utilization projects and has 

initiated a program of direct 

assistance to the private sector 

without requiring Government 

guarantees. It would make equity 

investfents in the private 

sector, on a selective ba i;, 

provided the rate of return is 

about 12%, the debt-service ratio 

is about 1.3 and the debt/equity 

ratio is 70-30. The ADB 

indicated a strong interest in 

che Lakhra Project and expressed 

its contin'!ed support for the 

project, 


The Bank of America discunsed the 

complexities and risks attached 

to the coal mining industry and 

said that once the risks of the
 
Lakhra Coal and Power Plant
 
Project have been analyzed in
 
depth, a risk allocation plan
 
will be developed by the Bank.
 
The plan will call for
 
compensation commensurate with
 
the risks involved.
 

The Bank of America will also
 
prepare and develop a security
 
structure to Export Credit
 
Agencies and preliminary
 
financing Plan for attracting the
 
most competitive sources of funds
 
for the Lakhra Project.
 

The Regional Development Finance
 
Corporation of Pakistan suggested
 
that:
 

- local financial institutions 
should make specific annual
 
estimates for the mining
 
sector and provide suitable
 
allocations.
 

- credit at a concessional 
rate of 3% be provided to 
the mineral sector. 

- due to the risky nature of 

the mineral sector, a Risk
 
Equilization Fund be created
 
from which bad investments
 
can be insured.
 

mining machinery pools be
 
created in the m1ne
 
districts through
 
coopetation of mine owners
 
and Provincial Governments.
 

The United States Agency for
 
International Development expressed
 
its continued com.,itment to cooperate
 
with Pakistan in its coal development
 
and Atilization activities. These
 
include the Lakhra power project, coal
 
resource assessment, coal briquette
 
market assessment, coal technology
 
transfer (such as possible fluidized
 
bed combustion), coal equipment
 
financing, and support for
 
coal-related technical and policy
 
seminars such as this coal
 
conference. USAID is particularly
 
committed to assisting Pakistan pursue
 
the important agenda of coal related
 
regulatory, pricing and policy reforms
 
raised during this conference, with
 
emphasis on expanding the role of th,
 
private sector in Pakistan's future
 
coal development and utilization.
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CLOSING ADDRESS
 

Haji Mohammad Hanif Tayyab
 
Federal Minister for Petroleum & Natural Resources
 

Excellencies, distinguished delegates 


to the First Pakistan National Coal Con-


ference. Assalamoalaikum. 


I feel privileged to chair the Closing 


Session of this Coal Conference which has 


been addressed by eminent experts in 


various disciplines relaed to economic use 


of low grade coals. I congratulate the 


agencies of the Pakistan and U.S. Govern-


ments who sponsored and ably arranged this 


Conference. I also like to extend my sin-


cere thanks to the speakers, pafticularly 


expatriates, who have generously shared 


their knowledge with Pakistani scientists. 


The Summaries presented by the Session 


Rapporteurs indicate that the presentations 


have covered all issues related to indi-


genous coal. This must nave helped the 


local and foreign audience in having a 


clear perception of the importance and 


potential that local coal carries in meet-


ing ever increasing energy demand and em-


ployment generation requirements of Paki-


stan. 


The present Government attaches very 


high importance to socio-economic uplift of 


the masses through goal oriented economic 


development. The audience of this Confer-


ence shall be pleased to know that the 


Prime Minister or Pakistan has declared the 


greater utilization of local coal as one of 


the action programs for realizing his pub-


licly announced Five Point Economic Pro-


gram. Pakistan needs to expand and diver-


sify its energy base to cater to the energy 


demands of a fast expanding economy. This 


requires large financial and technological 


inputs and above all national determination 


to come up to the challenge. In the cur-


rent Five Year Plan, highest priority has 


been given to the energy sector by earmark

ing 38% of the total size compared to 23%
 

during the previous Plan. The levels of
 

annual development allocations have been
 

closer to the Plan figures. We have been
 

able to make significant progress in the
 

oil sub-sector, where 41 exploration wells
 

have been drilled during the first half of
 

the current Sixth Plan compared to 26 wells
 

during the last Plan period. In the matter
 

of oil production also, our efforts have
 

been blessed with success and we are now
 

producing over 42,000 barrels per day com

pared to an average daily production of
 

10,781 barrels per day during the last Plan
 

period.
 

I hope that multinationals will come
 

forward to make satisfactory contributions
 

in the development of the coal sector in
 

Pakistan.
 

To help early materialization of such
 

foreign inputs in coal, we need to spell
 

out clearly our national priorities and to
 

well delineate the investment oppor

tunities. This Conference has done well in
 

quantification of the energy gaps which can
 

be filled in by indigenous coal and the
 

issues which need to be addressed and re

solved. I am sure it would result in
 

serious dialogue between local and foreign
 

entrepreneurs over concrete proposals con

cerning coal production as well as utiliza

tion.
 

The papers contributed by the guest
 

speakers from other countries have given
 

the Conference participants an opportunity
 

for insight in the economic and efficient
 

utilization of low grade coals, as of Paki

stan. We are thankful for this contribu

tion which has instilled a still greater
 

confidence in us to achieve self-reliance
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in energy. The Government would further 


help in strengthening this conviction 


through exposure of industrialists and 


experts to such facilities abroad, utiliz-


ing low grade coa i for multifareous pur-


poses. 


Apart from paramount socio-political 


consideration of energy autarky and employ-


ment generation, there are other economic 


factors also requiring decreased dependence 


on imported energy. The position of bal-


ance of trade and of payments does not 


allow large scale energy imports on a regu-


lar basis. Under such conditions, it would 


be most appropriate to develop and utilize 


indigenous coal pressing economic
for rea-


sons alone. 


Expansion in coal production and in-


creased industrial utiization, in addition 


to many other inputs require a strong in-


stitutional set up. The weakness of 
 the 


present set up can be seen from the past 


events affecting the coal market in Paki

stan. This set up did not help in the much
 

needed expansion in the local coal market
 

when the international oil prices jumped
 

manifold and it also failed in reacting
 

methodically to a position of oversupply
 

caused by coal having lower production
 

cost. These institutional weaknesses need
 

to be removed if coal is to be relied upon
 

as a reliable sub-sector of the fuel sec

tor. The Federal Government, in consulta

tion with the provincial governments, shall
 

give guidelines for restructuring, which we
 

hope shall be welcomed by all parties in a
 

spirit of broad national interest and out

look.
 

On behalf of the Government of Paki

stan, I extend felicitations and thanks to
 

the distinguished delegates from friendly
 

countries who joined us here in delibera

tions over 
use of our low grade coal. 


hope they had an enjoyable stay in Pakistan
 

and wish them a safe journey back home.
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