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SECOND WORKSHOP

USAID/GOVERNMENT OF INDIA

COOPERATIVE PROGRAM ON

ALTERNATIVE ENERGY RESOURCES DEVELOPMENT

COAL CONVERSION AND BIOMASS CONVERSION

The Second Workshop of this Cooperative FProgranm was helé at
the Maurva Sheraton Hotel in New Delhi, India on
February 4-7, 1985.

The intent of the Workshcp was to review the procress cf the
prcgram during the past year; to encourage U.S. specialists
to discuss with their Indian counterparts the directicn and
future of the precgram; to assess the status of the
individual projects through site visits to the facilities
and add.ess any concerns or anticipated problems in meeting
the objectives of each of the collaborative projects; and to
prcvide a forum for technical exchange Lketwsen U.S. and
Indiarn industry to understand the need for and availability
of technology, products and services in the U.S. and India
in specifit areas of interest in coal and bicmass conversion,

The meeting also led to specific prcject-related discussions
in order to develecp ard/or mcdify wcrk plans for implement-
ing the selected projects. €Site visits were made pricr tc
the Workshop to review the progress made on the individual
prcjects during the past year.

Four areas have been selected for ccllaboration in coal
conversion and three in biomass conversion. The fcur major
coal areas are:

o Fluidized-bed Combustion
o Cas Cleanupr and Separation
o} Coal-water Mixtures

o Coal Clearing



The three major biomass conversion areas are:

o Development of a Village-Level Gasifier
(5 HP) for Irrigation Pumps Eased on
Charred Agricultural Residue

o Utilization of Producer Gas in Small
(3 to 5 KP) Engines

o Development and Field Imrlementation
of Small Wood-Based Gasifier Engine
Systems (5 to 30 HP)

The Workshop sessions included presentations by Indian
scientists/engineers and by 2 few U.S. team members,
followed by panel discussions. At the openirg of the
Workshop, representatives of the Government of India and its
participating units, the USAILC office in New Delhi and USDOE
provided introductory remarks which emphasized the need and
importance of the technology development in meeting India's
energy needs.

During the Workshop sessions, presentaticns coverecd progress
made in the above technologies during the period Ncvember
1983 to February 1985, and the status of specific bicmass
conversion technologies being incdependently pursued in India
by varicus organizations.

At the request cf the Department of Mcn-Conventional Energy
Sources, Government of India, additional presentations in
the area of biomass conversion were made on February 5 by
scientists/engineers from the Indian private sector and
government instituticns.

Also, at a dinner on the first day cf the Workshop, Frofesscr
BR. K. Mazumdar, recently retired Cirector of the Central

Fuel Research Institute in Dhanbad, was honored for his
contributions in the field of ccal science.
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OPENING SESSION - MONDAY, FEBRUARY 4, 1985

do ke k Kk ok kodk ok ok ok

INTRODUCTIONS BY MR. DAN RIENSTOCK (USDOE/PETC)

I am pleased by this large attendance. We have representatives
here at the head of the table from the majcr laboratories

involved in this program.

To address us initially is Mr. Owen Cylke. Mr. Cylke has had a
long distinguished career in the U.S. Foreign Service. Ke is
presently Director of all AID programs: irn India and previcusly
was Deputy Mission Director in Egypt. I understand he is a

strong supporter of energy programs.

bir. Cylkel..l."."..
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MR. CYLKE

I am the Director of the USAID mission in India, which is

co-spcnsoring this seminar with the Department of

Non-Conventional Energy. I am delighted to ke here Lkut
certainly do not intend to make a speech abcut energy -- it is
really not my field -- but I would like to say that the USAID

programs worldwide, and particularly ir India, are increasingly
trying to focus their resources cn areas c¢f science and
technology and their applications to development. Cur prcgram in
Irdia now is deveting perhaps 30% of its envire prograr to the
technology side. We would be anxious to dc even more. There is
nc question but that alternative energy, non-conventicnal,
opportunities suggest ways that science and technology can he
applied to development paradigm in a concrete and cirect way,
rore so thar in many other areas. And so we have a special
interest in this area, not only for its content but for the
leadership it can give and the insight it can give to other areas
where science ccllaboraticn can take place. We have lLeen
traditionally working with ICAR, with ICMR, with the Departnent

of Science and Technology with successful science prcgrams over



the years. What strikes us about this program, however, is its
opportunity to really come to grips with a problem which can make
a difference in people's lives, particularly in the countryside
in India. And it is for this reason that we have given such
strong support to this program, and we would intend to continue
such support. Over the last five years we have organized twc
programs with the Department of Non-Conventional Energy and we
are currently discussing a third program which will contirue
support for tbhis kind of workshop and other prcgrams of this

nature.

Faving said that, my role here today is really just to wish you
good luck in this conference and to make a commitment that US21ID,
for its part, feels very strongly akout these kinds of programs,
is cpen to new ideas and certainly open to expanding its
involvement ir these kinds of areas if ideas such as that should

ccme frem this conference.

Thank vou.

Jod de do ok Kk ok do ok ok

Thank you, Mr. Cylke. Cur next speaker is Mr. Maheshwar Cavyal.
Mr. Dayal is Secretary cf the Department cf Mcn-Conventicnal

Energy Sources. PFricr to this, Mr. Payel served as President of



a Science Commission of UNESCO and as an Alternate Coverncr of
the Bcard of Governors of the International Atcmic Energy
Authority in Vienna. FHe was also asscciated with the design and
construction of the first nuclear reactor in India, Apsara,

alcng with Dr. Bhabha, and was also in charge of India's first

nuclear power station at Tarapur.

Mr.Dayal....cieeeaes

d*kkkkkkkkk

MR. DAYAL

It gives me great pleasure to participate in the opening of
this Second Workshop which is keing held as part of the
bilateral India-US scientific program relating to energy
development. The Department of Non-Ccnventional Energy Sources
is coordinatirg the implementaticn of the Indian side of this
half of the Department, I would like to extend a cordial
invitation to all United States and Indian participants in this

Workshop.

The main topics covered by this Workshop, coal conversion and

hhiomass ccnversion, reflect certain commcn scientific interests



cf Indian and U.S. specialists in the field of erergy. The
specific projects in the areas identified for cooperaticn would

Le of considerakle significance to cur lcng-term energy economy.

While India would appear to have large coal and biomass rescurce
endowments, these are not very large in per capita terms.
According to an estimate, India's total fossil fuel rescurces
including coal are only about 1/90th the per capita rescurces cf
the Unitec States and 1/140th those of the U.S.8.R. So far as
bicmass is concerned, we are deeply conscious of the growing
denudation of our forests. The need for reversing this trenéd and
rrcviding a green biomass cover on our wasteland is absclutely
paramount. Taking into account the growing population ané its
vast needs, the need for efficient conversion and utilizaticn of
all available energy resources becomes obvious. Impcrtance ané
rotential role cf new and renewakle energy scurces in the Indian
energy scene were recognized in 1980 when a specific prcgram for
implementation during this five year plan was prepared and
recessary allocaticns made. Government's commritment to this area
was underlined when the Commission fer Additional Sources cf
Erergy was set up in 1981, follcwed Ly the creation of a
full-fledged Cepartment of Ncn-Conventicnal FEnergy Scurces ir
1982. This interest has beer recently reaffirmed in the approach
tc the sewventh five year plan. While the detailed program ard
physical targets for the seventh plan have nct yet been

finalized, a major expansicn in the programs can definitely ke



expected and, not only is it to be expected, but as has been
remarked by Mr. Cylke, this is a prograr which has the promise of
making an immediate impact on the quality of life of vast

millions c¢f our people, particularly in the rural areas.

The area of bhiomass production, conversion and vuvtilizaticn forms
one cf the important seagments of the activities cof the
Department. Work on identification and experimental cultivation
cf quick-growing species of trees has been identified in recent
vears ané intensified. We have recently approved twc projects
relating to the producticn of woody bkiomass on sub-standard soil
in arid and semi-arid regions for implementaticn Letween Indian
and U.%. scientific organizations. Work in this connecticn has
become urgent in view of the resclve to develop and reclaim
wastelands. The Prime Minister has recently announced the
establishment of a wasteland development bcard with the okject,
amcng others, to reclaim about five millicn hectares of land per
year. The various concerned departments in the Flanning
Commission are presently giving shape to this prograr which
presents both a challenge and an opportunity. As I estiratec in
a paper prepared early last year, even if one-fiftbh of the
estimated 18 millicn hectares of barren wasteland can ke ccverec
Ly an erergy pilantaticn con power program, a generaticn capacity
of about 48 thousand megawatts can be created, which is mrore than
the entire installed electric capacity in the country today from

all thermal, hydrc and nuclesr socurces put together.
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Furtherrcre, large areas cf denuded land would be provided with
green cover, fuel wood and fodcder potential. The power from such
rlantaticns would be made available from a number of
decentralized locations, thus minimizing transportation and
distribution costs. About a thousand hectares cf land can
prcvide about I megawatts of power besides prcoviding fuel wcod or
charcoal for the cooking needs cf 125 to 150 families. This
could also prcvide substantial emplcyment and raise rural
incomes. Investment on such projects could be as lcw as Rupees
12 thousand cr roughly $1000 per kilowatt. Furthermore, there
are substantial amounts of wcod and agricultural wastes of
different types. The development of suitaktle gasifiers and
engines which can operate on biomass fuels would obvicusly be
needeC in any program for increased utilization of hiomass
resources. It is in this context that the three projects

presently being funded under our Indo/US prcgram assume

significance.

As there will be comprehensive reports on the progress cn these
prcjects in this Workshop, I do not wish to go into details. I
woulcd only suggest that the Indian and U.S. teams make every
effort to achieve the obijectives of these projects in the
shcrtest possible tire. We expect a large program foar the
deplcyment of the hiomass gasifiers for water pumping and power
gereraticn during the Seventh Flan, and it is therefore necessary

to achieve technolcgical readiness as early as possible.
Y

11



DNES has alsc taken up a progranm for the demcnstration and
propagation of improved wood stoves with the view toward reducing
the pressure cn existing biomass resources. This progranm which
is a little over a year old aims at the installation of 500
thousand improved wood stoves throughout the country and
converting 5000 villages into "smokeless" villages in this
financial year itself. These figures are to he upscaled tenfold

during the Seventh Five Year Flan.

Zmong cther important bio-energy programs of the Department are
those relating to draft animal power and utilization of urbar
wastes and, of ccurse, biogas. We have estimated 80 million wcrk
animals, whcse ccmbined contributicn to the total energy
consumption probakly matches the contributicn of the entire
installed electrical capacity in the country. India is cne of
ten countries in the world which is taking up scientific study
aimed at a more rational utilization of draft animal power. GCur
rrcgrams for the utilization of urban wastes include an
incinerator plant Lkeing set up in Delhi which will treat the
municipal wastes cf the area, and also generate more than 3
megawatts of power. Apart frcm that, there is a very ambitious
prograr for setting up sewage cas plants ir several towns. A
string cof sewage treatment gas generation and utilization
projects in the towns along the river Ganga are already rlanned

in some details and tnis we hope wiil start getting implemented



very shortly along with the other plans for the control of
pollution along the Ganga, of which you must have heard since
there is very great high-level interest and a Ganga Authority is
also now going tc ke established. The establishment of plants
kased on pyrolysis cf urban wastes and the extracticn of energy
from landfills in cities is alsc envisaged during the Seventh

Flan.

Now, coming to biogas, it is well-known that India is among the
countries that have picneered the production and utilization of
hiogas from animal wastes. About 400,000 such plants have
already keen installed all over the country and an expanded program
cf installation of one and a half willion plants over the rext
five years is proposed in cur druaft proposals for the Seventh
Five Year PFlan. In the current financial year, 150,000 bioagas
rlants are being installed under the DNES procram. These plants
wil) yield an annual return of Fupees 500 million in fuel and
fertilizer equipment. A relatively novel concept heing tried cut
during the past few years irn Indis relates to the installaticn of
digesters with the capacity of 45 cubic meters and akove for
community and institutioa bicgas plants. More than 200 such
plants have keen apprcved for installation in different locations

and several are already functionirg.

Apart from bio-energy, the other mecst impcrtant renewable erergy

rescurce in India is sclar erergy. We all know that most parts

13



of India are well endowed with solar installations and receive S
to 7 kilowatt hours per square meter for 250 to 300 days of the
year. Solar thermal as well as sclar photovcltaic technoleogies
are of ccnsiderakle relevance in this context and we have a very
substantial program of research and development demonstration and
utilization presently underway in all of these areas. The
research efforts cover materials such as selective coating, solar
collectors and concentrators, prime movers, thin film amorphous
and other types cf solar phctoveltaic devices and systems for
varicus applications. There are 30 to 40 ongcing research
projects in each area relating to thermal and photovcltaic

technologies.,

In the current year, we have started a program for large-scale
deployment of solar thermal systems such as water heating units,
dryers, desalination units, timber kilns, etc. The Central
Government is encouraging the installation of such systemrs
through a variety cf technical support measures, incentives and
subsidies. The response from industrial, ccmmercial ané other
organizations to these measures has Lbeen extremely encouraging,
and socn we shculd be having hundreds of such systems operating
all over the country. It is estimated that the units that will
be installed in this financial year will save more than 50
million units per vear equivalent of electricity. Studies
indicate that substantial savings in ccnventional fuels, such as

coal or oil, are possible when sclar thermal systems are utilized

14



as a supplementary scurce in a large variety of applications.
For the individual users, DNES has been prcmoting domestic solar
water heating units, which are just starting, and solar ccckers.
All these have led to the estaklishment, I am happy to say, of a
gooc¢ industrial kase which enakles the manufacture, assembly,
installaticn and servicing of a variety cf sclar thermal systenms

all over the country.

Just a brief wcrd about photovoltaics. DNES has direct
responsibility for programs leading tc the development,
production and applicaticn of solar photovoltaic devices and fair
progress has keen achieved in this area in the Sixth Flar. The
program seeks to establish pilot scale production facilities
tased on locally developed technclogy, and to develop and
demcnstrate systems for a variety cf applications. Producticn of
photoveltaic cells, modules and systems is now underway at two
units -- Central Electronics Lirited and Bharat Heavy FElectricals
Limited. Among the systems successfully demonstrated in India
are water pumping systems for irrigaticn ané drinking water
supplies, community radic and tv sets, street lighting units,
power supplies for offshore platforms, microwave repeater
stations, etc. A major program taken vup in the current year
relates tc rural electrificaticn through sclar photovoltaics.
Uncder this program street lighting units are being installed inr
over 200 villages in asscciaticn with the Rural Flectrificaticn

Corporation, State Electricity Bcards and renewalle energy



agencies in the states. Within a few mcnths, over 40 villages
have already been provided street lighting powered ky solar
phetovoltaic systems. Consicering the fact that there are at
least ten thousand villages in the country where it will le
almost impossibl: or very expensive to supply electricity in the
conventional manner in any foreseeable future, we expect that
there will be good sccpe for the employment of photovoltaic
devices in the country. The feasibility of such applications is
particularly interesting in situvations where the loads are small
and the locations are distant from electricity grids. FBowever,
the future demand for photovoltaics is heavily dependent cn
achieving sukstantial ccst reductions and improvement in
efficiency. We hope that irproved and new technology such as
amorphous silicon-kased photovcltaics will develop adequately

within the next few years.

2s ycu perhaps all know, an inteqrated energy system was
conceived and installed in 1982 at Masudpur village near Delhi,
and it has been very interesting to see the impact of this
relatively modest project, which has already started¢ showinag
results in improving the quality of life for the wiole village.

I would like in this connecticn to make mention of another
integrated enercy project which is takirg shape under the Inde/CUS
program at Szlojipally village in the Medak District of Andra
Fradesh. This particular proiect is being implemented with

support fror the USAIC and the DNES. The Lkicges and photovcltaic
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device components in the village are already operational; in
fact, Salojipally village became the first village in the country
to have svlar-rowered streetlights. Today there are four pumps
operating on photovoltaic power and these are prcvidinc
irrigation facilities in a village which never had such service.
In addition, community tv and radio sets have been operating for
some time and are now an integral part cf the village
environment. The solar thermal ccmponent of the power generation
project, amounting to 22 kilowatts, is expected to be completed
some time this year. Cn the whole, the Salojipally project
provided a valuable oppoxtunity to Indian and US scientists to
gain experience in system design and integration and field level

evaluaticn.

Another project under the Indo/US program relates to solar crop
drying. This has Lkeen quite successful, and it is felt that the
desic¢n of sclar crop dryers for rice developed under this project

can be ccmmercialized very soon.

Cther important decentralized energy scurces are small hydropower
and wind erergy. We have established an alternate hydroerergy
center at Roorkee which is preserntly collaborating with a United
States university in the development and installation of small
hydrogenerators and new control devices with varying load and
hydrc systems. A wind energy center set up under the Department

in Allahakad and another center being estaklished in Bangalore

17



will take this area further forward we hope in a vigorcus
fashion. 2 prograr for the demonstration and large-scale
installation of water purping windmills is already under
implementation. Most recently, the Department has commenced
action on the procurement of wind electric generators and the
establishment of wind pumps. Two megawatts of wind pump capacity

are likely to be installed within the next few months.

DNES is alsc funding an R&D program in the area of
magnetohydrcdynamics power generation with the cooperation of
Bharat Keavy Electricals Limited and the Bhabha Atomic Research
Center. A pilot project based on coal with a thermal input
capacity of 5 megawatts is nearing completicn at Tiruchirapalli
adjacent to the BHEL major complex. Future large-scale

utilization of this technology will depend upon the develorment

of appropriate coal gasification and combustion technoclcgy as

well as the other systems and subk-systems such as magnets,

plasma channel, etc. We have therefore a very direct and

close link with the other programs relating to improved
utilization of coal and improvements in the efficiency of ccal, which
is the other part of the team present at the workshop. In this
connection, some of the work that is being done, for example in
fluidized bed boilers, has very considerable significance not ornly

in terms cof better utilization of Indian coals with their high

18



ash content but also for their possible fallout and applications

for the utilization of agricultural wastes. It is very well-

known that very substantial amounts cf surplus power could be generated
frem agricultural wastes of existing farms and existing

agricultural operations by the utilization of improved types of
bcilers, by the use of reheat from the flue gases, and also ty

other new technologies which woulé enable much higher

efficiencies and also provide surplus power fcr the neighktorirg

netwcrks,

There are lots of other exciting programs relating to energy from
the oceans, chemical sources, hydrogen, Lattery pcwered vehicles,
etc., but shortage of time doesn't permit me to cover all of these

topics.

I would perhaps, however, show three or fcur slides tc point up

ny presentation, which might be ¢f some interest.

This is a picture of the Saloiipally project photoveltaic
installations, the panels providing a small local pcwer unit --
as it were a micro-micro central power station -- which is a
village-level power station. Tris is the advantage of scme of

these systers.

This is alsc at the Salojipally proiject =-- cne of the outlets

frem the photoveltaic power installatior, where a pump is being

19



run from the power obtained from the sun directly above the head
of the village, without having to depend on the vagaries of the

arid.

Now, this is another part of the project which has been set up.
What is being seer in the background is a large biogas plant and
ir the foreground a bicgas-cperated pump. So the animal and
human wastes of the area can also be utilized for generation of
eneray and power. This can serve and is serving the village

needs.

Tris is not Salcjipally, but I thought it might bhe irteresting to
show a slide of a solar-lit village near Delhi called Achheja.
You see the street lights are transformirng life irn the village.
which never had electricity since the dawn of history. Ncw

they are getting it from a resource which is right above their

own heads.

This is a solar-powered television in the same village and
demonstrates, of course, the enormous hore for improving the
quality of life and getting instructicn in other inputs into a
village scene ky very mcdest investments in power. Televisicn
takes cnly akout 40 or 60 watts cf power and cne can provice a
mecium whereby ideas, education, literacy prcgrams, all kinds of
cultural and other inputs can ke brought into the homes cf the

villagers themselves by using solar energy, a resource available



in abtundance.

2 part of the program that I mentioned -- improved wood stoves.
This is one of the village ladies who has made some of her own
slight modifications to further improve it, and this is now beirg
adcpted in very wide measure. As I menticned, there are

20 some models cf these stcves which are being propacated.

but sometring like 500 thousand of these would be irstalled this
year, resulting in a savings of more than 4 lakh tons cf

wood a year, which is equivalent to scmething like 16 crores cf
rupees annually. This is the sort of impact one can make with a

relatively modest improvement.

Another such improved stcve. This is the fixed model ~- the
other was a pcrtable model. This also not only improves
efficiency of wcod use and cuts the fuel wcod consumpticn by half,
but also reduces smoke to almost zero levels and that has its own

great advantage.

This is just a picture of the biogas unit at Masudpur where we
are alsc adopting certair integration cf scolar enexagy. What vou
csee here is what we call a sclar cancpy on the bicgas unit which

improves its yield, particularly in the winter months.

This is a picture cf the fertilizer which comes cut as a

byprocduct of the hiogas and, in this particuler cese, the
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fertilizer is being dried and packed. This can ke a very good
scurce cf fertilizer for improving crop yields in horticulture
and other purposes. So one can see the wide impact in the

demonstrations of these prcgrams.

Now, I woulé like in conclusion to menticn t. at we are very
happy to once again welcome cooperation with our scientific
colleagues in all parts cf the world -- in this particular case
the Urited States. The programs that have keen going or in this
particular field have keen in many ways an example of the way we
can cooperate in a mutually advantageous fashion. It is nct a
question of great import cf technology or large ccmmercizl deals,
but this particular question of joint work by scientists on both
sicdes is cne which can yield results which are very interesting
and of great advantage and very satisfying to scientists con both
sicdes. I feel that, the more we can do to enalkle working
scientists to come together and dc work of interest with a
rminimum of bureaucratic and procedural obstacles, the hetter it
will Le and the more satisfactcry cur werk will continue to be.

I have every confidence that this, in fact, will contirue ir this
fashion and we shall start getting more and rore restlts and nore

and more applicaticens in the shcrtest possible time.

Thank you very much.
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Thank you, Mr. Dayal, for a most interesting and thorough review
of India's alternate energy program. I would like this audience
tc kncw that the complete text of this morning's presentations and
all the technical presentations following will be incorpcrated in
Proceedings, which each cf you will receive shortly after mv

return to the States.

Cur next speaker would have been Mr. Varadarajan, who is Director '

General of CSIR, but unfortunately he is ill.

The next speaker was to have been Mr. Puri, Chairman of BHEL.
However, although he desired very much to come, he is now in
Europe and, in his place, Mr. Sridhar will make the presentaticn.
Mr. Sridhar is presently the Technical TCirector of Bharat Keavy
Electricals Limited. He has held severzl respcnsikle positions
in BHEL. He was General Manager of the Trichy plant from April
1876 and later became the Executive Director in charge of BHEL's

Cverseas Froijects Division.

I would like now to introduce Mr. Sricdhar..veceseoces

khkkhkkkkkkk



Mr., SR1DHAR

1. INTRODUCTION

Dr. Dayal has very aptly covered the vericus areas cf
nori-conventional energy scurces which our country has so far
develcped ané what plans it has elong with USAID and other
agencies all over the world. It is now my privilege tc present
to you the other areas for which all of ycu are assembled here for
the next two days --the conversion cf fuel and other fossil
energy scurces through varicus means of transformaticn to energy,
what BHEL has achieved so far, what are its ongoing plars and
what are its futuristic plans. T am very happy to say that in
the last twc years the BHEL R&D prcgrams, both in the ccnversion
of fossil energy scurces as well as the non-conventicnal energy
scurces -- whether they be magnetchydrodynamics or the solar
photovoltaic develcpment =-- have had a very good push, thanks to

Cr. Maheshwar LCayal's unstinting support.

Before proceeding with some of the details of my presentaticn,
for the kenefit of thcse of cur distinguished visiteors frem US2ID
fer the first time, I would@ like to touch briefly upon what BHEL
is. Bbharat Heavy Electricsls -- BHEL -- is the larcgest

engineering ancd manufecturing company in Irdiaz and is committed



toc meeting the energy reeds of the country. BHEL's share in the
total power generating capacity installed in India has risen from
& mere 2% in 1971 to 55% in 1983. In fact, BHEL's share in the
additional capacity installed in the vear 1583-84 was ¢1%.
However, considering that the world average per carpita
censumption of electricity is 1884 kilowatt hours and that the
corresponcing figure ir India is orly 192 kilcwatt hours,; the
sccpe for further growth in installed capacity in Irdia is
consicderable. Hence, BHEL has a very heavy responsibility in
fulfilling its role, for which it was set up by the

CGovernment of India 20 years back. All efforts are accordingly
teing macde by BHEL to improve the reliability and efficiency of
the power generation urnits, apart from developing techneclocies
for cdeveloping cheaper scurces cf power and converting it for the
ultimate end use. Focssil fuel energy research and development programs
at BHEL started in 1974. Today the company is vigorcusly
pursuing these prcgrams at two of its centers -- the bciler
manufacturirg plant at BHEL Trichy and the corpcrate research and
development division at Hyderabad. The okjectives of these R&D
prcgrams are: first, develcping other fuels as substitutes for
0il for the hoilers as well as the systems; second, irproving
the perfcrmance of the existing power plants; third, developing
advanced coal-hLesed power generating systems; fcurth, developing
systems suited to the high-ash highly akrasive coals that are
tsed in India; five, utilizing biomass and cther waste fuels; six,

assimilating data cn fuels, related equipments and technclcgies.
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FOSE1L FUEL SCENARIO IN INDIA

2.1 Coal and Licnite

In India, coal is the majcr fossil energy used for pcwer
generation. It has registered a ccmpounded grcwth of nearly
8% per annum, and is expected to grow from 50 million tcns
in 1982-83 tc 200 millicn tons by the end of the century.
The total coal resources in Irdia are estimated at 112
billion tons spread over 53 coal fields. The quality of
coal, however, is far from consistent. 2s muclt as 40% of
the rescurces contain nore than 32% ash, which is
homogenecusly ingrained along with the organic matter.
Eesides, arcund 1185 millicn tons of ccel as found in f&ihar
are ¢f lcw vclatile content, having less than 1€%, and akcut
2500 million tons founc in 2ssam are of highk sulfuxr

content, varying frcm 3 to 7%.

There are alsc & few fields which yield ccal centaining
mirerals of lcw melting point. Accordirg to an estimate
rade in 1982, the production of washery redjects, that is,
the coal ccntaining about 60% ash -- from the cokirg coal
and non-coking cael washeries -- was cf the order of 15

million tecns per annum ané 4.2 million tens per annum
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respectively. About .4 millicn tcns of washery tailings
were also produced. This is just to give ycu an idea cf the
various types of ccal -- the good, the bad, the ugly --
teing mined all over the country. This is the coal for
which the technology has to be developed for conversion to
pcwer generaticn at the most optimum and competent

prices. The R&LC programs of BHEL are tailcred to achieve
optimum utilization of the afcrementioned varieties of coal,

lignite and washery by-products.

2.2 0il

In India, due to an aggressive crude oil exploration
program, there has been a comfortakle growth in the
irdigencus producticn of o0il and gas. Projected demand for
indigencus production of crude cil can ke found in the
handout which Mr. Rienstock menticned in the form of a

table (Table 1), sco I will not touch much upon that. However,
the gap between the demand and the indigenous producticn
necessitates continued research on o0il substitution systems.
Whatever the increase in o0il producticn which we have
achieved or which is in the plan, there will ke a continued

gap between the demand and indigenous producticn.

2.3 DbBiomass



TABLE I: DEMAND FOR AN INDIGENCUS PRODUCTION OF CRUDE OIL IN INDIA
Crude Gil Crude Cil Crude GCil
Cemand Froduction Production
Year (Mill.Tonnes) (Mill.Tonnes) (% of Demand)
1984-85 41 29.6 72
1989-90 57 40.0 70
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Today the total consumption of non-commercial energy scurces
in India is estimated at 190 million t-rs of coal
equivalent. Out of this consumption, agricultural waste is
estimated at 43 millicn tons of ccal equivalent. The forest
residues, the aquatic biomass, the municipal wastes account
for the rest. Optimum use of biomass would gc a long way

toward solving the energy problem of the country.

STATUS OF R&D PROGRAMS BEING PURSUED INDIGENOUSLY

3.1 Ongoing Frograms

With this kackground of the conventicnal and
ncn-conventional -- I will not touch vpon the hydro porticn --
energy resources available in India, T would like to briefly
touch upon a few of the ongoing R&C programs which are

currently going on at BHEL.

3.1.1 Atmospheric Pressure Fluidized Bed Bcilers

First and foremost is the develcpment cf the
atmospheric pressurized fluidized bed boilers. BHEL
has ccme a leng way since 1975 when the first work cn
the fluidized bed combustion boiler was started or a
small 10 tons per hcur prototype hoiler. I am happy tc

say that our fluidized bed technology is almcst crn a
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par with whatever has heen developed anywhere in

Furcpe or the United States. A test rig of .5 x .5 mm
size is also available for conducting combustion
studies on various fuels. Regular fuels, starting from
washery rejects containing 706% ash, bituminous coals cf
25 to 50% ash, biomass fuels such as Lark, busks,
tagasse, sawdust, paper sludge, spent Lbagasse,

sclvent residue and spent ligquor have been

successfully fired in this FEC setup at our beiler

plant at Trichy.

I will go on in my paper to discuss the startup of the
various FBC projects undertaken by BHEL. WWe have so
far designed and manufactured a process Lkoiler of &
tons per hour for a distillery; & hoiler of 45 tons per
bcur for a chemical plant; & fluidized bed hot gas
generatcr replacing cil with coal; a converted
stoker-fired boiler using bagasse to a fluidized bed
boiler; hot gas gererator with husks as the fuel;
conversion of an oil-fired marine engine to cecal at 15
tors per hour. The ds.atms oil-fired marine boiler has
hheen converted to coal using the fluicdized bed
technique; & ten megawatt utility bciler has Ekeen
ordered by the Tata Company for the captive power
plant for the mines using washery reijects ccntairing

70% ash. This hoiler, cf ccurse, is still in the
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stages of manufacture and we do hope that in the year
1985-86 -- that is, around this time next year -- this
boiler will ke working at one cf the mines near
Jamshedpur. A 35 tons per hcur utility beoiler using
bagasse is also on the anvil; the biggest of course is
a 60 tons per hour utility boiler fcr & paper mill on

the West Ccast using coal, again on the anvil.

Sc we hope all these toilers, the two biggest ones a 10
megawatt for the Tata Iron and Steel Ccrpany and a 60
tons per hour for the Vest Ccast paper mill, using the
worst possible coal, will be running by Cecembter 1286,

Takle II summarizes the status of the varicus FEC prciects.

3.1.2 Cil Ccnservation in Pulverized Coal-Fired Boilers

The next major RsLC project which BHEI. is ambitiously
pursuirg is the conversion of oil-fired to the
pulverized ccal-fired beoilers, which are the mein scurce
of power generation ir the country. The petroleum

fuels are used in the pulverized coal boilers for

boiler warmup and alsc for lcw-lcad flame

stabilizatior. 1In view of the uncertainty of the
quality cf the coal, the meintaining of the o0il flame

as a support for the stabilization of the coal flame is

cecesting us quite & lot of oil. For effecting vil
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TABLE II: STATUS OF THE VARIOUS FCB PROJECTS UNDERTAKEN BY BHEL
Commissicning
S.No. Date Type of Wcrk Fuel Ratings
Currently Operating
1. 1980-81 Process Boiler Coal 12 tph
(Steam)
2. 1982-83 Process Boiler Coal 45 tph
6
3. 1983-84 Hot Gas Generator Coal 7x10
kcals/h
Currently under Execution
4. 1984-85 Conversion of Bagasse 20.5 tph
Stoker 24,5 ata
340 deg.C
6
5. 1984-85 Hot Gas Generator Husk 0.8x10
kcals/h
6. 1984-85 Ccnversion of Cil- Coal 15 tph
Fired Marine Boiler 45 ata
400 deg.C
7. 1985-86 Utility Boeoiler Washery 56 trh
(10 Mw) Reijects 24 ata
400 deg.C
8. 1985-86 Process-cum- Ragasse 2x35 tph
Utility Boiler 64 ata
485 deg.C
9. 1986-87 Frocess-cun- Coal 6C tpbh
Utility Boiler 40.5 ata
400 deg.C
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conservation in such boilers, we have undertaken the

following programs:

(i) Boiler warmup ignition and flame stakilizaticn with
loew calorific value cecal gas. This demonstration
project is at the peak cf its execution in one cof

the 60 megawatt power stations ir or near Madras.

(ii) Low load flame stabilizatieon by using a split cecal
nozzle. This we have successfully demonstrated

at a power station in Haryana State.

(iii) LCirect ignition of pulverized ccal has

reached a state cof ccmmercialization.

We have a prcject at a nunker of power staticns where,
except for the startup, the total support cf{ oil for
the flame stabilization-can ke *totally eliminated by
the irntrcduction of direct ignition of pulverized coal.
We are negotiating with cne or twc electricity bcards

tc install it in their power stations.

The validity of the concept of boiler warmup ignitien
and flare stakilization with low calcrific value coal
gas was successfully demonstrated in a wall-fired 3¢

tons per hcur, 400 deg. C, 4C atm lkoiler at ore cf our
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manufacturing plants at Hardwar. With the financial
support of the Ministry of Energy, the Government of
India, the demonstraticn project for the twc 60 MW
boilers at Ennore Thermal Power Station are in the

early stage of execution.

Regarding the lcw load flame stabilizaticn using the
split coal nozzle which we have demonstrated. we

find that, with the normal boiler lcads while burning
coals with low volatile matter content, oil may be
required as a support fuel for stabilizaticn even at
high loads. To obkviate the need for such support fuel
for the flame stabilizaticn, we introduced the split
coal nozzle about three years back. With these coal
nozzles, the coal flame has been stabilized without any

0il support up to loads of about 35%.

The successful application cf the high energy arc
ignition to oil-fired systems developed by Combustion
Fngineering, who are collaborators cn the BHEL boiler,
led to Combustion Engineering and BHEL applying this
same concept to pulverized coal-firing as well. To
test the suitability of such ar ignition system for the
high ash coals available in India, we are currently
installing a simulated setup of 21(C megawatt wind-box

0il compartment. Initial trials cn the dense phase
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transpecrtation of coal, ignition of coal by high eneragy
arc in the laboratory setup have been successful. The
complete simulated test facility is expected to ke

commissioned by March of this year.

3.1.3 Pressurized Fluidized Bed Combustion Boiler

The coal combustion studies in the pressurized
fluidized beds are being carried out in a test rig of
200 mm diameter for the Corporate R&D Division of BHEL
at Hyderabad. Coal model studies for the development
cf rotary flow cyclones for application under high
pressure and high temperature conditions are also in
progress. The pressurized FBC test rig for burring 500
kg per hour of ccal and its asscciated gas cleaning
system.are under erection.

-

3.1.4 Combined Cycle Demonstration Plant

Another very ambitious project to make use of our poor
quality of coal is the combined cycle cdemonstraticn
plant, which I co hope bty November of this year wculd
be fully commissioned. The kasic objective of the
coal-based combined cycle plant is to improve cverzll

efficiency of power generation and eliminate the
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combustior and ercsion problers encountered with the
coal-fired boilers due to the high ash coals availakle
ir India. We believe that ultimately the scolution in
India for pcwer generaticn will be the use the hich-ash
high-abrasives cocals. The quality of the coal,
according to the information we are continuously
receiving from the Ministry of Energy, is hound to
deteriorate further. As it is today, ltecause cf the
poor quality of coal, the pulverized coal firing
capacity is not sufficient to generate the full power
for which the boilers and turbines are meant. In fact,
the Ministry of Energy has recently asked us whether we
can do sometling by way of supplementing the generation
from coal by firing oil, or by coal-oil slurry. Until
recently we were not very keen on doing any research on
the coal-o0il slurry as we are concentrating more c¢n
coal-water slurry. But, because of this recessity that
has come up, supplementing the coal-fired generation
with 0i] in all of cur existing power stations, we are
sericusly thinking whether scme work shculd be startec
with US2ID. I discussed with Dr. Eiernstock a few days
Lack whether anythirg could be done c¢n firing coal-cil
slurry in our coal-fired boilers at the utilities. Sc
we believe that ultimately, after 1590, this combirec
cycle demonstration plant, which can give us an

efficiency &s hich as 38 to 40% and which can make use
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of this pcor quality of coal, will ke the icdeal
technology in India. Accordingly, several projects were
initiated in these ccmbined cycle demonstration plants.
The basic object of a coal-based combired cycle plant is
to improve the overall efficiency of power c¢eneration,
and to eliminate the combustion and erosicn problems
encountered with cocal-fired bcilers due to the high-ash
coals available in India. BHEL is currently executing
at its Trichy unit an inhcuse R&D demonstration prcject
on a combired cycle power plant cof 6 MW capacity, and

it is expected to be commissioned by June 1985. The
demonstration plant would be based cn a fixed-bed
nasifier, capable of operating at 10 atm pressure with

a coal throughput of six tons per hcur, the cas turbire
with dual-firing capability which could generate 4
recawatts of pcwer. The exhaust from the gas turbine
wculd be used to generate an additional 2 mecawatts of
power using the steam cycle. The fixed-bed gasifier

has keen totally designed and developed by BHEL. To
this atmospheric fluidizaticn facility we are lazter on
propcsing to add, in the course of the next three years,
a 200 tons per day pressurized gasiiier sc that

the two would run parallel.

3.1.5 Magnetohvdrodynamics System

37



As Dr. Davel already mentiocned, in the area cof
magnetohydrodynamics the 5 megawatt thermal input
pilot plant is under the final phase cof commissionirg
at Tiruchirapalli. This plant has keen funded Lky the
Department of dMcn-Conventional Energy Scurces, the
Ministry of Energy of the Government of India, and is
teing jointly executed by BHEL and the Bhahha Atomic

Research Center.

These are some of the ongoing proljects on coal

utilization which BKFL has keen executing.

3.2 New Programs

Some futuristic R&D programs which we want to undertake are
the dévelopment cf the circulating fluidized bed comlustior
technology sc that we can upgrade frcm our existing
capability of 30 megawatts to about 6C megawatts, ash
agglomeration furnace which I will briefly touch upon,
coal-water slurry combustion and, of course, the latest idea

that has struck is the ccal-cil slvrry combustion.

The first phase c¢f the circulating fluidized ked combustion
project is aimed at developing the sclid recirculaticn ir a
flvidized bed, for which a cold model test rig has Lkeen set

up. The hot mcdel and the pilot plant studies will bhe taker
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up during the next phase. In the meanwhile, technologies
availakle from akroad are reing scarned for developing
boiler capacities or 60 megawatt and higher using the
circulating fluidized Led techniques. Mcst of the proklems
cf power stations in Xndia are attribkuted to the ercsion cf
rulverizers, the boilers and the conveying systenm, and
inadequate stabilization of the flame, &lso attributable to
the high ash content of the coal asveilabkle in the country.
To overcome these problems, it is planned to develop an ash
agglomeraticen furnace in which only crusheé coal is used and
the entire ash, or a substantial portion of the asbh, is
removed in a molten form so that the rest c¢f the boiler, the
ID fan system, and the electrostatic precipitator are free from
the hich ash that is passing through them. A test ric to
burn 14¢ kg per hour of coal is uncder construction. Scme
success has keen achieved in obtaining stabilized coal-water
slurry and firing it in a fluidized ked ccmbustor, and
further vicrk with our atomizer burners is teing planned and
the subject will be cdiscussec¢ in detail ir the next twe

days.

STATUS COF R&D PRCGRAMS REING PURSUED JOINTLY WITR USAID

I woulé like to briefly touchk upon the status cf the R&D

prograns being pursued jointly with USAID. My cclleagues

whc are here will be presenting detailed papers on tkis
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today and tomorrow, but I will just briefly touch upon them.

4.1 Ongoing Programs

BHEL and USAID have jointly undertaken the following

R&D programs. First, the evaluation of freeboard
performance in a fluidized bed combustor, writing of

the design of a 30 megawatt fluidized bed combustion
boiler developed by BHEL which we are trying to
commercialize, combustion studies on the coal-water
slurry, and the development of the hot gas cleanup.

The spadework regarcding the prcject on the evaluation of
freeboard performance in a fluidized bed combustor is
complete. The instrumentation and control, including
the data acquisition system to be supplied by USAID, have
been finalized and this will be shipped to India very
shortly. The test rig is being set up at the boiler
plant at Tiruchirapalli and is expected to ke
commissioned by April 1985, USAID has also deputed one
engineer from Oak Ridge National Laboratory to work

with BHEL engineers on this project. The engineer has
so far made very appreciable contributions to this

project.

The design package for a 30 megawatt fluidized bed

combustion boiler is to be handed over to the engineers

of the Tennessese Valley Authority after the conclusion
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of the Workshop.

Regarding the combusticn studies on the coal-water
slurry and the development of hot cas cleanup system,
the work planned for these projects has been completed
and the necessary approvals obtained. As part of the
first project, CFRI of India is also associated while,
on the second, RRL of Hyderabad is alsc associated. It
is expected that during the year 1985-86 these twc

projects will make substantial prcgress.

Proposed Programs

I have teen talking to Dr. Bienstock about some more
vropcsed programs on which BHEL would like to explore
the possibility of taking up joint work with USAID in
the following areas: (i) a 3C megawatt fluidized bed
combustion boiler demonstraticn plant after the design
is completed and we get the assistance of USAID. The
next phase is to put up a demcnstraticn plant scmewhere
in India to burn this high-ash coal. Cther mentioned
areas incluvde (ii) reirculatirg fluidized bed

combustion boilers for larger capacity units.

As I said earlier, BHEL is not just engineering and

manufacturing the boiler slone. BHEI is also in the
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total energy business cf converting the basic energy
from the source to the ultirate utilization point. We
also make the turbines, generators, transformers and

whatnot.

¥iith this backgroﬁnd in mind, we want to take up if
possible with USAILC a total system developnment. The
fuel is to be converted to heat energy either through
fluidization or gasification, whether it be cval, rice
husks, bagasse or the coal washery reijects. With these
basic sources of fuel available, what is the
appropriate technology to be developed through
fluidization, gasification, combustion to the heat
enerqgy, and the development of the heat energy to the
electrical or mechanical energy through development of
suitable engines or gas turbines or hct air turbirnes,
coupled with the cogereration philosophy. I have beer
discussing with Dr. BRienstock if there is any way by
which, apart from the fluidization gasification on
which a lot of work has bkeen done, the dévelopment of
the Sterling engines or any other hiomass engines, or
air turbines and gas turbines, can be undertaken. We
have keen talking with a number of gas turbine and gas
turbire manufacturers for we are interested in
developing a total system from the kasic energy raw

materials to the ultimate mechanical or electrical
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power. Some work we are trying to do on cur cwn on the
deveicpment of hot air turbines, hot air engines,
Sterling engines, etc. which all can make use of the
heat generated through gasificaticn or ccmbustion from
biomass lcw-grade fuels, coal rejects or even solar
energy and, last but not least, the waste heat that is
going through our furnaces. If we are able to develor
a suitable low-temperature high-efficiency engine, the
entire waste heat going through in all of cur
industries can ke used for generation of power. It is
a very ambitious plan on which we are doing some work
curselves but, if UéAID can help us ir this, it wculéd be

a bocn to power development in this country.

I think I have taken much time on this. I am very

happy that I am here today and will also be here
tomorrow. A lot of my cclleagues are participating.

The workshop that was held here rore than a year back
was very pleasant with a lot of useful ideas. BHEL

has in the last year, I am very happy to say, with
USAID's assistance done consicderakle werk in the
cenversion of fossil energy, and-I am sure we will get a

let from the next few days.

Thank you.
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EVALUATION OF FREEBOARD PERFORMANCE IN A
FLUIDISED BED COMBUSTOR

RP KRISHNAN, S CHANDRASEKARAN, AV YV MURTHY, C BHASKARAN & SSHANMUGAM

ABSTRACT: A collaborative research project funded by the U.S. Agency for International
Development (USAID) and Bharat Heavy Electricals Limited (BHEL), has been initiated at the
BHEL high pressure boiler plant site in Trichy, India. The project involves the design, erection and
commissioning of a one metre square cross section atmospharic fluidised bed combustor (AFBC).
Thae test facllity will be used to ohtain engineering and performance data on the combustlon and
heat transfer in the freeboard region of the AFBC, High-ash Indisn coals, low grade fuels and
high-sulfur U. S. coals will be tested in the combustor, The enargy Systems Group (ESG) at BHEL.
Trichy and the Oak Ridge Nationa/ Laboratory, USA hava the joint tachnical respornsibility for carry-
ing out the project.

This paper describes the objectives, projact schedule, current status, design details of the combustor

and auxl/liary systems, test program and instrumentation and control.

1.0 INTRODUCTION & BACKGROUND

In order to distinguish the gas and sclids flow
pattern in a fluidised bed, the bed is divided
into three distinct regions (see fig. 1). Close
to the bottom of the bed is the air distributer
region which is composed of small gas jets or
bubbles. Above this region, is the bubbling
bed region, where the gas bubbles coalesce
and rise to the surface of the bed causing the
bed to expand in he:ght and simuitaneously
allowing the solids and the gases to mix. The
region above the expanded bed is referred 1o
as the freeboard region. Here, the gas bubbles
collapse at the bed surface and the solid par-
ticles are thrown up in the free space. Depen-
ding on the particle size and the gas velocity,
the particles thrown in the free board are either
carried out of the bed by the gas stream or dis-
engage from the gas and fall back into the bed.

The freeboard space in an FBC Boiler has
several important functions which affect the
overall design and performance of the boiler.
Thase are

. Provides additional residence time for the
unburnt cartbon fines carried by the flue
gases to burn and thereby enhance com-
bustion efficiency.

* In FBC systems employing overbed feeding
a significant amount of the combustion
occurs in the freeboard.

m

* The heat released during combustion in
the freeboard could be substantial and
needs to be extracted for higher thermal
afficiency.

* Apportioning of boiler tube surfaces in
the “BED’". “FREEBOARD", and ""CON-
VECTION ZONES" depends a great axtent
on the freeboard heat release.

* Dust loading in the freeboard affects the
cyclonc and highouse performance down-
stream of the combustor.

* Sorbent fines elutriated from the main bed
into the freeboard could be further utilised
to drap additional Sulfur-oxide pollutant
by proper freeboard design.

* Nitrogen oxide pollutants released during
combustion can be suppressed by sele-
ction of the proper freeboard geometry
and operating conditions,

* Design of the reinjection system for racy-
cling flyash and unburnt carbon into the
main bed, typically employed in FBC
systems, is affected by freeboard geometry
and the extent of combustion/heat
transfer in the freeboard.

Although the importance of the freeboard has
been recognised, very little quantitative infor-
mation is available to design the freeboard



region.  Major uncertainties exist in the
combustion rate, the heat transfer rate, the
solid particle inventory (solids loading), the
particle size distribution, the gas and solid
temperatures and the gas composition. While
some information is available ftom operation
of nilot plants and other FBC test facilities,
(B&W'EPRI 2m x 2m - 6’ x 6'; Pope, Events
and Robbins 1Tm x 1m - 3' x 3': Leatherhead:
UK Tmx0.8m -3 x2'; TVA/EPRI 20 MWe
AFBC Pilot Plant) the data are not adequate
to satisfactorily design the freeboard.

The literature on heat transfer in the in-bed
region (bed-to-tube) is fairly comprehensive.
A recent review by Sastry and Sambasiva Rao
(1983) describes moest of the partinent lite-
rature and correlations developed for the in-bed
heat transfer coefficient. With respect to the
freeboard region, the work of Byam et al,
(1981), George and Grace (1982), Xavier and
Davidson (1981), contain experimental data
on overall convective heat transfer coefficient
in the ‘*splash zone’" (near the active surface)
of the fluidised bed, with the exception of
Byam et al. (1981) these investigations were
conducted in relatively small beds with sand
particles.

Byam et al. Studied the heat transfer to tubes
in the splash zone of a PFBC. The combustor
was 1m X 0.6m (3 ft. X 2 ft.) cross section and
operated on coal. The bed contained 1.256"
tubing arranged on 3.5 horizontal and 3"
vertical pitch. The tube bank extended from
1.3 to 3 ft. above the distributor and simulated
designs proposed for commercial units. The
cooling medium was water. The extent and
position of cooling could be vaned during
operation. Measurements of heat flux in the
splash zone were made at different bed depths,
bed temperature, pressure and excese air. In
the experiments, the amount of cooling in the
tube bundle located in the splash zone was
varied by varying the cooling. The corres-
ponding increase in the heat input required to
maintain a constant bed temperature was taken
as a measure of the heat extracted by the free-
board tubes. Two basic configurations were
examined: (1) in one set of experiments all
the tube banks were immersed 1n 3 3° deep bed
and (2) in the second set of experiments,
part of the tube bank was immersed in a4i
deep bed. Under steady state conditions the
heat transferred to the freeboard circuits was
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obtained at bed depths ranging from 4’ to &'
at different bed temperatures. The data ob-
tained in (2) was piotted as a fraction of the
heat transfer co-efficient when all the tubes
were immersed, i.e., from (1). An experimen-
tal decay type correlation was developed for
the overall heat transfer co-efficient in the
‘* splash zone '* as a function of the heat trans-
fer co-efficient in the bed.

Although this work represents an important
contribution to ‘" freeboard heat transfer **, the
results focus on a very limited but important
region in the freeboard. This kind of study
should be extended beyond the splash zone in
the freeboard to understand the combustion,
heat transfer, sorbent utilization with and
without flyash recycle.

Krishnan et al. (1983) studied the combustion
of Western Kentucky No. 9 coal in a 25 cm
(10 in.) combustor with a 1.8 m (6 ft.) free-
board and a 42 m (14 ft.) freeboard. Test
conditions were restricted to bed temperature
near 845°C (1550° F), superficial velocity of
1.2 and 1.8 m's (4 and 6 ft/s), static bed debth
near 0.75 m (30 in.) and excess air 15 to 30%.
The bed material was sulfated limestone
(mean particle size 730 microns). Four distinct
coal particle size cuts ranging from 1800-150
microns were tested. The combustion trends
observed in the ‘*short’ and ‘tail’”" configu-
rations, indicated some additional degree of
freeboard combustion especially near the
active bed surface with the tall freeboard.
However, the dat: were not sufficient to
quantify the extent of freeboard combustion.

The extent of hzat released in th2 freeboard
(freeboard cornbustion) is generally assumed
to be arsund 10-20% of the coal heat input for
an underbed coal fed AFBC system. This s
again based on limited test data for specific
operating conditions (B & W 6’ x 6’ tests) and
may or may not be applicable beyond the
limited range of test data. Most of the experi-
mental work in the U. S. is with relatively deed
beds which may not be extrapolatable to the
shallow beds used in India. The freeboard
combustion may be more predominent in
shailow beds because of the larger concent-
rations of oxygen available in the freeboard.
Again with overbed fuel feeding, the percentage
of freeboard combustion is bound to be higner
than with undarbed feeding because of the



fines escaping to the freeboard as obtained in
the TVA 20 MWe Pilot Plant Data. This
again needs to be quantified for Indian coals
and washery rejects.

The proposed study is an attempt to perform a
detailed investigation of the freeboard region.
For this purpose, a 1Tm X tm (3 ft. X 3 ft.)
experimental fluidised bed combustor adequa-
tely instrumentad to bridge the existing data
gaps has been suggested. It is also expected
that together with the freeboard data, a broad
but specific engineering and performance data
base on the combustion characteristics of high
ash Indian coais and other fuels sufficient for
the design and scale up of commaercial size
AFBC (upto 30 MWe) can be generated from
this effort,

2.0 PROJECT OBJECTIVES

This project is a detailed investigation on a
specific region of fluidised bed combustor de-
signated the 'freeboard region’” in an experi-

mental test facility with the following objec-
tives.

* Design. construct and commission a 1m X
1 m cross section atmospheric fluidised
bed combustion (AFBC) research test
facility at BHEL-Trichy.

* Gather performance data on ~ombustion,
heat release and heat transfer rates along
the freeboard height,

* Obtain data on dust loading and gas com-
position along the freeboard height.

* Obtain combustion efficiency/carbon burn-
up data as a function of fuel type and size.

* Obtain data on SO,/NO, emmissions in
the freeboard and their effect on unit
emmission and sorbent utilisation.

¢ Correlate experimental data in terms of the
design and operating parameters for per-
tormance prediction and scale up to large
AFBC system.

3.0 PROJECT SCHEDULE AND CURRENT STATUS

The following tasks and schedule have been identified to achieve the objectives stated in section. 2

Task No. Tasks Description Start Date Completion Date Current Status
1. Detailed Engineering Design of the November '83 March ‘84 Completed
test facility, and specification of
instrumentation
2, Preparation of the design document March ‘84 May ‘84 Completed
3. Review of the design by FBC organi- June '84 August ‘84 Completed
sations/experts in the US with BHEL
Engineers
4. Qrdering of special instrumentation July '84 October ‘84 Completsd
from the U. S.
5. Preparation of manufacturing draw- October ‘84 February ‘85 Ongoing
ings, procurement of materials and
equipment and fabrication of
components
6. Erection and commissioning March ‘85 May ‘85
7. Testing, data gathering and data June ‘85 July ‘86*
analysis
June ‘86 August ‘86
8. Final report preparation
* BHEL will continue the testing through December 1986
E 3
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-4 0 DESIGN DETAILS

The detailed engineering design of the com-

bustor, including the anxiliary systems, the
test program and specification of instrumenta-

tion for ths test facility are described below :

41 General Arrangement of the Test
Facility

The test facility will be located in the Fossil
Energy Development Complex along with the
axisting FBC test rigs. The existing peri-
pheral facilities such as water treatment plant,
condensate storage tank, air cooled conden-
sers, coal preparation, coal handling, chimney
and other utilities will be utilised for the test
facility. The overall systam arrangement is
shown in Fig. 2

Coal and limestone contained in storage
bunkers will be metered by gravimetric feeders
and fed pneumatically underbed as a mixture
\nto the combustor. Provision to feed the
coal/limestone mixture overbed is also made
in the design. The forced draft fanjroots
plower (5000 Nm?*/h, 2600-3000mm water
column) used for combustion air will also
supply the necessary air at the required
pressure for transporting the fuel. An electrical
preheater or a fluidised bed airheater will be
provided to preheat the air as needed. The
combustion gases will pass through two sets of
cyclones (primary and secondary). Provision
to re-cycle the flyash collected from the
cyclones into the combustor is also made.
isokinetic dust sampling probes will  be

provided at the infet and outlet of each of the
cyclones. Space has been set aside for ins-

talling and testing a baghouse at a later stage.
The flue gascs from the secondary cyclone
will be vanted through an induced draft
system to the existing chimney.

The bed material wiil be drained periodically
through overflow pipes located at several ele-
vations along the height of the combustor. The
bed material will be cooled and stored in bins.
In addition, a bottom drain is also proviced
for draining the bed material when needed.

4.2 Combustor

The fluidised bed combustor is designed as a
hot water generator (65 tons/hir at 10 kg/emi(g)
pressure and 179°C) with the following fea-
tures.

*  Variable bed height (300 mm to 1300 mm)

*  Variable freeboard height (1000 mm to
6000 mm)

Refractory lined walls

Recycle of solids from the primary and
secondary cyclones into the main bed

Underbed or overbed coal/sorbent feed.

®  Qverfire air

The four sides of the combustor upto 2000 mm
(6.6 ft.) height from ti.2 distributor plates are
refractory lined. One side wall is detachable.
The detachable wall carries the in bed tube
bundles. The number ot tube layers and the
pitch of the tubes can be varied by dropping
the detachable wall. A provision is made to
insert a water wall test loop in the side oppo-
site to the detachable wail. The water wall
test loop consists of three sections each of
600 mm height and connected in series. The
purpose of the waterwall test loop is to measure
the heat pick up in the bed wall region.

The combustor height will be initially set from
ground level at 7.5 m (24.6 ft.) in Phase ! and
later extended to the maximum height of 11 m
(36 ft.) in Phase Il. The four sides of the
freehoard are refractory lined. Provision to
insert water wall test loops along the freeboard
height at sefected locations, to measure the
heat pick up is also made in the design. The
heat pick up will be cross checked by installing
heat flux meters at the selected locations.

The convective tube bank will be located at
ine exit of the freeboard. The tube bank will
be horizontal. By moving the convection tuba
bank, the freeboard height will be set at the
desired level above the expanded bed (1000mm
to 3000 mm in phase | and 1000 mm to
6000 mm in Phase 11). The convection tube
bank will be raised cr lowered by an overhead
chain block. The flue gas temperature at the
outlet of the combustor is expected to be
around 400°C.

A nozzle type air distributor plate boited to
the windbox will distribute the air eniaring the
combustor. The coal/limestone mixture and
recycied fly ash wiil be fed through individual
nozzles attached to the distributor plate.



The combustor will be bottom supported. The
maximum height of the combustor will be 11m
from the distributor plate. Provision for
pressure, temperature, heat flux measurements
gas and soiids sampling, overfire air and man-
hole doors for charging and lighting-up of the
bed are made along the side walls.

Start up the bed will be achieved by sprinkling
charcoal and kerosene on the bed surface, and
controlling the fluidising velocity until the
bed attains the desired temperature when coal
feeding will be initiated.

Fig. 3 is a detailed representation of the
combustor.

4.3 Auxiliary Systams

A brief description of the coal'limestone feed
system, flyash recycle bed overflow and bed
drain, fiyash disposal particulate removal, air
distributor, air/flue gas and water circuits ts
given below i

Coal/limestone feed system

Flexibility has been built into the coal/lime-
stone feed system design to permit either
underbed or overbed feeding. In the underbed
feeding mode, coal and limestone are discharg-
ed from the individual bunkers to the respec-
tive gravimetric feeders. The coal and lime-
stone are mixed before they enter the constant
speed rotary air-lock feeder. The coal/lime-
stone mixture is then pneumatically injected
into the bed through the coal feed nozzle in
the distributor plate. The pneumatic trans-
port line is sized to permit the operation of the
combustor with indian coal, US coal and
rejects. The line size is 76.1 mm (3") OD
8mm thickness for Indian coal and US coal; for
washery rejects the line size 1s $9.5 mm
(3.5"") OD 4.85 mm (0.2'") thickness.

The schematic of coal/limestone underbed
fecd system is shown in Fig. 4. In the over-
bed feeding mode the coai and limestone ara
individually metered by the gravimetric feeders,
mixed, and fed by a screw feeder. The sche-
matic of the overbed feeding system is shown
in Fig. 5.

Fly Ash Recycle

The facility has provision for rainjecting the
‘ly ash cotlected in the ash overflow hoppers

located beneath the primary and secondary
cyclones. The overflow ensures that a con-
stant level of fly ash can be maintained in the
hoppers during recycling. The ash from the
hoppers enters a variable speed rotary air lock
feeder. It is then pneumatically injected
underbed through the feed nozzle provided in
the distributor plate. The ash can also be
injected overbed to compare the performance
with underbed recycle.

The recycle system is designed for recycling
upto 5 times the coal feed rate for Indian coal
and US coals and upto 3 times for washery
rejects. Two lines drawn separately from a
single feeder will handle the recycle stream.
The line size is 108 mm (4')OD and 8 mm
(0.3”) thickness. The schematic of fly ash
recycle system is shown in Fig. 6.

Bed overflow and Bed drain

Provisions ars made along the combustor
side wali at specified elevations for overflow
of the bed material in order to maintain a de-
sired operating bed height. The number and
location of the ovarflow tappings are shown in
Fig. 7 When operating with Indian coal and
rejects, the overilow elevations between
350 mm (1.15") and 760 mm (2.5") will be
operative., The bed can be operated at five
different bed heights at intervals of 100 mm
(4"). When operating with US coals the bed
height can be maintainad at 1100mm (3.6 ft.).

1300 mm (4,3 ft.) and 1500 mm (4.9 ft.). This
type of bed overflow arrangement is being

successfully used in the BHEL existing facilities
and commercial FBC boilers.

In addition to the bed cverflow pipes a bed
drain pipe 108 mm (4') 0D is installed at the
bottorn of the bed to periodically drain the bed
materiai when required during underbed feed
operation. During overbed feeding, a water
cooled rotary air-lock feeder will be installed
in the drain pipe to facilitate continuous dis-
charge of the bed material.

Fly ash disposal

Fly ash from the ash over flow hoppers located
beneath the primary and secondary cyclones.
which is not recycled will be coilected and
stored in bins and sent to the ash ramp for
disposal. Provisions are made in the overflow
piping for collecting the samples of ash for



analysis. The fly ash transport line is 76.1 mm
(3'')0D and 5 mm (0.2"") thickness.

The schematic of the ash disposal system is
shown in Fig. 6.

Air and Flue Gas System

The combustor will be designad for balanced
draft operation on air and gas side. The
combustion and fluidizing air will be supplied to
the combustor by a forced draft fan or a roots
blower. The pneumatic transport air for the
coalilimes tone and fly ash recycle will also be
supplied by the same fan/blower by tapping a
line after the air preheater. The air flow
quantities will be metered. An electrical air
preheater/fluidized bed air heater will be used
to preheat the combustion air from 40°C (90°F)
to a maximum of 357°C (675°F). The combus-
tion products will flow through the freeboard,
convection bank and cyclone seperators and
will be discharged to the chimney by the
induced draft fan. The flue gas leaving the
combustor will be around 400°C (750°F). The
air/gas system is shown schematizally in Fig. 8.

‘Water Circuit

The total quantity of deminerelized (OM)
water required in the test facility wiil be
supplied from the existing D1 water tank. At
the start of the test, the DM water will be
pumped to the condensate storagz tank (CST)
and stored. The required quantity of water
will be drawn from the CST and pumped
through the inbed tube bundle, convection
bundle ar. 1 water wall circuit. Four feed water
pumps, one with 15 t/hr capacity at 20 kg/cm?
pressure, and the other 3 with a capacity
of 25t h, each at 20 kg/cm3 pressure are
specified. The hot water generated in the
combustor  approximately 10 kg/cm?i(g)
178°C (350°F) is sent to the air cooled
condensers/coolers. The cooled water flows
to CST from where the water is recirculated
through the system. The schematic of the
water circuit; external pipe lines, cooling and
water recycle system is shown in Fig. 9.

Particulate Removal

The particulate removal system is designed to
separate the solid material (unburnt char,
flyash and bed material) from the dust laden
flue gas. The system consists of a primary
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cyclone and a secondary cyclone. The
quantity of dust handled in the particulate
removal system is approximately 3000 kg/hr
(6612 Ibs/hr) at a temperature of 355°C
(671°F). The dust quantity has been esti-
mated assuming a recycle ratio of upto 5 to 1
(fly ash-to-coal) for Indian Coal and US coal,
and 3 to 1 for rejects. The material coltected
in the primary cyclone and secondary cyclone
is recycled to the bed. The design of the
primary and the secondary cyclones is based
on the Stairmand design proportions. The
overall collection efficiency based on the
Stairmand design efficiency curves is esti-
mated to be 88.6% for the primary cyclone
and 70% for the secondary cyclone.

The particle size range is taken to be between
10 to 350 microns for the primary cyclones
and 10 to 200 microns for the secondary
cyclones. The dust loading of the exist flue
gas from secondary cyclone is estimated to be
1.8 gm/m?3 at 350°C (660°F) Fig. 6 shows
the fly-ash recycle system and the location
of the cyclones.

Air Distributor

The distributor is a nozzle type design and has
the flexibility to accommodate the range of test
variables, i. e. fluidization velocity, bed height,
underbed recycle, underbed coal limestone
feed and coal/limestone particle size. In addi-
tion, the distributor plate is designed to meet
the pressure drop during cold fluidisation
operation. Three distributor plates are envi-
saged to cater to the above operating range.
The overall dimensions of the three distributor
plates are 1150 mm square (3.8 ft. x 3.8 ft.)
and 10 mm (.4"") thickness.

5.0 TESTVARIABLES & TEST CONDITIONS

The design of the combustor and auxiliary
systems has been made to provide the neces-
sary engineering/process data to perform the
material and energy balance in the main bed
and freeboard. The variables of interest are
superficial velocity, expanded bed height, be
temperature, excess air freeboard height, coal/
sorbent ratio and fly ash, recycle ratio. Three
different coals namely bituminous high sulfur
US coal, high ash low sulfur Indian coal, and a
washery reject will be tested. Because of the
wide variation in the composition and heating
value (see table 2), the test conditions will be



ditferent for thase coals. For examp!e the low
sulfur cuntent Indian coal and rejects compared
to US coals will not require limestone-sorbent
for bed material. Crushed refractory/ash will
constitute as the bed material. Again the
operating bed depths in the case of low sulfur
high ash Indian coals will be much shallow
(300 to 700 mm) compared to deep beds (1200
to 1500 mm) as in the case of US coals.

Furthermare the maximum operating bed tem-
perature can be upto 950°C for Indian coals.
whereas for US coals the bed temperature is

usually restricted to 850°C max. The lowe,
operating temperature with US coals is due to
the adverse effects of temperature on sulfur
retention beyond 850°C.

To achieve the wide range of test condi-
tions listed in table 2, it is proposed to vary
primarily the immersed heat surface in the bed
by either reducing the pitch or retracting
specific layers of tube bundle or both. How-
evaer, if this cannot still meet the iequirements’
the combustion air preheat temperature will be
controlled to attain the desired conditions.

TABLE 2

VARIABLE TO BE INVESTIGATED IN THE TEST PROGRAM

S. No. VARIABLE VALUE,RANGE
1 Coal Type Coal Washery Indian u.s.
Rejects coal coal
Cc 25.60 51.7 71.2
H 2.02 3.21 5.1
N 0.9 0.87 1.3
S 0.3 0.49 4.3
o 1.40 8.69 6.3
Moisture 1.31 685 3.3
Ash 68.47 28.20 8.5
HHV Kcal/kg 2410 4892 7317
(Btu/lb) (4338) (8805)  (13.190)

2 Coal particle size

3 Bed Material Size
a. Crushed Refractory,;Ash
(underbed feeding)

b. Crushad Refractory/Ash
{Overbed feeding)

c. Limestones (underbed feeding)

d. Limestone (Overbed feeding)

6 mm X0 mm (1/4” X 0'")
6 mm X1 mm (1/4" X 1/25")
254 mm X0 mm (1" X 0*)

3mm X0 mm (1,8 X Q")
Weighted average size 800 microns

4.5 mm X 0 mm (3/16" X 0*)
Weighted average size 1200 microns

3mm XO0mm (1/8" X 0)
Weighted average size 600 microns

4.5 mm X 0 mm (3/16" X 0)
Woeighted average size 1000 Microns

4 Bed Temperaturs 800 - 950°C (1472 - 1742°F)
8§ Superficial Velocity 1.2~ 3.0m/s (4.0-10.0 ft/s)
6 Expanded bed depth 300 - 1500 mm (0.98 - 5.0 ft)
7  Excess air 5 ~30%
8 Freeboard height 1000 - 6000 mm (13.3 - 19.7 ft.)
8 Ca/S Molar Ratio 1.5-3.5
10 Recycle Ratio 1.0 - 5.0 (U. S. & Indian coals)
1.0 = 3.0 (Washer rejects)
E 7
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An important parameter in the test programme
will be the recycle of fly ash. The etfect of
varying lhe recycle ratic on combustion effici-
ency, heat release in Ihe bed and freeboard.
suifur retention in the bed and freeboard, dust
loading and size distribution, gas compositions
and temperature profile in the freeboard will be
quantified to the extent possibie. Despite the
small size of the combustor. tesfs will be con-
ducted to evaluate underbed and overbed
feeding modes. These tests are intended to
shed light on the overall system performance
and engineering of feed system design.

The physical and chemical analysis of the coals
sorbent, fly ash and other solid sampie stieams
will be routinely made during the test. A de-
tailed test programme matrix will be prepared
prior to the actual testing in the unit.

6.0 INSTRUMENTATION & CONTROLS

Conventional controls are adopted for con-
trolling pressure and temperature.  On the air
side, the transport air, fluidising air and over-
fire air will be controlled by regulating the
dampers provided in the forced draft fan roots
blower. These dampers wiil be modulated by
pneumatic actuaturs.  Water flow in the bed
and convection tube bundles will be inde-
pendently controlled to regulate the desired
flow in the tube bundles. The flows wiil be
monitored and logged in the data acquision
system.

Pressure measurements will be made at every
100 mm spacing along the bed heightupto

2m bed height and at selected locations
above 2m. Tha bed temperature will be
monitored at two locations; one at 50 mm
elevation and another at 150 mm elevation, in
the combustor. The temperature in the free-
board and convection zones will be monitored
at selected locations by providing suitable
ports to insert thermocouples. Measurement
of heat [lux in the bed, and before and after
the convection tube bundle will be made in
each expariment at fixed freeboard heights.
The heat flux meter will be installed aiong the
four walls at 2600, 3500, 4500, 5500, 6500
end 7500 mm elevations.

A schematic of the pressure, temperaiute and
heat flux measurement points are shown in
Fig. 10. Two gravimetric weigh belt feeders
are proposed to monitor the coal feed and the
limestone feed continuously within the
accuracy of + 0.5%.

GAS SAMPLING SYSTEM

The composition of the flue gos will be
monitored in three locations {one in the bed
and two in ine freeboard). A Backman gas
analysis system for continuous monitoring
of the O, CO, CO, SO,, NO,. and total
hydrocarbons wiii be used tor this purpose.
The gas compositicns will be recorded, dis-
played and fed into the data acquisition
system. The principle and range of ihe indivi-
dual gas analyzers are given below :

Gas Emission Model Principle Range
0, 7556 Paramagnstic 0.5, 10, 25 & 50%
CO, 864 Nondispersive Infrared 0,5, 20%
co 864 Nondispersive Infrared 0-1000, 5000 ppm
SO, 866 Nondispersive Infrared 0-2000, 10000 ppm
NO , 961A Chetniluminescence 0-10, 25, 100. 250,
1000, 2500
10000 ppm
HC 400 Flame lonization

0~4 ppm

n



DATA ACQUISITION AND ANALYSIS
SYSTEM

As the data collection and and analysis is
given prime importance in the experimenta|
test facility, a versatile data acquisition system
will be employed to gather upto 1000 data
points, and simultaneously process the data,
disptay and transmit the data to the existing
BHEL computer. A Hewiett Packard Model
2054A system having the following subsystems
will be installed for this purpose.

1. Colour Desktop Computer

2. Data Acquisition/Control unit with exten-
dors.

3. Inkjet Printer

4. Graphics Plotter
5. Backup Computer

6. Modem to transmit signal to the main
existing ICL Computer,
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QUESTIONS & ANSWERS

COAL CONVERSICN, FIRST DAY

Why is this work being undertaker when you are

commercializing fluidized bed combustors?

Y. P. Abbi: When we set up the 10 torn/hr facility, it
was a prototype unit and we had apparently some
objectives such as knowing the combustion efficiency
and the heat transfer bcefficient in the bed. We have
data and, on the basis of that, we were able to design
but that is not the end of it. It is not the most
optimum design; for example, particularly in the area
of freeboard on which this project is concentratinrg,
we have kept the height of the bed kased ornly cn the
state of the kncwledge as c¢f that date and presumed
certain parameters. We find that these parameters are
not t.tally right and we have to cptinize in that area.
If we are able to design the freebcard in the mcst
cptimum manner, then an optimur Loiler design can be

obtained.

C. R. Cavale: Ve have heard akout the fluidized bed
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system here and, in one cf the slides, you mention the
retention of sulfur ir the bed. Secondly, you talk
about the high asb content of cocal. Third, can we use
any kind of ccal, even lignite, or Assam coal which
has a lot of sulfur? Alsc, how about the metallurgical
aspect. Have yocu taken care, during the cesign, of

these aspects?

Y. P. Abbi: This fluidized bed system can use any
grade of coal, including lignite. It can use washery
rejects and, as our Director poirted out this mornirg,
a numker of coals have been tested -- Lbituminous,
subbituminous, even washery rejects. Regarding the
metallurgical aspects, we have been closely watching
the in-bed tukes where the particle emission is more,
and we have come to the conclusion from the data that
it will give the normal life of the tubes -- that is,
up to about 30 vears, rparticularly because the
velocity of impingement is lcw though the impingement
rate is high. In fact, in all the boilers which have
operated conmercially

we have found nc problems cof erosicn in the in-bed tukes.

§. Crandrasekaran: Adding to what Dr. Abbij
said about lignites, presen:ly we have not added@ this

to our program but lignite combustion has been



envisioned as a separate program with USAID for the
future. For example, in the US, North Cakota ligrite
has high sodium which has special problems such as
agglomeration, so thece aspects are to ke studied irn
detail and herce have been identified as a separate

program,

R. Vasudevan: Lignite was tested and hetween 98 and
99% efficiency was obtained. Sodium chloride we have
not investigated, but the scftness cf the coal was cf

no consequence.

M. M. Sen: Provisicons exist for tcp and bottcm feediug
in the experimental test facility. Will the same size

of coal be used for both feedpoints?

R. Krishnan: ©Nc. For overbed coal feed, our top size is
much higher ~- it is about an inch and a quarter. For
the underbed, the top size is about 6mr or one-quarter

inch.
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AFBC BOILER SCALE - UP

KMA MALARKX AN, 5 SUNDARARAJAN & G VISWANATHAN

1.0 INTRODUCTION

Atmospheric Fluidised Bed Combustion (AFBC)
boiler technology was introduced in India a
decade ago, and its unique ability to burn a
wide range of fuels and low grade coals includ-
ing coal washery rejects of heating value
1900 Kcai/kg in an efficient and environment-
ally acceptable manner accounted for its rapid
development.

A large fraction of the proven coal reserves in
India is of poor quality, and coa! ailocated to
the energy sector is of an inferior variety. The
quality of coal is further deteriorating over the
years (Fig: 1.1) due to large scale mechanised
mining. Conventionelly fired boilers that were
designed for a good quality coal are unable to
accept this quality deterioration without sacri-
ficing the performance and availability.

Fluidised Bed Combustion offers an excellent
potential for the utilisation of poor quality coal,
coal washery midd'!ings and rejects.

Bharat Heavy Electricals Ltd. (BHEL) is acti-
vely engaged in the development ot this tech-
nology and has already demonstrated commer-
cial operation of over 14000 hours ata 12 t/h
unit. A second commerciai unit of 45 t/h
steaming capacity commissioned in October "83
has logged over 4800 hours of operation,
Contracts for the supply of a 10 MWe FBC
boiler for captive power generation at a colliery
(utilising washery rejects containing 6§7% ash),
a 35 t/h FBC boiler for bagasse, a 50 t/h FBC
boiler and 2 hot gas generators are underway.
This paper elaborates the design philosophy
developed by BHEL Tiruchy in designing a
30 MWe AFPC boiler.

2.0 GENERAL DESCRIPTICN OF THE FLUI-
DISED B8ED COMBUSTION STEAM GENE-
RATOR AND AUXILIARIES

The steam generator is of the bottcm supported
non-reheat, natural circulation, bi-drum atmos-
pheric Fluidised Bed, semi-outdoor type unit,
designed for firing coal. The boiler parameters
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have baen listed in Table-2.1. The fuel analy-
sis is given in Table 2.2.

The general arrangement of the boiler and
auxiliaries will be as shown in the layoutdraw-
ing (Fig: 2.1, 2.2).The complete furnace section
is of the welded wall type, arranged as a gas
and pressure tight envelope. This eliminates
the refractory material from the entire furnace
wall section, besides providing structural
rigidity for the unit. The steam and water drum
are conservatively designed and the bank tubes
connect both the drums.

Part of the evaporating heating surface s
located within the fluidised bed propar The
superheated steam system is in two sections.
The first stage superheater is located at the
furnace outlet section, and the sscond stage
superheater section is located within the flui-
dised bed proper to ensure the rated super-
heated steam temperatures. An interstage de-
superheater is provided in between the two
stages of superheater. to control the final steam
temperature from the unit. The boiler is
provided with a bare tube economiser fabricated
from plain searnless sieel tubes. The Econormiser
will be arranged after the boiler bank section
and enclosed by fiue ducts. The boiler is
provided with a tublar airpreheater as the last
stage of heat recovery.

The coal feeding system consists of rotary
(Fig: 2.3) air lock feeders, feed piping through
which the crushed coal i1s pnuematically trans-
ported and fed to the fluidised bed.

The main boiier is of the bottom supported type
and requires simple concrete piers for support.
The boiler is provided with one forced draft
fan for supplying the required air for fluidised
combustion, and one primary gair fan for
transporting the crushed coal to the fluidised
bed. The boiler is equipped with two radial ID
fans arranged after the dust collecting system.
An electrostatic precipitator is locatad befors
the 1D fans to collect the fly ash from the flue
gas.



3.0 BOILER PRESSURE FARTS SYSTEM

The details of the boiler pressure parts system
include :

3.1 Economiser system.

3.2 Circuletion system including steam and
water drums, boiler bank, downcomers, water
walls and riser systems.

3.3 Superheater systems.

Spray water control system for superheater
desuperheater.

3.1 Economiser Systam

The ecor.umi=s+ system (Fig: 3.1) draws the
feed water through the feed pipes to the
economiser inlet header. The economiser is
located in a gas duct after the boiler bank.
It has a continuous loon, plain tube, drainable
horizontal, in-line arrangement. The feed
water after it is heated in the economiser leaves
the economiser outlet header to the drum.

3.2 Circulation System (Fig: 3.2)

The hot feed water from the economiser is dis-

charged into the steam drum below the water

Jevel where it mixes with the recirculated
water. The mixed water fiows through the
comparativelv cooler bank tubes to the lower
drum. |In addition the outermost boiler bank
side wall tubes are specifically designed as
down comer sections to eii.ure adequate water
flow to tha lower water drum. In the boiler
bank section the front rows of bank tubes
(which are comparatively hotter) act as riser
tubes and the rear rows of tubes act as down-
comer tubes, thus forming a circuiation
system within the boiler bank system. The
water from the water drum flows to the water
wall system lower headers, which act as the
inlet to the furn=ce water wall tubes. As the
water rises up through the water wall/bed
evaporator tubes it gets converted partially
into steam. The water steam mixture, from
the water wall top headers flow back to the
drum, through the riser tubes, where the drum
internals separate the steam and water; the
saturated steam flows to the superheater
section and the water flows back into the cir-
culation sysiem.

3.3 Superheatar System (Fig 3.3)

The superheater system provided will include
a first stage superheater located at the furnace

outlet, a second stage immersed in the
fluidised bed and a desuperheating system in
between the two stages for controlling the
final superheat steam temperature.

The convection superheater located at the
furnace outlet will be a spaced, continuous
loop, plain tubular type and would be hung
from the furnace top.

A second stage superheater is located within
the fluidised bed in three main segments.
The start up segment has no superheater
immersed in it. For controlling the final super-
heated steam temperature at the rated value,
over the ccntroi range of the boiler, a spray
type desuperheater is provided in the steam
connecting link between the two stages of
superheat. This interstage desuperheater will
be of spray type.

4.0 FLUIDISED BED ARRANGEMENT
4.1 Design Parameters:

Based on the operating experience the follow-
ing basic parameters were adopted for the
design of the AFBC boilers.

Superficial fluidisation velocity 2to3 ms
Average bed temperature 850°C
Excess air (on fuel bed) ;o 10% -
Combustion above bed (as a %

of Heat input) : 10%
Average bed particle diameter 0.8 mm

The thermal design of two alternate configura-
tions a box and a bank type were made. The
bi-drum bank type design was seiected as its
height is considerably smaller than that of the
box arrangement and consequently effected
substantial material savings.

4.2 Bed Surface Arrangement

The fluidised bed is arranged as a single bed.
The bed comprises of three main bed sections
in which the superheater surface and evapora-
tor surface are immersed, and a start-up bed
which has three sections having only the eva-
porator surface immersed. During start-up
either of the end segments of the start up bed
is initially actuated. Adjacent sections of the
start up bed are then activated, and brought
into service by feeding air and fuel. After



sufficient steam flow has been established by
the immersed evaporator sections of the start
up bed, the main beds are actuated after ensur-
ing the inbed superheater surfaces are cooled
by the steam already generated.

4.3 Wind box Arrangement

The wind box is divided into six compartments
three smaller compartments for start-up and
three main compartments. Air flow meters are
provided to monitor and control the air flow
through bed sections. Frovisions are made in
the air box for the coal feed pipes and the
bottom ash discharge system to transverse
through. The wind box is supported on the
water walls.

4.4 Distributor Plate Arrangement

In the first generation design BHEL adopted
a multiorifice type distributor.  Eventhough
the fluidisation performance .. is good, the long
term reliability after many start-ups was not
very satisfactory. After testing several types
of air distributors in a test rig speciaily meant
for this purpose, BHEL has evolved a nozzle
type distributor and opiimised the design with
suitable material of construction, the pitch of
the nozzles, nozzle height, hole size etc.
With this design it has been possible to limit
the distributor plate metal temperature very
close to the inlet air temperature. This elimi-
nates nroblems of overheating, high differential
temperature and consequent warping of the
plate. The distributor piate load is supported
on the water walls. The design of the distri-
butor plate includss an effective seal to the
enclosure wall to prevent air bypass around the
perimeter of the bed, and yet accomodate ths
differenvial expansion caused by the tempera-
ture extremes that the plate is subjected to.
The nrozzle type design protects the air distri-
butor against the hot bed temperature during
boiler operation, and also the thermal shock
that the distributor would be subjected to
during a unit trip, FD fan failure, or load
reduction and consequent slumping when the
hot bed lands on the air distributor.

5.0 COAL FEED SYSTEM

The coal feed system draws the crushed coal
of size 0 to 6 mm from the crushed coal bunker
by gravity on to the rotary air lock feeders that
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help to feed coal against pressure. The coal
discharged from the feeder is transported
pneumatically to the fluidised bed through
steel pipes. The air required for transportation
of the coa! is drawn from the forced draught
fan and the pressure is boosted in the primary
air fan before it is supplied to the air headers.
Control valvas on the headers regulate air flow
througn coal/air pipes. The fuel is then pneu-
matically conveyed to the coal splitter where
the fuel is distributed and fed into the fluidised
bed by underbed feed lines. Individual aif
headers are provided for each compartment
with necessary air measuring and control devi-
ces for shut off if required. The rotary air lock
coal feeder is a volumetric type of feeder which
helps feed coal against prassuia, by effective
sealing. A dynodrive mechanism which con-
trols the eddy current flow helps regulating
the speed of the rotary air lock feeder and
hence the coal flow into the air fuel lines. Each
start-up conipartment is provided with one such
coal feeder with line splitters while each main
bed section has two coal feeders with line
splitters. Adequate reserves have been built
in the capacity of the coal feeders so as to
maintain boiler load even while a few of the
feedars are out of service. Coal/air pipe bends
are adequatslv lined to prevent erosion.

6.0 BED ASH LET DOWN SYSTEM

The bad ash let down system maintains the
level of the fluidised bed which would other-
wise swell warranting a boiler shut down. [t
also helps to drain the higher size material that
do not fluidise or to arain the entire bed in
case of an emergency.

6.1 Ash Overflow System

A major oortion of the ash brought into the bed
by the coal gets elutriated with the flue gas.
However ti.¢ recycled fly ash and the higher
size ash that is retained needs to be drained to
maintain the bed level. Openings provided on
the water walls, of required size at the top of
the bed that help to drain this material by gra-
vity. Submerged ash conveyors carry this
quenched ash to the bcd ash silo.

6.2 Under Bad Drain System

The under bed drain system is essentially
.tilised to drain out the larger size fraction of



the bed material that do not tluidise and
settle to the bottom of the bed causing
defluidisation to set in. An air-lock rotary
valve which is motor operated and water
cooled to handle the hot ash, is provided at
the outlet of the under bed drain pipe. The
under bed drain pipe is sufficiently sized to
drain of the entire mass of bed in case of
emergency.

7.0 DRAFT SYSTEM

The AFBC boiler has a balanced draft system
with the forced draft (FD) fan supplying the
air for combustion and the Induced draft (1D)
fans sucking the hot gases out to maintain
near atmospheric pressure in the combustion
chamber. The Primary Air (PA) fan boosts a
portion of the air leaving the FD fan and this
air is utilised to transport the coal to the
fluidised bed.

8.0 TUBULAR AIR HEATER (Fig. 8.1)

The boiler will be equipped with a tubular air
heater, with gas flow through the tubes and
air flow outside the tubes. The air heater will
be supported on necessary steel work and will
be complete with all air/gas ducting, insulation
and outer casing. A refractory lining is pro-
vided at entry and the AH tubes to prevent
erosion of the AH tubes.

9.0 DUST COLLECTING SYSTEM

An electrostatic precipitator is located after
the tubular airheater and a head of the |D fans
to collect the ash from the flue gases before it
leaves the stack. A four field EP is provided
to dedust the flue gases. The EP is sized for
an outlet dust emission of 250 mg/Nm?.

10.0 CONTROLS AND INSTRUMENTATION,
ELECTRICAL FOR FLUIDISED BED COM-
BUSTION BOILERS

The Instrumentation and controls for the
boiler are: generally based on the pneumatic
system of measurement and control. To carry
out the operation of the boiler efficiently both
manual as well as automatic controls are pro-
vided. All temperature indicators are of
analog type.

All remote indicating, recording and control
instruments as well as the protective annun-
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control pane! located inside the control room.
The essential parameters such as pressure,
temperature level and flow are indicated, re-
corded and controlled through the instruments
and controllers mounted in the panel. In
addition field mounted local gauges are also
provided for local indication of pressure, level
and temperature wherever required.

10.1 €ontrol System

The automatic control system provided tor the
boiler is designed for efficient running of the
boiler. The steam temperature control loop is
also designed for maintaining the temperature
within the guarantee limit. Thecaontrol system
of the boilers can be divided under the follow-
ing control loops.

1. Three element feed control

This maintains the boiler drum level constant
by computing feed water flow and steam flow

2. Steam temperature control

This maintains correct temperature of outle:
steam.

3. Furnace draught control

This maintains constant draught at the com-
bustion chamber.

4. Combustion control

This maintains the steam pressure on the
boiler constant by varying coal flow and air
flow for optimum combustion efficiency.

11.0 CONCLUSION

This paper prasents a bird’s eye view of the
design features adopted by BHEL for 30 MW
AFBC boiler.
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TABLE 2.1 BOILER PARAMCECTERS

100% Boile
MCR Load
Main Steam
Flow (at Main steam stop valve) t/h 150
Pressure (at Main steam stop valve) .. kg/ema(g) 63
Temperature (at Main steam stop valve) ) °c 496
Feed Water
Temperature entering economiser °C 219




TABLE: 2.2 FUEL ANALYSIS

COAL
PROXIMATE ANALYSIS (As fired %, weight basis)
RANGE
Moisture % 5.7—6.1
Ash % 32—a4
Volatiie Matter % 21-23
Fixed Carbon % 2838
Higher Heating Value Kcai/kg 35670—4635
Coal size Minus 6mm
ULTIMATE ANALYSIS (As fired % Weight basis)
Performance Worst
Coal Coal
Moisture % 6.12 17.00
Ash % 32.18 50.00
Carbon % 51.6 23.94
Hydrogen % 3.28 1.75
Sulphur % 0.5 0.33
Oxygen % 5.3 6.48
Nitrogen % 1.02 0.60
Total % . 100.00 100.00
A
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QUESTIONE & ANSWERS

COMBUSTION SESSION, FIRST DAY

Y. P. Abbi: Thank you. Mr. Malarkkan and Mr.

SundararaZan. Apny questions?

A. B. Datta: What is the combustion efficiency of the
10 ton/hr and the 45 ton/hr and what are the number of
feedpoints in these two? Are they underkted or overbed
feed? Also, since you have used fins for heat transfer
what is the heat transfer Coefficient for tukes with

fins and without fins?

K. M. V. Malarkkan: The combusticn efficiency achieved
is of the order of 92-94% without recycle. With
recycle, we coulé achieve more and we have planned a

test with recycles.

The system of feeding is underbed ané the coal feed
consists ¢f zero to 6émm size. Ve have planned tests
bhut we feel that, with the overbed system and a large
quantity of fines, the ccmbustion efficiency would

suffer and this has not bLeen quantified as vet.
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Regarding the feedpoints, we have about four per

compartient.

S. Sundararajan: The tuvbes are all plain tubes
and have no fins. The heat trarsfer coefficient is

2
about 250 to 270 kcal/hr m deg.C. on the gas

side.

Mr. Engineer: TLoes the AFEC system cwuse any pollution
problems? If so, what are the remedies taken? 1Is

there any problem with fly ash going into the chimney?

Y. P. Abbi: It is not in thke fluidized bed combustior
system -~ it is the fly ash collection system. If you
have to go down to 50 mgs then ycu hLave tc use
electrostatic precipitators. TJTf you can tolerate 150

to 200 mgs, then yocu can use mechanical precipitators.

Mr. Engineer: 1Is the installaticn of ESPs necessary for

small fluidized boilers?

Y. P. Abbi: No.
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COAL-WATER MIXTURE FUEL AND
PRELIMINARY STUDIES ON ITS RHEOLOGICAL CHARACTERISTICS
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Central Fuel Research Institute
Dhanbad, India

84



COAL-WATER MIXT''RE FUEL AND FRELTMI:ARY STUDIES
ON ITS RHECLOGICAL CHARACTERISTICS

—— e e w emem e e — -

M. Chakraborty,
Central Fuel Research Ins~itute,Post,FRI,
PIN: 828 108, Dharb»ad.
INDIA

LBSTRACT

Coal-water mixture (CWM) behzves like a fluid and can be
used as a low-cost substitute for retrcleum-based fuel. Major
development projects have been undertaken in many countries in

order to establish and conr=:ci-lises the tecrnology.

In Part I of the paper, characteristics and potential fields
of application of CWM fuel ar«d present status of the technology
including Indien effort, have been briefly reviewed. The techno-
logy of CWM fuel is relatively straight-forward and does not pose
environmentsl problem. The economic viability of CWM over residue
fuel oil is also encouraging, the :rice differentiel of these twe

fuels beirg ov-r$2.0 /GJ ( 8&.20.00/GJ).

The preliminary rheologizal stuiies of CM preparad with
a few Indian coals and conducted at Pittsburgh Energy Techno-
logy Center, U.S.A., are reported in Part II. From the
limited experimental results, it has been observed that the
character and concentration of coals and dispersing agents
used had strong effect on the viscositv. It was possible to
correlate the viscositv datz by means of an empirical equation
available in literature. The nature of the particular coal-
water dispersiocn was slightly thixo=ropic and similar tc 2ingham
plastic. Mores experimentzl evidenc= are however necessary to

confirm these ckservations.
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COAL-WATER MIXTURE FURL &ND PRELTMINARY STUDIES
ON ITS RHEOLOGICAL CHARACTERISTICS

M. Chakraborty
Central Fuel Resecarch Institute, Post=FRI,
PIN: 828 108, Dhanbad,
INDTA.

INTRODUCTION

Coal-water mixture {CWM) fuel is essentially prepared by
dispersing finely ground coal in water. It is distinctly
different from coarse and dilute slurry used for hydraulic
transport of coal. The pipeline transportation slurry
generally contains around 50 per cent coal and dewatering,
drying and further size reduction are usuelly neces=ary prior
to its combustion. Concentration of pulverised coal (having
average particle size below 50 microns) in CWM may be between
60 - 80 per cent depending on method of preparation and type of
coal, and can be directly used in boilers and furnaces like
fluid fuel.

In Part-I of this paper, the general characteristics as
well as present status of CWM technology including its economic
viability are briefly reviewed. The nreliminary rheolcgical
studies of CWM prepared with a few tvnical Indian coals conductec
at Pittsburgh Energy Technologv Center, USA, during the visit

of the author there in March - April, 1984 are reported in Part-I

I
4

PART

wn
)
7]
)
=
q
(23]
!:4

CHARMCTERISTICS AND POTENTIAIL

cM fuel behaves like a fluid ani can be stored, oumped,
transported, atomised and burned wiz" almost all major advan-
tages of £fluid fuel. 1If prerared wi=mn demineralised coal, CTWM
fuel would be more homogeneois, have nigher calorific vzlue and

physico-chemical properties reasonaclv clese to that of residual

ib

£yel oil. Demineralisation °f cczl 3a-~i preparation oF CWM fuel

are therefore regarded ‘as partner tecnnologies.
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In view of significant price advintaces over mineral oil
and gas, approrriately prevared CWM s a votential low-cost
alternative fuel for substitnting vetroleum based fuel in exist-
ing oil and gas-fired furnsces and toilers with dinimum modifi-

cation, capital investment and gestation period.

Principal properties of CWM is =nown in Table 1. For compari-
son, properties of residual “uel oil is also incorporat=ad. A
the specific energyv in CWM is compzr:=-ively much less, its fl
form within acceptable viscosirv range virtually eliminates a
major constraint in handling &nd wicd- use of coal in its norm&l

solid state.

Moreover, development of fluid ZvM frel and system suitahle
for its combustion would meke drin¢ step redundent, which is one
of the highdy enercgv consuming critic=l orerations in hydraulic
transport of ccal. Feeding coal in tle Zfcrm of concentrated
mixture with water to fluidized bed ~<ombustcr and pressure
gasifier is also rercrted to have seversl advantages over the
method of feeding in its solid forr, ond this technique is used
in Texaco coal gasificatisn process zv Rubrchemie AG and Ruhrkohle
AG, West Germarv (1). Encouréging results are also obtzined by
injecting CWM to blsst furnace {2). The CWM fuel with bereficia-
ted or demineralised coal wouvld obwi-sly have more potential =nd

find application in many new and kxev areas.

It mav be menticned the= weter 'n CWM 1s not entirely inert
in the process of combustion and gzsification. NOx emission
is less and ash produced éurirng CWM ccomiustion is more tenign (3,4
Water also tends to accelmrate'the corbustion process. It is
believed that &n increase in particl= recaction surfece and acti-
vation occurs during igniticr stage, 2n” the steam carben reac
become sicnificant during comhusticn stzge. In gasification it
has been experimen=zally estarlished 7!) that water in the fuel
causes partial savirng of gasifier 2cert, cxycen, ard an incresase
in specific vield of synthesis gas richer in hydrogen. These

two effects as well as safer con+treol owver the coal feed, more
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than compensate for the negetive effect oF water feed invclved

in slurry convevance to the gasifier.

STATUS OF CWM FUEL TECHNCLOGY

The concept of coal-water mixture technology is not new.
The work in this field was initjisated in West Germany and Russie
in sixties and early seventies (4). The emphasis of Russian work
was on the utilisaticn of wastes frcm coal beneficiation and coke
plants. CWM was also prepared frem coal fipes produced during
mining, and transported hydraulically, ard burned in cvclone
furnaces and industrial boilers. In %West Germanvy, the technical
feasibility of preparing and burninc & 80 : 40
codl-water mixture was established es a result of tests performed
on a 56,000 lb/hr coel-dzsigned water -tube boiler at the Stalg
power plant, Killermann, Lunen. Durirg thet period, vhere were
also trials of CWM combustior in cvclione furnace conducted in USA

in order to encourage the constructicn of coal slurry pirveline.

It is now bein¢ increasingly realised that coal liquids from
direct and indirect liquefaction arc ~oal gas from gasificaticn
processes are so expensive that these avrproaches to co&l conversi
are not .Likely to find widesrread commercisl application fcr well
into the foreseeable future. Tre D.OCeSS of coal-weter mixture
fuel is on the other hand simple, h2rdly needs anvy high=technolog
and poses envircnmental protlem. In view of tihis appreciation,
uncertain oil supplv positicn and irvarn:=ioral strategies, R & T
work on the development 0f Trocess zr3 combustion of CWM has
again assumed immerse im
importing countries. Ir recent ve:-:, work in this fisld ha
neen initiated arAd is beirg sctivelv pursued with nigh pricrizy

n

in sweden, Italy, U.¥., Jaren, Canacz an< USA.

In Canada, for preparation ans use cf Carbogel, & CWM
developed by AB Carbogel (Helsingber=, Sweden), is under wav.
A d-metric ton(mf)/hr pilct plant, now being expancec to T=m.t/nr
m.<t.

has alreadv produced scme 3000 of CwWM with washed coal
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centairing 1.6 per cent ash ard 0.9 ror cent sulphur. Tests are
now being conducted on a 12.5 MWe ho.l!=r. It has becn planned to

move on to a larcer boiler and eventu:lly to commercialise the

+

technology at one or seversl of the “(C-Mi2 power generators (5).
The present US effort with or witicut federal suppgort to estaklish
CWM is pioneering cn many counts, er technology is fést nearinrg
completion. Two highly lcade” CwM & 1ls developed in US> are

ARC-Coal and Co-Al. The ABRC-Coal conr2iring 6C0-75 per cent coal

by weight of specific particle size “iszribution with 3 proprie-
tory additive has teen develcped by 'tléntic Research Corporation
of Alexandris, Virgirnia. Co=2l mix=urs fuels having upto 81 per
cent coal have been prepared at *l¥red Universiti., It wés reported
that high coal loadirg ir the mixture was possikle by proper
consideration of vrarticle sire digtr'tu+cion and electrochemistry,

General emrhasis of exgerimentsl worl is row mairly on the develcp-

ment of more specific low-cost viscr.ityv ra2ducers ani stabilizers
both to tramsnort tr- mixture easi'v ond to atomize ir vroverly

in the burner.

Tests on combustion of CWM are Ieirg corducted at Pittsburgh

'.l
3
[y
-

Energy Technology Center (cf D.0.E.) '‘0-inp fire-tube and 700-nhr
water-tube experimen=al Ycilers. Tr addition to evaluating the
transport and handling characte-istlis of CUM, valuatrle irforrmatic:
has been generated on boiler operatl~-, rc.lutznt emissicrs, ash
deposition, corrcsion and ercsiocn of "niler tubes, an¢ the effects

of keneficiated coals on combtusticr nerformAnce,
The U.S. Synthezic Fuels Cor-a: *.zr (SFC) has made projramrs
for twe demonstra=ion-ccale nests oF CuM,

INMDIAM ZEFFPCRT

.
t
mn

In Irdia, procramme for tie dewelcpment of CWM iIncl luding
ral Puel Research

combusticn system has been tikern un a* Tant
als Limited (BEZL),

Inszitute (CFRI) and Bharat Feavy Tl atrice
Tiruchirepralli. CF2I arped = the develorment,

i r
cnar:zcterization ard standerdisazinr ~f process and CVM fuels
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system including .lecign of atomiser suitable for highly loaded
CWM fuel. Both the projects have been identified for support

under US AID.

The primary objective c¢f CFRI's part of work is to prepare
CWM fuel with minimum quantity of water maintaining the fluidity
and stability within acceptahle limits. The work on the prepara=-
tion of CWM has alreadv been initiatr<d, and aprroach made on the

principles of surface and colleoid chemistry and of rreclogy (€).

The principal parameters are particls size-consist, nature
of coal surface, and mineral mat-er cortent ané its constituents.
Since the nature of coal surface cer not de precisely specified
and is believed to be larcelv heterogeneous, the primary step is
to induce on the coal surface uniforr hydrophilic character for
improving the we*ting and gel ferming properties wnich help
dispersion and stabilizatior of coal-water mixture. Wwith this
hypothesis in view, hydrophilic agent s been prepared from coel.
This coal-derived substance having rclar groups is surposed tc be
firmly adsorbed on the coal surface. Electrical double layer
developed at the solid-liquid interface, as with efficient
dispersing agents, minimise the effect of natural forces cf
attraction among the particles to form aggregates. A free=flowinc
CWM fuel containing 65 per cent cozl wirh 16 per cent zeh has
been creparecd with this co2l-deriver oreduct. The stability of

the mixture is also reasonably gocd. The properties are being

)]
~+
i

sre zlso being macde to Iur

(a2

quantitatively ewvsluated. ~ttempe

O

increcse the coal loading by studvirg ancd optimising the eflect

of size consist.

The methods of grindinc of co#’ =rc ipcorporatlon of
etle ipfluence on the
properties of CWM. A conceptual flowsheet of CWM plant based cn
greliminsry otservetions of TFRT is rrece
salient fFeatures of tre rrocess s=¢. s &re acop
and wet grinding, ard incoryorsztinr I = 1=l I the disnersing

~nt a3+ wet grinding stege. Tre screre L1s ov-wvel L U0 te

1]
.
o ]

eszablished by means of lerce-scele persistent triels.
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ECONOMIC VIABILITY

Since our develormert w. -1 @p "M ic at +he creliminarv stage,

n
[
n
Q
n

the published infrrmation (7Y on thw p:]l.

h&s been reviewed here.

For a 2.5 million tonne ger anrum "green-fiemlds clant
including all facilities, normal off-ci*es§ and ancillisries, the
capital outlay has been estimated 2+ § 108 millicrn (1983 price).
Of the total capital, 46 per cent is for prevaration and 31 per

cent for coal CWM handling and stcrz:a,

The main components involved in “he cost o< preparation and
final product, CWM, are summarised in Table-2, The basis and

assumptions made for the estimate are also mentiored.

0

-
2n<

The estimate has been made for ~wM contzining 25 cer

O

water, 3.2 per cent ash having heatiny value of 23.2 2J/t or
5500 Kcal/kg. The cost of preparat:i-r of ZWM is § 24.68 and cost
per ton of CWM including preparation, nandling and transport is

$ 65.3. The price differential for ~"M and residual el oil is
$2.15 /GJ. It has been stated that c+nsisarinc extreme parameter
ranges, the cost differential may va- from20.4 t0:2.15 /57.

This sufficient margin indica%es viarilicy of CWM fuel as an

alternative substitute for petrcleum Sased fuel oil.

It may be seen that the most cri-i=2:! comrcnencs are capital
and coal costs. These factors won's =» more favourable under
Indian conditions, particularly if tre CwM oroduction plant is
suitably integrated with one of the 2visting coal creparation
facilities, viz,, coal washerv, tharm=1 power olant ( PY fired ),

etc. It may hence be generallv inferrsd t-zt cos: adveantage of

ct

CWM in India would be more sicnifican
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PART II

DRELIMINARY STUDIES CN RHTOLOGY CF CWM PREPARED
WITH INDIAN C(. TS

QLOGY

O
"y

RN

1]

SIGNIFICANCE

Rheological property of coal-watar mixture is of paramount

importance as it influences the fiuidizv, stability ard ateomizatior

The main aim in CWM develocment is tc minimise viscosizty without
a

affecting the stability for & partiztlar concentration of coal.

Although no g=2nerzl correlaticn zet-een atomised droplet size
and CWM viscosity wes found, 1t wés svidenrt thiat, for anv one C¥WM,
reducing its viscosity (through dilution or heating) improved
atomization qualitv. There is however no consistant temperature -
viscosity relationship: some CWM repcrtedly become more and other

less viscous with the increase in temperature (3).

The viscositv of CWM should be less than 2000 mPa.s .(cP) at

s

100 sec-1 shear rate and 25%, 1Idezlly the viscositv should,

remcin pelow 2000 mPa.s at all sheer vates apove =18} sec:"1

irrespective of rheology ( Newtonizn, pseudoplastic, dilsatant,

Bingham glastic, etc.). It has beoer generally Zfound that the

nature, <concentration &anc particla =size [

surfactants used o disperse and statilize the mixture signifi-
e

cantly influence the rheologv.

mhere is nhardlv any gublished IrInrmation on tae rneolozicsl
characteris=ics ~% =sncencrarted cns’—wates mMINTULS prepvared wizh
Tndian coals and Zifferent <isgersi~T agen

this study conducted at the sheolng Laborztoryv of Plztsburgh

e}

Zriergy Tecnnology Certer, U.5.2., W78 TO 3

cn =hese asgects wnich are irdierers:inl

tion ans irdustri-l use of TM Inzl, Tris experimerszl WOLK Was
also undertaken as 3n exercise Icr ~eTilng familizriced with tre
scohisticztad ipsrruments used fhers for rreclogical studles,
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EXPYRIMFNTAL
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figure 3 prercerts the results of the effect of CWM concen-
tration of Nortr ¥arapgpuvréeé coal on viscesiry with different

additives as parsmeter. The difrercrt ad-iciv

-
)
n

usrd were NaCH,
'Celex' (a conceprir-ted soluticn of Magnesium Lignosulrhonate,
svrrlied by Indi-r Farer Purp Comrer', Ca’'zuttal, Lomar D (Sodium

salt of an &lkyl —ono-ravhthalene sviphonic acid, supplied by

Diamond Shamrock Zorroratior, Morris=+owr, NJ), Celex + NaCH, and
Lomar D + NaCH, Viscosity recducticr wish Lomar N wes hichest of

all the resul=<s chreined with the o-% ~r additives and their

comktinations.

Attemnt has heen made <o correlice the vigcosi-v of the CWM
(with Lomar D) with volume rfraction 57 sclid concentr=+ion (
in terms oy &£, , the maximm atizinable sclids volume fractien
irn the suspensi~n oy mears ¢ the fclleowirg empirical (13)

ecquation

[~ - . .
_ / / P ,’/\ / R ]

14
e
o
e

where .U, is relarive viscositv, X is a cons=ant dep
suspersion. The equation wss prnpos < Ty Botséris =n? As
the bésis of correlasvion develoned v Thonty, Christiansen and Zzer

The &£fective meximum sclids Zrowewion Zor a2 given particul=sr- sgize
e

distrituticn, inclvdes the effsgct »f -articzle iptersc=:orns. In

, ' -1
order tc dezermine i-is pararater, 2 -~lct (L.~ ) VS ¢ wWas
mede anc the line w:s extragolzted o zerxc o Zive thes wzlue ol &

wnich should ¢ive s straignht line pacr-ing threugh ¢~%¢ =
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suggesting resscnacly good val:dic

e
particular coal-water sus:ens’an. The plot is sheown in
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The plot of viscosity vs time in *Tigure 6 demonstrates that
viscosity slightly decreased with time showing the thixotropic
character of the susrensicn.

Figure 7 represents the relarionshin between sherr stress
ané shear rate. The rheogrem shows that the nature of these coal-
water mixtures was similar tc SBingher rlastic within the range of
shear rate emploved. More experimentzl evidence would however be

required to cecnfirm the rheclogical characteristics.
CONCLUSTION

i) Development work is beinc rursued in many countries to

establish the technology of preparation and combustion of CvWM fuel

ii) CPFRI has alsc undertaken 7 & D work in this field. 2

U

dispersirg agent pr=pared from coel ras been found to be effective
BHEL, Tiruchirapalli, is engsged in =he developrment of combustion

system suitable for CWM fuel.

iii) CWM fuel has cost advanite¢s over residuel fuel cil, the

(D

price differential for these two fusls being over $ 2.0 /GJ.

iv) Nature and concentraticn o7 co~1 as well &ss acdditives

haé strong influence cn the viscosity of CUWM.

v) Viscositv of CWM prepered wiitr North Karanprpure coal
could be correl=sted in terms of volurs2 “raction anc effective maxi
mum solid fraction for the particulsr disversion by means of an

empirical egqustion.

vi) From the ited exrerimer+~zl results, it showed that

lim
CWM prepared witl MNcrth Xararrurz cr=! w ligktly thixotrorvic

&8s s
and had cheracteristics similar to Singhem plestic.
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TABLE = I

PRINCIPAL PROPERTI¥3 OF RESTDUAL FUEL OIL, AND PROVEN C'M FUEL

____________________________ REO__ _ CwM
Carbon Wt.% 87.30 75 - 81.00
wWater " - 25,00~ 30.00
Ash " 0.04 2.00 - 10.00
Specific GJ/t 41.00 20.00 - 23.00 .
Energy Kcal/Kg 9,785.,00 4567.00 - 5250.00
Density Kg/1 1.05 1.15 - 1,20
Viscosity cp 105 500 - 1c0C
TABLE - IT
COST OF PREPARATION AND COST OF CWM_ESEL (7
COMPONENT'S _ COST _ BASIS
Utilities $/t CWM 5,20 Fixed Capital for a
2.5 M t/a plant: $ 108 millior
Chemicals " 4,50 2sh content of CWwM : 3.20%
Capital n 8.64 rater " : 25.00%
Cherges
ther items " 6.34 Ueating value of CWM: 23.20 G

Total Preparation

Eost oo 24.68

Cost 0F ca&l
including prepn.,
and trarsicrtaticr

of CWM. 40.62
Total cost
of CWM " 65.30
6S/GJ 2.85
§/{10° Kcal 10.00
Price of -

100

Cost of RFO
Srojected for the
period 19R5-1990 :§5.00 /GS

~ost of coal :545.00 /.


http:9,785.00

- 16 -

TAILE - III

ANALYSIS OF CCOAI SAMPLES

- P - —— - o —— . —— A - — P = - -

Droximate Coal Samples
Analvsis % et T
North , . .
pict :
| seme Xeranpurz__ S-=ESPRTOT
Moisture 6.00 5.9C 2.43
Ash 14.00 34.70 15.07
Vvolatile Matter 31.30 25.50 33.11
Fixed Carbon 49,39 33.90 42,39
Calorific value
Xcal/kg 6350.00 6755.00

Oxygen % (dmZ) 10.58 13.5 8.0
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COAL WATER SLURRY COMBUSTION IN FLUID BEDS
— PROSPECTS IN INDIA

K NANDAKUMAR, PVLN SARMA & KMV MALARKKAN

ABSTRACT : Indian coals are predominantly high ash coals and their washaoility
characteristics are very poor compared 8o North American or Eurcpean coals. So any coal water
slurry (CWS) system developed to gain the advantages like flexipility in handling a.nd storage,
minimum space requirement etc has to contend with higher ash.

Fluidised bed combustion is suitable for high ash and /ow heat values fuels and hence CWS
combustion in fluid bed has combination of advantages. Combustion of medium ash CWS
and washery tailings in fluid bed has been successfully researched in Canada, USA, Sweden,
China & ltaly. In India and elsewhere washery tailings have been posing pollution problems,

BHEL, Trichy has already initiated testing of slurry fuels similar to washery tailings in their
0.5 x 0.5 m test rig. It is proposed to install a coarse (0-6 mm size) coal waier slurry prepa-
ration and feeding system and conduct full fledged experiments for firing washery tailings
and high ash CWS.

India has about 2500 million tons of low ash but high sulfur bituminous coals. It is proposed
that research on low ash CWS preparation and combustion can be done with Assam ceoals to

start with and can be on a wider scale with the advent of successful demineralisation systems.

1.0 INTRODUCTION

Pumpable mixtures of finely ground coal sus-
pended in a liquid have been identified as
technically and commercially viable proposi-
tions over the past few years of research and
demonstrations.  Various liquid options like
oil, methyl alcohol, ethyl alcohol and water
have been successfully tried.

Coal water slurry (CWS) fuels have been fired
through atomisers in retrofitted oil or pulve-
rised coal fired boilers, as spray over Stoker
fired boilers and in Cyclone furnaces. But most
of the above successful trials have been done
with low ash raw codls or beneficiated coals
with around 5% ash content (1, 2 & 3).
Table-1 shows some typical slurry composi-
tions tested.

Sophisticated technigues like chemical demine-
ralisation, oil agglomeration, OTISCA-T
processes are being developed for econainic
beneficiation of different types of coals (4,3).
Deep deashing and cleaning of CWM leaves a
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residue of fine coal with high ash content but
also with substantial heating value. Toim-
prove the economics of low ash CWM the
high ash fractinn is to be utilised (8, 7). The
versatile fluid bed combustion technology in
which other low quality fuels like washery
rejects, biomass and other multifuels have
been successfully fired, has been found suit-
able for coal water slurry fuels also.

2.0 ASH CONTENT OF INDIAN COALS

The coal reserves of India (except the tertiary
coals of Assam) are of high ash and low suifur
content. Table-2 shows :he ash content of
Indian coals and the reservas. The reserves
with lesser than 139 ash content is a meagre
320 million tons against the total reserves of
83,052 million tons. The low ash (<6%)
high sulfur (=69%) Assam coal resarves total to
2500 million tons only.

Because of the drift origin mineral matter in
Indian coal is not only higher but also homo-
genously mixed along with the organic



matter, uniike that of other countries having
carboniferous coals with low ash and easily
separable mineral matter.

3.0 WASHABILITY CHARACTERISTICS OF
INDIAN COALS:

Washability index is helpful in comparing the
ease with which coals can be washed, irres-
pective of their ash content.  Higher index
indicates easy washing,

The washability indices of Indian coals, except
Assam coals, range from 15 to 43 and for
Assam coals between 47 and 76 (8, ¢, In
contrast, washability indices of foreign coals
from countries like UK, USA and Germany

range between 45 and 76 indicating the
comparative ease with which they are
washable.

On an average, the ast content of cleans from
coking coal washeries is of the order of 17.5%
with €0% vyield.

With non coking coals, the average yield of
clean coal is around 70% with 25% ash, while
the ash content of the remaining 30% rejects
is 60%.

Even with techniques like oil agglomeration
the yield has been only 709-80%.

40 COAL WASHERIES AND WATER
POLLUTION

Mechanised mining has resulted in higher pro-
portion of smatler coals and fines with consi-
derable free minerals along with the bulk coal.
Subsequent crushing and handling prior to
washing increase the proportion of fines. With
soma difficult to wash coals, crushed to below
13 mm, ultra-fines below 100 microns were
found to be 6-8% and fines below 0.5 mm were
as high as 20-25 per cent of the feed.

Such fine and ultra-fine particles of coal, shale
and dirt in washery tailings do not settle easily
and are ultimately discharged into the streams
or rivers causing water pollution (10).

It is reported that about 0.4 million tonnes of
washery taiings are polluting the Ganga and
Damodar rivers in the ezstern sector. Disposal
of such large amounts of combustible tailings
from coal cleaning plants poses difficult pro-
blems. Burning a slurry made of coal tailings
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in a fluidised bed combustor is an ezonomic
alternate means of disposal.

For efficient and economic beneficiation mostly
wet processes are used in Indian coal washe-
ries(8). Table-3 lists the washeries with the
respective installed capacities, both existing
and proposed, for prime, medium/semi coking
and non-coking coals totalling to 64.9 million
tonnes (prime coking 33.8, medium coking
17.6, non coking 13.5 million tons).

5.0 CWS COMBUSTION CHARACTERIS-
TICS IN FLUID BED

CWS combustion in fluidised bed has been
found to be more efficient w.r t. carbon
burnup efficiency than raw coal combustion,
The characteristics of CWS combustion differ
from raw coal combustion. (11)

5.1 Agglomeration and reduced elutria-
tion

Due to the evaporation of water at high tempe-
rature, CWS dropiets form porous solid fuet
spheres, with an ash layer left on the surface.
Such spheres do not worn out fast, but at the
same time provide much reaction area. The
thin ash layer causes the diffusion resicstance
to be decreased. Because of such agglomera-
tion, elutriation losses reduce in comparison
with coal particles.

5.2 Enhanced and uniform bed reaction

With coal firing in fluid beds, the oxygen is
consumed within a thin layer over the distii-
butor and the reaction of fuel with CO, is at a
lower degree.

With CWS firing high cencentration of water
vapour emanates because of which gasification
reactlons take place.

C+ H,0 =
C + 2H;0 -

CO + H,
Co,; + 2H,

Eventhough the rate of carbon consumption
is lower with gasification reactions compared
to direct oxidation, since gasification reactions
take r:lace throughout the upper region of the
flui- ved, the combustion rate of the whole
bed is increased.



5.3 Less sensitive to excess air

Because of the gasfication reactions with
water vapour, combustion does not very much
depend on the excess air as much as the dry
coal particles depend. Lower excess air
ccmbustion of CWS is found possible.

5.4 Low No .' amission

Because of reduction atmosphere in the bed
the No, formation is depressed.

5.5 Effect of water content on com
bustion efficiency

There is a myth prevailing among many people
that addition of water to coal brings down the
efficiency drastically. !f we assume that the
added water does not affect combustion re-
actions and calculcte the heat loss due to
moisture in fuel according to ASME P.T.C,
for steam generating units; the efficiency
loss comes to about 1.5% forevery 10% in-
crease in moisture content of fuel. The effici-
ency drop with increase in moisture content is
shown in figure 2 for atypical Indian coal.
From figure 4 we can observe the effect of
varying water content from O to 50% on the
sensible heat loss due to dry gas, due to mois-
ture from hydrogen in fuel and heat loss due
to evaporating water from CWS,

The addition of water should be optimised to
reduce the loss.
boiler to CWS, the cost of modifications and
cost of fuel oil saving should balance the
efficiency loss due to moisture addition for
viability.

5.6 Advantagesof WS Firingin fluid bsd

*  Simplicity in feeding and distribution for
atmaspheric and pressurised sysiems.

*  Elimination of coal drying for high mais-
ture fuels.

* Carbon burn-up efficiency of CWS could
be higher than that of ¢rushed coal with
fines, because of lower elutriated carbon
loss. ’

* No, emission from the fluidised bed burn-
ing CWS is lower (about 50%) than that
burning dry crushed coal.
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When converting oil fired .

* Sulphur capture effectiveness of Cao
mixed directly with CWS is much better
(about 25+, more} than that of using con-
ventional desulphurisation method of add-
ing limestone.

* CWSeliminates need for steam (60% by wt.
of coal) in fluidised bed coal gasification
process.

*  Elimination of inert gas for pressurised
feeding of coal.

6.0 STATE OF ART-CWS COMBUSTION/
GASIFICATION IN FLUID BEDS

USA, Canada, Sweden, UK and China are
seriously engaged in the research on coal water
slurry combustion and gasification in fluidised
bed(12). Table—4 lists the work carried out
in the above countries.

USA

The Cool water gasification programme in USA
has generated electricity in May 1984, The
1000 t/d gas plant has Texaco process where
coal water slurry is gasified.

USDOE, Morgantown along with NCB, UK is
working on CWS combustion in pressurised
fluid bed for combined cycle applications.

CANADA

Energy Mines and Resources Department,
Government of Canada has tested firing com-
bustible tailings from a coal cleaning plant in
Nova Scotia, ina 1'x 1’ fluid bed combustor
designed by B &W. Stable and efficient
combustion has been achieved.

SWEDEN - AMMONIA GENERATOR

CWS has been successfilly used as a feed
stock for ammonia production in a gasifier
operated by Boliden AB. With CWS (CARBO-
GEL), ammonia production was excellent,
Soot was found to be lesser than with heavy
fuel ail.

UNITED KINGDOM

Coal water mixture with {ow sulfur, high valatile
matter has been fired in a pressurised 6 atm flui-
dised bed combustor of 12 inch diameter. High
combustion efficiency (99%), low No, emis-



sions and good fuel distribution have been
observed without any hindrance due to pre-
sence of water.

CHINA

Zhejiang University, Hangzhou. China has con-
ducted lot of tests in their 250 x 250 mm and
500 x 500 mm test rigs with 0.5 to 3.0 mm
size coal of 309 ash contcnt with varying
water content (upto 70%), excess air (20%)
and bed temperature (600-1100°C). They
have also experimented with two beds, one
working as combustor, the flue gas of which
acts as fluidising medium of another gasifier
ultimately getting gas with calorific value as
high as 1400 kcal/Nm?.

ITALY

Research cn coal water slurry combustion :n
fluidisec bed has been done at Institute di
Ricerche Sulia Combustions, Napoli, Italy and
ENEL, Pisa, Italy (13).

7.0 SCOPE FOR LOW ASH CWS SYSTEMS

Retrofitting old oil fired boilers with CWS
firing is considered as one of the commercially
attractive propositions. In India itis estimated
that about 30%, of the petroleum fuel con-
sumption in boilers is in smaller capacity
boilers. So development of low ash CWS
system has formed a part of the total CwS
technology development.

The low ash bituminous coal reserves of
Assam, total to 2500 million tons, vide
Table=6. The significant low ash fuel re-

serves could form the feedstock for prepara-
tion of siurries to start with. Meanwhile
successful demonstration of economical chemi-
cal demineralisation systems or oil agglomera-
tion techniques in medium scale plants could
lead us to the utilisation of coais having 18 to
409 ash content.

8.0 PROJECT STATUS IN BHEL

8.1 Project Sequence

The high ash content and the poor washability
index of Indian coals are pointers to the prob-
lems that are likely to be faced by a CWS
combustion system which may necessitate

incornoration of ccal beneficiation, ultrafine

grinding and firing through atomisers.

Considering the spurt around the world in
fiuidised bed combustion, BHEL has chalked
out the following sequence of research for
CWS combustion.

1. Firing washary tailings in fluid bed com-
bustors along with middlings or washery
rejects fired as raw fuels.

2. System development for high ash, coarse
(0-6 mm) coal water slurry preparation
and firing in fluid bed.

3. Design and development of low ash coal
water slurry preparation and firing system
integrated with a suitable coal beneficia-
tion system.

8.2 Slurry Preparation

To simulate washery tailings, BHEL prepared
slurries with pulverised coal (75% lesser than
75 microns). Soluble starch and carboxylic
sarfactant were added to stabilise the slurry.
Table-6 gives the analyses of the coals used.
The coal loading upto 60% could be achieved
with coal ash content varying from 27 to
47.9 per cent.

8.3 Combustion Tests

Already, BHEL has successfully burnt spent
liquor having 46% water and of 2400 kcal/kg
calorific value ina 05x0.5 in fluid bed test
rig. CWS prepared out of pulverised coal was
tested in a set up specially designed for the
same as shown in Figure-1. When the fluid
bed combustor was having stable combustion
with raw coal feed (0-6 mm size) CWS was
introduced into the bed. To start with, the
raw coal to CWS proportion was of the order
of 80 : 20 by heat content, The stable bed
temperature indicated the sustenance of com-
bustion with CWS firing.

Additional set up for CWS preparation and
feeding, with instrumentation has been planned
as detailed in figure-3. Dctailed experiments
will be conducted to coilect quantitative
results.



8.4 Activities under progress
1. Literature survey -

2. ldentification and procurement of instru-
ments and equipment -

3. Detailed design of system -

8.5 Schedule

Completed

Purchase order placed for two stage progres-
sive cavity screw pump to handie 0-6 mm
size CWS of 3 t/h, 3" 2 inlet and outlet,
9 kg/cm? pressure.

Specifications prepared for online viscometer
and density/mass flow maters.

Detailed design of CWS feeding system for
fluid bed combustor taken up.

Design of the stirrer (turbine type) and tanks
completed.

|dentification of additives a.d stabilisers under
progress.

Major activities involved in BHEL's part of work along with date of starting, compiation and

duration are as given below:

Start Complete Duration
(months)
1. Identification, evaluation and pracurement Oct 84 Dec 85 15
of instruments and equipment
2. Detailed design of system Dec 84 Mar 85 4
3. Fabrication Jan 85 Aug 85 8
Erection of equipment Mar 85 Nov 85 9
5. Combustion tests in fluid bed Apr 85 Sep 86 18
6. Atomisation studies June 85 Dec 86 18
7. Combustion by atomisation Jan 86 Dec 86 12
8. Study tour to US Apr 85 Apr 86 1 month
8. Repaorting Every 3 months
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Columbia
Chase Corpn,

North
American CWF

Amax

ARC

Coal Lig.

OXCE Fuel

Slurry Tech

Energy Resource
Engg.

TABLE 1

CHARACTERISTICS OF TYPICAL COAL WATER SLURRIES TESTED

Parent

Coal Slurry
Product ; . . .
Name ash Solids Viscosity HHV F.C. V. M. Ash Moisture

Yo % cp K Cal/kg % %, % 9
2) (3) (4) (5) (6) (7) (8) (9) ao

CWM 6.95 70.0 1000 4500 39.6 249 5.58 30.0
CWF — — <1000 6180 — — 3.4 —
Coal 8.7 62.0 1500 6250 37.0 23.0 1.8 38.0
water

30-40 70-75 400-1000 5550 — — 25 25-30
cw — 70.0 950 — 38.6 25.2 5,0 30.0
OXCE 20 80.0 <1600 5950 — 25.0 <5.0 35.0
Coal AL 5.2 75.0 1000 6130 46.4 245 4.1 250
CWM 35 50 — — — — 0,3 50




-
vl

Company

) .

UK

James Howden

Babcock

SWEDEN

Fluid
Carbon Int.

AB Carbcgyel
Nycol
JAPAN

Sumi Tomo
Heavy |nd.

Product
Name

Howden
micro coal
water

Coal

Fluid
carbon

Carbogel

NycolCAM

Ash
reduced
CWS

4.4

7.0

20.0

38

3-6

8.0

70,0

75.0

80.0

72.0

70.0

TABLE 1 (CONTD.)
Slurry

Viscosity HHV F. C. V. M. Ash Moisture
CP K Cal/kg % % % %
(5)_h (6) (7) (8_) _(?) B (_1_0) -
— — 30.3 27.3 34 —
100 5710 420 26.0 7.0 25.0

<1500 5950 — 25.0 <5.0 2C.0
400 6070 44.8 25.8 1.4 28.0
1500 5120 — —_ — 30.0
2600 4330 —_ —_ 5.2 294

70.6




TABLE -2

ASH CONTENT OF GONDWANA INDIAN COALS

Average ash content Total reserves

Coal type (% Wt.) (Billion tonnes;
Non-coking coals
Superior quality
Grade A & B < 18 0.320
Grade | & Il 18-24 3.648
Unclassified < 32 18.032
Inferior quality > 32 40.788
Coking coals
Prime coking < 15 5.851
Medium coking 15-17 9.434
Semi/weakly coking > 17 5.070
LIGNITES 3-17 2.089

Total 83.052
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TABLE -3

COAL WASHERIES OF INDIA

Capacity
MT/Yr
I. PRIME COKING
Existing
Dugda | & Il 4.8
Bojudih - 2.0
Sudamdih 2.0
Chasnalla 2.0
Pathardih 2.0
Lodna 0.4
Durgapur (HSL & DP2) ... 2.85
Jamadoba 1.45
Moonidih 2.0
Bararah 0.5
veeess 20.0
Proposed
Mohuda 0.6
Putkee 3.6
Bhalgora e 4.0
Dharmaband 3.6
Madhuband 2.0
...... 13.8
1. MEDIUM COKING
Existing
Karga" sas voe oo 2.7
Kathara 3.0
Sawang 1.0
Gidi 2.8
W. Bokaro . 2.5
...... 120
Proposed
Keola 2.6
Ramgarh 3.0
ceeess 5.8
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11I. NON-COKING
Proposed

Sodepur

Biha CCP
Jhinguda CPP
South Balanda

Bhortpur

118

Total

0.85
4,50
3.00
1.65

3.50

10
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TABLE — 4

STATUS OF CWS COMBUSTION /| GASIFICATION TECHNOLOGY

Country

Canada

China

Sweden

usa

ltaly

Application

Utilisation of combustible
washery tailings

Combustion & gasification
of washery rejects and
pipeline transported coal

Gasifier for production of
ammonia

Pressurised fluid bed gasi-
fier and combined cycle
plant

Pressurised fluid bed gasi-
fier for combined cycle
plant

CWS utilisation in fluid
bed combustors

Projectants

Energy Ministry
withB & W

Zhajiang

University

Garbogel AB

Boliden AB

NCB/CURA

USDOE

Institute di Ricerche Sulla
Combustione, ltaly, &
ENEL, Pisd, haly

Test Rig Details

Year

Atmospheric fluid bed
1ftx1ft

Atmospheric, 80mm &,

250 x 250 mm 500 x 500 mm

beds single bed combustor
and two bed gasifier

1 ft @ gasifier

1000 t/d

1983-84

1981 onwards

1981 onwards

1982

1984

1984




TABLE — 5
LOW ASH COAL RESERVES

. Moist. Ash V. M. F. C. Reserves
Field % % % % Million tons 1 ot@!
Makum 21— 39 19 —28.3 39 — 452 49.3 — 50.8 1664
Dilli Jaipur 39 — 6.0 0.8 — 6.3 42 — 46.7 32.3 — 48.2 954
Namchick Namput 23— 33 20 -—28.4 43.5 — 51 41.3 — 49.7 610
Nazira 1 -— 100 0.7 — 4.0 36 — 44 5T — "¢ 54
Others 08 — 13.0 2.8 — 6.0 33.8 — 40 46 — 549 76.2
BITUMINOQUS 2499.6
C
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CWS COMPOSITION PREPARED BY BHEL

TABLE — 6

Prox. analysis

Slurry
Coal name 9% Coal in  Particle cv
slurry size M Ash VM FC cv Kcalrkg.
Akashkinaree 45.87 75 microns 0.50 31.80 14,50 53.20 5840 2678
Koaridh 59.60 75 microns 0.60 41.70 13.20 44.50 4743 2826
Singareni 49.00 75% less than  8.80 27.50 25.90 37.80 4925 2413
75 microns
Swang Middlings 54.00 759 less than 1.03 47.93 20.60 30.44 3675 1984
75 microns
121
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FIG 1. SCHEMATIC DIAGRAM OF FLUDISED BED TEST RIG.
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FIG.3. SCHEMATIC LAYOUT OF THE PROPOSED PROJECT FOR COMBUSTION DEMONSTRATION
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COMBUSTION OF BIO - MASS IN AN ATMOSPHERIC
FLUIDISED BED COMBUSTOR

Dr R VASUDEVAN

INTRODUTCION

India as a developing country cannot afford
to expend its foreign exchange reserves for
the import of primary energy viz oil to meet
the growing demands of Industry. To a large
extent, the resources available within the
country viz. coal is being exploitea and better
ways of energy conversion and utilisation are
being developed. Also, India as a leading
country among developing Nations, in the

agricultural  production, generate a huge
surplus of agricultural  residues. These
agriculturai  wastes totalling about 350

Million tonnes annually can to a large extent
replace Fossil fuels. This paper discusses the
salient aspects of better utilisation of these
agro-wastes through the latest combustion
technology. (fluidised bed combustion.)

INDIA‘S AGRO-FUELS GENERATION

india produces about 140 million tonnes of
food grain per annum. For every tonne of
food grain, two and a half tonne of crop resi-
dues are harvested. Thus the production of
crop residues reaches 350 million tonnes
annuaily.

Agricultural residues are traditionally used for
Animal feed, fuel, roofing material etc. Now
due to the Green revolution, high yield hybrid
varieties of Paddy and othar grains are culti-
vated with extensive usage of Fertilisers and
pesticides causing the residue unsuitable for
cattle feed. Thus these bio-masses are to be
utilised as energy substitutes. Use of bio-
mass for enargy purposes has been receiving
considerable attention for some years. Bagassse
and rice husks are being extensively used as
boiler fuel. Production of Bio-mass pellets of
high density and pellets of pyrolysed bio-mass
is being attempted on commercial scale. Gasifi-
cation of selected bio-masses aiso has been achi-
eved. Attempts are going on forfermentation
of some bio-mass to produce alcohol. Of all the
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utilisation technigues available, the most sui-
table for energy recovery of bio-mass is
through the use of fluidised bed combustion.

TRADITIONAL METHODS OF COMBUS-
TION OF BIO-MASS

Bio-mass burning furnaces, developed in the
1840°'S, include (i) Step Grate furnace, (ii)
Horse shoe furnace and (iii) Eisner furnace.
Essentially the above furnaces are of ‘ PILE
BURNINAG " type i.e. the fuelis fed in bulks
and the burning is effected on the conica|
shaped heaps with very high excess air opera-
tion.

Subsequently semi suspension burning method
for bio-mass was developed, in which a com-
bination burning in suspension and a thin
uniform fuel bed burning will take place.
These type of furnaces (spreader stoker with
dump grate arrangement) operate with less
excess air when compared to the pile burning
type furnaces. But these furnaces also suffer
from high unburnts and poor load response.

PRINCIPLE OF FLUIDISED BED COMBUS-
TION

Fluidised bed combustion is a new method
of burning a wide variety of fuels. The process
involves burning the fuel in a bed of crushed
refractory/sand which is maintained in a Flui-
dised State by the combustion air.

When air passes upward at low velocities thro-
ugh a mass of finely divided solid particles
(such as crushed refractory/sand) the particles
are not disturbed. As air flow is gradually
increased, the particles become suspended.
Further increase in the air flow gives rise to
bubble formation and vigourous turbulence,
(Ref. Fig. 1) the bed of solid particles has the
same characteristics as a liquid and thus the
bed is termed as Fluidised Bed Cambustion of
fuel,



Ideally the fluidised bed when hot, provides
the following necessary reguirements for effi-
cient combustion.

1. Large surface area per unit mass of fuel

2. Long time of contact or large residence
time (Residence time is many times greater
than that of suspension firing).

3. High relative speed between air and fue|
for turbulence. With these features and
large bed thermal storage, the fluidised
bed combustion boiler is able to burna
wide variety of fuels.

ADVANTAGES OF FLUIDISED BED
COMBUSTION

1. .Ability to burn fuels containing very high
inerts. (Washery rejects containing 73%,
ssh and 19 moisture have been success-
fully burnt in the prototype FBC Boiler at
BHEL, Tiruchy).

2. Fuel flexibility (Burning fuels ranging from
fuel oil having HHV of 10500 Kcai/kg
down %o rejects having a heat value of
1900 Kcal/kg in the same combustor has
been demonstrated by BHEL, Tiruchy.

3. Higher efficiency — combustion efficiency
90-929 and boiler efficiency of 80% hased
on higher heating value of coal was

achieved. Even with washery rejects, a
high boiler efficiency of 75% was
achieved. For bio-mass, the combustion

afficiency exceeds 99%.

4. As the bed is maintained between 850°C,
and 950°C, ash does not get heated to its
initial deformation temperature. Hence, no
clinkering or slagging or hard deposits on
heat exchanger tubes occurs.

§. Ash is less erosive and hence life of boiler
second pass and |D system is increased.

6. Because of low temperature combustion,
corrosion caused by alkali compounds in
ash is significantly reduced.

7. Requires much less boiler cross sectional
area than a stoker.

8. Uniform temperature throughout the fur-
nace volume.

9. No need to spray water (as required for
stokers) or re.miove fines.

10. Reduced emission of harmful nitrous oxide.

11. Sulphur dioxide emission can be reduced
to an acceptable level with least expense.

12. Operation is as simple as that of an oil
fired boiler.

13. Load response is comparable to that of an
oil fired boiler.

FLUIDISED BED COMBUSTION FOR BIO-
MASS

The composition of Bio-mass is given in
table-1. Ultimate analysis of bio-mass reveals
that these fuels have very high oxygen content
with high Hydrogen to carbon ratio. Also
these fuels contain very low ash but these ash
have a much lower fusion temperature, in the
range of 950°C.

Thus bio-mass when burnt in fluidised bed
combustors at a controlled bed temperature
(800°C) will yield ash oniy in the amorphous
form of silica, without causing slagging. Also
bio-mass can be burnt in FCB with very low
excess air at combustion efficiencies exceed
ing 99%.

Adiabatic combustion temperature of dry bio-
mass exceeds 1800°C where as for wet bio-
mass it is of the order of 300°C.

Thermo Gravimetric Analysis for Bio-mass
reveals that combustion is complete at tempe-
ratures above 500°C.

BHEL'S AFBC COMBUSTORS BURNING
BIO-MASS

BHEL has successfully burnt paddy husk,
sawdust, wood bark and bagasse in their pilot
plant AFBC combustors. Based on the experi-
mental data, optimum parameters have been
arrived at for designing AFBC combustors
suitable for bio-mass.

BHEL has designed a hct gas generatur using
rice husk. Fig. 2 shows the general arrange-
ment of the combustor. The heat output of
this FBC combustor is 0.75 million Kecals/hr.
The unit is being erected at the works of M/s.
Pamani Fertilizers Ltd., Mannargudi.
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BHEL has also undertaken the conversion of a
bagasse fired stoker boiler into fluidised bed
firing of bagasse at M/s. Shimbholi Sugars,
U. P. The conversion is being carried out and
the operating results will be available in the
next few months. Fig. 3 shows the arrange-
ment of boiler with fluidised bed combustion,
the advantage of this retrofit will be the uprat-
ing of its capacity by 25% with increased
boiler efficiency.

NEWER APPLICATIONS OF COMBUSTION
OF BIO-MASS IN AFBC

BHEL has evolved some new concepts on the
application of AFBC combustors burning bio-
mass. They are

i. Billet heating furnaces.
ii. Lime roasting furnaces.

iii. Bio-mass gasification.
BILLET HEATING FURNACES

Paddy husk contains about 16% ash anda
heat content of 43C0 kcal/kg (db). Also the
ash melting temperature of paddy husk ash
axceeds 1600°C, Taking advantage of this
peculiar characteristic, BHEL has conducted
experiments in their pilot plant burning rice
husk to reach a bed temperature of 1200°C
for billet heating with rice husk ash as the bed
material. The experiments are successful and
further attempts are being contemplated to
establish a biiiet heating furnace with AFBC
concept. Fig. 4 shows the conceptual arrange-
ment of a billet heating furnace utilising
AFBC principle.
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LIME ROASTING IN AFBC COMBUSTORS

BHEL has developed aconceptual lime roasting
process making use of AFBC combustor. As
the lime roasting process need a precise
temperature  control between 900-950°C
AFBC Combustors can be suitably adopted.
Also AFBC offers uniform heating. The useful
heat in excess of 900°C liberated in the bed
when drv bio-miass is burnt is absorbed by
the process. The roasted product will come
out in the form of powder which can be
coliected from the cyclones and the hot gases
leaving at 900°C will be utilised for drying the
limestone and bio-mass.  Pilot plant studies
will be taken up in the near future to test this
concept.

BIO-MASS GASIFICATION

BHEL has come up with a conceptual design
of a bio-mass gasifier as shown in fig. 5. By
seeking necessary government financial sup-
port, a pilot plant may be buiit in the near
future, for the exploitation of this technology
to augument the low load stabilisation of
boiler tiames.

CONCLUSION

AFBC combustors can only burn the bio-mass
at very high efficiencies and innumerable
newer applications can be thought of, for
industrial energy substitution making use of
combustion of bio-mass in AFBC boilers.



TABLE — 1
COMBUSTION OF BIO-MASS

ULTIMATE BIO-MASS COAL
Carbon % 49.8 82
Hydrogen % 6 5.7
Oxygen % 44 2.2
Sulphur % 0.1 1.4
Nitrogen % A 1.4
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INTRODUCTION

As the United States' largest user of coal (27.5-million tons burned in
1983), the Tennessee Valley Authority (TVA) is interested in developing
better ways to utillze this energy resource, tmogpheric fluidized bed
combustion (AFBC) is a promising near-term alternative to conventional
pulverized coal burning for the TVA power system.

TVA's involvement in AFBC development began in 1974 ana has addressed
the major technical uncertainties through a comperhensive program of
design, experimental, and analytical studies. A major milestone was
reached in 1982 with the completion of a 20-MW AFBC pilot plant. This
engineering pilot unit was designed to simulate utility power plant
conditions and mechanical features. Full operations began in June 1982,
commencing four years of tests under joint TVA/Electric Power Research
Institute (EPRI) sponsorship.

20-MW PILOT PLANT DESIGN FEATURES

TVA constructed the 20-MW AFBC Pilot Plant at the Shawnee Steam Plant near
baducah, Kentucky. Included are coal and limestone preparation facilities,
a solid waste storage area, the boiler building, chimney, baghouse, air-
cooled condenser, and an office service building. The facility is
self-sufficient, relying on the nearby power plant for only electricity and
raw water. The plant is staffed by operators and technicians from the
utility system, A full-time engineering and laboratory staff support
testing.

The 20-MW Pilot Plant is an intermediate step between the small process
development research units and commercial-size utility demonstration power
plants. Its size, design, and flexibility allow for comparing and
screening various options for fuel feeding, fly ash recycle, and control
on commerciai-size equipment. The basic unit arrangement is shown in
figure 1.

Both underbed pneumatic and overbed spreader coal feed systems are
provided. The bed area is large enough to simulate commercial unit process
and operating characteristics. The fly ash recycle system has the
capability to recycle either cooled or uncooled material at up to five
times the coal feed rate. Water and steam circuitry and parameters
simulate utility conditions. Table 1 summarizes the design parameters
incorporated into the unit for testing.
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Table 1

20-MW DESIGN PARAMETERS

Design Flexibility
Bed area (ft?2) 216 58,108, 166,216,288
Superficial velocity (/ps) 8 4, 8, or 12
Bed temperature (°OF) 1,550 to 1,650
Bed depth (ft) Y to 6
Coal feed rate (lb/hr) 12,000 to 22,000
Steam capacity (lb/hr) 111,200 to 170,000
Qutlet pressure (psi) 2,400 2,400
Outlet temperature (°F) 1,000 1,000

OPERATING HISTORY

The first coal fire was in Mzy 1982, and a full load, 2i-hour operability
test run was achieved less than five weeks later on June 6, 1982. The
formal TVA/EPRI test program started on July 1, 1982, after over 300 hours
of hot functional checks. The initial test campaign lasted until April 6,
1983, and accomplished the objectives of operalor familiarization,
equipment shakedown, data acquisition implementation, and base-case
performance testing. There were approximately 1,500 hours of coal-fired
operation during this time.

Following shakedown, testing began to evaluate system performance and unit
operating characteristics using the two alternative methods of feeding coal
and limestone (underbed and overbed). ‘As of December 198L, approximately
10,000 hours of coal-fired operation have been completed. Approximately
1,500 hours have been with overbed coal feeding with the remainder being
with underbed coal feeding. Both underbed and overbed limestone feeding
nave been tested. The coal used has been high sulfur Kentucky No. 9 with
two different limestones tested, Reed and Fredonia.

20-MW AFBC PILOT PLANT RESULTS

Process performance tests have given encouraging results. Combustion
efficiencies of 97 perrent can be achieved with either underbed or overbed
feeding by recycling fly ash material from the multiclones back into the
combustor. Figures 2 and 3 show combustion efficiencies achieved for a
given amount of recycled material (recycle ratio is defined as pounds of
multiclone catch recycled per pound of coal fired). Combustion efficiency
suffers considerably when feeding unwashed coal overbed with a significant
fines content. These fines do not reach the bed and are elutriated out of
the combustor and cyclone with insufficient time for complete combustion.
The use of Kentucky No. 9-type coal overbed will require control and
normalization of the fines to achieve consistent acceptable carbon buraup.
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Sulfur capture efficiency depends primarily on the amount of fresh
limestone in the bed, its surface area, and residence time in the unit.
Increasing the rate of fresh sorbent feed reduces the SO emissions

almost immediately. Economics, however, require the calcium-to-sulfur
racio (Ca/S) be kept at a minimum. Unsulfated sorbent is elutriated out of
the combustor and caught by the multiclones. This material, with the
unburned carbon, is also recycled to the unit. Figures 4 and 5 show sulfur
retention achieved for various Ca/S and recycle ratios for both underbed
and overbed feeding, respectively. The results to date indicate that 90-
percent sulfur retention can be obtained using underbed feed with Ca/S and
recycle ratios cn the order of 2 to 2.5. Overbed washed coal results show
the same trend as underbed feed tests with a reduction in performance.

The single-screened, unwashed 1-1/4 x 0 inch coal data, shown circled in
figure 5, gave inconsistent and significantly lower sulfur retention due to
the largze amount of fines which burned in the freeboard. The 30;

released here does not have the residence time nor the intimate solid-gas
contact required for good capture. Washed coal on the other hand gave

more stable operation and better performance due to control of the amount
of fines.

Emissions of NOy from the unit have been below the environmental limit
for all conditions tested. Low combustion temperatures, on the order of
1,500°F, in AFBC units limit the generation of thermal NOy to an
insignificant level. Figure 6§ shows the variation of NOy erissions with
excess oxygen in the flue gas. No special efforts have been made to date
to lower the NOy emissions.

Equipment and systems are being carefully monitored to develop a data base
for design, operation, and maintenance planning. There have not been any
ma jor unresolved AFBC system-related problems.

Overbed feed has proved to be a relatively simple, high-availability feed
system. However, consistent coal sizing is not practical, and a special
feed preparation and handling system would be necessary to control fines to
the level required for stable operation and acceptable process performance.
Rocks fed with the coal tend to plug drain and disposal lines and can cause
defluidization if allowed to accumulate in the bed., Special attention to
2soal preparation and/or mechanical design features which will add
considerably to complexity and cost, would be required to prevent these
problems.

Underbed feed has not been as reliable as the overbed feed system.
Problems encountered include components and feed line plugs due to high
moisture and large particles and excessive feed pump and feed line
erosion. Modifications to the system have since improved reliability
considerably and availability is now acceptable. Modifications included
use of wear-resistent materials, special anti-wear designs, reduced
transport velocities, and elimination of discontinuities and flow
restrictions.
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Erosion of in-bed tubes and supports has been within acceptable limits.
Convection pass tube and supports are in excellent condition and have not
experienced any erosion. No measurable corrosion has been found anywhere
in the unit.

160-MW DEMONSTRATION PLANT

Based on the encouraging progress at the 20-MW Pilot Plant, TVA, in
cooperation with EPRI, the Commonwealth of Kentucky, Duke Power Company,
Combustion Engineering, Inc., the Department of Energy, and several other
utilities, coal companies, and railroads has undertaken a follow-on project
to design, construct, and test a AFBC 160-MW demonstration plant. The
plant will be an add-on boiler adjacent to unit 10 at TVA's Shawnee Power
Station with startup scheduled for 1988.

The Shawnee Steam Plant is composed of 10 pulverized coal (PC) units of
identical size and design. The demonstration plant will be nominally rated
at 160 MW(e) which correcsponds to the maximum turbine output of unit 10.

As shown in figure 7, the add-on AFBC boiler will be constructed beside the
existing unit 10 as a replacement for that boiler and will utilize the unit
10 turbine generator set. The existing PC boiler will not be dismantled
but will remain online during the construction of the add-on AFBC
demonstration boiler and will serve as an alternate to the AFBC boiler.
Existing auxiliary equipment will be used wherever possitle, but new
equipment (such as forced-draft fans and air heaters) will be required.

The AFBC boiler is designed to interface with the unit 10 steam supply to
the existing turbo-generator, the flue ducting to the unit 10 baghouse, the
unit 10 yard coal-handling equipment, and with various water sys.ers.

The existing coal-handling system Will be used through the transfer station
adjacent to the unit 10 boiler building. At that point, 2 new conveyor
will transport the coal to a new transfer station east af the AF3C boiler
and then into the AFBC boiler building. The design basis coal is an
eastern high-sulfur bituminous as typified by Kentucky No. 9. A complete
limestone handling system will be added and will include a receiving
hopper, crusher, and a screening system. Redundant crushing and screening
systems will be provided for reliability. Once crushed to the appropriate
size, limestone will be conveyed to the AFBC boiler building and stored in
silos. The design basis limestone will be similar in activity to Reed or
Fredonia. Alternate fuel or limestone will be tested within design
limitations of the boiler.

Combustion Engineering, Inc., will supply the new 160-MW AFBC boiler.
Designers will apply fully the engineering experience gained from the 20-MW
Pilot Plant. The steam generator will be a balanced draft, drum-type AFBC
boiler. It will supply superheated steam to the high pressure turbine at
1,815 psi, 1000°F, and reheated steam to the low pressure turbine at



445 psi, 1000°F. The boiler will be a combination top- and bottom-
supported design with a flexible expansion joint in the convection pass.
Fuel feed systems will employ underbed feed of both coal and limestone.
Solids entrained in the flue gas will be collected with mechanical cyclone
separators and a portion recycled to the fluid beds. Boiler efficiency is
guaranteed to be 87.53 percent at a maximum continuous rating with a

Ca/S molar ratio of 2.3, based on the design fuel and sorbents,

A 4-year test program consisting of shakedown, parametric testing, and an
extended commercial demonstration run is planned. A 6-year commercial
operation period will follow resulting in a total of 10 years of data
acquisition.

SUMMAF.:

The 160-MW AFBC Demonstration Plant will join the 20-MW Pilot Plant that
has operated successfully at the Shawnee station since 1982. Joint
TVA/EPRI testing continues at the pilot plant with performance evaluations
o large-scale AFBC components and systems, load control approaches, and
conal feeding methods. The 160-MW demonstration unit will start up in 1988
and be operated in a controlled test program intended to fully
commercialize AFBC for the utility industry.
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QUESTIONS & ANSWERS

COMBUSTION SESSION, FIRST LAY

Y. P. Abbi: Thank you, Mr. Vincent. We are

now open for questions.

R. Vasudevan: What are the proklems faced in the

overbed feed?

R. Vincent: Basically it is the material you feed in
which is an inch and a quarter top size. The problems
come frcm the large material and the small material.
The lzrge material you are feedinc in rocks, or asb
material that is that size. When ycu mine the coal you
get rocks that are an inch and a quarter. These build
up in the bed and tend to detluicdize the bed and vou
have to have a distrikutor plate that will take thece
rocks and mcve them to & drain or have rulti drains in
your unit to get rid cf the rocks. Cn the small end.
if you have toc many fines it blews vp into the
freebcard and sc all your ccmbustion is occuring in the
freebcard. You have much better Leat transfer ir the

bed and that is where you wotld like it to occur. 2lsc,



if the amcunts cof fines vary you have a lct of ccntrol
problems in maintairirg temperatures. If fines
increase, all the heat gces into the freebcard and you
have trouble maintairing the bed temperature so you

have to feed mcre coal ijust tc keep the bed temperature

up.

R. Vasudevan: 2ny marked changes in the combustion

efficiency?

R. Vincent: Yes, that is why with the demonstraticn
plant we decided to go to the underbed feed system. We
received proposals from Fcster-Wheeler, B&W and CE, and
one of those gave us an overbed feed system and it was

rot acceptakle for performance reascns.

R. Vaidyeswaran: VYou mention the development of AFBC
up to say the year 2000 or sc. Any cdevelopment on FFEC

or is it being ruled cut completely?

R. Vincent: It is not being ruled out totally, but TVA
is not invclved in any pressurized units but we feel
that is a step for the future. We are lcokirg for
commercialization of fluidized bed ccmbustion ncw and
are putting all our fcrces cn atmcspheric fluidized bed

combustion.
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B. K. Mazumdar: UDid the rank of coal have any effect
cn the efficiency of combustion, and was there any
emission of organics along with the particulates? What

was the maximum efficiency of combustion?

R. Vincent: The maximum combusticn efficiency achieved
was around 98% and we reached this at a very early
recycle ratio of around one and a half to twc.
Increasing recycle further really dces not improve

performance.

Regarding the effect of rank of coal cn combustion

efficiency, we have used just one type of coal.

M. M. Sen: 1In this 216 sq. ft. bed, how many

feedpoints are provided?

R. Vincent: Cur normal design was cne feedpoint for 18
sq. ft. We have alsc done tests for one feedpoint for

every 27 sq. ft. and bave seen very little degradaticn.
§. Sundararajar: What are the main problemns ycu have

faced with this unit and the ones you are going to take

vp in your 160 MW unit.
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A: R. Vincent: We feel that tbhe technclogy is ready and
that is why we are committing our money and others are

ready to put their money on the line also.
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PANEL DISCUSSION - FIRST DAY

B. K. Mazumdar: Because of variations in natural

moisture content -- bed moisture, seam moisture, mine
moisture -- cne coal may have a moisture content of 40%, and
another 1%. Therefore, when you discuss coal, which coal?

Is the natural moisture content of ccal taken into
consideration when you describke your coal/water mixture in
terms of solids and wat=2r? Ctherwise, all your calculations
in terms of efficiency of combustion or the impact of water
on the efficiency of combustion would go wreng. I wouléd like

to have ycur comments on this.

I think this aspect was dealt with by Mr. Malarkkan where he
serarated the lcsses due to the inherent moisture and

the extra water we add in coal-water slurries.

Mr. Malarkkan: Naturally the water ccntent is the

total water content. We have not really talked about ccals
like peat or lignite wherein the moisture content is very
high. We have not talked about such coals, but only the

bituminous and subbituminous coals having a moisture
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content of roughly 10 to 15%.

B. K. Mazumdar: But, excuse me, even in subbituminous
coal, depending on what ycu dc in the dispersion of
coal in water, the natural moisture ccntent can ke
20-25% which is quite sizeable. Then again, even with
dry coal, in situ 40-50% by weight of coal, water is
generated in the process. There are a lct of pcints to
consider to compute the efficiency vis a vis the water

content in the fuel.

The inherent moisture is of the order of 2 to 6%. Most
of the water is surface moisture and this moisture is
taken into account along with the inherent moisture.

So only the special fuels --the very high moisture

fuels -- may have a little chance of subjecting
themselves to such a slurry combination.

But otherwise we include definitely the surplus moisture
of the order of about 20% as moisture already available

for slurry.

P.V.N. Sharma, BHEL, Trichy: What is the stability
achieved and how do you measure the stability of
coal-water mixtures? What is the amount of additive
used and is there any relationship ketween the ash

content and the additive that is there? Wwhat is the
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size of coal used for 65% concentration?

Mr. Malarkkan: You ask what is the stability

achieved and how do you measure stability? We cannct
really quantitatively measure stability as yet but,
qualitatively, we find the stability ky taking the
density of the sample frcm different parts. There

are other methods for which we do not have the
apparatus now. There are two types of stability

-- stoke stability ané serenity stability. By the latter
I mean that in coal/oil slurry when kept, due to the
natural attraction of the particles, the particles
slcwly agglomerate and the clear liquid comes to the
top so that it is visible. The natural tendency of
the particles to agglomerate, toc flccculate, is always
there. You can partly minimize this but in time it
agglomerates. So, in our case, in five to six days
time we find that the clear liquid comes out at the
surface. As a specific answer, we could not
quantitatively measure the stability. 1In the sample I
have seen you can definitely see that, in the whole day

it is kept, there is no settling.
Vhat is the amcunt of additive used? 1Is there any

relat:ionship between the ash ccntent and the additive?

The amcunt of additive used is less than 1%; in fact,
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there is more than one type of additive, one a
dispersing agent and one a stabilizing agent. They may
be preservative or anti-foaming. There are a numker cof
additives we add but the total is less than 1l.5%.

There are relationships between the ash content and the
additives, but we have not studied this in detail. Tt
is very case-dependent because all coals are not alike
and do not behave equally, so the surface phenomenon of
the coal, as well 1s the ash characteristic composition

of the coal, is important.

What is the size of coal used for 65% concentration?
That is given in the paper -- 97% passing through 20C
mesh, that means less than 75 microns. That is more cr

less conforming to the pulverized coal.

Mr. Chaudhuri of URJA: I woulc like to know
more on the pcssibility of transpertation of

coal-water slurry for decentralized generation.

This is a concept many people are now considering, but
I don't think that this concentrated coal-water mixture
can be pumped for a long distance. What can ke done?
Cne can transport a coarse-ccal slurry through a
pipeline and, at the receiving end. OCne reed not dry

it. It can ke wet ground, properly mixed through
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additives, and then burned directly. But, at present,
what is done is that coarse coal is transported

through a pipeline and, at the receiving end, it is
dewatered and dried then burned. So, coarse coal-
water slurry can be transported, dewatered and drying
is not necessary. Wet coal can ke dispersed in a
minimum quantity of water and it can be bturned like a
liquid coal. People are thinking of doing it this way,
whereby the drying stage in the bi-plant transpcrtation

of coal can be elimirated.

Dr. Krishnan: Just tefore I left, at Morgantown Energy
Technology Center they were starting on a program to
burn coal-water slurry in fluidized-bed combustion. I
think the shakedown is going on and no results have
been published, and this is strictly some information I
have gathered. PBut you can go up to a top size of 3mm
and when you say crushing to less than 200 mesh, that
really scares me because it takes a lot of mcney tc
make scmething sc precise and it invclves a lot of
energy. The question now is, what is the top size you
can burn? I think there were some tests done at in a
FFEC in a 20 MW rig and they have demonstrated that ycu
could burn up to 3mm. That is the top size in the

state~-of-the-art. Even with the 3mm you cannot

transport or pump the coal long distances to get it
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from the tank to the combustor. The distance

has to ke very short, and most of the problems have to
do with plugging in the lines and the elbows. So they
are considering that and, as we were discussing in the
lab, if this should really take off and you want to
still feed the 3mm size particles, someone should come
up with a way tc do away with the additives and make it
a very cheap process. The ingenuity will be how you
are going to feed the slurry -- maybe you are going to
have to come up with a system where you bring it up and
have like a centrifuge and then swirl the coal around
and feed it like a overbed, excep: that you swirl it
around and because of that it will burn Lkefore it goes
to the beottom. So a lot of thought, I think, should co
irto developing a ccmbustion system to the burner
configuration as well as how to get the coal-water
slurry in the combustor. I think that is the main
tking. Once you get it in the combustor, it is gcing
to burn, but how to get it without settling and still
dc away with the problem of crushing and grinding and
adding additives? I thirk an approach like that will
ke very beneficial, not only bhere using 70% ash high
washery rejects, but alsc in the States and cther
places. I thought I would just add this ccmment
because my thinking is along these lines -- to develop

& feed system for the slurry and give me any particle
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size and then see what ycu can do with the wcrst case.

Y. P, Abbi: It is very clear that, in this coal-water
mixture, the end use has to be kept in mind. If ycu
want to make a coal-water slurry, transport it by
tankers and burn it in existing oil-fired boilers,
slightly modified, then you have to go for fine
grinding and make a slurry of that nature. If you are
able to consume the slurry immediately in a fluidized
bed combustor, as Dr. Krish is saying, then it can be of
the higher particle size. ©Now, I have some mcre
questions but, our friends from America are here but I
do not find any questions to them directly. I would
like the audience to raise questions. We are here, we
are available in India any time for vou to ask
questions but they are not going to be here too long sc
I would say if ycu have any questicns to them please
direct those questions. I request you to come tc the

mike.

I would like to kncw from the American participants
about the IEA fluidized-bed precgram because the IEX
membership is limited to the developed couvntries and
what I found 1is that IEAR is very secretive about their
work on fluidized bed. What can be shared and what can

e learned?
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R. Krishnan: It is hard for us to get informaticn

also, ané we get mcst of our information from DOF.

I think TEA is more cn a commercial basis, and a lct

of the information is classified. 1In putting up plants
like Grimethorpe a lct of money has gone into it

and different countries are invclved and they like to
keep their technoclogy to themselves, at least to some
extent. Buc¢, unclassified information is available in

USCOE reports.

There was a conference in St. Louis in August. Are you

familiar with that?

Dr. Krishnan: We have the coal akstracts that come
every two weeks. IEA abstracts. Mcst of the reports T
have bkeen able to get without going through too many
processes. Now, the USAH is a member of the IEA and we
have a representative in our Lakoratory. Every two
years there is a man deputed tc IE2 in TLondon. I think
the informaticn is available and I am pretty sure here
are at least a hundred repcrts cr the FFBC that have
recently come ocut. I am just using a rough number, Prut

there are all kinds cf repcrts on implementation anc

irstrumentation, distribution, etc., going very much
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into detail and I think well documented, and available

through the Naticnal Technical Information Service, for
a small fee of six or seven dollars. You can get mcst

cf the rerorts on PFBC and I woulé suggest ycu write to
IEA directly and ask if they have any immediate

information. The reports are there and available.

Mr. Mazumdar: Regarcding SC and MO emissions
X p 4

and prevention by fluidized bed combusticn in the
utility for the 20 MW unit that ycu have descrited, and
the demonstration plant coming out in the future, the

limestone bed is used to keep down this SC /sulfur
X

trioxide emission. After some time there is a buildup
and calciumr sulfate is formed, at which point the bed
is changed over to a new bed. I would like tc kncw
whether the calcium sulfate decomposes catalytically

even at the lcwer temperature of 856 or 900.

Basically, what we do is maintair a certain ked level
in our v it to keep the tubes subrerged and, kased on
that, we feed a certain calcium sulfur ratic. You can
feed a continuous stream of limestone with the ccal and
that dictates what kird of sulfur capture ycu get, and
also the amount cf recycle that you put back ir. impacts

how much sulfur you capture. It is not scmething ycu
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just turn off and on -- you have a constant flow of

limestone.

Regarding the erosiun of in~bed coils, here in India

we have taken long-time measurements and even after 15
thousand hours of operaticn there is not even 0.1 mm of
ercsion in the irn-bed coils, whereas the experience in
the U.K. has been different. In many bcilers the
erosion has been almost nil but in & few bcilers there
were even punctures because of the erosicn. What is the

experience of TVA regarding the bed tube coils?

Let me get into the performance first. This is a slide
of combustion efficiency vs recycle ratio. As I
mentioned earlier, our feed point spacing is one per
evary 18 sq. ft. of bed area -- the three feedpoint
curve that is shown there. The triangles are the data
puints we used for 2 feedpoints per ccmpartment, or one
fcr every 27 sg. ft. You can see that, as recycle
increases, combustion efficiency alsc increases. But
once you get aktove a recycle of around 2 -- the recycle
ratio is how many pounds of fly ash material you zare
putting back for every pound of coal you are feeding

into the bhoiler -- you start to reach a diminishing

returr.
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Fere is a curve of sulfur retention. In the U.S. we are
required to absorb 90% of the sulfur, or 1.2 lbs. per
million Btu is the emission limit. So this curve is
what it takes to get 90% capture and, for zero recycle,
we are having a feed of akout 3.5 moles of calcium for
every mcle of sulfur. As you increase recycle ratic,
it helps out on the sulfur capture. Agair we plct few
feedpoint curves, subject to the type of stone you are
using and alsc the bed temperature. If your objective
is to capture the sulfur, then you will have to stay
around 1500 and 1550F. As you go off that temperature
on the low end, sulfur capture decreases rapidly. On
the high end, it gradually tapers «ff. There are
similar curves for underbed and overbed on the
prerformance. Overbed is worse but the same trend is
there. On the sukject of ercsion in-bed, we have
boiling water tubes and superheat tubes in the bed.

We started out with a Reed limestone and we are getting
on the order of 3 to 3.5 mils per thousand hours cf
operation -- a mil being .001 inches. We have about
3.5 mils per thousand hours cr boiling bank surface.
These are the carbon steel tubes that are in the bhed.
The superheater tubes are stairless material 304E and
to date, 10,070 hcurs, we really haven't seen any
apprecieble erosion. Tubes tend to develop arn oxide

protective layer which prevents ercsion from occurring
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on the in-bed superheater tubes. Cn the convection
pass, 10,000 hours of oreration, gas velocities Letween
the tubes cn the order of up to 70 to 80 ft/s have
shown no erosion. And going to the Fredonia limestone,
tke erosion rates are now dcown to less than a mil] per
thousand hours. 1It's a softer stone -- and we have
been able to pick that up all the way from out in the
yard where we have a hammermill crusher -- we used to
have to rotate cur hammers Lecause cf the wear and now
we can run a lot longer without having to rotate the
hammers cn the crusher --it takes less horsepower tc
crush limestone. It's a softer material - it
elutriates a little bit more kut the perfcrmance is
even better than the Reed limestone so far as sulfur

capture is concerned.

Can you say that this erosion is mainly due to the
lime, because, when we did not adé¢ any lime in the
fluidized bed, there was practically no erosicen? 1In

fact the bhlack color of the tube does not change.

Yes =-- we have run only one type of ccal so we are
comparing two different limestcnes and there is a
tremendous difference. I am not saying you cculd not
get some typical silica or pyrite in the coal that

nicht cause erosicn also.
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About the choice of AFEC for the 160 MW which is

going to ke built in the USA, did they consider the

CFBC even in the context of sulfur capture? Whatever

Bob was saying they coulé achieve with a 3.0 recycle

ratic, the ratio in the CFBC is something like the order of
2. I understand that with 1.5 we coulé achieve

the same sulfur capture as well as achieve very high

combustion efficiency. I would like Mr. Vincent to

give us his views on CFBC vs AFBC as a choice.

The 160 MW demonstraticn plant of boiler specificaticns
was drawn up by TVA, and EPRI was also involved, and it
was limited strictly to AFBC designs and so was not
open to circulating beds. At TVA the position now is
that AFBC is a proven technology and it is just a
matter of demonstrating to the utilities so as to get
the orders coming in. Circulating bed, Pyropower,
Lurgi and others are boasting a lot of claims, but I
have seen very little data that circulating beds do

have the very good potential that they claim.

In this context I woulé@ like to mention that Alstrom

has quite a number of orders for CFBCs and ILurgi toco,

sc it is already in the market.
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Yes, Coloradc Ute, another utility in the States, has
provided a contract to Pyropower to build a 110 MW
circulating bed so FEPRI is really invelved in three
different demonstraticn projects for fluidized bed. We
have our own AFBC project, 160 Mw; at TVR, we have a
Colorado Ute 110 MW circulating bed, and Northern
States Power has a retrofit unit they purchased from
Fuster-Wheeler -- that is an overbed feed system. The
orders are coming in and Pyropower is selling units.

In Canada, Nova Scotia Fower is building a 20 MW

circulating bed unit.

At this stage, you really cannot distinguish which is
better. The development has to go on side by side. TVA
may say that bubbling bed is right and others might
say, from the standpoint cf technc-economics, that
circulating bed is preferred. So I don't thirk at this
point we can make a clear-cut distinction as to which
technology we should adopt. It all depends on the
techno-economics and the individual experience which we

have.

I would like Bob Ichord to give his views on this
coal program which is going on ketween USAID and
India. He is the Progran Coordinator from USAID

Washington.
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as well.

Third was the problem relating to the supply of
traditional fuels for rural development, as well as the
problems of deforestation and land management that are
very important and referred to this morning by

Maheshwar Payal.

As a result, we basically developed a program that
focused on ccal conversion technologies, biomass
conversion technologies, energy conservation in
industry -- a program that is going to have a series of
meetings in the coming twc years looking at energy
conservation ir specific industries. The collaborating
institution in India is the Associaticn of Indian
Engineering Industries and that may be of interest to a
number of you. Mr. Tarun Das is the Secretary and will
be helping to werk with our counterpart, the National
Academy of Engineering, in arranging some ¢f that
program. Then we had a program on bicmass prcducticn
mentioned this mcrning, which would help to carry out
research cn fast-growing wocdy hkiomass and its
applicability to different locatiens in India koth
north and south. Going back to coal, the program is
extremely important in terms of the future of Asis,

which I have worked in for the last fifteen years.
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Mr. Ichord: One of the reascns I came is that I wanted
to go into depth on the status of the prcgram, and so
far I am pleased with what I have heard. T might
backtrack, since I was involved in the initial
discussions several years ago in terms of the structure
of this project, which is really the second
collaborative energy project with India. T woulcé like
to point out that, at that time, there was a clear
recognition of the three goals that were of importance
in terms of the development of the program. Cne was to
try to deal with the problem of o0il imports, which was
clearly very important. You will recall that India was
importing $4 billion worth of oil in 1980. The
situation ﬁas irproved somewhat, down to a cougle of
killion dollars this year, but it is still a major
problem and is important, given the fact that the
growth in India will require a tremendous ainount of
energy of all kinds, Loth o0il and coal and other
sources as well. So that was a major goal and coal is
a critical element in that process -- in the power

sector, industrial sector and others.
The second gcal was improving the efficiency of energy

use, and that is not confined to the modern sector but

is related to the efficiency and use of biomass fuels
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Seeing what has happened in Asia with regard to the
importance of coal as a substitute for oil, and as a
major source which countries will depend on in the
future, has indicated to me that the potential and the
changes in technologies will be dramatic. Certairly
India has been and will continue to be in the forefront
of this development just as in the U.S., with our large
coal hase, we will be continuving to have a maijcr
program on all phases of coal technoleogy. Certainly
the work in all areas of this prcgram is going to ke
critical. I think that the Qroblem India faces irn
terms of the high-ash coal 1s of particular importance
and is a severe case, but other countries in the region
are also dealing with lignites and poor quality coals
so that the issues as to how to improve the efficiency
in the use of these coals and what are the technologies
available for dcing this are cf great importance. In
particular, we -re invclved in other programs tc look
at the feasibility of ccal-water mixtures. In the
Fhilippines, for instance, we are doing a major
feasibility study on the demonstraticn of the
coal-water facility near Manila. We also have a
program in Indonesia that will be wcrking to develep
boiler technology with an arrangement similar to that
you have here with BHEL and Combustion Engineering,

uvsing their indigencus coals.
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Going back to my statement of the importance of the
work here, it is clear to me that what is happering is
that growth in the coal industry is just beginning and
the market is enormous. To the extent that we have
moved toward the demonstraticn of these technologies
and shown other countries in the region that are not so
advanced what the possibilities might bé, they will be
in a better position, as we all will, to make decisions
with regard to how to spend limited investment capital
in this area. If you look at what is happering in a
difficult financial situation, the decisions are very
tough as to hcw to invest capital in the energy sector,
which has already taken a very large percentage of
government budgets in most countries. A very high
priority in our efforts is the extent that we can use
indigenous resources and use them more efficiently and
expand the availability of power &and energy fcr

national development of both agriculture ancd industry.

So I applaud all the work cf the scientists and
engineers here and will again be having mcre detailed
comments in terms of the different sub-projects after I

have had a chance to hear and talk with you all.
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Dr. Abbi: T would like to thank all of the
authors who tock soc much pain in preparing the papers

and giving the presentaticns.

I would like to thank the organizaticn for giving me
this opportunity for chairing this session. T have
enjcyed it and found it very informative, and I have
learned quite a few new things. I thank you all cnce

again.

END OF FIRST PANEL SESSION
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DR. SIDHU'S ADDRESS IN HONOR OF PROF. R. K. MAZUMDAR

On the evening of February 4, a dinner was held
honoring Frof. B. K. Mazumdar for his

contributions to the field of coal science. On the
behalf of the Fittsturgh Energy Technology Center, Dr.
G. S. Sidhu, recently retired Director General of the
Council of Scientific and Industrial Research,
presented Prof. Mazumdar with a plaque. Follcwing are

Dr. Sidhu's remarks on this occasion.

Ladies and Gentlemen:

I consider it an hcnour and a privilege to Le
invited to speak this evening to felicitate Mr. B. K.
Mazumrdar, who is today India's most renowned Coal

Scientist.

Mr. B. K. Mazumdar was born cn February 1, 1925 at

Kushtia (now in Bangladesh). Ee had his early

educaticn at Calcutta and studied at the Fresidency
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Ccllege and University Ccllege of Science and
Technology, Calcutta, for his B.Sc. (Honors) cdegree in
Chemistry and M.Sc. degree in Applied Chemistry in 1944
and 1946. After a krilliant academic career, he
started his research at the Indian Institute of
Science,Bangalcre, in 1947 with the well-known organic
chemist, Dr. P. C. Guha. After a short spell of
teaching as Lecturer in Chemistry at Vidyasagar
College, Calcutta, he Jjoined CFRI in 1949 and worked
for the first seven years in the Regional Cocal furvey
Stations at Jharia, Ranigunj and Ranchi. BHEe then
shifted to the main Institute and his meritoricus wcrk
led to his promotion as a Distingquished Scientist and

Director of this prestigious institute.

Mr. Mazumdar has nearly a hundred original research
papers, technical reports, and patents to his credit,
and is a recognized supervisor for Ph.D. by Calcutta
University and Indian School of Mines, Dhanbad. Fe is
a memkter of several learned societies and
memker/chairman of numerous technical committees. He
has been invited tc several international ccnferences.
He was invited ir 1960 by the Union Carbide Europeen
Research Association, Brussels, tc attend a round table
conference on coal science to fresent a paper on coal

structure. In 19€4 he attended, or invitation, the
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American Conference on Coal Science held at
Pennsylvania, and presented a paper on chemical
constitution of ccal. PFRe represented India at the
Gordon Research Conference in the USA in 1982, where he
expounded his new concepts cn system, structure, and

behaviour of coal.

The work cf Mr. Mazumdar and his ycunger cclleagues in
CFRI is toco well-known for me to recount. Suffice it
to say that it is internationally recognized and
referred to as the "Indian School of Thought." It is
frequently cited in learned jourrals and has been
extensively reviewed in standard textbocks on coal, and
was referred to in Kirk-Cthmer's Encyclopedia on

Chemical Technolcgy as early as 1967.

His studies cn coal constituticn broadly relate to the
determination cf functional groups in coal and

their effect on behaviour of ccal, the mechanism of
oxidation of coal leading to the different structural
parameters like aromaticity cf carbon and hydrogen in
coal, and dimensions and dispcsition of side chains in

coal structure.

His work cn the interrelaticnships of ccal properties

and the new systematics of coal, ccrrelation cf
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intrinsic properties of coal, and proximate analysis
have led to a new grading system and pricing of coal.
His contrikbution to the assessment and elucidaticn of
several structural parameters of coal, mostly Lty
chemical methcds, and the concept of depicting the
cenesis of coal from lignite tec anthracite in terms of
four models designed to portray the transiticn during
geochemical evolution is considered a bkreakthrough in
coal science. His concepts have of late been
corroborated by scientists in other countries by

applicaticn of physical methods and structural models.

His R&D studies on coal utilization have zlso keen as
rewarding as his fundamental work, and I would like to
refer particularly to his investigaticns on shipment of
Indian coals for export vis a vis their susceptitkility
to spontaneous fire hazards. Fis contribution tc
formed coke technology wen him the Metallurgists' Cay
Award for 1969. He is the first recipient cf the
prestigious Senior Coal Scientists Award (1979) of the

Department of Coal, Government of India.

My asscciation with him at a personal level has Leen
mcst enjoyable, and his congenial nature, his
cheerfulness and ebullient enthusiasm and other

personal attributes have endeared him tc everyone.
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I am sure you will all join me in wishing him good

health and cheer and many years of fruitful work ahead.
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BENEFICIATION OF DIFFICULT CLEANING COKING
COAL

A.K,CHAKRAVARTI
_3ntral Fusl Aessarch I...tituts,Chanbac 828108

1« INTROOUCTION

The coxing coals of India have, in gsneral, difficult
cleaning characterictics anc in majority =f cases the ash content
is high. Oue ts thase, tha yislc of clozn coal us obtainsec by
beneficiation in ihe c:nuantiﬁni; manngr is low., In fact, the
average yield of clean cocl 2t present srocducec in ure signtean
coal vasneries operating in the ccuntry is nardly 55 to 60
parcent anc in future, the yisld is likely to go coun with the
progressive deterioration of the quality of t{he ooal mined.
8y washing Indian coals, in conventional manner, a gooa percsntags
of by product as middliﬁgé/sihks with asn content 40-50 psrcent
is ootained which dc not have direct use in metallurgical coks
making. Studies at CFRI nave indicatad that claan coal to the
exvent of SO Zarcent cn tne yield cf aidclings/sinks can be
recovered by finely grinaing fsllowec oy ocaeficiation oy
suitatls technicue. Thus, Sy retrsatmsnc of the Dy proauct, it
may 08 possiole to increase the yield of clsan coal tc the
satisfactory; lzwvel f.cm Indicn coking ccals.

"2, SEMEFICIATIC! CriaRaCTERISTICS SF_ CCAc

Incian cowing coals huvz nign sercentage of near
gravity materials (3M) at che sg.gravity of cut for saparatirg
tre cleans wiz. 47 to 165 asnh. The yielc of clean cocl, sp.gr.

of cut and MBM%G  foro saricus scurtces of cowing cocals ars

coNtdensne
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presented Iin Taolc 1 for srine and medium coking coale,

It Yey bg coserver tnet the specific gravity cof cut lies
, is
appreximacely satwewn 1.45 and 1.50. The n3I%o/as high as

43 td 77 and tne yieldis 14,5 = 70.5,

3o IMFLUEMCE OF CRUSHEILG PRIOR 7O BENEFICIATION

Studies have snown that by crushing coals te smaller
sizes prior to benericiation, somewhat increased yizld of
clean cdal dus to liparation taking places with tha raduption
o0f NeGoitie The results cn influsnce of orushing ars presentad
" in Table 2.

4. BENEFICIATION OF TRUSHED COAL

The extent of smallgr crushing at present practised for
coal benaficiaticn in I[ndia corruspunds tu 13 mm top sizg of
the crushed product and 13 mm to 0.5 mm size is treataq inl
'Heévy “edive ‘cyclosne (HM cyclcne ). It has been obsarved
' that on crushing ths difficult cleaning coal to minus 2 mm or so
in place of 13 mm, adaitional yield of about @ percent might
h3 ;assidlg (Table 3). 3y crushing “c minus 2 mm sizag, tha
percantags of coal in the fracticn 2 mm-0.6 mm obtained is only
40-5G percent, tre rust of ths materials is below 0.6 mme The
screen analysss of tuwy coals, one with difficult ¢leaning
characteristics and the other with comparatively less difficult
characteristics ofter crushdogtc ainus 2 mm are shown in
Table 4. It may be saen tnat atout 40 percent of ths materials
is within the size rangs 06 .&m- 0.15 mm ( 10C mesh), thué
the percantags of matsriais witnin the size tango 2 mﬁ-0.15 mm
is as high as 82-85%. The croducticn of fines balow 0.15 mm
size gsnerated dus ta crushing to minus 2 mm is low due to

CONtdenses
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tough nature of Indian coals containing considarablo
pruparticn of organic inertinite, Tha HGM. of 2 mm=0.15 mm
size fracticn althcugh is guits less as comcared to that

¢f 13 mMC,E on zize, it is still high as z:-garad to that

of foreign coals. The two size fracticns, namsly 2 m=0.15 mm
and minus J.15 mm posme prcblcms both in beneficiation and

dewatering cue to finuncss and pocr clzaning characteristicse

Se POTENTIAL APPLICATIUN OF rf.avY “EDLUM CYCLONE

Aoavy mgdium cyclones hzve ceen well 9gstablisned
for the buneficiatiun of smell cecl upto bottom size of
®,5 mm; the widely usad fead size range is 13 ‘mm=0.5 mm. The
bottom siza nas su far becen limitaoc to C.5 mm dus to the

probiams of zepulping and madium clearning for particles
"bélow 0.5 mn, Ouring ghe recert fow ysars, studiss on the

possibilities of applicaticn of H.™. cvclane fcr fine cocal

cleaning ars vaing pursued in scme countries of tho world
including t!§ USA and the fethsrlands, aiming at the beneficiation
uptc tné zerc size of ccal, The rasults of separaticn in

H.Me cyclone gxpencing the bottom Limit ta finer sizes

ara repurtec to co enceouragijg o At the Central Fusl Research
Institute, Incic, extensive stucias wer. mace in early

firters & sixtocs ( 1-6 ) cn chic apclication of HeMecyclono

fer the cencficiaticn of Incian ccking cocls using 0.5 mm
ag thd boticm ziza of ccall With & viaw to study the
porfcrmanco of .. cyclene zn finor resc witn extansicn

cf bottom size limit, a projsct has teon undertaksh recantly

CoNtlesess
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under the USKID/GUIL Frogramns. wark has baen gtartad. In
this study, speciel strsss is being given on the efficient
beneficiation cf finer fraction in tne viscous medium. In
order tc achiaove tnis, nigher centrifugel forcs( higher
pressura), low spegr of the meci.m for stizulatsd cut &
.Finsr grind of ths magretits will be particulcrly considersde
A saﬁple of iry grounc magnetitu as availabis in ths ®aad

..
markst, which @oa being used in many cf tha soal washeriss

oo

in India, me%e besn charactsrisea. The results ars shouwn
in Taole 5. It may be seen that the magnotite is adequately
fine but the magretiss cont=aAt Is rather cn tho low side.

Therafore, it may reguire magnetic concantration.

6. RECOVERY OF CLENNS BY MICOLIWS/SINKS RETREATFENT
The yield of clean coal aven by the app lication of
HeMecyclone using finely crusned coal is not satisractory and
considerable prozcotics of by-product as misdlings/sink are
obtained, Stuties navz shoun that about 50 parcent of clean
ccel Wit of e oy goeouct)can 38 recevarec Dy fine grinding
bgruficiating
the byproduct and /auplyigg tre 3il agglomerstion tachniguee.
3y tnis tachnique, the Toisture cstention in the cleans is
minimised. n tyrical result cf beneficiation cf 2ifficulit to
- gnvisaging
clasan Indian ccking ccal/ HeMs cyclone epd oil
agglomeraticn tecihiiicus is srewn in flow shest 1.
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Tabls 1

Yield anc #GM at senaration censities corresconcing to
17 & 16% ash in clean coal

Details of the DOverall 175 ash 18% ash

sample 23Nje Sp.are waih. 1ieck S.Ge of NG  Yieldp
uf cuc cuc

TIT T T T T T R 3 T s TTs T T T TTT7 R

A. PRIME COKING COAL
1, Balihari colly.
X se2m,75-0.5mm 35.7 1.460  48.0 1445 1.467 50.0 18.7

2. Madhubana colly. _
X seam, 75-0.,5mm25.7 1.470 74,0 37.0 1.405 75.0 45.0

3. Bhalgora colly.
X seam,75-0.5mm 28,1 1.499 59,5 50.0 1.571 E8.0 57.0

4. Loyabad colly.
X1 Seam, 75-0.5mm28.1 1,459 G40 44.5 1.400 66.0 53.0

S. Benedih colly.
XI/XII Seam
75~0+5mm

6. Khas Jesnagora
colly.VII Top 4
75=0,5mm 3265 1,472 5648 11.3 1,470 58.2 13.0

28,3  1.453 §1.3 37.0 1.420 62.0 44.0

7. Rhas Jesnagara
VII Bot - - - , -
75-0.5mm 26,2 16459 37,0 41.0 1.518 60.2 46.0

8. Bastacolla colly.

Jdhansar seam
75-0,5mm 29.3  1.486 8446 228 1.499 6842 29.0

8. 'EDILM COKING COAL

1+ Swang cclly.
Bermo ssam,

2. DUC Mine
bt 15,2 1,470 46.2 33.0 1,495 48,0 37.5

3. Drori coily,
Sarmo ssam
13-0.5mm 41,9 1443E 29.0 17.0 1,473 31.8 19.0

4, Kathara colly.
Kargali seam
3ot sec. 25.0 1. 405 53,5 61.0 1,506 59.0 5840
15=-0.5mm

S. Dhori colly.

Karo dcte -
ﬁgfg SEE 28,3 1,560 32,0 G4.0 1,530
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Yable 2

Influoncg . of crushing, on the sp.gr. of separation, N.G.M,
porcent aixi yield uf clean cual for recovuering
sama ash product

Coliiory Svam vl hworall YIELDR OF CLEAN COAL Wi 177 ASH FUR THE wiiGlE COAL CRUSHEL G BELOW
section auhip 200 75 ma 13 mm 3 O0.472
(sizeo 200 wn-0) (750m-0) (13 mu-0) (3 m-0) (042 =)
vastacollu ‘(’[/‘1’1/‘123‘ 2354 Yicld-407, 46,5 62.0 72.5 v0.0
L
wo ol iing Spellir=1.402 1.502 1543 1.587 1. 052
sacllon Meliofinfo =iled 79.0 2.2 4.0 2505
W L)
Last Enu B EVAOE 20,5 Yioldt - 27.7 40,2 bU,.0 54.4
, .
IU’Yf{f’.” SpeGr - 1.5U1 1.501 1.574 1.6U3
.-I.'\J N 4G
SUsLLen Nolaaflaf - 63.0 LolU 4047 au.7?

n3vgn)

— e wn e e —— e e W et v —— e —— o — e — —



Comparacive siatamcnt of yoicle 2nd NoGefe for
wifferont as Zuvels ubtaicoe an crusiiing tno
SR3ls sanorctgly Lo 10 z2na 2 om

Sazm haw  isn Raw =cal Crusiwc b3 100 Raw czal Cousned to 2 mm

asiy. in yic. s Seue of Gk yiclke S.G. of NG

slgan e cut
ccal

V/uL/

VII 32.2 13 43.C 1.530 54.5 22,0 1573 40,5
19 4840 14542 34.0 S6.0 1,390 38,5
20 5300 40555 :3.: 51.0 1'610 3605

X 23,0 1e 76.5 1,870 <6.0 67.0 14760 10,0
19 42.0 1.610 27.5 30,0 1.5 7.5
20 86.5 1.850 22.0 5245 1.63 5.5

Taols 4

from Josnegora ccilicroy

!
1

mshi % . T ] rerE,
]

Siza ) JTE |

A

¢ | \

7
2 mn oo
Oea fm 47.C 2E63 4143 28,6
8,5 mm to
0-15 ;m 3&300 28.5 Lu-? 15.7
.15 ™ to
Jel TG N 741 25.9 11.2 18.5
5oicw 3,076
in| Tes J1.1 ZeC 224U

1G0.C 22,3 100,C 23,0
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Cruarcd vo telow 2
&
Lotoenaw 2t 2.1 o
1
i i
2-0.15 om 32lzw 3.9
Ut G5.0 o 180
hSF-‘/“. 32.:} WL 29'1
{ |
i i
Waghos in kM gyclanc Bonafiziatsd 2y
’ 1 _il 2gglcmeration
S R {
( ( )
Clcans Sinks ' {
Wts  36.9. wtye 4541 Agglcmerztaos Tailings
ash?n 173 ASTR GZ9 ot 1.2 utc 3.8
3 3 neti (17,0 A3Mf 65.4
) ) ) §
) ) ] 4
d Gre-no to calow )
) 203 nush ard : !
) ercficiatec oy ) d
) 0il aggicomeration ) g
) —_— ) ) )
] ) 1 i i
i Agglomuratus Tailings . ]
) ut% 27.7 Gt 1806 4 Q
) Astty 22,0 asm, 81.8 Q
i ' i
) | 9
3 . !
H 1 5
Il b} ‘!
!
Totzl cleans %
llu;',; 4Z:u Tatal rajects
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HOT GAS CILEANUP
BHEL'S PROGRAMME ON GRANULAR BED FILTEP (GBF)
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R. S. Rangan
Bharat Heavy Electricals Lirited
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GUANULAT B FILT:S (G3Hr;

3y
.. 3., Fao and 3. I. Ran&An
Znergy Systets uwilp
3HEL, Hyderapad

ILEL started itz Cozl F&D prograsme in tne year 1974, with tne

ultimate objective tc develop and in..elent recnnology for deiter

utilization of coal resources in India for :rcwsr generatiorn.

Tue R&D prograrzes of BEZL for the efficient use of coal ca
broadly classified into tre following two categories.
A) Develorment of equirments and systecs which will result

in the imrrovement of perforzance ani economy of conventional

power plants, in the utility as well as industrial sectors.

Tollowing pFrogrammes come under this categury:

i} Atmcspheric rluidized Jed Combustior boiler.
ii) Sclid fuel burnins test faciliiy to study the combustion
hehaviour of coals.
iii) Zrosion test facility %o study +<he erosion due to coal

ash for various materials.

m

: Al I3 . .
iv, Low pressure coal gasification

5 a sutstitute for

0il for flame stabilization in pulverized coal firec

w-inz gtart ur ané icw load orerations.

(o9

boiler

[A)

v, Coal beneficiatioz

w
~

19

establisnment of hich efficiency advanced gysiec:s for
of rower.
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The following progranmes come under this category:
1, ‘tressurised coal gasification:

a) Precsurised Fixed bed gas.ification

b} Pressurised Fluidized ded sasification
2) Pressurised fluidized bed combustion (PFC)

3} Combined Cycle Demonstration rlant.

Most of the advanced power cycles using coal gasification or
fluidized comiustici processes would e aconomicalily viable, only
when the particulate loadings in the not gas can se recucec T2 levels
accertasle ts the gas-turdine of ration, without having tc lower the

process gas tergerziures in the clean-upr systezs.

mable-1 gives tne details of tne suaget provided for ccal

programme zrojects of 23G/Zyderanad. Che est:mated oudget for the

A

not gas cleaning tect rig ason w1tr the ©FC2 rig on the dusty gas

(L3}

generator is arcunc 7s.127 lakhs. UZ AID is expected 1o rrovide
instruzents and egquipzents worthn arcuné T5.24 lakhs over and above

+he funding oy SE=., alTealy inaicated.

A s aermmoy D Lt et _ T T
e Ul vl P Ul et s e tSiemw e e et

The ulticate goal of Rdt £aS Cleaning systems development work

will he %o clean tne gas to a lavel oI gas turbine accezptacility, in

ct

ield of coal based cembined cycle cower generation. This being

©
)

ad

goal the following are the =ai=r objectives of this projec:

(34
03
(1]
13}
[
[
o ]

1. Iden<ify poterntizl hoT <£as cleaning systems and t0 wWorx
on the developrmeni cf such systeos.
2, ZEstadblish ZTEF test facility suitably instrumented fzr the

—

rerforrance study of f£as cleaning equimments.
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2, Train personnel and develop technical exgertise in this area.

4. Update information on developments elsewhere.

The activities undertaken in tnis area to meet these objectives are

as follows:

1. Heview of available informartice e as well as ccmmercial)

)
Py
[
v
1l
w
7
m
!
f

in order to assess inlet particulate loadirg lizits, {or :ne
application intended.

2. HReview different clean-up systems TO 2SS€sS their potential to
meet STHP gas clean-ur requirements.

3. Design of the first systexz ard the test facility for performance

evaluation.

Surwent estirates in literature based on zodel studies and on extra-
golation of experimental data indicate that sas turoines will tolerate dus?

loadings 2f twWwo to one munired times JTeater Ihin tIesent sfrecilicatiols,

AT o . -~ AL e [V JET - - - - PULT
whicn allow only 2,20043 &=/Nz” of dust in i eXzansidn gas. 2azed oz thls
the allawabio limit gan e esiimates IO ne ne-ween 2.00C%2 gm/Nm” e 0.045

mhese estimates are however assstiated With zssumed distritutions. However,
they do provicde 2 referenne seint far evaluation of clean-up pericrmacce ol

sontending systews.

voroy T TOMICY
SN

e P L)

mhe following eguimments have Duen identified as having the potential

for cleanirnz gases in not condizions, ancé many orzganizations are working on

thei= development to suit ETEF applizations.
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a, <Special cyclones - Tanjet cyclones, Multiclones, etc.
b, Surface filters - Fzbric f:liers, ceramic filters

Granular ped filters

0
~—

Zlectro~static precipitators.

a.
-~

3H=L intends %o test a selected few of these systezs in the HTSF
test facility, presently under desigzm, and initially granular bed

filteration system has been chosen for the tests due to the expected
high filteration efficiency and relative cechanical simplicity of th
systez and flexibility in operation. The test rig is being designed

using a fluidized bed ccombustor operating at § atm and 900°C, as the

recuired dusty gas <enerator.

by

Tatle-2 depicts time zchedule for thz rroject "granular bed

filter perfcrmance anzlysis". Tre proj2ct is expected to be completed

e

—_
‘O

[§0]
-1

in the mid of

Test Faclilitv

The test facility will be established at Hycerabad. 4 fluidized

2
TN I

bed combusicr, senerating arouns 12.C 10.7/hr of flue-gas will bz used
t. The combustor will

be operated at 5 a2tz prescure ané a tecperature of around 900°C.

The flue gas rasses throusn two stages of cyclones to reduce
>

the dust loading in *tr2e zas, befcre it eatzrs the granuler bed fil%aer.
] ] ]

A compressor witii : capacity of 14CC 3'“/hx supilies the necessary

air for tne combustor. 2 part of Ine ccmrressed air is used for
the recirculation of granular medis wnereirn it sezarates the dust froz
tze zedia, The dirty zir will thern be cleaned in a coaoven<icnzl clean

syster where & choice will D2 zZale ditween & d2g Jilter and a cyclone

e



R T
depanding on sstimatad operating temp2araturs? and availatility.
Logging and recduction systam i3 proposad to S2@ usad to record
and process all the raquired system paramaters., Thass parameters
are nainly flou rates, tamperatures, nressures, pressurs drops,
velccitiss, dust concasntiraztion, atc., The preposad tzst facility
configuration i3 snoun in f19.1 znd praliminary squipment
layout of the tast rlg is shoun in Ffig.2. GOnline carticulate
sizs and concentration measuremant systams using gpticsl
technigues will be usead, ang conventional laSoratary systems
bassd on extfactive sampling will ba usz2d Vor back=up and
compariscn purposecs. 3oth at the inlat and outlat of the filter,
isokinzstic sampling systems will b2 used for drawal of samplas
for analysis to measure the dust loading and particle size

distribution and this will be used ta periodically check the

functioning of the onlins device.

m

GRANUL R 8ED FILTEZR UNIT - DESCRIPTION AND DESIGM FZATURES

In the granular bed filtar, particls ~ollaction is accomplished

=)

by causing the sarticla=-lagsn gas o nove radizlly inuard in
cross-flou through 2n annulus of granular collscting matsrizls,
which in the presant case are Alumina balls of 2 mm dia. The
granular solid media is in fact a moving bed and the media
recirculation is achi=zved Dy & pneumztic transpoct systam. It
is axpected that thz2 dust particles ~oliactad and depositad on
the granules uill 52 separatad during tns transportatian periocc.
The pneumatic air 1s then routac througn a secondary conventia-
nal cleaning system and sant to PFC3 as Faad air with the help
of a boostar. The media recirculation is plannsd to oe

con=raollad by a L.valve.

santly in the stages of datailed mzchanical,

4]

This unit is pr
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Desiagn Fsatures

Tuo dif ferent dasigns of filter =laments both having [0 of
100 mam and 00 of 500 mm with filter thicknass of 230 mm will be
tastad in saguence in the same pressurs vzssal., The height can
be variad to Jsbtain facs velocities in the range of 0.23-376 m/s.
Tha clean gas passes through the 100 mm dia cantral pige and is
radially distributad into the top portion of the filter from
uhera it oxits. The turn elements diffasr in thalr dasign of gas
axit and one of them is capablz of tuc stags operation. .The dirty
gas ang clean gas ragions ars separated oy a horizontal alate,
The outar spacs surrounding tha filter can 92 f:lled with sand
to affact a change in the face valocitiy of gas.

Recirculatiaon systam

The dirty media is recirculated by nneumatic transport and is

expected to bs freed fram dust in that orocess. At the top of

the pneumatic tramsport line, the gioselins is =xpzndsd so 2as &0
have a sprouting effesct and the soliss flou dowrn 3 oarticion

provided and from there it is draun in =0 tha filter via a dip
leg., The media flow is contrallasd 5y 2n L=valvsz.
The lift lime of the recirculation loop has Bbezn dasigned

using choking velocity critsrion. The L-valve is designsd

Tha systam

(&%
ot
[$}]

"
1
3]
[\
3J
ot
fu
'_.

‘a

based on puulished literaturs zand 2x22

tamparacurs

1
'.—a
(1))
(8]
[
0
4]
]

has to be proved at =2lavatsd orassures, gl

variations are expacted.

Test parameters

-

1+

Particulats collaction in granular bed filters is arimarily

cantrollsdby the following mechznisms:
1) Inertizl impaction

2) Intercep:ion


http:0.23-0.76

--7.-

3) Diffusion

4) Sedimentation

These mechanisms are dependent on size of dust, particle density
in addition to the gas prorerties and operatins varameters like temperature
and pregsure. To understand the capture wechanisr in filter bveds,
it is vital to know thie effect of these parazeters, through which design
basis and criteria for scale up could be develored for granular bed

filters.

By considering the test rig limitations the following varametexs

are selected for study for this zurpose.

1) Tust concentration

2) Tust size

3) 3Bed pressure drop
" 4) Wedia size

S) Velocity or gas

6) Pressure drop in the recirculation system.

Dust size

The dust size can be expected to be in the range of 1-40 microwus
with more of fine sizes since the I3 flue gas passes through two stages
of eyclones before the G3F and the concentrztion is expected to be

around 1-2 gm/m”.

Pressure Troo

The pressure drnp varies with variation in dust load, gas velocity
and media size. XZffect 5f all these parameters on pressuze ¢rop szvuld
be carefullr studied so as to arrive at an optimum set of cperating

Darameters.
: 196
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Tn zoving wed filters at steady s*ate, the pressure drop in the bed
can ze ccntrolled dy controlling recirculaticn flow Tate. It is plaorned

to vary the media recirculation rate in trne range of 130 to 350 kg/hr.

13!

ressure 3rop in the recirculation system and bed will be zeasured
ad it will be attempted to set 2 design procedure for recirculation

system using pressure drop variations and teiperature variations.

Media size
Tor initial studiss 2 —m iia alumipa balls are selectad as filcer

zedia based on the earlier studiss on g ranular ted filters. In addition

1 mm and 3 mm die iluzina particles will also be used as media for study.

Velocity of zas

3ased on literature study it is planned tc vary the face
velocity of gas in range of 0,23 to C.76 =/sec., Jor the rerformence

study of the GZF.
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COAL PROGRAMME BUDGET
(ESG, HYDERABAD)

COMBINED CYCLE DEMONSTRATION PLANT
&

FIXED BED GASIFICATION

FLUIDIZED BED GASIFICATION

FLUIDIZED BED COMBUSTION

HOT GAS CLEANING SYSTEMS
EXCLUDING PFBC RIG

ANTICIPATED US AID FUNDING (TO BE FINALISED)

TABLE -1

IN LAKHS

1475.00

158 - 00

88 - 00

60 - 00

24.00
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LIME SCHEDULE
(GBF PERFORMANCE ANALYSIS )

DETAILED DEsIGN
GRANULAR BED FILTER
AUXILI ARY EQUIPMENT

RECIRCULATION SYSTEM | FEB 1985
INSTRUMENTATION & SPECIAL EQUIPMENT
SPECIFICATIONS & TENDERING JUNE  {asgs
PROCUREMENT US AID : JAN 1986
BHE L - JAN 1386
FABRICATION JUNE  198g¢
ERECTION o COMMISSIONING OCT 1386
EXPERIMENTATION . DATA ANALYS|S &
REPORT  WRITING JUNE 1987

NOTE :- US A | D AGREEMENT AsS PER THE PRESENT STATUS
IS VALID - UPTO JUNE 1386

TARI F —»9
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GAS CLEAN UP -- A REVIEW
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GAS CLZTAN UP - A REVIZW

Dr.R.Vaidveswar n
Rerionnl Research Lab, Flarabad

Sasifica*ion of coal is an ;mportant method of coal
conversion. It is meant for the production of fuel zas to
be used in industries, town gas after reducing the carbon
monoxide conten%; synthesis gas (ZO+H2) for subsequent
conversion to faertilizers, synthetic liquid fuels, methanol
and chemicals, and symthetic natural gas, anc for gaseous
reduction of iron ores. Gasifica-ion is usually dcne with
air-steam or oxygen-steam, at atmospheric or elevated
oressures, The processes for gasificatioﬁ can be classified
as fixed or moving bed, fluidised bed and entrzined bed.
Tach of these nas advantarses and disadvantages. Depending
upon the type and size of coal, the end use of zas, the
process is chosen., The processes so far commercially proven

are the following

- Moving bed pressure gasification process, eg. Lurgi,
- [Fluidised bed process at ordinary pressure, eg. Winkler.
- TZntrained bed process at atmospheric pressure, eg.,

Xoppers-Totzek.

Some of the drocesses under development are the

trained- bed gasification under pressure {Texaco, Shell -
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for local use. fGasification under pressure is advantageous

for subsequent- processing.

Tor every subsequent use the I1s oroduced by oxvgen=
steam or air-steam maxification has to be cleaned to remove
the dust particulates, tar pwrticulates, sulphur compounds,
carbondioxide, alkali and cnlorine comgound. The dust
particulates have to be removed particularly when the gas is
to be used in zas Furbines to avoid erosion of blades. For
shift conversion or methanation, the dust particles have to
ve removed to avoid foulins of catalysts. The sulphur
compounds are poisonous to catalysts for methanation and
FT synthesis. The usual sulphur compounds are hydrogen
sulphide, carbon oxysulphide, thiocyanate, mercaptans, etc.
Carbondioxide being inert, it is preferable to remove it and
enhance the calorific value. For ammonia synthesis and FT
synthesis also it n=s to be removed. Alkalis and chlorides

are particularly aarmful iI the gas is to be used in 3as
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zasification process, zas sleaning contributes substantially
to the to=al cavital costs, between 15 and 35%k.

The present practice is to uses wet methods involving
aqueous media like hot potasn for the removal of particulate

matter, sulphur comnounds and 202. buring this process



the gas wnich leaves the gasifier at about 500°C in moving bed
processes and at hicher temper~tures of about 1000°7, or even

more in 2a2ntrzined bed Drocesses na
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the sensible heat of the gas is lost nd {or subseauent

~

processing (eg., shi~t conversion) it h=s to be reheated to

qQ

a higher temperature, ~or use in gas turbines, 2 nigher gas
femperature is advantageous. The vprocess is thus thermally
less efficient than when the gas is not cooled. The process
efficiency will be better by 2-4 points when the gas 1s not
subjected to wet handling and cooling. It is reported that
wet scrubbing results in loss of 20-33 Btu/cuft on fuel value
and tar removal in 1-25 Btu/cuft. Hot gas clean up helps to
save heat content to the extent of 50-60 3tu/cuft. The capita
costs are also high for heat exchangers, wet scrubbers and
other equipment. 3olvent scrubbing with methanol, dimethyl
ether, polyeth}lene glycol, etc., is also in vegue in the
industry. These methods hav: bszen found to be very effective
for large scale practice. 111 the industrial gasifiers use
one of these wet scrubbing methods, it the same time
alternative and more efficient methods of gzs clean up are
being developed by many agencies in Usi, UK and Germany.

These methods may be classified as

-~ Adsorptive methods usinc beds of adsorbents;

- Permeative methods using membranes;

- ihsor—=ive methods using metals/metaloxides/molten salts.
D

Some of these 2re hrieflv mentioned here,



Removal of particulate matter and tar:

Dependings upon the type of gasification process, the
dust content in the gas varies z2nd it is more in entrained
and fluid bed systems than in moving bed processes. In
fluid bed processes, the particulates may have to be recyclec
to improve the carbon conversion, In the case of fixed bed
processes, the accompanying tar and oil will aggravate the
problem of removal of solid particles. Quenching the gas
with gas liquor is-the normal practice for removal of tar
and o0il., Muenching with steam may be a better method.
Physica} absorption in solvent is feasible when the quantity
of tar and oil is in minor amount. Cracking the gasificatior
product over a bed of lime and other materials which have
catalytic activity has been suggested as a method of removal
of *ar and oil. This may simultaneously increase the

content of gaseous hydroc=rbons and the calorific value of

the zas.

Particles >2 micron - size can be removed by high
velocity water jets, wetted mesh filz<ers, charged droplet
scrubbers, electrically charged filters (a combination of
electrostatic filter and mechanical Zilter), sonic agglome-
ration, cross flow filters, etc. Table 1 gives some of the

particulate removal systems capable of operating 2t 800°¢C

and 20 ato.

206



~yclone collectors are the most common used equipment
for the removal of coarse particulates. Zyclones are
nowever not effective for removing fins narticulates, The
efficienry o7 szeraration in cyclonec decreases witin
increasing temperature but tnis can be oflset to some

extent dv usine 3 bHattarv of sm2ll =vclones in pla-e oFf

(8]

ed one, With increas

m
N

one larve- in~ nressure, warliormance
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of cyclone imuroves, Slux-in. in cyclone is a dray
Granular bed filters are being developed in which dust

v
-

[

laden gas passes through a shallow nular bed, depositing

Jq

particul=te mattsr on the surface of grznular wmedia.

The bed media is cleaned by a reverse flush that fluidises
the bed and elutriates the collected particulate matter
Afrom the system. Such granular bed filters are being
develoned mainly for use in pressurised fluid bed combustors
(PF3C). These may 2lso be suitable for fluid bed and
entrained bed gasifisrs. These are renorted to h=ave a
collection efficiency of more than 99% without pluggage,
media attrition an< metal corrosion, Higher pressure

is renorted to improve the =fficiency, Zlectro stati
_granular bed filters for pressurised Zluid ted combustors
at 750°C are also beinz tried. Thase zre reported <o

to cyclone cum low

3
e
'3
D
Wi

be economicnl in zost co
temper=ture baghouse., & dry plate scrubber simili=
to sieve column zontaininz 2lumina  spaeres

3

nas been found *o remove dust particul=tes 2%


http:Darticul.te

'600-900°C and 15 bar and bring down the dust content to a
level permissible in gas turbines. Use of electrostatic

forces in one of the plates helps to improve collection
efficiency.

Ceramic crosc flow filters are being tried for PFBC
at an elevated tempefature of 800”2 and a pressure of 10 bar,
They do not get plugged and can be cleaned by a pulse
jet of reverse flow. Cerami: fibres have also been used

. micron

for filtering fine (5-20 / particles., These are two types =
filter with a fitted media consisting of a nonwoven ceramic
mat between retaining screens »nd a filter woven from ceramic
yarn. Collection efficiency of 99.89 - 99.99% has been
reported at high temperatures of 500°C, Nztional Coal
Board of UK also studied the use of ceramic fibres for
hot gas clean up. @#hen Spun and woven into a fabric,
these filters were efficient but they lost mechanical strength
rapidly when hezted and failed during pulse cleaning.
Ceramic fibres bonded into a solid matrix in the form of

candle have shown high collection efficiency, good mecnanical

strength and moderate residuzl pressure droos.

Jigh temperature particle separator is uncer develop=-
ment for températures urto 500°C and for removal of
pzrticles wpto 2 microns. Venturi scrubbers have also been
suggested for particulate removal. In some of these methods,
pressure drop, carry over of nist and loss of temperature are

disadvantages. ZSlectrostatic precipitators currently
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available are usually restricted to low pressures.

Howevar such precipitators for higher temperature (upto
900°7) and pressure are under development. The panel

bed developed by Sauires was 2lso investigated by NCB in

UK but was subsequently ziven up. National voal Board of UK
made a study of sand.filters for removal of particulates

but the results were reported to be not encouraging.

Removal of Sulnhur Compounds:

The method of wet gas cleaning for removal of
sulphur compounds is not dealt here as it is well known.
The disadvantages of such wet methods are loss of sensible
heat, solvent loss, large srace requirement and high
capital costs. Attempts are being made to develop dry
methods. These can be grouped as conventional, involving
absorption, adsorption and chemical conversion and non=-
conventional involving membrane nermeation and use of
supported metal complexes. These dry processes nowever
requireg a tar and oil=-free gas. Hdence the gas from moving
bed gasificstion process has to be cooled to below tar fog
temperatura. Any unconverted steam used for gagification

may also pose some problems during Zust removal. The
use of iron oxide beds for removal of.HZS is well

known. It operates at room temperature and reguires large

space., It is suitable for removal of HZS and mercaptans

but not for C0OS.



Other adsorbents like active carbons, molecular sieves,
silica 2re being tried. Most of the zadsorption processes
operate af room temperature since adsorption at hirzher
temperatures is poor. Active carbon beds remove sulpaur
compounds by inducing oxidation of H25 to sulvhur. Molecular
gieves have been tried for sulphur removal., The life of

such sieves is reported to be 2-5 years. Removal of Z0,

by molecular sieves is well known.

Mixed oxides have been studied for bringing down
the sulphur content in coal gas from 200 ppm to 1 ppm.
Copper oxide, copper oxide/zinc oxide beds (packed and
fluidised) have been found to effect this degree of desul-
furisation at 600-650°C. The sorbent can be regenerzted
with air-steam., Oxides dispersed on zeolite or coprecipitated
oxides have been found to be equally good for sulphur
removal. These oxides can remova mercaptans, carbon
oxysulphide and carbon disulphide. However, a pre-requisite
for usinz such oxides is sulphur reduction from initial
level of 6000 ppm to 200 npm, usually in iron oxide beds.
A reactor with multiple beds of sorbents having different
affinities for HZS is stated £o be having an advantage
over single bed of metal oxide in that, during
regeneration, the products contain elemental sulfur wnich
is more favourable than when 502 is formed 2s in the case of

single bed of sorbents. Such metal oxides having low

i
p
(5]
otk
10

P
4

affinity for S zompounds are marganous oxide, cobalt 2

iron chromite, iron ortho silica‘*e, cobalt
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titanate, etc. The sulphur removal can be at high temperatures
upto 650°C. The residual sulphur has to be removed by

another oxide bed having high af“inity towards H,3 leg.,

2inc oxide). The regeneration is carried out in the reverse
direction and the 50, from top hizh affinity bed (zinc oxide
converted to zincsulphide) reacts with low affinity oxide bed

(converted to sulphide) and forms sulphur.

Membrane proce:s is a newly emerginz area for separatior
of gaseous components. The process depends upon the principle
of different components permeating across a membrane 2t
different rates. Many materials like rubdber, polymer are
being tried as membranes. This process is yet to be tried
on large scale. It has many advantages - lower utility
requirements, reduced capital, etc. Membranes have been
tried for separation of other gaseous components like
ethylene and propylene from paraffins, dehydration of
natural gas, recovery of methane from biogas, adjustment
of CO/H2 ratio in symthesis gas, recovery of helium from
natural gas. Separation of air into oxygen and nitrogen
is also being tried., This metnod apvears to have 2 zood

potential for. removal of CO2 and other sulphur compounds.
Supported metal complexes on solystyrene and similar
supnorts have heen used for oreferential removal of CD,

302, 12. Pd, Ir and Ru complexes of the type
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Pd,(?lzPCHszhz)z?lp have baen found u=eful for 20 removal,

Removal of lkali YV=»oors:

Sodium and notassium vano:'s released in gasification process
ranre from less than 0.1 »pm tc ~bout 1000 »nm, Z“m~tnlite nellets
(fullers earth) were foun? to be 7ood metters for alkali at

temperature of 35C°7 and 10 b»r, Alumina spheres have also been

found to remove 2allknli vapors to the -xtent of +35.3% and more.

Pronosed nrogramme 2t 3L-H:

RRL-H nas 2 *a~dor ™D rogr.mne on coal rasification,
A 1 t/hr movin- bed ma-ific2tion vilot plant has been installed
and comminsicrned, S+udies aré in prosress on the gasification
characteristics of nisn ash conls andé on orocess parzameters Ior
getting different tvmes of zas like fuel 33s, synthesis gas, etc.
The pnilot »nlant n=s faﬁilities for sir-steam znd oxygen-steam
gasification and for removal o7 70, X hZS by not ctotasn wash,

s*tmosaneric fluid Beo ' ~nzificaTion is also oeinc studiad on

by recent metnods is cronosed To be investimated., IT is

. TR}

s . e Atas > P = s .
aronosed to study n2w Tecanliuls TOT senaration oz RZILLC JhIel
s : B

1ilka =arhon - iovide or ' yiros s o loalde and sulohur comoounds.

In the first ohase, serarsnion and recener~tion behaviour of

metal/metal oviies, aztive ca-hong, moleculsr ~ieves and otner

adsorhents will 22 zudisd, or pench scale, b simulated gas

mixture will be used,

o
—
ro



Differen® membrane m~terialz will be tried with

}

simulated zas nixtures, ZParamerers l1ike pressure and

.

tamperature will =21so be studied. 1In the second dnase,

gas from the movins bed znsifier w111 be used alter
tar ant oil renovel,
Juitahle tochini mes or toe deection and gstimetion

of sulnhur comnounds and CO, at »nm level will be Iirst

established,

To summatrise, the subject of gzas clean uy Tor
removal of 2:rti-sul-te nmat er, sulwhur compounds, 02
etc., wnich are harmful to gus turbines and to catalysts
for subsequent processing is of sreat interest in coal
conversion vrocess and is being extensively studied.
These involve adsofption, shemical reaction with metal

oxides, comnlexes, etc., membrane senaration nd other

novel techninues., It is pronosed TO try some of these
on bench scale usinz ~ timulated 228 mixiure an” later

the mas from the movin~ meA zazifier 2T RAL-r,
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Table 1

Particulate Removal Systems zavntble of operatin: at about

800° > ana 20 =tm,

Tilter m=adi= Tize mLffi- Tace neveloper

relative cociency velocity
to cve- 1t 2 ft/min.
lone. miczron

size,

Cyclone 1 30 - serodyne “eve-
lopment
cornoration.

Metal “abric 0.3 to 99.9 100-20C 3runswick Corpn.

2.0

Ceramic Fibers 3 to 6 - - 3M o,

Silica Fibers 3 to 6 - - J.?,3tevens,

Electrostaticallvw 0.5 to 99.9 20=40 American

charced filter 2.0 Precision,
media.

Panel bed sand 0.5 to 99.9 30=45 Jity collere of

filter, 3.0 Yew York.

Panel bed sand 2.3 o Q93,0 30-90 Ducon vo.

filter, 2.0

Moving Pebble bed. 3.9 80 30-100 Cambustion
Pyver Co,

Sintarad metal 5 to 10 3 7-10 2211 Trinity
Micro Zorpn.

Tnapingement 2 to 3 Q99.¢2 - Sabcock & Wilcox.

scrubber,
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QUESTIONS & ANSWERS

COAL PREPARATICN & GAS CLEANUP - SECOND DAY

E. K. Mazumdar: Thank you, Dr. Vaidyeswaran. We are

now open for a few questions.

S. K. Ghosh: We are kasically involved with the
transportation of cocal over long distances, and this
coal must be ground to a particular size; water is then
put into it to make a slurry and it is pumped. Can we
take advantage of this mode of transportation, in
connection with coal heneficiation, mainly for thermal
power stations? To my knowledge, not much work has
been done on thermal power coal requirements for
beneficiation as is done with coking ccal.
Transportation of coal as slurries to pipeline opens up

a convenient avenue for berneficiaticn of thermal coal.

M. Chakraborty: The project we have undertaﬁen under
the USRAID/GOI program consicders coking coal
beneficiation; however, I will reply to Dr. Ghosh'sg
questicn about non-ccking coal beneficiation and

pipeline transportation. With coking coal, the
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ultimate use cf clean coal is in coke making. So if it
is ground tc a very fine size, 14 mesh 1.Zmm, as you
are considerirng for transportation, that ray rcrmally
lead to problems in ccke making unless some imrprovement
is made in the cokirg technology. Regarding non-coking
coal transportation, the product has to ke dewaterecd;
otherwise it will have a lct of free moisture in
addition to inherent moisture and that will lead to
tremendous inefficiency if the moisture is not removed
mechanically and thermally. Fcr non-coking ccal
beneficiation, why should we grind it to a smaller size
to beneficiate it? Our power stations are designed for
accepting coal having 35% ash +/- 2%. The main purpose
of bkeneficiation is not to remove the ash but to renmcve
the detrimental particles cf hard lumps and also free
silica, etc. in the final forr, sc that these will nct
create operational and mainterarce problems or reduce
production availability. In order tc avoid frequent
stoppages at the plant, we have to remove the
detrimental particles; ashk is nct very impcrtant. The
efficiency will alsc depend on the rature and
characteristics of the coal. It may not ke the same
for all power staticons sc¢ pipeline transportaticn can
definitely be used fcr non-coking cocal but we will have
to assure that the coal is duly dewatered pricr to

using for combustion purposes.
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B. K. Mazumdar: I do not know whether or not Mr.
Ghosh is satisfied but we will have the panel

discussion later and he can ask the question again.

S. Chandrasekaran: Cn the hot gas cleanup, Mr. Rangan
was telling us that the object is to get the cas

cleaned to a level of 30 mgs per normal meter cuke for
gas turbines, etc. BAs far as the inlet concentraticns
are concerned, has he considered different coals to te
fired in the PFFBC, which is going to generate this hot
dirty gas. What are the coals considered, and what are

the inlet dust concentraticons?

R. S. Rangan: The inlet dust concentration to the
granular bed filter does not directly depernd on the
coal fired in the PFBC because this is the final stage
of gas cleaning. PRefore that we will have at least one
cr two staces of cyclones and, depending on the
concentraticn that is expected at the outlet of the
PFBC, it is always possikle to add or delete cne
cyclone to get the desired concentraticn at the

granular bed filter inlet.

R. Krishnan: T have a questicn on hot gas cleanup. T

was looking at the chart and you had a pressure of 5



atm going into the granuler bed filter. My questicn

is, what is the operating pressure in the PFBC? Is it
£ atm or higher? As a followup, I would like to ask if
there are steam tubes, air tubes, or what type of cycle

vou have for the pressurized fluid ked combustion.

R. S. Rangan: Nc =-- this is an acdiakatic combustor,
and this would be operated at § atm pressure. It is
mainly for testing the combustion aspects of

pressurized coal kurnirg.
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MORNING PANEL SESSICN - SECOND DAY

B. K. Mazumdar: I will now request the authors of

the morning presentations to be here and also our host
coordinators for the program, Mr. Killmeyer and Dr.
Ghate. Please submit your written questions cor
comments, or come to the microphone and address your

questions clearly.

M. M. Sen: I have a question for Mr. Rangan.

KHas BHEL any prcgram for‘cleaning up sulfur compounds
for gas to be fed to the turbines? My second point is,
I have been told that alkali ccmpounds are harmful for
turbine operations. So how are we going to get rid of

the alkali compounds in hot gas cleanup systems?

R. S. Rangan: We don't have a program for K S
' 2

removal or alkali removal at the moment, but this
problem is being locked into separately by our material

science people.

R. Vaidyeswaran: In a fluid bed gasifier or any
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type of gasifier, H S COS and mercaptans are always
2

present. Depending on the concentraticn, perhaps the
first stage removal will be using iron oxide. In the
second stage, mixed oxides, activated carben and
molecular sieves are being tried. The removal of

alkali and chlorine, particularly for use in gas
turbines, is very necessary. The norms are very
stringent. I came across a reference where pellets are
being used, something like fuller's earth, which

retain the alkali by some sort cf a complex, and then it
can be regenerated. Eeyond that I am nct aware of any

cther details.

N. N. Ramakrishnan: With regard to the questicns
posed by Dr. Sen as to whether or not BHEL is working
on H2S removal and alkali removal -- we have imported
one gas turbine from Mitsui fecr combined cycle rower
generation. The requirements cf the gas turbine are
such that the sulfur content of the gas can bte as high
as 2% and the alkali compound requirements are also
quite high. Based on our coals, we find there is no
requirement for cleanup of these twc compounds at this

stage.

G. S. Sidhu: Is it possible, and not too scocn to

imagine, that in ten years the new materials of
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construction will lead to gas turbines which will not
be concerned with separation of particulate matter or

impurities in the gases?

B. K. Mazumdar: This is a very interesting question
and a challenging one. All our scientists will be

interested in tackling it. Any respcnses?

R. Krishnan: Righ*% now there is a void in the
availability of advanced and sophisticated materials to
clean the dirty gas from combustion gasification
systems, I think, and I am not speaking for the USDOE
or the companies in the US. There is a high
temperature mat-=2rials technology lab being built at
Cak Ridge National Lab to look into this problem of
finding new materials. GE has done a lot of work and I
think they have come to the conclusion that it will be
more like 15 to 20 years kefore we can hit upon some
sophisticated material to combat the sulfur, the alkali
potassium and detrimental agents in the hot gas.
Farallelly, the target date set for ccmmercialization of
PFBC is something like 1990-199% and compromises are
being made from the advanced concept of high pressure
FBCs to low pressure -- for instance, the turbc-charge
concept, wherein you have lower operating pressures sc

that your tolerances on the turbine can be a little
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more relaxed.

This is a very important question and I think the
answer is "yes," there is a lot of work that has been
initiated at the basic research level, but I think the
time factor is more like 15 to 20 years. The other
approach that has been simultaneously taken is to look
at new process variations where you look at lower
pressures so that we could still, with the available
state-of~the -art technology, use ccnventional
off-the-shelf items. The third thing is, of course,
basic research which the current administration is
emphasizing. National laboratories have to perform
fundamental basic research and provide the technclogy
for the industry, and they should take up the issue of

commercialization.

These are the three approaches being follcwed in the
United States. GE and Westinghouse have been working on
this, but they are far behind in time. I am not very

sure how countries in Europe are reacting to this.

I would like to ask a question on hot gas cleanup.
With all this work on hot gas cleanup in the U.S8. and
the rest c¢f the world over the last 15 to 20 years, at

least to my knowledge we still do not have a gas
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cleaning system. From Dr. Ghate and his colleagues, I
would like to know whether we are moving in the right
direction to have a combinaticn of cyclones and
granular bed filters, and what other developments are

taking place in the United States in this connection?

M. Ghate: There are two apprcaches. One is,

what is the source of the dirty gas? If we are looking
at the PFBC combined cycle and the gasification
combined cycle, cleanup systems are entirely different.
As far as the PFBC combined cycle is concerned, we are
looking at severai units -- a granular bed filter is
one of them and metal oxides for the removal of sulfur
is another. As far as the gasification combined cycle
is concerned, in the US we have a twc-fold problem --

not only the particulates but also the sulfur NC
X

and SO . In that respect we are looking at
X

cyclones for the primary particulates cleaning,
followed by zinc ferrites cor scme of the metal oxide
systems. Currently at KRW, formerly known as
Westinghouse, we have a program testing the zinc
ferrite system which was developed at Mcrgantown. GE
has djust completed a test in which a fixed bed gasifier
was used and in situ removal using dolcmite. We have

captured almost all the sulfur and alkalis also. It is
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predicted right now from the data that all the alkalis
were sorbed and the turbines were almcst clean after
almost 500 hours of test. To really tell you which way
we are going -- in gasification we are going into the
zinc ferrite or iron oxide systems and, in the PFBC, we
are going to the granular bed filters and some of the

newer devices.

I have a question for Dr. Ramakrishnan. The

combined cycle plant is going up at BHEL Trichy, and we
were told yesterday by the Director Technical that the
commissioning date is now November 1985. Is it
possible, or is it somewhere in the test program, that
a hot gas cleanup system can be actually tested in this
facility because that, to me, looks like doing some
testing on a larger unit that can speed up the rate of
technology in India and in turn provide information ir
the United States. This is because we do not have a 6
MW combined cycle plant. e do have the big coal-vater

project.

N. N. Ramakrishnan: Fresently we are going ahead with
fixed bed gasification technology for combined cycle
power generation. PBere we have a wet scrubbing systern,
so in this particular plant which is to be commissioned

ir October or MNcvember of this year we do not have the
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facility for hot gas cleanup systems; however, as our
Director Technical tolé you yesterday, the second phase
of the study on the combined cycle plant will be linked
up with fluidized bed gasification of the same
capacity. When we move over to fluidized bed
gasification, our intention is to hook up a hot gas
cleanup system and do these combined cycle plant
studies. This program is envisaged three and a half
years from ncw, so at that time we will be able to
generate data on a hot gas cleanup system and its
effect on gas turbine operations. Before that, we will
be doing our hot gas cleanup studies on the fluidized
bed combustor. At our facility in Hyderakad we have a
fluidized bed combustion unit and, if feasible, we
would link up the present ho£ gas cleanup facility to
that fluid bed gasification facility so that the
changeover to the 6 MW power plant would be simpler and

easier.

M. Ghate: I would like to say that, prior to the
selection of any cleanup system, it is critical that we
look at the entire system including the tyre of coal
used and the end use. Once you have defined the system,
then ycu can select the kind of cleanup system you
really need. If you find out frcm your analysis that

you really do not need that much cleanup, then ycu
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will have a very simple system. I think it is immature
to select a cleanup system and then fit a coal
conversion and turbine system around it. I would feel
more comfortable by selecting whét you have bkased on

your raw material and then develop the cleanup system.

Mr. Mazumdar. I am glad to hear what Dr. Ghate has

to say. In fact, I was going to remark on the
challenginc question put by Dr. Sidhu which was so ably
tackled by Dr. Radha Krishnan. Either you develor
materials of construction to contend with the situation
or you make the coal behave =-- that is possibly what
Dr. Ghate had in mind. 1In this connecticn, let me
refer to one of our recent works cn weathered coal. A
lcet of development has taken place in America on SRC,
which is one of the éleanest possible fuels. While you
refine the coal by high pressure hydrogenation, wherein
the hydrogen requirements are as little as 1 to 1.5% by
weight of coal, you remove most of the oxygen. Coal is
thus upgraded in terms of its heat value, its carbon
content and the process sulfur also -- 8C to 50% is
removed. So if you use a cleaner fuel fcr ycur
gasification of fluidized bed combustion and the like,
the gas cleanup systems become simpler and also this
fuel becomes more environmentally acceptalble.

Moreover, the ccst would be more than made up Ly what
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you get out of it, because Dr. Vaidyeswaran said that
30-35% of the cost is due to the gas cleanup systems.
Therefore, either you have the right materials of
construction or make the coal behave to meet your
requirements. Another approach is to use weathered
coal, a part of the seam which has cropped out. The
entire carbon structure of this coal has remained
intact and there has only been oxidative
dehydrogenation, bringing about a profound change and
reorganization between the aromatic and hydrcaromatic
carbon molecules, as a result of which the coal has
been converted to a non-caking coal and a smokeless
one. Not a trace of tar or smoke emanates from this
weathered coal. If this weathered coal is used in
gasification or combustion, the gas cleanup systems
with regard to tar and tar mist would be much simpler.
Both SRC and weathered coal can obviate many cf the
problems associated with gasification and combustion

gas cleanup systems.

R. Krishnan: I have a very short question. I saw

the scheme put up this morning by Dr. Chakravarti and
it looked like when you reached 20% ash everything came
to a standstill as far as the cyclone is concerned.

The question is, have you done washability studies to

see if pushing it beyond that will be uneconomical and,
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with the situvation in India and with the technology ycu
have and are developing, is there an upper limit such
as 20% ash beyond which any of the techniques will not
be effective? BAlso, how are the mining techniques in
India contributing to the worsening problem of high ash
and, with advanced longwall miring techniques, do you

expect to get better quality coals?

A. K. Chakravarti: From numerous washability data and
carbonizaticn and petrographic data we have established
that, as far as coking coals are concerned, 19% ash is
optimum because if this is exceeded to 20% the
materials that will be added will have an ash content
higher than raw coals. So, instead of gcing to 20% we
can mix the raw coal and hence the purpose is defeated.
After 19% ash, the vitrinite content sharply drops,

and hence the coking propensity of these coals drops.
This is the optimum percent of the coking coal ash that

can be obtained.

S. K. Bose: I would like to add a few words to Dr.
Chakravarti's comments and the questicn raised
regarding the ash content of clearn coals for ccking. I
understand =-- it is not a personal experience -- from
Energy Bcard discussicns in which I have alsc

participated in India that, even from the user's angle
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-- i,e., the blast furnace efficiency -- it seems that
this ash content in clean cral up to 20% has a
relevance. This means it does not detericrate the
efficiency further from the level of 17.5% of ash
content in clean coal we expected earlier, in the
1960s. In actual practice we have been gouing outside
this limit so we have experiences, not only from the
concept angle but from what is actually happering. So
it is found that, even stretchi.g to 20%, it does not
deteriorate the blast furnace efficiency to that
extent; of course, there is a stage of carbonization,
But the point is, that from the angle of coal
washability characteristics, the high ash contents of
the raw coals we are now treating which, as we
rmention, have figures up to even 35%, a totally
different situation from 22 to 24% ash in raw coals
when we had built the preparation plants in the 1950s
and 1960s. Today it has even gone up to 25 to 35% ash
in raw coals. The Energy Board recommendations have
alsc brought out this point very strongly and from the

cperating angle we should accept this 20% ash in coal.

S. K. Bose: Coming to another area, if I could ask a
questicn of Mr. Chakravarti. You have shown 2mm top
size for washing coal in heavy medium cyclones, smaller

diameters yet to be tried, and then .l5mm
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for oil agglomeration. 1If this is the concept, then
the first question is: <seeing the nature cf coal
mining trends in the coking coal bed, we are now gcing
to enter into a new era of large-scale open cast mining
in the ccal belt of Jharia. We should prepare cur
flowsheet for such a type of project. Thick seams
contain shale bands in such a way that, after these
deposits have taken place over a long period of time
and drift origir, they are bound to have shale which is
a small but significant element in the coal seam
production. So both these shales as occurring in
nature and also extraneous materials which are likely
to come up in the open cast mine in the future.
Further, the old mines are already honeycombed by the
0ld pillar mines and, while you do the open cast
mining, you will have a tremendocus amount of rock
associated while digging the coai. It is not a normal
cpen cast mining as we claim for a fresh coal seam.

But it will be open cast mining over first-wcrked
underground deposits and therefore we shculd have a lot
of admixture of associated rocks. ®ith this situation,
after the first crushing, if we cculd ijust wash off at
1.8 specific gravity then we would get the "real" raw
coal for hardling the subksequent stage. If in the
subsequent stage -- that is, the main coal washing step

-- would you consider that the coal be treated in the
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normal ccal preparation process? Whatever sinks or
middlings are generated in the process, we will reduce
it down to 2mm or 3mm, and then bring in more release
of the extraneous matter from the coal and upgrade it
by the processes that Mr. Chakravarti explained. If
this could be the area of thinking, then the
application of the new dimensions of smaller-scale top
size 2mm has to be adopted into the whole systemn of
handling, preliminary preparation and final
preparaticn. My question is, why 2mm? In coking coal
practice we have 3mm. I know in Germany the
preparation plant designers especially‘ask this

question. Where did it originate?

I understand in this size of crushing range they used
to have 30mm coals and the new crusher develcpments
crush with a ratic of 15:1. Hence as a corollary it
came down that a 30mm coal would have a size of Zmm by

one-stage crushing.

T would like to hear from Mr. Chakravarti how to react
to the total process scheme and the question of 2mm top

size.

Another questicn I would like to pose is, the heavy

medium cyclone he has conceived -- can it be dealt



through jigs? 1In any case you are treating the

subsequent fines and products through oil agglomeration.

A. K. Chakravarti: I fully agree with Mr. Bose that,
due to large-scale mining, particularly from the
quarries, a lot of variable extraneous impurities will
come that will not be constant. Therefore, a
pre-dressing stage is necessary just to eliminate.the
dirt and hard stones which woulé lead to operational
problems in the coal preparation plant. There may be
many ways of removing this matter, either by
hand~picking or dry selective breakage, or even with
the application of jigs. In any case, pre-dressing may
be necessary for ccals from such open cast mines. Cnce
the coal is cvushed to below 2mm for processing, it is
obvious tha: only the coal matter wculd be crushed and
not extraneous impurities. The answer to the question
of why we have selected 2mm is that, in normal

ccke oven practice, 2mm i1s the top size. It can alsc
be 2mm, but Indian coals are harder as ccmpared with
other coals and hence it is difficult to get the
correct size in the coke cvens and we have to recycle
and select the proper crusher. We found that if we
crush it to belcw 2mm the additional recovery cf clean
coal is 10 to 12% The fines production would ke less

in the case of Indian coals because ¢f its hardnecss and



hence it may be advantageous to move from 3mm to Zmm
top size. We would not advocate crushing to belcw 2mm

if the coal were softer than typical Indian coals.

Regardihg the second question, that is, heavy medium
cyclones vs jigs —-- 3jigs have certain limitations and
even the modern jigs cannot treat coals having
extremely difficult cleaning characteristics. There
will be a lot of misplacement which will prevent
maintaining the proper quality of clean coals. One way
is to clean raw coal using jigs, and certain products
from this operation are recycled through either ijigs or
cyclones for further cleaning. Jigs have a limitaticn
in that it is very difficult to handle near-gravity

materials.

C: B. K. Mazumdar: I would like to make some
observations regarding the gquestions and answers in
this session. To put the sukject in proper
perspective, I will tell you that Mr. Bocse was the
Chairman of the Ninth Internaticnal Coal Freparation
Congress and naturally his views on coal preparation
vis a vis problems in the Indian scenario are of
importance. Regarding the guestion as to do we have to
live with this 19-20% ash so-called clean coal in

India, it is being tackled in this Indian program and
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the flow sheets apparently made out that the final
product will have clean coal ccntairning 18-19% ash,
which has led to this question. 1In Europe or America
no one will touch this coal. 1Indian coking coals in
the lower seams of the Jharia coking fields hold nearly
all the prime coking coal irn India. The upper seams
can be cleaned by ordinary densimetric principles but
the lower ones are very difficult to wash. The
intrinsic ash, including the extraneous matter, would
range anywhere from 25 to 35%, the average being 30%.
Rence, Mr. Chakravarti started with 33% ash and
provided a flcw sheet. His idea is to combine these
heavy medium cyclones with o0il agglomeraticn. Last
year in discussions with Mr. Bienstock, Mr. Deuerbrock
and others, it was cbserved that in America there was
considerable development as a mears to tackling fire
size coal, but this is irrelevant. Unless ycu grind
the high-ash coking coals of India to as fine as 0.lmm,
the mineral matter is not liberated frcm the physical
chemical matrix of the coal. Ccal has to be ground
even finer than 0.lmm and, adapting all the
sophisticated techniques, either froth flotation or oil
flotation before heavy medium cyclone, we still have to
live with 18% to 20% ash content -- unless, of course,
you are prepared to sacrifice the yield. If you want

to have a clean coal with ash of 14-15% I am afraid
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your yield would hardly be 40-50%. So we have to
strike a compromise. However, there is a solution -
-chemical cleaning of ccal. 1In our institution we have
developed this chemical process -- something akin to
that developed at Battelle Columbus. Coal and alkali
slurries are heated to temperatures not exeeeding
120-130C for one and a half hours and then washed with
dilute sulfuric acid. Technologically there is no
limitation to this coal preparation. Coal of any ash
content can be demineralized almost ashless by this
technique. 1In the American approach the whole
contention is different. You don't have teo worry abcut
the mineral matter content since, by ordinary
densimetric principles, you can remove mcst of the
mineral matter because it is extraneous in nature and
comes because of coal mining. The problem is
desulfurization and from that point of view Battelle
Columbus took up this work using alkali reaction. But
their technique is completely different from ours. They
grind the coal as fine as possible and mix it with
concentrated alkali and treat it in an autoclave under
pressure of 50-100 atm and at a temperature of
275-325C. They claim that 50-60% of the sulfur is
removed and in the process the mineral matter is also
removed. In the Indian process, we do not grind the

coal fine -- we crush it to 3mm, treat it with alkali
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in a concentration of 60-70% by weight and it is an
atmospheric process. Here the alkali penetrates into
the physical matrix of the coal, attacks the mineral
matter preferentially and converts the aluminum
silicates tc sodium aluminum silicate, which is
soluble. We require two chemicals, caustic soda and
sulfuric acid. To make the process more economical,
the cost has to be retrieved largely by the recovery of
by-products and hence total utilizaticn. We can recover
from the mineral matter sodium sulfate, aluminum
sulfate and silica gel. If we have a market for this,
we get the coal almost for a song. Probably this is

the ultimate solution.

Coming to the size of 2mm, this size consists cf ccal
charged to coke ovens which predetermines the ultimate
strength of cocke which is sc very important for blast
furnace overations. We have tc assure its impact
resistance, its abrasion resistance, which is
determined by the size concept. To charge too fine a
coal into the coke cven will not only create a dust
problem but also will effect the coke oven. With the
ci] agglomeraticn technique which has keen developed,
there has been a considerable imprcvement. Although at
the moment we charge fine coal =-- 100-2C0 mesh size

~-later we will be in a positicn tc use Zmr. Probalbly
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this oil-agglomerated clean coal can be blended with

top-size coal and coke can be made.

A. K. Chakravarti: Regarding the s:ize,

normally in coke oven crushers, eith:r hammer or
impacted, the feed size can be 5 and 6 inch and the
product size more or less 3mm. If it is a hammer type
of mill, the size reduction can be very wide but, for
other crushers, like a roll crusher or any gyratory
crusher, the size raticn will be very narrow. If too
much of fines is there in the ccke oven feed, the bulk
density will be low and the coke will not have
sufficient strength. But with improved coking
technology like stem charging, the good quality coke
can also be prepared. One plus point for oil
agglomeration is that it will retrieve the middlings or
sinks coming out if o0il agglomeration is applied and
clean coal recovered. The product will have low
moisture and good coking propensities because we have
seen that, from the middlings, the clean coal retrieved
has good plastic properties because of the presence of
oil. The oil agglomeration not only dewaters the coal
to a low extent, that is, 10% moisture by gravity
drainage, but also the size is agglomerated to 1.5 to 2

mm and dense agglomrerates having 1.2 specific gravity
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can be obtained. We have numerous data on cleaning by
the 0il agglomeration technique and the clean coal
recovered from the middlings has good coking
propensities. Therefore the combination of heavy media
cyclones and oil agglomeration definitely has some
potential whereby two products will be obtained, middle
products will not be there, and high yields as high as
70% can easily be obtained. However, the ccke oven
technology needs to be modified to take the overall

clean coal.

S. K. Bose: Would you like to crush all the coal to
2mm as you are proposing or would you like to treat the
coal in a conventional process, remove the clean coal,
and then treat the rest of the coal after crushing to

Z2mm and treat it in the manner you like?

A. K. Chakravarti: This is very pertirent since we should

not crush coal if we do not get any berefit. There are
some seams where we do not get the advantage but there
are definitely some coals wherein crushing from 13mm

top size to 2mm top size can produce a lot of benefit.
It depends on the nature of the coal. For the sake of
economy we should use all the conventional types of
equipment and, in case we can improve the yields, partly

treat the coal by crushing tc smaller sizes.



B. K. Mazumdar: The lower seam is a difficnlt coal and we
can crush it to normal size, wash it, then from 30 tc
35% clean coal will be retrieved with 17 to 18% ash and

the rest may be treated to this technique.

B. K. Mazumdar: I would like to ask Mr. Rich Killmeyer his
observations on the Indian situation with regard to the

difficult problems of coal washing.

R. Killmeyer: Let me try to relate the

situation to ours in the United States. Qur coals
clean fairly easily down to 10% ash, whereas in India
they clean fairly easily down to 20-30%. The objective
of the DOE coal preparation program is ncw to super
clean the coals down to 1% ash or less sc that we can
replace fuel o0il with coal-water slurries, for
instance. It is very difficult to go down from 10%
down to 1%, just as it is difficult to go from your 20%
down to 10%. Both problems involve ultrafine coal
crushing. Advanced beneficiation techniques work on
ultrafine coal, and the whole objective cf our coal
cleaning prcgram is to develop these ultrafine cleaning
processes. Even beyond the use of heavy medium
cyclones, which work on coal down to 100 mesh, we are

trying to develcp processes that can handle ultrafine
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coal to be crushed to say 100 micrcns or even 20

microns top size. We are working on several different
techniques to clean this -- one is two heavy liquid
cyclones. Instead of a magnetite slurry you use a true
liquid heavier than water -- an organic liquid or freon
or salt -- and these work very well on coals which are
top size of 100 mesh by 0. Again this is advance of the

state-of~the~art.

Another technique we are looking at is very similar to
the 0il agglomeration, something we have called
selective coalescence. It is very generic oil
aggylomeration. It simply mearns you are trying to
coalesce ultrafine particles of coal and leave the
mineral matter and the pyrite dispersed in the water,
just like an oil agglcmeration except vou do not have
tc use 0il. You can use freon, an organic sclvent,
liquid carbon dioxide, or scme exotic type of liquid
which will clean the ultrafine coal particles. Then
you just regenerate the agglomerating agent and use it
again. The problem with o0il aggloreration is that the
cil stays with the coal and this is very expersive. Cf
course, the third method that we are funding a lot in
DOE is chemical coal cleaning. As was discussed, this
is one technique that we have found dces work very

well -- the TRW gravimill] proccess has clean coals down
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to .1% ash, removina virtually all the pyrite and it
removes up to 80% of the organic sulfur, which is our
main concern. Certainly chemical coal cleaning is a
possiblity but it is also very expensive, as has been
mentioned. That is our prcgram in a nutshell and as
you can see it very well simulates the problems here.
It is a matter of ultrafine coal clearning, developing
new techniques and, as Mr. Bose stated, we would
envision any type of advanced coal cleaning being
preceded by an initial conventicnal stage where you
clean all the rock out -- a very coarse size 1.80 or
2.0 specific gravity -- and go into a second or ever a

third stage of cleaning.

S. K. Bose: I have one question -- is there something
developed in Canada in the area of oil agglomeration

where they use only 1 or 2 % of oil instead of 6-8%? Can

you throw some light on this area?

R. Killmeyer: The only thing I know about it is that there

are several groups -- Canada is one of them -- whc are

" working on using small amounts of oil by scme scrt of

super dispersing agent which will make very very fine
molecules or agglomerates of oil so it can spread
itself around a lot easier. I have heard about it but

it is very secretive.
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A. K. Chakravarti: As far as fine coal cleaning is
concerned, our flotation or ultra-flotation processes
are quite effective for beneficiating coal. But what
are the plus points for oil agglomeration? The plus
point is that the dewatering problem is easy and by a
cheap and simple method we can dewater the coal. The
presence of oil improves the coking properties of clean
coal which has been recovered from sub-standard coal
and the middlings. The oil used to the extent of 1 to
2% will be enough to effect beneficiation but will not
be sufficient to give a consclidated hard product which
may create problems in handling in coke plants.
However, we have recently decreased the dose c¢f o0il
from 10 to 13% to 7% in oil agglomeration bty mechanical
improvement -- that is, by increasing the forces
responsible for concentrating the agglomerates. By
using 7% oil we are getting perfectly spherical 1.5 to
2 mm agglomerates. We are trying to reduce the oil
further but it so happens that gcod bereficiation may
be achieved but the product may not have sufficient

structural strength for use in the coke cvens.

M. Chakraborty: Mr. Rillmeyer mentioned that coal

preparation is now approcaching coal refining. Another

aspect of Indian coals which has not been very much
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highlighted is the solvent refining of cocal. The
peculiarity is that not only is the mineral matter
intimately integrated throughout the whole chemical and
physical matrix of the coal, but it is ncn-coking also.
But if you resort to solvent refining it will achieve
two things. We achieve demineralization below. 1% and
we upgrade the coal as well. Non-coking coal becomes
coking. So I would like to know, what is the

possibility of SRC in respect to cleanirg of Indian coal?

R. Killmeyer: I will have to kack off on that one -- I am
not a liquefaction man and you are really talking
liquefaction there. A solvation chemical process is
involved. When I am talking coal refining I am really
talking about physical coal cleaning. By coal

refining what I really meant was you clean a coal to
produce two or three products from the coal preparation
plant. A superclean coal, say maykte one-~half percent

ash; a high-ash middlings and then your refuse

product. That is kind of the idea I was trying to get

ACross.

M. Chakraborty: To my mind, even if you demineralize
Indian coals the problem of upgrading still remains, so
we will bave to have coking coals. Solvent refinirg of

coals is likewise improved by DCE and Lumas and the
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ash removal process has keen improved by anti-solvent
de-ashing. Maybe we should also look into this area
from the Indian standpoint, which may solve our

problem.

B. K. Mazumdar: I am glad that Dr. Chakraborty has krought

up the question once again. As I said, in America
tremendous work has already been achieved but in a
different context. America has keen interested in
clean fuel but here, irrespective of the rank of the
coal, whether lignite, bituminous or subbituminous, you
end up more or less with a similar product. Thé
preduct is upgraded with the removal of oxygen groups.
The coal is depolymerized to an extent so that it is
célled reconstituted coal and non-coking coal is
converted in the process to a highly plastic coal with
a softening point of 170. This was all known to
Americans in the early 70s. 1In Pittsburgh the
Consolidated Coal Company and Gulf Spencer Ccmpany
achieved this, but in our Institute we have develcped a
concept in view of the low scftening point and the lcw
mineral content where the idea is to blend SRC with a
sub-standard coking coal, such as 33% ash coal,
obtained by washing at 1.7 to 1.8 by removing the
mineral matter and bringing the ash from 33 down tc say

25%. This product can then be blended with SRC which
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will add to its fluidity and that will also decrease
the ash content in the final coke. From that pcint of
view, the idea is very attractive but somewhat

futuristic at the moment.

We have had a very adequate discussion with the
participation of all, and I must thank our authors who
have made very effective presentations and also thank
our distinguished participants who asked interesting
questions and made comments which contributed to a wvery
very effective discussion. All the projects under the
USAID/GOI have done some preliminary work, spelled out
in the program and now comes the time to achieve the

objectives of the projects. Thank you very much.

END OF SECOND PANEL DISCUSSION
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Develoomznt ni Yillage Level Gasifier
P.D.Grover, K.K.Baveja, T.R,Raoc and P.V.R.,Iyer
Chemiczl Enginesring Department
Indian Instifute of Technology

New Delhi-110016., (INDIA).

1.0 Intrccduction:

. — -t et o -

One of the major inmputs for incraasing crop production
is irrigation. In South East Asia and particularly in Indizn
sub tontinent, the average land holding per houseshold is
extremely small, To crcvide timzly irrigation, in India about
10 million farmers have tz degend upcn pumD irrigatien., It
is estimated that a typical farmer uith land hclcéing of about
2 ha. would require about 2000 KWH of =nergy (at the engine
cutlac) for pumping per zrop per year. It has also bean
rstimatad that, some 77 million households have available
‘hut umsxoloitcd uater socurces in the Incian sub continent.(1)
Accsordingly, the majerity of irrigation pumps installed
ara of 3=5hp and snergised by diesel orT elactrical rsower.,

™

M)

increacing cests and non availability of these resources,

[@]
{

sspccially during the pezk periods of cultivation, nececsitate
the fsvelopment of biomass cnergy for irrigation pumping.
Incroascd fecd procductirn tesults in increasecc biomass

ayzilabls for pcucr. These becaome moTe importent

n

rcsicdue
in & situcticn uharzs existing resourccs arc already being
utilisnd.

Coneidoring its importznce and potcntials, a small
Villanz Level Gazifier based on agro-residues is being
dovelocad under theo Inco-U.S. collabnrative programmec ON

Encray. 249
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Although charcoal fired simplc gasificrs are commercially
avallable in any sizo, small scale cesifiers ( SHP) working
on agrowastes biomass dorived fucls arc yet to be developed
for satisfactary nerformance.
2.0 Charactoristics of Small Agro-Waste Gasifier:
Direct utilisation cf Agro-Wastes in small gasifiers is
moTT cnergy officient than the chercecal or bicmass derived

fucl casificrs but have many limitations., Befzore these

)

limitations cr- discussnc, tha basic requiremcnts of a villagec

level gasifier unit shculd be thercouchly ifdentificd,

shrulc have the follouing charactcristics.

(2) Simplc in conmstructicn without any moving paris and
complicatad control inmstruments,

(E) The materiol's roliability with minimum maintonance.

(c) Easy to ofecrate withcut ccnstant attention,

(d) should uithstand differcnt climetic conditions.

(e) The preoventive maintenance activitics shcould be simple

and inexpensive.

0O

(fF) The ccs cocling and cleaning cquipment should be simple
such 2s ¢oe Til%ere should be fittec uwith rerlaceable
filters mace from locally available materials.

(g) Should have Polluticn freec and safc operation.
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(h) Low cost within the recach of a small farmer,

The limitzticns of ¢ dircct biomass fueled gasifier at

(a) Lou bulk censity of bicmass resulting in srocific large
sizes for gesificr,

(b} Ouc to bulk hancling, contaminatisn of feed with
uncesirzblsz inorgenic matter.

(c) Duc to high volatilc canteants, oxcessive formction of
tar curing gasification.‘

(d) Mocos- 'ty of claharate gas cleaning apnliances, thercby
incrcasing ccsts and operational probleoms .

(¢) Tordzney fzor slanning of fecd due to high ash content
and orosence of alkalics in biomass.

(

) Corr-sicn preoblomes of ccndensar and crcler due to

|

ne condensatc in the gas stream.

9]

zcidity -7 tar

~”

)

Pollutirn rreoblems due to disposal of tar and concensato.
h) Due to lou heat cepacity of gasifier, fluctuaticns in

tomperaturc thouekby preocducing gases of varying cromposition
3.0 Fuel Properaticn:

To avnid many of the ahbove mentioned operational and
design problems, it is imperative that the agro-wastas should
be prccessed rrior to gasification. Tteraforz, cne cf
important activities for the dovclopment cf this gasifier is

to przpare cleen dotarrcd fuols suitahble for a small

gesifior. The process for making thesc fuels consists of
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particl carbenising, grinding cum mixing of char with
suitable binders, briquetting of char and drying of these
briquettes. Such briguottes of cdesired sizes kn-wn as
"PARU FUELS" can be prerarcd in mechaniscd, community level

(2)

and village level units Amongst these, the preparation
of fucl for villace lecvel gasifier in drum charring, a
villcoc lecvel cperation, is mnst appropriate. This would
cncb}: th? farmer to prcpcre his cwn suppsly of fuel from
agro-rosidues availatle from his fieglds. Ris will also

oliminate his deopeondency o cthers and the transportation

lome asscciated wi*h the procurcoment of this basic fuel.

(R

nre

In this segctinr, the performance characteristics of
= sinmrla “rum charring system are frescnted which have been
carried rut as 2 part -f “evelnpment cof this nroject.
R:stagi(s) carriac nut tests with wecod chips in a drum
charring unit already describcd(Z) and sheun in Fig.1.

The operation involves lighting some biemass and
followec by acding thec. biomass materials periodically in
suitzble batches in the drum till the drum‘gcts filled upe.
Once hcoted tc a proper tomperaturc, the drum is covercd
uith 1id end allound ko cn~l beferc theo char is taken out.

Tho material anmc cncrgy balance for a typical trial

run for carbunisatinn nf wnnd chips is given in Table=1.
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TREBLE-1¢ FERFORMANCE CHARACTERISTICS OF DRUM
CHARRING UNIT

— T — — s -

PP A e

ITEM FEED PRODUCT
Mctrricl Wood Char
Amsunt por batch (Kg)- B4 21
Higher Heating Valuc: 4208 6808
(KCavi/Kg)

Moisture 3.8 0
‘Jeletiles 60.0 18

Ash C.4 245
Encrgy: (KCal) 354,103 140,930
Timg nf cddition = 2,00 hrs.

Cocling time = 3,00 hrs.

Yield = 25%

Thermal efficicncy = 40%

For a typical charring by nartial combusticn run, the
temperature wcre moasured at threc points along the axial
diraction of drum at {(a) 17cm, (b) 44cm and (c) 71cm from
the tase of drum. The tomperature at thesc locations uere
also measured in racdial dircction. The tomperature profiles
as function of time for hcating anc conling zone are
rrescnted in Fig.Z2.

4,0 Iiantifi

..-\.

ian of Biomass for Gasificatien?

-~
‘_
-t -.a S A S L Ty S el

ha

In principle, any typec of agrco-biomass material can

a

bz gasified. Houwever, the choice of agro-resicues fnr direct

253



-5 -

casification in a mcving bed gasifier is governed by the
moisture anc ash ccntents, ash cemposition and rhysical
size of materiol, Tha Choice of bicmass gets further
restricted if the biomass is to be pyrolysed in a Village
Level Pyrolyser and pyrolysed fuel then used as fuel for
gascs.,

Considering these constralints, the most suitatle

metcrizls jdentificc sc far arci-

(a) Corncnbs
(b) Groundnut shells
(c) Cectton stalk
() Pine nec-les
(=) Tuizs anr loaves

Scvercl rxocriments have bcen carried out for doetermining
th= fucl charccteristics of ccrn.cobs and cotton stalk 2gro-
resicues and axperimentation is under ProgTess with grouncnut-
shell material,

Rnalysis of these materials for finding vclatile
matter, ash, calcrific value etc. ara carried out by

*standard methods. Table (2) givcs these values for

vadrious fu-nrls,
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TABLE-2
Material gnisture Volatile Fixad Ash . -gg§grific
. )
(% uct) matter carbon (% dry) KCal{Kg
(% nry) (% dry)  (HHVY

1. Corn cobs 48,5 87 12.2 0,8 3248
2. Corn cob stem 58 86 1.4 2.6 3154
2., Cern cob char - 16-28 75-80 1.5-3.,5 7450
4, Cntn cot char - 35-40 50-60 2-4 7000

(From ncrtizl

pyrolysic
»

5. RGU CCttCﬂ 7.5 71.2 22-1 6-7 3378

stalk
6. Cotton stalk - 12-20 65-72 12.16 7500

char

D Bt W el iy (WD A o ST et

*sun dried

Tha carn cohs and cntton stalk materials arc pyrolysad
Un-er Piffsrent conditicns for obtaining gocd quality char.
Pyrclysis ~f corn cnbs is carricd out in a batch roacter by
inc¢ireoct heoting. In case of ryrolysis of cotton stalk
small samzles are taken inm crucibles an< subjeoctecd to nyrolysis
et Qifferant temperatures. The yicld of char from corn cobs
(15-30%. initial moisturc) is around 25% by weight in the
temperature rangec of 200~395°C. In case of cntton stalk
the yisld is around 24% in tho tamperaturc range af

s00-700°C.
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5.0 I.G.h. Gasific: ticn end Pyrolysis Analysis?
Gasification «f the fucl materials and chars obtained

fror -hosz matecrials under different conditions of pyrolysis

ic carrice in an atm~snhere nf nitrcgen and steam (5:3) in

b Staton Ra:dcreft Thermogrocvimetric balance. Figure (3)

€+ w5 Lyriczl u-isht leoss fraction vs. temnerature for normal

rzrtizl 2yrolysis cher chtained frem corn cobs ancd

Fi~ure (4) sh-uc similar pleots f-r cotten stzlk matorials;

icr &in~ thz roactivitv -F these materials at variowus

trmrg-stuzce. The nvrclysis and steem gasificaticn results of

m-tten 5=z 1" an< cottcon stalk char are given in Figure (s).

Fo-m he =i rya investiqations, tha follouing cnnclusions
cen kb2 draun.
1. Theo ortimum tcmrerature range for obtaining best quzlity

cac yiold of char is 700-350°C in case of corn cobks and

550—6500C in ccse of cotton stalk.

N
.

The reooctivity nf corn cob char represented by the acticn
. . el : S A
~f c¢tpcm uith carbon begins at 6C0°C anc tccoemes rarid ot

-0
750°C -nuarcs.

[ ]
.

The reartivity of tho char obteined from partial pyrolysis
starts around 400°C and pronressively increases until
750°C an- above this temreraturc it becomes cuite rapid,

This ehoues that partially pyrnlysod char is morec suitable

-~
Co

fFication than the biomass itself.

[
e

for

(@]

4, For ch:

(9]
b

(B}
]

~ttoincd frem coctton stalk, the temperature
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at uwhich the reaztivity begins cdepands upon the pyrolysing
temrerature conditions and rangass from 300°C-600°C.,

S. In nsneral, the reactivity of thgse char samples increases
nradually upto a tamperature of 700°C anc he;omes rapiy
after this tomperaturac.

6.0 Crnczrtual Deoci

ceptual Deosign of Gesifierst

Taking into consideration the imrortant and distinct

—

featurce rtequirecd for the decvelorment of a Villaga Leva
Gasifier, a concectual design of this unit Is procosed. The
basis for its desion is given in Tabla (3).

Taeble=3 ¢ Bacis f-r the cesign of casifier

Type ¢ Dcun ~raft casifier

Fuel : Carbonised “riguettec fucl (PARU)
H.H.,. = 18,8 MJ/Kg; ash = 10%

Duty | ¢ 5 hp ongine rump irrigation (8 hrs/day)

Encine = Spatk ignition/compression ignition cf

ef ficiency = 2C%,

Bulk Density = 0.5 Ka/litre
of fuel

6.1 Design Calculations:

1 Kg of briguetted fuel (uprto 10% mois+urz) should givc
about 2.4 Mm~ of producer gas and 1Nm3 of producer gas
roughly contains cnerqy eguivalent to 2 hp-hr, (5370 K3).

With 20% officicncy of the engine, the amount of fuel
reccuired for 5 hir cngine outnut is egual ta S Kg/hr. and the

amount cf fuel rcquires for 8 hrs., creration is 40 Kg.

Basocd cn bulk censity of fual zgual to M.S Kg/litrae, zbout
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20 liters volume is ta2quircd to accommodate 10 Kg. of fuel.
Accordingly, abocut 27 liters of volume fcr fua2l in thc gaeifirs
has been provided. This implizs that about 10 Kg. of fuel has
to te added after every 2 hours,

8csed on spccific gesification rate of (.45 NmS/sz. hr.
(variztion reportoc ®) botucen 0.3 = 1.0 Am3/cmZ,hr), the threat
ciometer cf 6cm,. has been provided.

Sufficient velume has been rrovicdad for ash callecticn
fer 8 hrs. operetien,

Various types anc confiocuraticn feor air inlct, ges
outlet, ash remcval znd fuel additinn are possitlc and bzing
used for various gasifier. In the prescnt design it is
decidzd to @dort such parcmeter in a way tc meoot tho objectives
cutlines earlicr..

. Combusticn zcns, wherc t:m-cTtatures acy very from
¢c00-150c°C is desinnac to be macde from refractory bricks,
proncrly shapcd and placed one etcve the cther to giva shaie
as shown in Fig.6. This aprroach is nrcferred tz having
castable refractory blocks for twc reascns$ (a) Cestahlc
rofroctary cement is expensive in India (h) Traditional
craft is availatlc in villages foar sharing bricks.

Instecad of having air inlet tuyers from sides, a cecntral
air inlet from thc top of gasifier is incornorated for the
sake of simplicity. However, to protact the tip of thec pipe
near thc combustion znne, a distributer meco cut of

refractory brick hes bren pgrovidec.
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Since, the briquettgs fuel bhas highor ash content of the
orr'er Af 10% and abeve, compared to yand charcaal having
3=-5% it bacomes essential to have a grate shaker and fixed
9Tate arrancement 2s shoyn in Fig.6.

All th2 nsarts are so érrangec that these can be easily
cismantl-2 ang Indszemblcd by somi skilleod farm labour,
-8, Lealer/Contensors ¢

Rbout 10 Nm3 nf producer cas is generated ger hour and
it should be cnaled to romove any tar and condensable varours,
It is Zpsignmed to ccol the gases from 350 to about 150°C before
thesz entor the filters. For this PUTpose an air coolcH

concenser macde out of Stn. diz and 4.5m in lenqgth pipe is

}—

eqitiklg, Altcrnatcly, < water coolod condanser with caulvalaont

SUrfzcc arse made out of stancard barrel and tubes is also

[N

teh

|—

sy 9. Houzver, 2 cry air coolar is preoferakle to water

ctocleocd condenser RocZusa of corrosion probloems, The tar and

€nnr'ensatec are romoved through a water seal yhich dlso acts

gs sofz2ty (evice as shoun in Fig (7).

The corled nas from conler/condrnscr is likely tc

cantain some mcisture, tar anm< dust rarticles., These are

“n

ramoves by nessing the ga threugh a Filter made up of a
POTOUs bed of rico husk contained in an empty oil barral.
Tae husk ic rlacad nn a grate and the gas is introduced into

the drum at +tha top encd is takan aut at the bnttom. This

259



-]2=
arrannement is frzfarred because theo top layer nf rice husk
bcc can ba casily 1cplaced after it is feund to have
absorbed sufficient quantity of tar, moisture and dust
particlcs.

The develormant uork would therefore consist ~f testinc
the gasifier, beoth uwater and air cocled condenscrs anc the
ras filtcr filled uith varinus tyre of agrc resicues.
Extensive tests uith ennine cum pumpset shall he carricd

rut baofcrc © suitable cosicn and cmmtination ~f its various

0

csmronents is “ransfarrcd to the 2ctual sits f-r field trials.

s |
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QUESTIONS & ANSWERS

BICMASS SESSION, SECOND DAY

0. P. Vimal: Thank you very much, Dr. Raveja. T hope
you will agree with me concerning the need for the
development of a village-level gasifier for irrigaticn
purposes because with irrigation water we can increase
the production potential, and the production of surplus
residues could in itself serve as a feedstock for the
gasifier. The question arises whether we should use
this route for making charcoal because, through this
rcute, at least we can overcome the prcklem of tar
formation. This technology itself is subject to four
tasts, one is that of energetics ~-- eneray being

Fut out; secondly, the material kalance; thirdly, I
would say, economics; and fourth, the efficiency
factor. Sc should we go in the direction of the direct
use of the ayricultural residues? Co we have the
technology tc overcome the tar particles proklem? Dr.
Fhatak has given scme glimpses of the technology
develcped there and we are going tc see that
technology. The other picture is the route of making

charcoal and vusing it in the gasifier. This technolcgy
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is well-known but, if it can support the criteria that
we are going to set from the point of view of material
kalance, energy balance, economics and efficiency, I
think this will solve our major proklems. This is open

for discussion now.

B. K. Mazurdar: I have a comment and a2 question. The
Chairman has set the tone for what I was gcing to say
-- the material balance, the energy balance, and
ultimately what is the cost kenefit of the production
of power for irrigaticn. There is 2 lct of
agricultural waste, but should we gasify it and produce
the char in situv and or take the other route? Inswcead
of our gasifying the residues, why can the
micro-organisms not dc it? Instead cf our doing the
gasification of the agricultural residues, why should
we not employ the bugs, the micro-organisrs, to do it
for us? This will give us a rich gas with a methane
content of the order of £0-60% and a heat value of €C0
Btu/cu.ft. and, in the process, you get a compcst which
is a very good nutrient.

This will have a snowballing effect. Therefore, which

route is preferable?

K. K. Raveja: I will not contest the advantaves, as Dr.

Vimal pointed out, that in the case of utilization of


http:Btu/cu.ft

biomass for gasificaticn and irrigaticn purpcses, you
have a different situvation at each place. Arny
technology will have certain advantages and certain
disadvantages, including this biogasification which has
some advantages but, in terms or technology, also has
some disadvantages. We are working on a parallel route
fer the utilizaticn of biomass for a specific purpose.
When we are talking of this for irrigation purposes, in
this context we are speakinrg only of the gasificaticen

of charred residue.

B. K. Mazumdar: Isn't that a wasteful methcd since 20%
of the carbon is utilized for gasification and the rest

is going to waste?

K. K. Baveja: In terms of energy efficiency during
charring, we are using only 40 to 50% of energy and the
remairing 50 to 60% is being lost during charring. But
then we get scme other advantages, as I mentioned

during my presentaticn.

0. P, Vimal: Any other question?

FP. P. Parikh: Which atmcsphere have you used in your

thermcgravimetric test? FCo you find any difference in



0

0

your results?

K. K. Raveja: We have used pnitrogen atmosphere and steam.
The weight loss that you get is different in different

cases with time or temperature.

P. P. Parikh: But during pyrclysis, what is the
situaticen you are going to face and is the TGA

representing that?

K. K. Baveja: The TGA is not exactly representing that,
but from it we do hope to find out some optimum
conditions for gasification. 1In the case of pyrolysis
or gasification, we are going to use partial ccmbustion
with a limited quartity c¢f air and charring, in fact,

occurs in the aksence of air.

Dr. Shah: What is¢ the vclatile content cf

ycur char? What will ke the tar ccntent after clearing,
Lecause ycu are cleiming that the tar is going to ke
much less? Do your measurements shcw that? What is
the compressicn strength of your particular mass irn the

reducticn zone where it is likely to crumkble?

K. K. Baveja: Regarding the vclatile matter in the

charred fuel which we use for yasification purpcses, we
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do not intend to rerove the volatile matter completely;
in fact, the velatile matter in the char would he about
10 to 20%. This means that the fuel we use during
gasification will still ccntain 10 to 20% volatiles.

We want to retain this vclatile matter to improve
thermal efficiency of the system. PRegarding tars, we
have not actually carried out experiments in the
gasifier yet; we are experimenting now with the Missouri
gasifier we have received from the U.S. and we are going
to develop our own gasifier. We feel the tar problem
will not be there when we use pyrolized briquetted fuel
for the gasification. In the downdraft gasifier, these
gases are passing through the high temperature 2zone and
during this the tar will crack up. I do not think the

tars will present a proklem.

O. P. Vimal: The question of tar is very important and

I thirnk these meastrements have not been done as yet and
subsequently should be addressed in next year's Workshop.
Measurements of these aspects is one c¢f the important
tasks because just to carry out experiments is one

thing, but to identify the amcunt of tars, volatile
matter, etc. is what we are looking for. 7T think with
the equipment we have received from the U.S. we should
be able to address some of these questions; in fact,

they have received the gasifier only recently. Kence

(28]
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it is premature at this stage to answer these questions
and I am sure they will be taken note of during the

course of the work.
What is the activaticn energy of the TG2 curve?
I do not have the actual figure, but can let ycu know later.

Coulé you explain the feasibility of the system from an

economics standpoint?

As I menticned, the economics of the system is for
specizl applications for remote areas where you are nct
in a position to avail yourself of power and diesel.
Alsc, the rising costs of these fuels is an impertant
consideration, and we will work cut the eccnomics at a

later date.
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DEVELOPMENT OF S'IALL SIZE GASIFIER = C,I. ENGINE

SYSTEM FOR AGRICULTURAL ENERGY NEZDS

By

Pref. (Dr.) H. B. Mathur

Mechanical Engines cing Department
Indian Institute of Technology, Delhi
Hauz Khas, New Delhi-110016, INDIAa,

1. INTRODUCTION:

Internal combustion engine fulfil most of the
energy requirements the world ever, The} rely almost
entitely on 3il for their functioning. 1In thig way, most
of the energy needs in the trnsport and agricultural
sectors come from oil, For example, in India, nearly -
fifty percent of the agricultural energy needs and seventy-
five percent of the transport, consisting of rail, road,
marine and air, are oil dependent,

Wwith the growing number of these engines the oil

consumption has also been increasing rapidly. The glnbal
0il consumption increased by sixty percent between 1950
and 1976 and it continues to grow inspite of oil conservétion
drives and use of more amd more efficient engines. 1In India
the o0il requirements g¢grs expected to grow from around 35
million tennes at present to about 100 million tonnes by

2000 A.D. This could take the oll import bill from
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Rs. 6000 crores at present to about Rs,30,000 crores by the
Rturn of the century. Taking into account the fact that
even the present balance of payment problems arise mainly
due to oil, an increase in the 0il import bill could
completly cripple the nations economy,

The problem is not just confined to developing
countries like India but it has global dimensions. The
world reserves of crude oil are depleting very fast, The
known recoverable petroleum resources of the world are
estimated at about 80 billion tonnes and at the present
rate of consumption these would hardly last for twenty
five years or so. Hence scientists and technologists
all over the world are looking for fuel oil alternatives,

One of the viable alternatives to oil is coal.
Worlds coal reserves are estimated to be large enough to
last for another 150 to 207 years. Coal however cannot be
u§ed in internal combustion engines so long as it is in
the golid form. LiQuefeoticd or gasification of coal
can permit its use in engines easily, Coa} liquefacation
is a complex and capital intesive process which still
requires a lot of R&D effort to make it a viable commercial
propositipn. A more promising alternative iz the gasifica-
tion of coal in the forq of producer gas., Producer gas

can be a viable alternate fuel for internal combustion
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engines and its use can go a long way to meet the energy
needs of certain vital sectors of economy and rertain -
important regions of the country.

Besides, coal, producer gas can be made from
almost any solid fuel-wood, peat, as well as industrial and
agricultural wastes such as bagasse, wood shavings and
rice husk, It is normally generated by blowing a mixture
of steam and alr over brigquetted biomass or burning wood
or rad hot charcoal, The main combustible constituents
of producer gas are carbon monoxide and hydrogen. Their
proportions depend on the type of fuel used{ but are
normally around 25 per cent and 10 per cent respectiveiy.

The main advantages of producer gas are that it
can be made from raw materials ¢ avallable in plenty,
it can be used as a substitute fuel in internal combustion
engines with appropriate engine alter-ations and its
use as fuel does not cause much environmental pollution,
éence its efficient utilisation in engines can go a long
way to meet thé growing problems of fuel 0il scarcity and
exhaust‘pollution.

‘ whefeas producer gas Cperated spark ignition
éngines have been widely used, little or no work has been
dune on utili#ation of produﬁer gas in small size diesel

engines, Producer gas fueled small size C.I. engines
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have a vast potential especially in the agricultural sector
of developing countries. There are, for example, about
2.5 million diesel pcwered irrigation pump séts currently
in use in Indla, and if thése can be converted to run on
producer gas a substantial saving of the scarce diesel oil
can be achieved.

with this in mind a project has been undertaken
in the mechanical engineering department of IIT Delhi an
"Producer Gas Powared Small Utility Engines®. This DIES
sponsored and US alded project is mainly involved with
studies relating to efficient substitution of producer gas
in existing small horsepower ccmpression ignition engines,
and the effect of this substituticn cn engine pecformance,
exhaust emissions and material compatibility. This paper
brings out some of the salient features of the work

completed in this prcject so far.

2. DEVELOPMENT OF SMALL CAPACITY GASIFIER UNITS:

A sultable and reliable small size gasifer is a
pre-requisite for any R&D work on utilisavion of producer
gas in engines. Little or no work has So far been done
in th: country on the design and development cf small
capéciﬁy gasifie;s suitable for operating engines of 3 to
5 horsepower range, and no such unit is commereially

avallable in the country.
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As a first step it was thecefore decided tc
develop a small gasifier and gas cleaning system of our’
own tO provide thg required quantity and quality of gas
for continuogs cperation of 3-5 horsepower engine, any
fluctuation in the quantity of the gas could be detrimental
to the pcrformance of the engine, L:rge variations may
even cause the engine to stop. The alr fuel ratio has
to be maintained close to the stcichiometric ratio, so
that optimum engine performance is obtained.

Development of a small size producer gas plant
required considerable R&D effcrt t< cverccme problems
asscciated with variaticn of fuel composition and
characteristics, fuel charging and its efficient combustion,
cleaning and cooling 2f the gas produced. For this purpose
a ccuple of small size gasilifer units of different
types were designed and fabricated. Studies were carried

.cut with the help of these units to optimise and
sténdardise various plant dedi yjns and cperating parameters
such as blast re=tention time, fuel lumpsize, bed height,
mass flow rate, blast saturation temperature etc.

These studies enabled the development of an
optimum design for a down-draft gasifier of adequate
copaclty. A couple of such gasifiers were fabricatgd

along with the gas cooling and cleaning units. 7Iwo sets
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of experimental test rigs were set up with fully
instrumentad gasificr engine Systems fcr carrying out
tests relating to the quality and quantity of gas produced
as also the performance and emissicn characteristics cf
the engine when operated on this das, as a duel fuel
engine,

Fig. 1 through 3 show the photcgrephs of the
gasifier gas cooling-cleaning systems designed and

fabricated_as also the engine set D

3. UTILISATION IN C.I. ENGINES

After an cotimally designed prcduczr gas plant
was installed to provide the requi red qgantit? and qQuelity
Cf ges, the next step was tc carry cut necessary modifica-
tions in the engine to enable it to utilise the gaseous
fuel. C.I. engines can be made to oSperate on prcducer gas
by any cne of the following methzds.

(1) . Conversion to otto cycle cperation by incorporaticn
Of a spark plug. Such a modificaticn Ccan enable engine
Operation entirely on Prcducer Jdas. HCwever it involves
relatively cocmplex and expensive éhanges on the enéine,

hence it is not attractive and cannot be reccmmended for
existiag small horse power compression ignition engines.

(i1) Duel fuel cperation by intake system mcdi fication

permitting induction cf gas-air mixture during suction
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and injection of approp%iate diesel charge, near tﬁe end
of compression stroke, in the usual menner. There is a
minimum diesel pilct chérge wﬁich is esential to initiate
and sustain combustion with procducer gas a§~tﬁé main fuel
Thils c<harge méy varf frbm as low as 10-20 percent to as

’ et T M Pl T T e,
high as 60-70 percent cf its criginal gquantity at rated
load. Duel fuel Operétion requ;res inccrporation of a
retrofit in the jatake system to achieve induction of
Gas~-alr mixture of proper guality and in désired quantity.

3.1 Retrofits for Engine Intake System Modification:s

- eer

The érrangément for mixing producder gas and air
constitutes an impcrtant.pa:t of the mcdified engine intake
system, because complete ccm@gsticn and low fuel coﬁsiﬁétion
can be obtained cnly with pré:per mixing of alr and gas.
Various types of.arrangements for mixing air and gas were
designed, fabricated and tried on the engines, to arrive
at the most agpprcpriate arrangement. Twc of these
retrofits were finally ~hosen for extensive trials.

Based oﬁ these experimental evaluations the
design of the retrofit was standardised. It ccnsists of
a properly designed venturi system in the air intake and
valves for regulating the gas flow 2nd the quantity of

the gas-air mixture entering engine cylinder. The venturi

system enables engine speed dependent ccntrcl cf the
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amount of gas iiducted, while the das valve permits
engine 1loaj dependent ccntrul, Fig. 4 shows a schematic
diagram of the standAardi seqd retrofit,

3.2 Experimental Set Up and Technigue:

In the experiments, a eowple of four stroke single
cylinder cocmpression ignition engines (having a rated
horsepower 5 at 15C0 rpm compression ratio 16 and direct
injection) of the type most commonly used for farm
irrigation, as also a research cngine (swir] type ccmbusticn
chamber an3 ccmpfessich ratio 22) having arrangemens for
wide variation of injection timing, were cmployed, The
engines were coupled tc electric dynamcmeters for
measurement of their POwer cutputs. The tugt rigs were
suitably instrumented for acCurate measurements of fye)
flow rates (both diesel oil ani gr5), engine speed, air
flow .ate, exhaust das ccmpcsiticn ang teMperature etc,

The quality of gas éntering the engine intake system was -
continuously menitored using a gas analyser and gas
calorimetar., Fig, 5 is a schemetic 3Lasram cf the gasifier
engine unit experimental set up designgd fcor perf_rmance
and exhaust emission evaluation of the guel fuel engines,

The engines were Operated over various specd-
loed ranges ana various types of tests were conducted to

obtain the engine performance data over tRe entire engine
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range of cperation, with both diesel Neat and Juel fuel
operation with producer gas as the main fuel, The test
techniques were standardises and engine performance and
emission characteristics were plotted. some of the typical
characteristics are shown in Fig. 6 through 14, each
T'epresentative of the vaiioug differcent sets of plots
drawn from the extensive experimental data ccllectegd under
A fferent operating conditions of the three engines
emplcyed in the trials as also witﬁ different designs of
retrcfits used to achieve greater deygree of producer gas
substitution.

4. DISCUSSION OF RESULTS:

Figure 6 and 7 shcw the engine perfcrmzance
Charactceristics at the rated speed of 1500 rpm, when
operating with dicsel neat and with preluccer gas as bi-fuel
respectively., Similar plots were obtained at 1200 and
1000 rpm to cover the speed range of the engine, These
plots show that with producer gas substituticn the nature
of the perfommance characteristics remains unaltered,
There is, however, rcduction in the thermal efficiency
Of the engine. This is due to (1) lower energy density
of the producer gas air mixture and (1i) increased pumping
losseé due to total pressure drop in the gasifier and

gas cleaning angd cooling systems and pipings. The
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stoichiometric gas-air mixture has an energy density of
2.5 MJ/m3 compared to 3.3 MJ/rn3 for diesel-air mixtures.
Thus producer dgas substitution lowers the heat value of
the fuel-alr mixture by absut 20 percent.

In the operation of the engine with 2iescl neat
there are scme mechanicnl lcsscs which are generally
caused by friction of the bearings pistons and various
other moving mechanical sumponents. With the incorporation
of the gasifier and gas ccoling-clcaning system on the
engine sucticn side, the engirne has to provide all the
suction that is necessary tO overcome the total presgure
drop in this system. Thus producer gas substitution
through engine suction results in additional pumping losses
which are considerable. This causes loss cf engine cutput
an2 efficiency.

Fig. 8 shows a typical variable specd test plot.
In this test the limitations of the retrofit I restricted
the maximum energy substitution by prcducer ges to around.
65 percent. The loss is power due to duel fuel operation
of the engine is alsu brought out by the graph. Incorder
to achieve greater degree of producer s energy substitu-
tion another improved retrofit was designed and fabricated

and employed in the test runs,
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with the improved design cf the retrofit a
maxjmum of 8.5 m3/hr of producer gas induction rate could
be achieved, Fig. 9 is a typical plot obtained from the
o.der of the two 5 hp commercial engines uscd. This older
gngine was run with maximum gas flow rates restrictel to
3.4, 5.1, 6.9 and 8.5 mo/hr. The saving in liesel oil
ccnsumption at varicus outputs is brought cut by figure 10.

Fige 21 through 13 bring out the influence of
injection timing on the perfirmance °f duel fuel engine.
These graphs are based on the experimental dcta obtained
from the research engine which had an arrengement for wide
variation of injection timing. They shcw that with an
advance in the injection timing the perfurmance £ the
engine improves considlerably. However advancing it beyond
a limit results in misfiripg, knocking and loss of power.
For the high compression ratio, indirect injection engine
used, this figure was found to be 43° btdc. within this
range advancing the timing ilmproved engine output, reduced
diesel oil consumpticn and permitted greater Jdegrec of
prcducer gas energy substitution,

Fig. 14 is a represcntative graph showing
variavion of exhaust carbonmopoxide concentration at
various load with diesel neat and with prcducer gas

substitution., Such plots were cbtained at 1500, 1200,
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1000 rpm and with four different maximum prcducer gas
inducticn rategs, These graphs show an identical trend of
increased exhaust co pollution with duel fuel cperaticn,
However this increase, which is mainly 2ue to inczmplete
ccmbustizn of O Present in prciucer jas, is marked at
light lcads. 1t is ncminal during engine Cperation at
ar-und rated load. If the engine is started ana operated
at light loai on ddesel neat ani pProducer gas substitution
is effected to meet higher loads, this priklem cf increased
CO in engine exhaust can be minimised,

S. CONCLUSIONS:

From the phase cf the BP¥l'ect werk completed so
far and reported\in this paper the fcllowing brcaz conclusions
can be drawn.

(1) Small size gasifier along with the gas cocling
and cleaning System design used in this work is a viable
unit which is Capable cf Providing a ccnsistant quality
and desires quantity of produsn~t gas to Crerate a 3 to S
hersezcwer 3iegel engines wiiely usel tc Cperate irrigaticn
FPUMP sets and portable generating sets.

(2) An intake system retrofit ccnsisting of a
venturi and gas values standardised.in this work can be
used for ccnversion from dd2sel to duel fuel Cperaticn c¢f

the engine with producer gas as the main fuel. Both speed
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and load dependent contrcl of the gas are achievable with
this system and its use can permit upto 90 percent producer
gas substitutiecn.

(3) Although it is possible to Testrict the quantity
of diesel oil injection to 12-20 percent of its full load
value such an arrangement results in a drastic reduction of
engine output and thermal efficiency. a mcre appropriate
arrangemr 1t is to run the engine on diesel oil Neat upto
20-25 of rated load and to switch over to mixed fuel system
at higher loads. The amount ¢f diesel cil should not be
reduced below 30-40 percent cf its full load valuc, if
drastic reducticns in bower ~vt put and efficiency are to
be avoided.

(4) Advancing the injecticn timing restores part of
the pcwer loss causes due to producer gas substitution.
Optimum injection timing has to be experimentally datermined
for a given type Of‘engine. while advancing the injection
timing impreves both engine cut put and efficierncy as also
the extent of producer gas sﬁbstituticn, excessive advancing
can result in engine knock and hence loss of power.'

(5) It 1s easier to convert a direct injection engine
to duel fuel cperation. Indirect injecticn engines which
usually have higher compression ratios are not as easily
susceptible to such a conversion and give more troubles

with producer gas substitution,
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(B) Producer gas substitution in exlsting diesel
engines increases exhaust Carbonmonoxide pollution, This
is more pronounced at pPatt load engine operation andg the
increase is not much at higher loads.

(7) Small size gasifier-C.I. engine systems are
feasible, have a vast Potential in the agriculture energy
sector, and they can go a long way to provide decentralised
power for farm irrigatiocn, porteble power for rural
electrification, and operation of farm equipment ang
machinery. However their use needs apprcpriatg Precautions
and safety measures particulerly against Ccarbonmonoyzide
pcllution as @ is the major combustible constituent of

the fuel.
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QUESTIONS & ANSWERS

BIOMASS SESSION, SECOND DAY

0. P. Vimal: Thank ycu, Dr. Mathur. 7T think you will
agree with me that in the biomass conversion prcgrams
the engine is going to play a very majocr role and hernce
mechariical engineers will play a prominent role in
accelerating and promoting this program. Dr. Mathur
has presentad some studiés on the engine performance
and emissicn characteristics but these studies have
heen carried out with charéoal. Cur main okijective is
to study the use of different kinds of biomass and
agricultural products of different physical and
chemical characteristics and see hcw the engine behaves
under these conditions and how the emissicn
characteristics are affected. This is a vital area and

we have to go a long way to estaklish these paraneters.
What governed the locaticn of the cyclone after the ccooler?

F. B. Mathur: If we have a cyclone in which we have a

20/



filter element, it is better that it is not exposed to
the hot gases coming frcem the gasifier, but only after
they have been cooled. We have ensured that the gases
entering the engine are at no stage higher than 50

deg.C.
What was the type of ccoler used?

H. B. Mathur: We have used a wet cocler. I have
sprinkled water through the system and in the process
monitored the temperature ané seen that.this
temperature does nct exceed 50 degrees when it enters
the engine, otherwise the volumetric efficiency is
adversely affected. We could as well have put a
cleaner on the cther side. You will agree that
large-scale gasifier units are commercially available
but, when you come to the small size, the problems of
cleaning and cooling are very much magnified hecause
you have a limitation on the size cf the cleaner you
can use. Therefore, we have used a cyclone cleaner and
put it from the point of view of durability kevond the

cooler.

What has Leen the total pressure drop across the whole

system?



H. B, Mathur: The pumping losses fcr the engine
increase tremendously when you have the suction end of
the engine used to pump the air-fuel mixture through
the gasifier cooler and cleaner. The dual fuel engine
tends tc approach the auto cycle. Since I am injecting
the homogenecus mixture when injection commences, I
must achieve the.efficiency obtained by the auto cycle;
however, it dces not because the overall efficiency
consists of the thermal, mechanical and veolumetric
efficiency. The thermal efficiency should improve but
the mechanical efficiency falls rapidly kecause of the
pumping lcsses, and these lcsses -- while we have not
measured the pressure drop —-- we have found that the
negative loop increases, Ly measurements made on an
oscilloscope. Your gasifier desicn has & tremendous
effect on the lcss of power achieved. Quite cfter when
you have a gasifier the pressure drop is sc much that
the suction cannot give you the gas and perhaps ycu '

have to go in for & Lklecwer.

What has been your final conclusion -- which engine is

better, DI or ILCI?

H. B. Mathur: 7Tt is DI -- there are no twc opinions
about it. The IDI encgine has a higher compression

ratic and it is very difficult to have sustained



performance. Modifications are more complicated.
There are more cold starting prcblems, but the DI is
cheaper. It is easier and most of the engines we are
using for farm irrigation in the 5 HF range are DI

engines. Maybe Dr. Parikh can correct me if I im

wrong.

Half of them used are LI engines. T am tempted to
believe, however, the other way around because high

level of turbulence will definitely help in combusting.

H. B. Mathur: However, the problem is the high
compression ratic and the cold starting prcblem. The
engine starts knocking.

The combustibles are CO and H . F should be
2 2

very low since hydrogen has a low cctane rating as
cpposed to 105 of CC it is hardly 60. My earlier wcrk
was mainly on SI engines and this work we are
conducting on a CI engine. We find that one cf the
most important things we have tc¢ look intc when
designirg a gasifier is that the hydrogen content to be
used Ior an SI engine shcould be lcow and for a CI engine
should be high. If you have a high hydrogen content,
you have a faster flame velocity but you have a mixture
of air and gas taker ir and if you have a larger

proportion of hydrogen then there is a chance of
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knocking. With the indirect injection system and the

experience of the Ricardc engine we had more prollems

‘than with the direct ignition engine.

My particular reference is to agricultural engines
only, that is, the Lester and Feter engines. Their

compression ratios are quite similar --17.5 and 16.

HEave you investigated why the engine performance comes

down as you increase the producer gas ccntent?

F. B. Mathur: This is because, one, the gas-air
mixture is a low density mixture. For example, I get
3.3 megajoules per cubic meter with diesel-air mixture
as compared to 2.5 with producer gas-zir mixture.
When I increase the producer gas content, I am
inherently making it low quality because of the Jow
energy density. The second reascn is that there is a
mechanical loss because the engine has to do the work

of sucticn also. These two thirngs are respcnsikle for

the lcss of power.

Why did you change from the SI engine to the comkbusticn

encgine?

F. B. Mathur: 7T agree with ycu -- in case of the SI
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you don't need any retrofits and you can change to
producer gas cperaticn readily. We shifted
because we were told we have 2.5 million diesel pump
sets in the country. We are not using the small size
€1 engines in commercial applications and therefore
whatever we do will not be of immediate relevance for

such purposes.
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DEVELOPMENT OF OCD~BASED GASIFIER ENGIME SYSTEN
M, 3. DURSAPRASAD AND R.N. PANDYA
Jyoti Solar cnergy Institute
Vallabh Vidvanagar
Gujarat - 388120

Introduction ¢
As the world's primary energy sources are getting depleted,

one is concerned about substitute/alternative fuels. At the
current rate of consumption, world's oil and gas reossrves
are expected to last for nct more than 35 to 5C years

. . 1
whereas coal is expected to last for more than 250 years™.

So me can expect the future fuels either liquid or gases

tc pe derived from coal. There are varicus processes availa-
ble for converting coal to either gaseous (Substitute
Natural Gas - SNG) or liquid fuels. 3ut all thesc schemes
require high tecihnology and inveolve billions of runces
whoreas small scale gasifiers in the kilowatt range involve

relatively low tocnnology and extremely cheap to make in

ot

he order of thousands of rurecs.

engine numpsets will hclp farmers tc irrigate their land
at a considerably low costi. 3Jesides it will help recuce

diesel fusl consumption as approximately 2.6 million diesel
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imported oil. The project was initiated at JSEI only in the
last week of iarch, 1984 after getting DNES approval. So
the work schedulc has to be revised as rightly mentioned in

the semiannual rceert, However, work on wood gasification

was startcd much carlicer ot JSiEI, So scme of the dcvelopmental

and coxperimental work done during that period are also

imcluged in the repcrt.

Tc develop reli-dlie wood—bascd gasifier and gas clcanup
system suitable to fuel c.I. engines at 3 to 3C hp, and
conduct field trials for demonstrating theoir apolication

in the rural arcas.

Current status of thg oroject

The project has wecn broadly divided into throe nhases, viz.
Phase I . Fabricatien and Testing of Field Trial Unit

- -

Phase II Fiold Implemcntation and Parsonnel Training

Phase III : Continucd Testing, Training and Documertation.

A modarate number of projoct tasks under Phase I heve been

completad and .aey arfe discussed in tho report.

Fabrication, asscably and Testing of Fiold Trial Urit

A wiod-based gasifizr sy

3
ct

¢ run an -ngine pumpset of

[8)

Py
[

(%)

Y

5 hp capacity has ocon cdesigned, fabric:oted and subjcected

o rigorous tosting for meord than 300 hours.

The systcm compriscs of a gasifier, a gas clzanup vnit and

an en7yine pumpsct. rig. 1 shows the schematic arrangement
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of the system. The tocanical spccificationsof the complete

system ar2 given in Table 1.

4

indrical fuel

b-e

Theo gasifier is of downdrait type with a cv
hopper of 500 mm cdiamater and 6CO mm height with a holding
capacity of about 25 kg of wood. The combustion and redu-
ction zones are conical in construction (Sec Fig.2). The
hearth diameter is 50 mm and the temperature of the
combustion zone ranges from about 1100 <o 1300°C. The air
enters the combustion zone 2y means of six nozzles of

10 mm diametor. Preheating of air is accomplished by

h asifier as shown

ct

having the eair inlot at the top of

0
£

ng matorial of

(V7]
cr

0

in Fig. 2. Generally M,S. is usod 2
constructioan zxcept for the combusiion and r:duction zones
and the air nozzlas whore stainless stecl (SS 31C) is used.
An asnh pit is provided below tho reductisn zone. Tho bottom
part of the gasificr 1s insulated “itn glass-wool to minimisc
the neat loss from the rtasificr. The weod i1s lcaded using

tho food door nroviided at the tep of IR gasificr. The gas
cloanun unit cemprises of 2 watoer scIulder and a dry filter

. 2Tor scruoning, LVL3Llats, Toocvang

= M - - - = - A oA PR -

matazial and tho wator For scTudbing is supplld by ihe
- L b - ~ = e - b . -

pumpsat. fasto cotTon 1s useC DX GIVLILG thi Jas.

cunp with the spucificaticns shown in

with the gasificr.
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! : SYSTEM SPECIFICATIONS

Type
Hearth diamezter, mn
cnstruction

Q)

material of
f air nozzles
sm3 /hr

a)

b)

c)

d) Number
e)

f) Hopper Capacity, kg
g)

Combusgion zone tempera-
ture C

h) Outle* gas temperature °C

a) Type

b) liaterial of Constructicn
¢) Bed material

d) Cutlet gas temperature °c

a) Type

b) ..aterizl o7 Construction
c) Filter upesium

Aty e

SinSoie

a) lielke

b) Type

c) cate
d) RPM

e) Diesel Zonsusptio
full load, 1l/hr

pciaT o

n on

306

Downdraft

50

¥.S., S5 31C
6

12

25

1100-1300
300-350

Packed bed
M.S.

Ccke
Ambient

Packed bed
M. s.
Cotton waste

TV=1

Single cylinder, 4 stroke
Jater cooled Diesel engine

3..7
1500

Lirloskar

1.1

f¥irlonskar MJ2H
Ccntrifugal

17

15CC

1z
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9
Selection of Field Tosting/Demonstration Sites :

The following critcria are adopted in selecting a Field

Testing/Demonstration Site :

-~ Availability of fuel (diesel and wood)
- Price of wocd

- Storag~z space

- Activities of the user agency

- Potential for effective utilisation

- Availability of skilled mechanic

- Feed back of perrormance data

~ Demonstraticn value

- Proximity to the Institute.

A few sites were visited and on the basis of the above
criteria, a site has deen selectod and a 5 hp gasifier pump=

set is to be installed by the 2nd of February 19895,

Startup, Cperating, 3afety and Shut down Procedures :
The following zrocuodure wes developed for starting and

~ s

operating the jasifier :

- Fill the gasifier upto 50 mm above the air nozzlcs with
charcoal.

- Fill the remaining space with wocd (size 3Cmm x lOmm x 15mm).

- Secure the system air-tight.

- Ignite the cnarcoal with a torch.

- Usa2 hand blower for air circulation for 1O to 15 mts,

- Start the engine pumpset on full diesel.

- Ble=d off watar to the scrubber.
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3.3.

I~

L0

- Slowly admit air-gas mixturc into the ¢hgine for partial

The fslliowing safety procedurc is cevelopad

replacement of diesel by adjusting the govirnor manually
taking care to maintain specified rpm z2nd smo2th running

of the engine without knocking.

During startup period, ensure that the gas is dispersaed
at 2 higher level,

Use 2O monitor in the immodiate vicirity of the gasifier

cnsure that tho gasifier is leakproct,

Durirs shut down the following steps shsuld be rdopted :

Cut off tho air supply to the gasifier.

-~ [
Clese thz gas wvalve,
-

b - -

DL TAC Ccngine,

Rescarcn and develeopment is being carricd sut in the folle-

wing 2rxas with 2an aim o iprove the cfficiiney =7 ths

- e ,ay = - 3 -~ - - -~y - -7 ~ o~ oo~ 3y ~ - o -
Op=imizzation ¢f dicernsisns o7 cambustiscn zong, reduction

Zorz, carth and licaticn 2ad numpcr -F 2ir nozzlzs.

.métarial of construction for combusiisna and r.ductisn

zZarnss and nozzl-zs.,

Imzzovierient in gas filieratinn system,
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“itn thoe incention ~f »primising design paramcters as

mentioned above, ancther casifier with 33 mm hearth diametor
has beoen fabrisitcd. An air inlet nipe,with 4 nozzles of
11 mn diametzr, is located centrally in the gasifier with
the nrovisicn for vertical movement so that the position

]

~—

£ the air nozzlss can be optimisad. (See Fig. 4). Locating

(o]
[§)
H
{1

t

the air inlot =ipo contrally in the gasificr also racilitates

gasy maintéenance.,

As mild steel undergoes high temperiture cerrasion, stain-
lass steol (33 310) is used for combustion and roduction

cones and nozzles.,

Shaking arrangement is provided at the bettom of the gasi-

@Q

fier to remcve choking at the thrsat. This is 2 simple hand

cverated zrrangemcnt as shown in Fig. 4.

This is also facilitates easy maintenance.

In order to impreve the filterirg cfflcliency, a cycl~n2 is-
included in the system. rurticr, cik& walch was uscd as bed

material in the wator scrusber of the carlicr systicem, is

-~
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replaced oy
property. For a zuod neight of 3C0 =m, the pressure drop is

ahout 5 mn of water.

The gas after hoing scrucbed with water is made to pass

oratee caps! provided on a plate at the top of

i,

through 'per

o)
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os furtner rerioval of particu-
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the scrubocer.

lates,

Coir was tri.d instcad of cottion waste in the dry filter but
was found to 22 noe that offoctive. Hewever, materials like

juts, c2rn cokbs, ote. 2ru to be trioed.
’ y

~ o

A 'lecurity filtcr'y, which is nothing but a finco filter

3

consisting of denscly packed cotteon waste, is included in

the syc-em just oofore mixing the ges with 2ir to ensure

+h
.

tha: the gas ontering the ¢encginc is well filtezred., Fig, 9

0

gives the schematic diagram of tho wmodified systom.

A simple T-ccnnectisn was 7cund to be effective for air-
Jas nixin~, Honcg, the venturi fyone mixturc usod in the
carlior system is roplaced by 2 T-connoction. This besidces,

t2 roduce the cost ~f th»
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Tectnical Porconnel Trzinin  in tho .3, ¢

Mr. R.0. Pandve undcrwent toechnical training from July 9,

1984 t: August 3, 1584 at tno Univezsity of Lilssouri at

Rolla and University of Califarnia 2t Dovis, USA. A trai-
ning rceport on his visit was proparcd and coniss subtriticd
tn tho ONES ind USAID.

Undcr Phas: II of tie prograume fe¢r training tho ~perator
of tas user avency, 't is derided to conduct 2 oweek's

Training prograame 2t the Institute scfors installaticon of
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QUESTIONS & ANSWERS

BICMASS SESSION, SECCND DAY

C: 0. P. Vimal: Thank you very much, Dr. Durgaprasad. We

are open for discussion now.

C: How do you regqulate the gas flow rate with variaticns

in engine speed and load?

A M. B. Durgaprasad: We are running at a constant sgpeed

and we do not have the facility tc measure the load.
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INTRODUCTION:

Several vears ago, a joint effort between the Government of
India and the United States Agency for International Development,
was undertaken to develop biomass energy research projects for
India. The principle objective of these joint projects were to
develop a small gasifier system fueled with biomass residues to
pump water for field irrigation. These initial projects were
selected as part of a large program to develop an intergrated
program to provide alternative snergy sources for the rural,

village and urban commercial sectors of India.

The projects at IIT Delhi were designed to examine the use
of charred agricultural residues in an appropriate gasifier along
with the development of a retrofitted engine to be specifically
used for the charred biomass pumping svstem. The project at Jyot:l

Solar Znergy Institute(l)

is to continue their work developing a
pumping system using raw bicmass,primarilvy wood blocks. When

performance data are available from these Projects a comparison
between the developed technologies can be macde which will Dbe Dby
GOI and USAID in planning for the extensive use of energy from

small-scale biomass gasification 2lants.

As this approach developed the need Ior an operational
gasifier system became apparent. Preliminary testing of this

system will be presented in this paper.

AR S

The svstem selected was builtz by the Missouri Gasilier Corp
of California, Missouri. .Three of =zhe S sized units wers purchased
and two shipped to India and the other ctested at the GROW Zacilicy
of the University of Missouri-Rolla, Roila, Missouri.
DESIGN AND OPERATION OF THE S-SERIZS GASTFTER SYSTEM

The S~Series Gasifier shown in Figures 1 and 2 is designed
to fuel an engine providing stactionary shal< power or Irive
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FIGURE 1 S-SERIES GASIFIER
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electric generators. It will run continously, not reguiring

shut down for the addition of wood. The fuel can be added by hand
or bv utilizing an auger. Any fuel having a size distribution,
bulk density =2nd flow characteristics similiar to medium size saw-
dust -an be used as long as it has a low ash content(less than 2 to 3%)
but preferably 1l percent or less) and the moisture content is less
than 30 percent. This type of gasifier has very low maintenance
since there are no moving parts and only two parts that can wear
out. The system was designed to use one oil bath f£ilter and one
dry filter. The oil bath filter requires recycled peanut oil but
can use most any high temperature oil, except motor 0oil. The drvy
filter uses cotton wood shavings. The gasifier produces the gas

through a series of pyrolysis steps, usiag the o1l bath Zilter.

The air,to sustain partial combustion in the gasifier reactor,
is induced by the engine intake manifold vacuun. The ambient air
is drawn into the air intake pipe which 1is connected to the air
box. The air circulates in this plenum chamber tO provide flow
into the air nozzles, Figure 3A. The air and fuel mixture react
as they pass through the fira box area and flow to the choke plate,
converting the wood to gas, tar, and char. The gas passes through
the grate circulates around the fyel hopper ané air intake pipe
and then enters at the top of the dust chamber. The gas exits
at the top of the dust chamber then hubbles up through the oil
and through the dry filter. Finally, :he gas passes through the

mist separator and out the gas outlet.

An additional scrubber system was used to further clean and
ccol the gas. The wet scrubber, shcwn 0 figure 4, is a compartmenc-
alized box containing a spray column, packed bed filter, water
reservoir, and a plastic foam demister. The gas initially flows
into a chamber which contains a spray nozzle to cool the gas and
settle the larger entrained particles. As the gas leaves tre chamber
it flows through the packed bed filter make up of a top layer of
1/2 inch clay spheres. With the gas passing up through the sgheres

and gravel, cooled water is sprayed on the tor of the bed, scrubbing
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FIGURE 3
GASIFIER FLOW SCHEMATIC
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the dispersed gas of the condensed tar and remaining fine char
particles. After the gas is clean, it flows from the packed bed
filter through the gas passage, above water level, and into the

demister.

The demister is simple a thick laver of foam approximately
two inch thick. A small amount of diesel fuel is used to moisten

the foam pad to improve the filtering action.

The scrubber solution is a water-soap mixture to aid in
absorbing the tar into the solution. The soap component is
one cup of the tri-sodium phosphate added to the reservoir before
filling with water. An antifoaming agent is required and Mr.
Reissler suggests that a small quantity of diesel be usec.
The diesel appears to diminish during use and both the GROW
staff and Professor Goss's staff find that diesel needs to be

added periodically.

A small pump is mounted on the unit to provide circulation
of the scrubber solution. The pump i's electric but in remote areas
it could be driven by the engine. The pump provides a flow the
scrubber solution through the cooling coil where the solution is
cooled and passes on to the two spray nozzlas in the scrubber
[

chambers. The water entering the pump is filtered using a plastic

ect the sensible heat

'
D
vl

strainer. The cooling :s reguired to
from the hot producer gas transferred to the water. The water
is drained periodically and the bottom of the reservoir cleaned

to remove settled tar and char.

The cooled clean gas is piped to a simpie mixing chamcer srior

to entering the carburetor of the engine.

OPERATION RESULTS

The system has been operated for about 1000 hours. Several
students have performed special orojects on the system, operating

the gasifier with sawdust, shavings, lump cnarcoal, and granular



charcoal. The system is started by driving the SI engine with

the electric motor. The engine intake manifold vacuum induces

the gasifier combustion air. The ignition port is opened and a
small piece of papar inserted and ignited with a match. Normally,
engine guality producer gas will be produced within 15 minuets
from start-up. The engine air gas mixture is adjusted at the
carburetor inlet to start engine operation. Once stable operation
is achieved the electrical output is monitcred and the weight

of gasifier fuel recorded. A sample operating chart is shown

in Figure 5. As the run progresses, a gas sample or samples

are taken and analyzed by the Carle Chromatograph. Tar samples
are taken by drawing the gas through a water bath and monitoring
the tar absorbed. Tvpically, this procedure has indicated a

clean gas but is not sensitive =nough to determine the condensed
tars. After several hours of steady state operation tie run

is terminated and the data collected and recorded.

The scrubber system pressure was monitored period:cally
varying from 1" water column to a high of 80 inches. The high
value represented a scrubber with no £lcw passing the system.

A simple delta P measurement germits determining the need for
cleaning the scrubber. The circulating pump on the scrubber

has been a source of difficulty. The original pumps were not
designed for continuous duty and after several hours, the impeller
would swell overloading the pump motor. A new pump is being

selected but additional work needs to 2e directed to this area.

The only real operating problems were associated with the
pumps and the build-up of tar and char in the scrubber system.
A scrubber modification including a small pump would be helpful
in terms of long term opera<tion and clesan-up. Periodically,
during operation, diesel shculd be added to the demister Zoam
and the scrubber water. The hot gas flowing through scrubber

has a tendency to.absorb the diesel.

Several attempts at operating with wood chips were tried.

The initial run was erratic but the last actempt was more consistant
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July 12, 1984

GASIFIER
TIME ELECTRICAL AIR FLOW
_— CURRENTS _(amps) SCFH
1:30 -- Start engine & light sawdust
1:35 8.5 120
1:50 7.5 100
1:55 8.5 140
2:00 8.5 140
2:05 9.0 140
2:10 10.0 100 -= Add 14.1% (at marked level)
2:15 7.0 80 -= Add 8%
2:20 8.0 90
2:2S 7.5 130
2:30 9.0 110
2:35 9.5 90 -= Add 6.5%
2:40 ' 5.0 80
2:45 9.5 80
2:50 8.5 30
2:53 7.5 ' 30 -- Gas sample taken
2:55 8.5 Y110
3:00 8.5 80 -- Add 12.5%
3:058 9.0 120
3:10 . 8.5 110
3:15 8.0 100
3:20 8.0 120
3:25 8.5 120
3:30 8.0 120
3:35 8.0 120
3:45 8.5 124
3:50 7.5 120
3:55 8.0 120
4:00
4:05 8.5 140
4:10 8.5 130 -= Adé 3.3% (at marked level)
Shut down
Average 8.26 110.3

Figure 5. Sample Cperating Cart
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and it is apparent that with careful testing a successful run
could be made. Operating with chips and with chunk charcoal
requires a cover over the top of the gasifier. Several of the
runs were made measuring the air flow wich and without a cover.
The indications were that a considerable amount of air is passing

through the bed instead of the tuyeres.

RESULTS

The results for several of the runs are listed in Tables
1,2, and 3. The first four runs were made with a 2 kKw single
phase motor being driven by a 1Z horiepcwer engine. Later the
electric motor was exchanged for a 3kw, 3 phase, 208 volt motor.
This change .s apparent in examining the data. The tests inciude
sawdust, wood chips, and charcoal operation. Runs 5 through 8,
were made with a partially blocked scrubber reducing the engine
cutput. Motor output varied from 1.37 to 3.04 xw. The gas heating
value varied from 63 Btu/scf up to 180 3tu/scf. The dry sawdust
produced the highest value and the chunk charcoal the lowest
but the efficiencies were higher for the charcoal. The charcoal
was broken into dime size (3/8") pieces and the fZines produced
during the crushing were included as part of the fuel. In the
cases where coarse material was used, a Jasket and cover placed
on the fuel opening improved performance. During run 11, the
air ‘low difference between covering the top and leaving it
openec was observed. The air f1ow through the tuyerss Was raduced
by two when the cover was removed. The cover used in the later
runs was a simple rubber sheet aporox:mately 1/8 inch thick.
A cover with an air tight gasket will 2:id and improve the overation
with these fuels. An insertad chermcccuple monitoraé che gas-
ification cemperatures. During zun 1., 3 stible gasiZica:cion
temperature of aporoximately 1800°F was measured and mainzained.
Manitoring the gasification temperature in =he wood chips during
run 13, indicated an erratic low temperacture Wwhich caused heavy
tar loading. At the end of run, the engine was totally coa+ted
with tar and had to be disassembled and cleaned, including

changing the lubricant.
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Fuel Air Energy Carbon Carbon Gas HHV Output Current

gee

Run Rate Rate input Rate i{n gas Rate of gas Average
No. 1b/kr SCFIll Btu/hr lb/hr 1b/1b mole 1b mole/hr Btu/hr amps
1 7.4 55400 3.4 3.15 .86 39520 9.8
2 6.7 70350 4.43 2.64 0.84 41010 9.0
3 4.4 46200 2.91 1.084 0.79 33750 8.8
4 4.9 51450 3.24 1.74 0.83 37390 9.3
5 3.23 37662 2.58 2.32 3.9
6 3.13 36496 2.50 2.25 3.8
K 3.28 38245 2.62 2.35 4.0
8 3.18 37079 2.54 2,28 3.9
9 4.43 144 516514 3.54 3.18 5.08
10 5.29 160 61681 4.22 3.8 5.47
11 16.09 186 1230868 8.43 7.6 8.44
12 16.65 110.3 127372 8.72 7.85 8.26
13 WOODCUIP E;RRATIC
14 11.1 68820 4.7 4.23 6.5
TABILE 1: RESULTS OF SEVERAIL RUNS



RUN Energy output Engine Gasifier System

62¢

NO. Kw Btu/hr REfficiency 8Efficiency Efficiency ;:‘:]tz/SCF i‘;x;/:ll(‘{’l)?fr Note

1 2.16 7370 18.7 71.3 13.3 3.43 108 Moisture Sawdust

2 1.98 6760 16.5 58.3 | 9.6 3.38 Charcoal (Granular)

3 1.94 6620 19.6 73.1 14.3 2.26 Charcoal (Granular)

4 2.05 7000 18.7 72.17 13.6 2.82 Charccal {Granular)

S 1.4 4778. 12.7 136.5 2.3 Charcoal (Granular)

6 1.37 46175. 12.8 128.1 2.28 Charcoal (Granular)

7 1.44 4914. 12.9 125.6 2.27 Charcoal (Granular)

8 1.40 4778. 12.9 115.2 2.27 Charcoal (Granular)

9 1.83 6238 12.09 2.42 Charcoal (lawp dime)
10 1.95 66171 10.81 2.71 Charcoal (Lunp dime)
11 3.04 10384 g.26 5.28 108 Moisture Sawdust
12 2.98 10159 8.0 5.6 Wood Sawdust
13
14 2.33 7951 11.5 Woodchips ( Engine

Table 2:

Results of Several Runs (Continued)

erratic at times)



o€t

Fraction by Volume of Dry, Ambient Temperature Gas

Run HHV C Fraction
No. l12 co, Coliy Coliy C2"6 0, N, Cll4 Cco C3+ Btu/SCF moles C/
noles Gas
| .1649  .1296 .0046 0 .0008 .0007 .5769 .0377 .0847 O 128 .2628
2 .1836 . 1021 .0013 0 . 0004 . 0007 _5994 .0498 .0616 O 136 .2202
3 .1201 .0624 .0001 0 0 .0064 .7209 .0732 .0168 O 119 .1528
4 .1051 .0567 .0000 0 0 .0009 .7491 .0727 .0135 0 1.12 .1449
5 .0551 .0461 0 0 0 .0006 .7801 .1164 .0016 O 136.5 .164
6 .1143 .0432 0 0 0 .0008 ;7481 .0879 .0057 O 128.1 -137
7 .1036 .0358 0 0 0 .0008 .7652 .0882 .0057 O 125.6 .129
8 .1062 .0379 0 0 0 .0007 .7714 .0777 .0061 O 115.2 .122
9 -0297 0675 0 0 0 .0009 .8043 .0308 .0165 0 63.3 .114
10 . 0781 .0476 0 0 0 .0008 .8166 .0396 .0175 O 1.2 .1047
11 . 1600 - 0944 0 0 .0130 0 .5040 .0524 .1103 .0067 180.7 .3032
12 .2380 .0687 0 0 .0120 0 .4570 .0851 .043 .0051 180.1 .235
13
14 L1670 -1297 0 0 0 .0008 .4260 0154 .1870 .0020142.3 _338
TABLE 3. GAS ANALYSIS OF SEVERAL RUNS



The efficiency of the gasifier engine system varied IZrom
8 to 14%. Tre higher efficiencies were croduced from the charcoal
operation. 7“he gas content is shown 1in Table 3. Addit:ional
work needs to be done based on a carefully prepared experimental
rlan, providing for single parameter variations which permit
accurate conclusions to be drawn from the variations in the
3as constituents. The charcoal and wood analysis are given
in Table 4.

SUMMARY

The system performs well and simple modification will further
improve the gasifier performance. An improved scrubber pump
will 2id in system overall performance and a maintenance schedule

will be easy to set-up and monitor.

RECOMMENDATIONS

1! Design a new top for the gasifier.

2) Design a dry clean-up system to be used with the charcoal
fuels.

3) Investigate smal’ changes in choke plate diameter as related

to chunk fuels.

4) Prepare an operating matrix, using an axperimental olarn
which permits varying a minimum o parameters setween runs.

BIBLIOGRAPHY

1) “Development of Small Scale Gasiflers ZIor Irregation 2urpose
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SAWDUST ANALYSIS ( DRY BASIS )

c = 0.5102
H = 0.0487
o] = 0.3995
Ash = 0.0396
Heating Value = 8319 Btu/lb

CHARCOAL ANALYSIS

C = 0.6616
Volatile | = 0.2136
Ash = 0.0874
Moisture a 0.0374

Heating Value 11,660

TABLE 4. SAWDUST AND CHARCOAL ANALYSIS
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CUESTIONS & ANSWERS

BIOMASS SECTION, SECOND DAY

O. P. Vimal: Thank you very much, Dr. Flanigan. We

are open for discussion.

R. C. Maheshwari: What is the carbon monoxide

concentration -- it appears to be low.

V. Flanigan: These are the results from the gas
chromatograph and I am surprisecd in scme cases how low
the carbon mcnoxide is. T would assume we are shifting
it, but the question is, where the water come from

because we do not of course add any water.

This is a proklem with agricultural residues; the
temperatures are going to ke low, less tharn 1000 deg.C.

And therefore the CC dces not get reduced to CO.
2

This way you probalbly tend to get mcre CC than CO,
2

4

and could this maybe cause a decrease in CC ccntent?
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V. Flanigan: That is a point. In one of the runs when
the Indian fellcws were there we did measure the
gasificaticn temperature, and you are right -- the

temperature was 1800 dea.F.

Dr. Vimal made the point about rice hulls but we do not

use rice hulls in this system. We have another fluid

ked system that is quite successful using rice hulls.
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PANEL DISCUSSION

COAL AND BIOMASS - SECOND DAY

D. Bienstock: This will be a panel discussicn by
representatives of the leading organizations invclved
in the biomass and coal conversion programs. It is
rather open-ended, this panel discussion, anéd we would
like to invite inquiries from the audience. But,
before we do so, I would like tc introduce the members
of the panel. At my immediate left, Mr. Vaidyeswaran
from RRL, Hyderabad; Professor Mazumdar from CFRI,
Dhanbad; Mr. Farugqi from DNES, Jcint Secretary; Mr.
Sridhar from Ccrporate Office of BHEL; Diana Swain from

the USAIC Mission; and Bob Ichord from AID Washirgton.

So if there are any questions that have heen bothering
you, any problems that ycu have, now that ycu have
these people here they are forced to answer ycur questions.

So let's get started here.

Any problems, any thoughts about the future, the

Girection we are going, any advice you want to give us?
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Well, maybe we will start the ball rolling by asking the
panelists. Bob, can you give us a few words as to how

you see this program as going?

R. Ichord: I would just like to emphasize a couple of
things. One is that the energy has consistently, since
I have been in Washington, been an important activity
under the Science and Technology Sub-Commission between
India and the United States. Some of the discussions
in areas of mutual interest identified through those
meetings have been very important in guiding AID in its
efforts to support technology cooperation; in fact,
several years ago the areas of biomass conversion,
production, conservation, coal conversion were also
topics that'were identified at that level and
subsequently we were able to move towards developing
cooperative activities. I Jjust want to point out that
there is another meeting scheduled in April of this
year of the Science & Technology Sub-Commission and
again it is an opportunity to try to as scientists
indicate some of the areas that are important where
U.S. anéd Indian collaboration can be strengthened over
the coming years. I think we are certainly looking
forward to participating in that meeting and trying to
see where we go in these areas c¢f coal and biomass as

well as others. I think the meeting has been very
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useful in bringing me up to date in terms of the
progress that has been made, and certainly significant
progress has been made in the various activities under
the project. I would say that my comment would be that
there is a need I think to move keyond the purely
technical design work and think about strategies for
the implementation and putting into practice down the
road of some of the technologies, or at least
evaluating their commercial application. I think it is
important to have that broader context and look at the
policy framework and resources that are available to
support programs, the likely markets for some of the
technologies and the economics of the systems as they
may develop through commercialization activities.
Particularly important, I think, on the biomass side
because there, as was pointed out by Virgil Flanigan,
Dr. Vimal and others, what I call the bio-resource
system is a very complex system and one that is under a
great deal cf pressure in India and other ccuntries.
Some of the technologies we are dealing with are ones
that have been used in the past and are not really new
technologies. 1In the Philippines where we are invclved
ir a program of gasification, for example, over 200
gasifiers have been put out in irrigation cooperatives
and what has happened is that, while the technical

problems have in general been minimal, relating
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primarily to cooling and cleaning systems, the proklems
were that the price of petroleum products and LPG |
created a demand in the industrial facilities for
charcoal. This sort of fourfold increase in the price
of charcoal as a result of this industrial demand had
an impact with regard to the farmers' perception of the
desirability of the gasifiers, in terms of the
feedstock they were having to buy in the market to fuel
the gasifiers. So a large number of the gasifiers are
not in operation. Even though you have a system that
is generally technically pretty good, and an
organizational structure -- the irrigational
cooperatives --that provide a vehicle for the
management of the system and an organization that has
been involved in helping to finance the system. I
think it is very important to understand the whole
bio-resource system in which we are thinking of using
gasifiers, so that we do not make that kind of mistake
with regard to the practical applications of the
technology and in the process create a kad name for the
technology. The other thing that is also important is
that in looking at the issue of bio-energy and rural
energy systems increasingly important is the
integration of agriculture, forestry, energy areas and
I think we had a good interaction here but there are

other groups that have an important input to make in
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terms of the issues we are dealing with. A final word
-- I want to take this opportunity on behalf of 21D
Washington toD express my appreciaticn for the
hospitality provided here and I lock forward to next
year's session where we will have further progress I am

sure on these projects.

Mr. Bienstock: Coulé you identify yourself, please?
S§. K. Jain I have a few issues in mind which

are very typical of Rajasthan. They may not be for all
of India. W¥e have talked about biomass conversions.

We don't have biomass -- we don't have the conditions
for creating biomass so easily as in other parts cf
India. If a plant is made to grow, there are people
who would cut it without authorization for burning, or
there will be cattle or sheep or gcats which will eat
it. We have very specific problems. There is
something which has been in my mind which I would like
to bring out here. One issue is for meeting the
concentrated urban needs. We have a lot of friends here
from BHEL and other big orgarizations. They are trying
to mezt those requirements. But 80% of India's
population is rural. While we have rural
electrificaticn, how effective it is I thirk most of us

understand. The less we talk about it the better. We
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have to find alternatives to meet their needs. Plus,
another perhaps 10% of the urban population is also
poor, living in what we may call shantytowns around the
larger towns. Their needs are also not met and there
is a big gap here which we have to meet. For
Rajasthan, I have been thinking as an engineer about
the possibilities of using low-grade coal. Lignite is
available in Rajasthan in plenty quantities. The
government is not at the present moment thinking of
doing any development of those small lignite deposits
to meet the immediate needs of the poor people. There
is no fuelwood. They are using what we call “"goktar,"
the excreta from the animals. There are a lot of
animals. But that is depleting the.source for
fertilizer to be used successfully somewhere else.
True, there is a possibility of gobar gas but can we
find ways and means? The experts on coal! here did not
discuss the use of lignite on a small scale. We can put
up a 300 MW plant for burning lignite, but I am
thinking of -- can the poor man dig out the lignite'and
burn it? Well, it becomes amorphous if it is kept for
two weeks so can we find out how we can convert it into
small briquettes or ccat it with something leccally

available like poor-quality bentonite as a binder

4

material. I am not sure if the possibility exists =--

am talking of things that are tco small and it is
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possibly not ccnsidered important enough.

The next issue is where we have some vegetation
growing. There are parts of Raijasthan where that is
possible. We can use another issue which we could
possibly take up here ~-- biogas which I think is also
biomass. Possibly that is a very vast sukject and that
is why we have overlcoked it. But the agriculturszl
waste could be used along with the human ané animal
excreta to generate kiogas. There is a good potential
for that. The problems we have keen discussing about
running an engine -- I am an automotive engineer myself
== to run an internal combustion engine on producer gas
creates too many hazards but, with biogas, the hazards
are very much less., I am not sure -- Kirloskar's has
been advertising a great deal akout their engines which
are run on biogas being as efficient if not mrore sc as
running them on diesel oil. What institutions have keen
doing research wcrk on that? TCetails are not availakle
because commercial houses are not interested in giving
full details. The second alternative which comes to
mind is that I know, as an engineer, it is very difficult to
have a turbhine running at good efficiency to feed a
village requirement. Can we have 15, 20, 25 KW
turbines which may be run on clcsed circuit? You see

we have a lot of difficulties akout the gas having tar
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and other inclusions but is it feasible to work out
scmething. Our friend here was discussing about two
and a half million engines teing availabkle. Well, they
are there and we can't do anything atout them now. But
at least for the future, for the day after tomecrrow,
can we think of turbine setups -- for examnle HAL in
Lucknow I am told has developed one -- they claim

they have developed a small turbine which is reascnakly
efficient. Can that type of setup be used for getting
shaft horsepower which could be used for pumping

water because, if we have water and we have the excreta
from the animals, there is no reason why we cannot grow
biomass in Rajasthan. But hcw do we get started? If I
plant a tree today,either the cattle will eat it or the
people will come in the night and chop it up and burn

it.

D. Bienstock: Mr., Jain, you ask several questions
thera. I will try to remu.aber some. You are concerned
about the hazard of using producer gas with IC engines.

Could you help us on that, Dr. Flanigan?

V. Flanigan: T think Dy. Grover's data showed that
carbon monoxide from the engine at full load is
basically the same as carbon mcnoxide with a regular

Ciesel-fired engine.
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D. Bienstock. You asked about the utilization of lccal
lignite. Professor Mazumdar, would you care to respond

to that?

B. K. Mazumdar: Mr. Jain has hit the bullseye vis a
vis the requirements of the poor people. 70% of the
people of India are really poor and live in villages;
more so in the arid regions of Rajasthan and Gujarat
where the total energy need is a serious problem. There
is very little vegetation, but here you have referred
to lignite. I am not talking about high-technology;
instead, appropriate technology has to be developed for
the poorer people who mostly live in villages and can
burn applicable cheap and environmentally acceptable
fuel. The lignite you mention can ke briquetted and
burned with some bentonite material c¢f 2 to 3% which
can be suitably bound into agglemerates. A lot of wcfk
has been done in our Institute on that but that is
smokey fuel during combustion. Meanwhile, we have
discovered an agent, an additive, which can ke
incorporated into the briquette mix and the briquette
can be burned without any smoke, and this can be
adopted immediately on a small-scale, and such
briquettes can ke supplied to thc villages to be

used to cook food. Then again, as I saicd¢ in the
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morning, make the coal behave or devise a suitable
appliance that has been achieved in principle. Ir our
Institute we have designed smokeless chulas wherein raw
coal, including lignite, can ke briquetted with
additives and burned. VHowever, the poor people may not
be able to buy these chulas and ordirary chulas need to

be modified to accept fuels with additives.

D. Bienstock: 1In extension of Professcr Mazumdar's
remarks, I am familiar with a program in South Korea
where they have a lcw-grade coal even poorer than that
of India and the government briquettes it for household
use. So your comment about briquetting this lignite

coa. is very much in order. Are there any other comments?

Are there any turbines which operate ¢n Lkiogas ir the

lower range of 15 KW and the like?

M. K. Sridhar: 1In that range of 15 KW to 20 KW I do not
think there can ke an efficient turbine -- you can

only use a kicgas engine. The lcwest range of turbines
-- hot air or gas --which give a good efficiency will

have to be in the range of 250 KW.

S. R. Farugi: Mr. Jain's question is what is the
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efficiency of the smaller biogas engine which has heen

developed by BHEL?

M. K. Sridhar: BHEI has not developed any lkiogas engine; in
fact, we discussed yesterday whether the U.S. side
wculd help us in developing a highly efficient

biogas engine which can run on the lcw-grade fuel.

H. B. Mathur: I woulc like to comment on two things raised by
Mr. Jain. One, it appears that he is under the
impression that there is some scrt of a competition
between biogas «s a fuel and produvcer gas as a fuel.
For a country as vast as India, you can't have one
unique alternate fuel for the whcle country. In
certain regions -- for example, Mahararastra or
Tamilnadu -- you have a surplus of alcohcl perhaps
available. You can have engines operating on alcohol.
In places like the eastern part cf India you have a
surplus of coal available and you have therefore
producer gas as a viable urit or benzoil as a viable
unit or coal-based methanol as a viable unit. We have
three lakh remote villages some of them having a
population less than 1C00 perscns. They are sc remote
that even if you have petroleum products or coal you
can't send them there, and when ycu talk of rural

development we have to supply energy there. Therefore
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the only alternate there is bicgas. Animal waste and
human waste. And therefore all of these have to rur in
parallel. When we talk of decentralized power we have
to look at all of these alternatives. The second
observaticn I would like to make is whether it is a
biogas engine or a producer gas engine, so lcong as it
is a spark ignition engine with minimal modificaticns
you can have 100% operation of the engine on either cf
the twc fuels. They are both gasecus fuels -- the only
difference is in one case it is methane which is the
combustible constituent and in the other case it is CO

and H . Therefore the caloric values are
2

different, stoichiometric ratics are different, and
therefore you have to make some adjustmments. But
essentially the methodology is the same. When ycu come
tc a compresssion ignition engine, ncne of them can
operate as CI engine entirely. BHEL Hyderabad has
developed a CI engire to have 100% oreration on biogas.
This is also possible with producer gas, but then ycu
have to put a spark plug there. You are literally
converting it into a CI engine and we have conceded
that this is not economically viable if the horsepower
is less than 50. We are talking of decentralized
power, rural applications with hcrsepowers of 20-30-40,
ard therefore this is ruled out. ie have to develop

all of these alternate fuels, we have to develop
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engines for all of them, and there is no competition
between them. A lot of work has Lkeen dcne on the
utilization of bicgas in CI engines because, as I have
said, we have 2.5 million diasel pump sets and 12% of
our diesel which is coing to the agricultural sector
can be saved because we have stationary engines. It is
difficult to save this with with a heavy kus or a
locomotive. Therefore you can divert this diesel which
is going to the agricultural sector for staticnary
engines into the trar.sport sector and convert these
engines. There are twc options -- either you change
all these engines and put in spark ignition engines,
which can be very easily converted, or ycu have a
retrofit to convert these diesel engines to operate
either on producer gas or biogas.

S. K. Sridhar: I would like tc elakorate on what

BHEL has in mind. As you rightly touched upon,
depending upcen the different fuels available in
different parts of the country, if you want to burn the
fuel directly in an engine you ought to have a
different type of engine sc¢ the market requirement for
the different types of engines how gocd it will be has
to be seen. Our idea is to develop a sort of |
standardized engines, where the fuel

you simply burn it in a combustion chamber. Whether it
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is biomass or biogas where available or things

like wood, bark, husk, even solar energy which is
available in our country -- take anything and burn it ang
generate heat. Heat the air or any other medium.
Freon, air -- any medium -- and then run an engine. A
series of standard engines can ke developed which can
be converted into any of the combustion systems

which will generate hot air and the combustion system
can be through any of these fuel scurces.

Apart from the fuel sources, we have solar energy which
is available in plenty, and we can use sclar energy to
heat air and then pass the hot air through the
combustion system. On waste heat recovery -- if you
want to go into the industrial application, we have so
much waste heat in all our industries that can be used
to heat the air. So our idea in BEEL is to see whether
we can develop cne or a series of engines which can
make use of the low-grade heat which is cbtained frcm

any of the different fuel sources.

R. Ichord: The issue of Sterling engines was
mentioned and we do have a company in the U.S. =--
Sunpower -- which has been wcrking on small Sterling
engines and we have prototype units that are going in
in Bangladesh and the Fhilippines and I will be glad to

make available scme of the information. There is a
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demonstration at a rice mill in Bangladesh.

S. R. Farugi: Let us go kack to the question

of lignite as explained by Mr. Mazumdar. The question
occurs to me, as to the cost factor invclved, whether
the cost will be easy for the householder toc bear
because, as you know, most of the fuel we are using in
our households in the rural areas at present is
non-ccmmercial. What would be the cost of recovering
the lignite and then breaking it into pieces and
binding it into briquettes and marketing it? Has

Professcr Mazumdar anything to say abkout this?

B. K. Mazumdar: Well, the idea has just developed but
I can give you a rough estimate of the cost. Assuming
the mining cost of lignite at the pit is around 100
rupees tc 150 rupees per ton, then to mix it with
additives and briquette it I think the ccst cf
producticn of such smokeless lignite briquette may not
te more than 350 or 40C rupees per ton. I know our
villagers are very poor and most of them may not be
able to buy this. 1In cities domestic coke is being
scld at 800 to 900 rupees a ton. They can afferd it
but, even at half this price, poor pecple are unable to
buy it. The economic level hés to be improved upon and

that can only come through agrictltural revolution.
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R. Ichord: I think some of this discussion goes back
ﬁo what I was saying about the necessity for
urnderstanding the dynamics of the bio-resource systen
and the pull that urban demands for wood and biomass is
having to, in terms of both the price and the strategy
for trying to deal with the substitution or
augmentation of supply. It may be that part of the
briquetting strategy or strategy to grow wood to meet
that urban demand will reduce scme of the pressures on
the rural supply and may be a way of .dealing with the

problem of the purchasing power of the villages.
D. Bienstock: Dr. Vaidyeswaran, do you have some comments?

R. Vaidyeswaran: I do not krnow the moisture content of
the Rajasthan lignite, but I think this figure of 350
rupees which my friend Mr. Mazumdar mentioned is going
to be much higher than that. As you know,

the lignite can be briguetted without a kirder after
drying it so this is a two-stage process. In
developed countries lignite briquettes are made
available mainly for space heating but when you use it
for domestic purposes in order tc avoid envivonmental
pollutiorn we have to process it further. I think

only a large plant, depending upon the sources
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available, should ke considered of, and that should be

supplied. Of course, I am equally aware that the rural
population will not be able to buy it. The government

will have to come in in a big way to sort of subsicdize

and then sell it. Also, the forest is being denuded so
fast that this is a problem

we have to face.

BE. K. Mazumdar: May I just add to this. As to the
briquetting of Alanna Rajaputana ligrite I thought of
only Rajaputana or Gujarat, but if we take all India
fuel there is another solution I have nct referred to.
Mo higbh technology -- no briquetting even - when
necessary. I refer here to weathered coal lLet me
define weathered coal. All the seams of ccal
underground sre horizontal. Some are entwined.
Sometimes a seam has cropped out at a particular place,
the cutcrop part of the seam being expcsed to the
irclement weather for millenia has suffered a
particular chemical change. We kncw the chemistry of
weatherirg of coal. The entire carbcn structure cf
ccal has Lbeen preserved intact in our cpinion over
millenia kut there has bkeen scme oxitative
dehydrogenation bringing abcut a profound change in the
carbon structure and thus all that coal has hkeen

ccnverted intc a2 smokeless fuel. It is a naturally
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occurring smokeless fuel and can ke a domestic fuel. Of
late we have studied the combustion characteristics of
this weathered coal vis a vis the possikility of its
use as a domestic coal. The thermal efficiency among
all solid fuels is the highest -- 35 to 40% --

even in ordinary domestic chula, compared to 18 to 25%
for manufactured soft coke which is has just been
referred to by Dr. Vaidyeswaran. Therefore, this
weathered coal used as domestic coke in our villages at
a cost will be the cheapest because it is

available at the surface and as much as twenty tons can
be mined in a day. We have found if you charge 2 kg of
this material in your marketakle chula it will give you
a five course lunch or dinner for five people in the
family. You calculate the monthly cost of the fuel for
cooking and it may not be more than 7 or 8 rupees per

month ~-- not even a dollar. This is the common man's fuel.

D. Bienstock: May I ask a question of both DNES and
AIC --what do you see as the preferred directicn of a
biomass coal ccnversion prcgram? Where do you see it
heading to -- where would you like to see it heading

to?

S. R. Farugi: The preferred direction seems to

be biomass conversion for procduction of producer gas
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and also for generating and going into power
production. DNES has proposed a very ambitious precaram
for both directicns. The idea is to utilize wasteland
or land that has degenerated and not appropriate for
agriculture‘but which can sustain certain kinds of
plants and those plants also have the additional merits
of higher calcrific value when burned. The proposal is
to use &s much as possible of that huge reservoir of
wasteland we hav. ond plant trees which wculd survive
there in accordance with the chemistry of the soil and
also the climate in each part ¢f the country. We are
hoping that, in the fourth year of plantation, we will
be able to harvest sufficient quantities cf wcod frcm
each plantation to go into the gasifier or which can be
burned and then lead to power generation. Of course,
there is also the ultimate okjective of providing
employment for the villagers. How far this can be done
is a big question because of the various proktlers
involved right from the beginnirg -- the problem of
getting the land, developing it, developing the
saplings, looking after them, and so cn. Ultimately
the answer to this country's needs woulcé largely lie in
that direction of growing more and more tiomass for the
purpcse of ccnversion, ultimately burring it or using
it for gasification or both, and alsc ultimately even

previding for wood to be used as ordinary cdirect
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fueling in the domestic stoves. The technologies here
are not of such an order and degree as may ke beyond
the immediate reach of the Indian imager. We do not
need any foreign know-how, we don't need anything like
a very detailed design for all these things. We know
what can be done and what has keen done. The proklem
itself is so vast and the proposal is correspcndingly
vast, and whether this vast proposal can be put intc
practice in the next few years remairs to be seen. DNES
certainly has a very earnest, sincere and committed
progranr for the growing of biomass on large tracts cf
land, and using the biomass in all possible ways --
gasification, incineration for pcwer sroducticn, and

also the charcoal and direct burning.

R. Ichord: 1I'll take a little broader perspective with
regard to our prcgram than I have so far. I think our
overall AID program is very much oriented toward trying
to, of course, imprcve agricultural productivity and
ircomes in rural areas. There are several areas where
we are involved, one of thcse being the area cf social
fcrestry which is really serving many needs, of which
fvel wood is only one. It is part of a larger interest
in resource management in helping prcvide a livelihood
particularly for the poor ancd landless and is certainly

an areas where the government is providing substantizl
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support through various ministries and prcocgrams. We
have, for your informaticn, two large prograns
currently underway --one in Madhya Pradesh and the
other in Maharastara -- working on both common lands
that are net agricultural and also working with private
farmers to provide seedlings and cother services sc tbhat
in a sense they can produce fodder and other products.
I think this is also important from the standpoint from
the land sustainabili4y in productivity -- a subkject we
have touched on here with regard to the use cf resicues
but I think that ultimately it is an issue that is
extremely important and relates very much to the energy
sector with regard to fertilizer, the kinds of
tradeoffs you ultimately have to face with regard to
the use of residues for erergy as oppcsed to
maintaining the stability and productivity of the scil
which is critical to maintaining and exranding the
agricultural productivity so vital to the growirg
populaticn. Cne dimension is to try to lcok at the
role and increase biomass producticn, try to relieve
some of the pressure on that resource system. Let us
assume we are going to be successful, and there are
strong reasons to believe we can be successful, Iin
terms of the growing of trees under these sccial
forestry and energy plantation prcgrams. The issue

then becomes, how carn we develop efficient ways cf
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converting that wood resource so as tc increase the
productivity and the income value-added potential of
rural areas, either at more centralized processing
facilities like mills, etc. or in smaller scale
productive activities like irrigation or orn-farm
activities. I think that is where a lct of our
discussicns over the last two days have focused but it
seems to me that one of the priorities is how to get a
better match and integration Letween the activities
that are occurring on the producticn sicde and the
planning with regard to the technolegies and market
sysiems to more effectively utilize that wcod, because
India as well as other countries in Asiz is spending
large amounts of mcney on these producticn programs.
The figure that sticks in my mind is $500 million or
the equivalent will be spent on social forestry
programs in the next Fian, maybe even more, and it is
important that this wcod be used efficiently and
effectively in terms of ccoking and other maijor
applications. That is where the conversion program and
our ability to develop sound and socially acceptable
and econcmically acceptalle sclutions takes on a tremendous
importance in light of these raijor initiatives that are
being pursued. From my experience ir seeirg the region
as a whole, I think there is rocm for optimism with

regard to both the potentizl for pcwer gereraticn as
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well as fcr small-scale gasification and activities
that can be produced as we get the bicmass material.
To some extent, even the conversion device -- if
properly introduced -- can serve as a stimulus and a
rarket for this production and provide an even greater
incentive for the farmer or the village cocmmunity to
pursue these prcgrams. It is important to ke sensitive
to the impacts cf these programs on the poor and
landless to ensure that the prcorams are not having a

Celeterious impact rather than a pcasitive one.

A. K. Chakravarti: The domestic sector is the largest
user of energy in India. The consumption figure is
over 200 millicn tons of ccal equivalent per year. I
have worked on domestic fuel preparation starting from
the raw material -- wood, forest waste, agricultural
wastes, lignite, subbituminous coal as well as

anthracite and semi-anthracite. With regard to wood,

forest waste and agricultural waste, in the normal methcd

of burning a lot of fumes escape leading to pollution
and the overall thermal efficiency is hardly 14-1:%.
In a modified ~hula device, with secondary air
admission, there is intermixing of air and

burrning matter and the efficiency can be definitely
increased. It is direct burning of the wocdy matte:

but now, if we de-smoke it by devolatilization, we get
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30 to 35% of the yield of charcoal. Referring to Dr.
Jain's question, lignite gives much higher percentage

of char by devolatilization, cver 50, because it

has less volatile matter and less moisture on an

air-tight basis, and beautiful char and

rejected char can be produced by fluicdized carbonization
at low temperature, giving the volatile matter in the
char as high as 20 but at the same time smokeless,
completely free from tar. Out of this particular char,
agglorerative fuel may be made by pelletization -- also this
briquetting is not necessary -- mechanical or human methed
agglomerates can be produced which will have excellent hindinc
properties in common chulas with high combustion
efficiency. So this is another aspect. Ve have done some
experiments with raw lignite for making cheap fuel

which will burn with little emission cf smoke. We tock
the lignite from Kutch. This lignite was crushed and
mixed with a heavy percentage of mud or local hentorite
and hand pellets were made. These were kurned in a

little specialized chula with the entry cf secondary

air and, by burning in small increments, almost

smokeless combusticn was achieved. We have

demcnstrated this in a semirar in Bombay. The lignite

is very reactive and, if it is burned as is in the

chula, then voluminous volatiles and tars come cut and

pcllute the atmosphere. But if we adulterate it with a
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high percentage of mud and make the hand pellets and,
after drying, charge in small increments these can be
turned almost smokelessly and the heat level is quite

high.

END OF PANEL DISCUSSION
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APPENDIX A

PRESENTATIONS MADE AT THE BIOMASS MORNING SESSION

FEBRUARY 5, 1985

A Comparative Study of FBEC of Low-Crade Fuels

Dr. A. K. Drona, Sr. Research Cfficer, Department
of Agricultural Engineering, G. B. Fant University
Agriculture and Technology, Pantnagar

Preliminary Experience with a Fixed-3ed Gasifier
Dr. A. K. Rajvanshi, Director, Nimbkar Agricultural
Research Institute, Pheltan

Biomass Gasification System
Dr. R. C. Maheshwari, Indian Council of Agricultural
Research, New Delhi

Biomass Research Thrust and Programmes

Dr. S. B. Hukkero, Head, Agro-Energy Centre, Indian
Agricultural PResearch Institute, New Delhi

Biomass Gasification

Dr. K. S. Shah, Assistant Director, CGujarat Erergy Develogment
Agency, Vadodara

Impact of Biomass Availability cn Selection of Enercgy

Systems
Prof. P. R. Shukla, Indian Institute of Management,

Ahmedalkad

Gasifier - A Means cf Cooking at Nc Cost

Dr. C. S. Shah, Head, Mechanical Engineering Department,
B. V. Mahavidyalaya, Vallabh Vidhanagar

Wood Gasifiers
Prof. H. S. Mukunda, Indian Institute of Science,
Bangalore

Bicmass as an Alternative of Energy for I.C. Engines

Dr. (Mrs.) P.P. Parikh, IIT, Bombay
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BIOMASS GASIFICATION ACTIVITIES OF GEDA

K. 8. Shah
Gujarat Energy Develcpment Agency
Vadodara, India
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1.0

2.0

GUJZRAT _ ENERGY _DEVELOPMENT _AGENCY

Z.N. CHAMBERS, 3RD_FLOOK

MASS__ GASIFICATIOL _ACTIVITIES OF GEDA

INTRODUCTION -

The most convenient way of storing Solar energy is that of
biomass procuction. Even though its photo synthetic
conversicn efficiency is of the crder of 0.5 to 1 per cent
biomass can be stored very conveniently almost inaefinitely.
Further, production of bicmass on semiarid ard saline waste
land not only prrvents salinity ingress anc soil erosion,
but also prevents further desertification. It &lso helps

in easing the fuel-wood crisis. Stz is therefeore
undertakin¢ several research anc popularisation progress in
the area of energy plantation, use of iIorest waste, agro
waste and wood cnips &s well as woou for use ir womestic
combusticn devices, iasifiers etc. Gi. A has also uncertaken
the WNational Improvecd wWood Surning Cook Stove Lemonstration

Programme of DNES in 3Sujarat on a lar.e scale.

T
'
»
'
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GEDA is the nodal Agency of the Sovernment o Gujarat and
the Department of Non-Conventional Lnerygy Sources for the
State of Gujarat for activities in the areas of new anc
renewable sources of enercy anc eneryy conservation. It
works in very close association with State level
organisations like Gu)arat Electricity Boara, Gujargat
Jdater Sumnply & Sewsrace 3oard, Rural Techiology Institute,
Gujarat State Rural Levelo-ment Corporation, Gujarat State
Forest Zevelocment Corsoration, Sujerat Government Forest
Lepartment ancd severzl acacemic and research Institutions

anc volunt.rr orsanications at Mational and Interna<ionel

364



1030I

This area, eventhough irrelevant to ‘the topic uncer
Aiscussion, needs mention to inwicete the rance of
application ol Gasifiers. I would also like to &dd that
larje megawatt size gasifier base. power generating
stations will e sunported by energy plantations of the
order of 10C(C ha tnroiwuh n.mder of vVillage Workers
Cooserctive societies consisting of 11 mem.er families

each and h:aving about 1CC ha lanu a&lloted to each
coor.erative society. A&pnencix - I shows the modus operandi
for such a combination of large scale cooperative energy

plantation anc multi-megawatt gasifier basc: power station:z.
RESLZ..20 ¢2 o ZLEVLLOLELYL PrOuLCLS

Charcoal basel gasifiers <o not nmrocuce much tar or soot
and the develooment of 3.ch yasifiers as well as their
cleaning and filtering 'urfes have alrea.y been cuite well
developed. R ¢ . eiforts, however, are nNeceEsscry tor
pretreatment anc handling of other fuels i e wood chips,
forcst waste, agro wastes lilie cotton stelk, grouncénut sh

el
5¢

41}

caster seed shells, paluy husk, coir sk etc., In some Ca
sartial charring, brijuettin_, pelletizing with or witinouc

bincer material evc. is needed. Inr this purpose, SELA Nhas

. ndercaken scver:l experimental demonstration ani
pomllarisation projects of varicus capacities.

FIrlZ Si0OUSIKATICL. OF 3.5/5 KW SASIFILR
CEZS. has sponsored'the sroject sronosal of Jyoti 30Lar
tnergy Institute, vallabin Vidyznagar to the For: Founcation
throuyh the Zenartment oL lon conventionel Lneryy SoOurces
an¢ Department of Science ¢ I-chnslogy for V.3, $ 3G,000/=-
for settini ip 25 gasifier enginc ind DUMDSELS for
irrigation %o collect cpirating anl maintenance Jdaga over

~

a pericc of azcout 2 years. The project nhas been sanEticned
n

is tinder imnleme
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LSIFILR 3ASLD RLVLASEL OSMOSIS 5. SYSTEM

GELA has prczosew to MMES a yasifier based reverse osmosis
system for drinkinyg water scheme for the "no source" village
of Limbad in the semia:sicd district of 3urendrrenagar. The
water supply is very brackisn with total cdisolved solids of
more than 300C ppm in surmer. a 10 Kﬁ gasifier will use the
fuel-wood irom the villeagc forest.of 4 ha and zrocucce cool
clean gas to onerate a dGuelfuel enginc for running & hnhign
rressure water pump. The water pump will suvply pressure

for pascing brackish water through the R.O. membrane to

obtain potable water.
GLITFILR BASL | ILRIGATICON 3YSILin |

Several villages in 3urendranagar fistrict have nonperennial

rivers and rivulets passing near the villages, 1f pits of

Y]

abort 2 to 3 m dce_: are macde in the verbec, sub-soil
water is availanle witlh very lcw rechargc. The villagers make
scveres) such pits ana use cnc Or MOrE Ziesel pupm=-sets to
~urn ThE watcr and trarspsrt 1T OVEr MOre than 1 km for
irrigation prrposes. This activity can very well e taxen
up on cooverative basis. The main fuel of suchn villayers
is firz—wcod or acricultursl wastc. If improved COOK StOVES
re ponularised with such villagers, more than 6C to 8C
cercent of the domestic use of fLelwoos or agro-waste will
hecome: saved. Such weste can be usea after pretrcatment in
javifiers,
OMES has sanctioned to JELA two L0 K. Jasifier powered
nyine pumps.ts for community irrigation in the villages
of pudhai and alvan in the Surendranagar district. el
village Faachevat 1s agrrceeble to supply the village
forest procducts. A multi-purpose village ccoperative
society will handle the opcration an- maintenance of thc

gasifier base. enginc pump irrigation system.
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several decades,

Sujarat also.
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Jasitier
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ve extendcs tiwir activities to

>3as€es

Watsr

taKe ug

Surendrznaga

Jrowing species of

r,

trces for surply of cdomestic cookin. fucl and jasifier rudl
for runnin¢ engine pums scts. GLos hes sanctioned to 34LIT
cusch syst.ms in 7 willeges coverin, 50 na of aste lanu

ant runnin, ebout 25 yasificr eng¢ine pums sete Eor irsigaticn
ane. wrinking 'jater supnly at a totel cost ot .26 lakhs

for ¢ peric? of 5 vears.

MOBILL GASIFIER LNIZS.

'ith the colliaboration of 3. arev Tractor Jo.litd., cro.ucin_
¢5 to 5% HF tractars of wnceleo as zll 25 crawlar Ty =, Lo
is wreparin, a »nrec;ect proposal for tevelopmoent cf 10-30 K
mobile yosificr nnits nsing cretrested 2,ro/iorest waste for
Jperetioun O tructors, trucks an. 2usces for submission wc
Jies. Foreign collaboration for jasifier manuracturcr is
envisage ..,

POSUL AI3ATICL OF SiALL G5:3IFIess

GEDA nas vromoscd in its Tth Five Yesr Plan putting o

2000 _a3ifiers Of smal! sizc ynder demonstraticn

subsidise: ggrketing a2t the sites of dicscl cnginge purp se=s
of farmcr /u51n5 thnem for irrigaocien,

The gasifiers zarc empecter Lo wsce wcod chins, forest/
AYIrowas Tz available with thc rfar.crs as fuc) ance are €XpLTTa
to ris.lc in considcereslic seving Lo TilT, 1 L0 con*"mou; ir
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Gl has sanctiocned from its own funds 2 systcms, one

working oa forest refuce f£or cantive opcretion at jJaghai
Timber Station of the Forcest vepartment of Covernment of
Gujarat and another workinyg on forest -.astcs for parallel
operation with thc griéd nct-work at Surendribaug 'in Bhavnagar
~istrict. Both the systems arc of 1o KW clectrical ocutput,
Cracr for the swystem: at Surcndrabaug hes alrcany boen

placecd with an indigeneous manufacturer anc tha*t for laghai is

in the process of being approval at L.

1000 Ha - 1 M ENERGY PLANTATLON- CU MePOWEr oo KERATION PROJEZL
A system for utilisation of waste lanc in the diztricts of
Kutch is hciny proposed to INLS as “escribed in gupendix - T,
The projcct involves a total expenditur. of R5.252,25 laxhs
over & periow of 5 yeo

-

r
This project will be forerunner for sm:iller projccts over the

»
1=
wd
=
~
ry
47}
t

whnole of Indiz ano wi 2, 1n additicnr ¢ cower, &lso

[d
rmezloynent in the rural aress anc ©“ill imoDrove enviornment.

GHSIFIEB_LfQIY} SETS A5 IUCLLLS rCR ILTEZRATL ~WUhSAD O ZD LR
CENTInES (IRLCs)

In the villagis where cattle briee. ing and ayricultural
activities ar. uncdertaken J7 most of the nopulatisn, a
community biogas slant becomes the aucieus LCr Intairowed

Rural Lnergy Centres(IRECS) based cn Jocal reacwadle cnen Ty
sources. In wase thoe ecctivity of the ma
cattlc brecding, thoere is no usc c
Wherc agriculeure is the M2jor occupatizn, thicrs is Aot m on
dung awailzbility to SU.mOort Thie b

& gasificr Desed enginc system is ivcally suitlld as tho

nucleus for IRSCs.
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agriculturzl or forest rreztis can De pretreated as well! as
wood chips <an be usca as fucl for jasifiers whicn czan
opcrate large cngince generator scts Zor cloctric-.l power
gencration or wngine pump sets for satisfying tho «rinking

water supply and ifrigation re.wirement Of remote village.

SEDA has tcken Bp a numbers of villages for proposing
gasificr basec I0ECs. 70 3uch cramgsles arc villages cf
Khandia in vadodara distric and Tikar in 3urindrenager LDistrict

andé scveral more such villages arc peing oromnosca to LIES,

In Tikar, ajro wastes which mainly consist o. cotton stalk

(‘n

H

and which are keing uvscd in womestic Cuook--3HCVesS Lt

cfficiincies of less than 5 coull LU convermncd 1nto
oDriguettes by using manvally overated Oriiuettin, mechines

2y the villagers. Thus wil! Junerate employm;nt <N DLi(uUEtIes
can be burnt in improvee cook stcocviz at cificicncics of more
than 15! sc that the cotton stolks szaved could e usca in
gasificrs to rin crngine-cenerator an. oncine-nump scts. TAus
iithout coepriving the villagers oo thelr demestic fucll,
clectricity can be generote.. Zne tie £ficlas can o< irrigatoel
sin. tie samc cotton stalx

OTHL{ BIOMASS ACTIVITIL. -

Other ans above using zasificrs, Jioe hes also unacertaken
other prcjects involvin, wsc 0f eiflucnts from invustriel
2lcohol plants to gencrate methane for usc in the boilcrs
anc hence to re uce Zonventionel Zucl consumptiocon by AU%,
mopularisction oY improved cock stoves by constructing 100
stoves in 1¢34-85 =n. about 4000 in 1913%-86, the nilot plant

-

project for mse of npuncisal solic rastes s lznu £111 for

pro<cucin- mctiane or SQwWlr Lonercticn, £ull scale muncigal
solid waste land--fil: ~rsr_ct IZor thoe city of anmelalsd,

popularisir, comu:nity fyme ane instituticnz. hiojas plant
for Jiffcroent purposes <te, JLIA Res &lso pronosca e
two -rojects for Drigucttin: srovnwnut srellczs znd cotoon

"
Ton.

- : .
&lic anv. thereby conmercizlising
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ANNEXURE I

NOTE ON COOPERATIVE 1000 haz - 1 mw

ENERGY PLANTATION CUM POWER GENERATION PROJECT

There are vast tracts of saline or semiarid soil in
mast of the regions of the district of Kutch of Gujarat. A
part of the district is wavered by the Southern and of the
Thar desert. Some part of Kutch is waterlogged for some
months in a year., The crestline of the distric as well as
the coastline on the South are populated. The majer
profession of the popwlation is cattle breeding, rope making
cabinet making, boat building, tie-dye work etc. Many of
traditional cccupations are being given up by the attisans
due to lack of raw material or market. These buildings need
to'be given alternate employment.

In view of overgrazing as well as Southward progress
of the Thar desert. Severe soil erosion 1s experienced.
Attempts are being made by the Government to plant eaphortia
and elephant grass to limit the progress of the desert,
resulting in limited success.

It is felt that afforestation with guick growing
spaces will lead not only to the control of soil erosion but
also provide eattle feed, wood for constructicn z.tivity,
fire=wood and fuel wood. It would also provide raw-material
for artisan families, traditionally occupied carlier
in cabinet meking rope making and boat building, Thus energy
plantation would support the migratory cattle creeding
popudation, artisans and oth-r unemployed.itlandless farmers
in the region.

2./
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The member families will provide all the labour
required for plantation activities and their accounts will be
credited with the wages at the minimum wages declared by the
State from time to time or higher as cz2se may be, The member
families will be provided fire-wood and wood refuse for their
domestic requirements free of charge ztrom the plantation.

They would also be provided with imprcved chullahs burning
firewood anr/or forest refuse under lationel Improved
€aullahs Demonstration Prcgramme, If they are maintaining
cattle indivisually or on co-operativ? basis, cattle feed
fran the plantation will be suppliad <2 them cn payment.

The forest refuse and fuecl wicd required in the necessary mix,
will be sold to the 1 mw gasifier powcr generaticn plant at
Naliya on payment of . 300/- pzr air dried tconne, delivered
at the plant site. The cransportaticn of the produce tc the
power generating plant will 2lsc be handled oy the
co-operatives. Excess plintaticn priofucts will be sold
commercially and the pr<ceeds will be credited to the
co=-operative scciety. The cc—oOparative sccieties can also

take-up handicraft and other activities fcr its members.

Under this scheme 100 families 0f an average f.ve
members per family are expected nct <nly tc be gainfully
employed but alsc to be provided livelvhocd in scme other
professions, cattle breeding, artisanship etc. Such families
are likely to have inccme <f more tnhan fs. 1000/~ per mcnth
per family. In additicn to this, seas~nal cmployment for
several other people is also likely to be generated by the

plantation activitias.



1 mw Gasifier Power Generation Plant at Naliva

A 1 mw gasifier requires fuel-wcod/forest refuse of the
order of about 9000 tcnnes p.a. which can be obtained from
unirrigated plantaticn 2f abcut 820 ha, Thus the 1000 ha
plartation, after supplving the vr~gquircements of the power
generation plant wculd have enougn surplus fuelwood, forest
vefuse cattlefeed etc. for interrncl consumption of the
members cI the co-Operative sccicties and for commercial

disposal,

The gasifier basecd power ganeratizn system wculd have
three tc five units tctalliing t2 . mw to provide
flexibility of opcration. maintencncc and stand-bye
availapility. The inzernal ccmbustion pine/mover

cculd be working <n engin
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ibilizy., Coc=-generatiocn
would be incorporated in <he system tc increase its plant

efficiency.

During the duratizcn cf the prIjcc:, the power plant would

be jointly cperated a2nd mant

ct

O
97

B and GEDA,

Bl

reé¢ ny G

On successful completizn of @ oro>ject, the plant will
P = J

¢t

be handled cver to Gujarat Elzctiuicity Becard.

.« s

If the technc sccncmic feasibility 2 the 1000 ha
co—oOperative energy plantaticn is considered separately,
and the fuelwood/fzrest refuse surnlied by it to the
power gererating plant is scld at %, 250/~ per tonne,

At site the ccst 3£ power generaticn ccmes to %.1.132 per

KWH, which is guite satisfactory.



-50

The Gujarat Electricity Board is willing to purchase
electricity produced frcm the renewable epergy sources at
not mcre than 8%, 1,25 per KWH, so that the power generating

plant has good economic feasibility.

373
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ABSTRACT

This paper assesses the impact of biomass
availability on the selection of energy systems, allo=-
cation of energy to various energy needs and energy
costs for a village. Proposals regarding development
of biomass resources and subsidizing biomass based
energy systems are considered. The analysisc is based
on optimal energy systems selection, energy allocations
and costs for four villages under existing conditions

and under various proposals using an optimizatiocu model.
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1 INTRODUCTION

The present authors in reference / 1_/ presented the
Mixed Integer Linear Programming (MILP) approach for optimal
selection of energy systems and allocation of energy to several
end-uses at a particular location. While applying this optimi-
sation model for integrated rural energy systems to several
villages, the importance of biomass availability and its
enerny conversion technologies was found to be one of the most
critical parameters. In this paper we analvse the importance
of biomass availapility and conversion in planning to meet
rural energy needs in India especially in view of the serious
supply-demand constraints of conventional sources of energy in
India. The role that biomass energy could play in relation to
India's growing rural energy needs is often optimitically projec-
tec.. In this optimistic projection, the three important
determining factors are the availability of suitakle biomass,
the efficlency of energy conversion technology and its cost.
An attempt has been made in this paper to examine critically
the role of these three factors in order to realistically assess
the ultimate potentialities of biomass as e.=2rgy sources in

rural India,

The problem considered in reference 4-1_7 is to select energy
systems and allocate energy from these to meet various types of

energy needs of a village during different time periods in a year
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so as to minimize total annual costs, i.e. the sum of annual
fixed cost which includes depreciation, interest and mainte-
nance cost and annual running cost of the system. The opti-
mization model is used to select energy systems and make
energy allocations to different energy neceds of a village.
The analysis is illustrated in this paper by considerxing app-

lications to four selected villages.

2 Energy Related Data

The energy related data required by the optimization

model is given below for the four villages under consideration.

2.1 Village Energy Needs

For the four villages considered, the energy needs are
classified by four end uses:

1) Coeoking

2) Hot Water

3) Irrigation

4) Electricity

The annual energy recuirements for these end-uses for each

village is as ;n Table 1 below:s
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Table - 1

Annual Energy Reguirement (in KwH) for
four villages

6LE

Villege

End use™~__ 1 2 3 4

Type S

Cooking 2,10,000 4,35,000 7,05,000 14,11, 200
(76.53) (74.49) (73.55) (74.83)

Hot Water 34,000 75,840 1,22,400 2,45,400
(12.39) (12.98) (12.77) (13.03)

Irrigation 8,700 7,500 42,000 66,500
( 3.19) ( 1.28) ( 4.38) ( 3.53)

Electricity 21,675 65,670 89,100 1,60, 200
( 7.89) (11.25) ( 9.30) ( 8.51)

Total 2,74,375 5,84,010 9,58,500 18,83, 300
(100.00) (100.00) (100.00) (100.00)

Note: Figures in brackets represents percentage of total
energy requirement for a village.



2.2 Raw Materials Availability

The village energy needs are satisfied with fuels such

as wood, gobar, diesel, kerosene, coal etc. The local biomass
energy resources - wood and gobar have restricted availability

as given in Table 2 below:=

Table=2

Annual Raw Materials Availability
(in KWH) at Four Villages*

Village

Raw

Material

Gobar 1,87,000 2,81,000 4,37,000 3,13,000

Wood 14,00,000 5,62,000 6,05,000 29,07,000
*The figures in this table represent the poten-
tial energy availability from a raw material.
The actual energy availakbility at the demand
level is then computed by considering effici-
encies of energy systems used.

3 Energy Systems Considered

Energy systems are classified in two major categories -
primary and secondary. Primary systems are the ones which

generate the energy whereas the secondary energy systems are
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sometimes used to supply energy produced by a primary energy
system to a given end-use. Of the various energy system
available some were eliminated from consideration for the
present application on the basis of their high costs (e.g.
photovollatic systems) which will in any case make their
selection impossible. The description of the energy systems and.
sizes considered in the present application and end-uses

supplied by them are as follows:

3.1 Primary Energy Systems, Sizes and End-use

Size of the End-uses that

;;iﬁg;y Primary can be supplied
System energy by the energy
Description system system
1 Biogas Plant 5 cu., m. )
Rl EERL
85 cu, m.
2 Solar Cooker - 1
3 Solar Hot Water Panel 250 litres 2
4 wood Burner -~ 1,2
5 Kerosene Stove - 1,2
6 Wind Mill 3 KW, 10 KW 3
7 Diesel Pump Set 5 KW, 10 KW 3
8 Diesel Generator Set 5 KW, 1C KW 4
9 Centralized Electricity ~ 3,4
10 Gasifier 5 KW, 10 Kw, a 3
25 KW
11 Gasifier Generator Set 5 KW, 10 KW, 3 4
25 KW
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3.2 Secondary Energy System and Sizes

Secondary energy Secondary
system , energy
oy system size
description description
»
1 Biogas Burner -
*
2 Dual-fuel engine " 5 KW
and pump=-set
%* %o
3 Dual-fuel Engine 5 KW, 10 KW, 25 KW
and generator set
L2 & &
4 Motor and Pumpset 5 KW

* ysed for cooking using biogas
»* ysed for irrigation using biogas and diesel
»#* used for electricity generation using biogas and diesel

w#xx used for irrigation using centralised electricity.

4 Formulation and Computations

The MILP formulation in present appl;cation includes
twentyseven integer variables relating to twentyseven energy
systems (including different sizes) and fortytwo real variables
relating to distribution of energy from different energy system:
to different end-uses in three different time periods during
an year. Besides, the problem formulation includes fortyfive

constraints, The problem for each village is solved using the
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MILP computer package / 2_/ on VAX 11/730 computer. The average

time for a computer run was one minute and thirty seconds.

5 Analysing Optimal Results

The optimal system selection, energy allocation and
costs under existing data (called Normal data hereafter) for

the four villages 1s as follows:

5.1 Energy System Selection (Normal Data)

Energy systems selected in the optimal solution
which minimises the annual costs for each village are as

in Table 3 below:

383



Table = 3

Energy Systems selected for four villages (Normal Data)

Number of Systems

Sr. Energy .
No. Systems Village village Village Village
1 2 3 4

PRIMARY SYSTEM

1 Blogas Plant 25M3 - - 2 -
2 Blogas Plant 85M3 1 2 2 2
3 Solar Cooker 102 309 419 754
4 Solar Hot Water Panels 7 17 28 56
5 Wood Burner 102 309 419 754
6 Kerosene stove - 309 419 754
7 Diesel Pumpset 5 KW - - 1 -
8 Diesel Pumpset 10 KW 1 1 4 7
3 Diesel Genset 5 KW - 1 - -
i0 Diesel Genset 10 KW 1 - - 1
11 Centralized Electricity 5 KW 1 4 6 10

SECONLARY SYSTEM

P

Biogas -~ Burner 102 309 419 754
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5.2 Annual Energy Allocations for four village (Normal Data)

10

The allocation of energy for the optimal solution for four

villages are as in Table 4 below:-

Table -4

Allocation of Energy for Four village (Normal Data)

annual Energy Consumption (KWH)

Energy
Enduse
Systems VMAge 1 2 3 4
Cooking Biogas 89, 340 1,553,412 2,26,710 1,68,520
Solar Cooker 70,000 1,45,000 2,35,000 4,70,400
imn, WOOd.S?U%gS 50,657 35,124 37,812 1,81,690
Yy
Hot Water Solar Hot Water
Panels 35,000 83,400 1,36,800 2,73,800
Wood 5Burner 1,600 - - -
Kerosene Stove - 530 - 20C
Irrigation Diesel Pumpset 8,700 7,500 42,000 66,560C
Elec- Diesel Genset 6,690 5,700 - 10, 20C
tricity
Centralised
Electricity 15,000 60,000 89,10G¢ 1,50,00¢
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5,3 Costs for four village (Normal Data)

The costs due to the optimal solution for four villages

are as in Table 5 below:

Table = 5

Costs due to Optimal Solution for four villages(Re
(Normal Data)

Villages
1 2 3 4
Costs

1 Fixed (Capital) 440540 1199860 184431¢ 3087980
Cost

2  Total Annual 153175 424259 706934 1426368
Cos’

3 2“““‘31 Variable 43549 124297 245855 654473
ost

4  Cost/KiH of 0.558 0.726  0.737 0.757

energy

The Table 6 gives the unit variable cost of supplying energy for

each end-use in each village.
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Table . 6

Unit Variable Costs (s./KWH) For Each End-use for
Four Villages (Normal Data)

\\\\\\zillage
Ende 1 2 3 4
Use \\\\\\

1 Cooking 0.084 0.208 0.243 0.367
2 Hot Water 0.015 0.005 0.200 0.001
3 Irrigaticn 1,220 1.220 1.220 1,220
4 Electricity C.650 0.370 0.260 0.341
6 Analysis of Results and Observations

In the optional solution for four villages under
exis:ing conditions (Normal Data), it was also found that tne
local Biomass resources, i.e. gobar and wood, were completely
used up (i.e, the constraint relating to these resources had
no slack at optimality), except for village 1. 1In village 1,
wood constraint had slack due to the fact that in this wvillage
energy plantations are being raised and hence wood is availa-
ble in plenty. The scarcity of these local biomass resources
leads to the use of costly fuels like kerosene and diesel,
as can be seen from Table 4. The use of kerosene as can Dbe

seen from Taple 5 results in substantial increase in unitc
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variable cost of energy for villages 2,3 and 4 in comparision
with village 1 where kerosene is not used, For the same
reason unit variable cost of cooking energy for village 1 is
substantially lower than that for the other three villages.

The results with normal data thus indicate that:

(1) Local availability of biomass resources like gobar
and wood can result in substantial reduction in

energy costs to a village;

(2) wnile both gobar and wood can provide energy for
irrigation as well as electricity chrough dual-fuel
engines, their current restricted availability
1imits their use only to meet a fraction of cooking

energy needs;

(3) Use of solar energy for a part of cocking needs (througn
solar cookers) and for hot water needs (through solar
hot water panels) is found to be economical due to
their zero variable costs as well as low fixed (capital)

costs.

From these observations, it is obvious that an increase in
the availability of biomass resources can result in substan-
tial savings in the cost or energy. Hence the developmental
efforts such as energy plantations, improving gobar cullection

and promo>ting the use of alternate biomass for biogas plants
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such as agricultural waste, water hyacinth etc. deserve
consideration. Besides, the governmental assistance through
subsidies on systems utilizing local biomass resources can
also help in promoting such energy systems. To study the
impact of various developmental efforts and governmental
schemes on selection of energy systems, allocation of energy
and costs, the MILP madel is used under various assumptions
regarding the availabiilty of biomass and costs for the four

villages under consideration,

The proposals considered for the purpose of these analysis

aretl=

(1) RELAXING WOOD AVAILABILITY CONSTRAINT
This proposal is considered to study and assess the

impact of fuel plantations.

(2) RELAXING WOOD AVAILABILITY CONSTRAINT AND SUBSIDISIKG
GASIFIER BY FIFTY PERCENT
This proposal is conslidered to study and assess the
impact of partially subsidising the gasifier specifically
whether the partial subsidy can help promote the

economicil use of gasifiers or not.

(3) RELAXING GOBAR AVAIL/,BILITY CONSTRAINT
This proposal is considered to study and assess the
impact of developmental efforts for alternate biomass

resources for bicgas plants.
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The results obtained under these proposals and impact of

these proposals are discussed next.

7 Impact of Relaxing Wood Availability Constraint

The comparision of results obtained under this
proposal with the results under normal data assumption
suggest the following changes in energy system selection,

allocation of energy and costs.

7.1 Changes Observed in Energy Systems
and Energy Allocations

Comparison of optimal results under the above two

types of data assumptions yields the following:

1) For village 1, there is no change in energy systems
selection, allocation and costs when wood constraint is
relaxed since this village has large amount of wood
available even in normal conditions which was evident
from the fact that for this village there was considera-
ble slack in wood constraint at optimality in results

with normal data,

2) For other three villages, use of kerosene for cooking
and hot water demands is being replaced by wood when wood

constraint i1s relaxed.
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3) For irrigation and electricity demands even when wood
constraint i~ rulaxed there is no change in system
selection and energy allocations. The gasifier based

S
systems are not selected, even if wood(made #&s freely

available,

7.2 Cost Savings

Comparison of costs under the assumption of relaxe-
ing wood avail~ability constraint with costs under normal data

shows following cost savings as given in Table 7 below:-

Table - 7

Annual Cost Savings For each Village when Wood
Constraint is Relaxed

Village Villege Villagéth£fiage

1 2 3 4
Annual Cost "
Savings (Rs.) 0 52,226 57,434 2,57,565
8 impact of Relaxing wWood Availability Constraint and

Subsidising Sasifiers by Fifty FPercent

As compared with the results when the wood constraint
is relaxed in section 7, in addition when the gasifier is
subsidised by fifty percent, significant changes are observed

in the selection of energy systems and allocation of energy
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for irrigation and electricity needs for some villages.

8.1 Changes Observed in Energy Systems
and Energy Allocation

1) No change is obsecsved in village 1 and 2 in energy system
selection and enerqy allocation for irrigaticn demand as
irrigation demand is very low for these two villages eﬁnﬁgfgt
such low energy demands gasifier pumpsets are not cost effe-
ctive due to their higher capital (fixed) costs even when

subsidy is given to gasifier, in comparison with fixed cost

aof Aiesel pumpsets.

2) In village 3 and 4, where the irrigation demand is sub-
stantially high compared to villages 1 and 2,in che optimal
solution gasifier pumpsets are selected replacing diesel pump-
sets selected under earlier data assumption. Thus, it is
optimal to meet most of the irrigation demand by gasifier

pumpsets when gasifiers are subsidized by fifty percent.

3) In all the four villages, entire electricity demand is
being met by gasifier gensets, replecing centralized electri-
city, as well as diesel gensets used under earlier data

assumptions.

4) Thus, fifty percent subsidy on gasifier can effectively
help selection of gasifier based systems if wood is freely

avallable,
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9 Impact of Relaxing Gobar Availability Constraint

When raw material availability for the biogas plants
is unconstrained, substantial changes are observed in selection
of energy systems, allocation of energy and costs as compared

to normal data.

9.1 Changes Observed in Energy System Selection
and Energy Allocation -

The following changes are observed in comparison with normal
data: =

1) Cocking demand is met mostly through biogas, while solar
cooker and wood burner are also used to some extent. Use of

kerosene is completely eliminated.

2) For most of the hot water demand,. solar hot water péanels

are replaced by biogsas.

3) For irrigation and electricity demands, all other systems
are eliminated and conly biogas based dual-fuel engines are
used, coupled with pumps for irrigation and generator sets

for electricity.

Thus, if biomass which can be used in biogas plants is freely
available, it is optimal to supply most of the village energy

needs through biogas based systems.

9.2 Cost Savings

The comparison of costs under the assumption of free
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avallability of gobar with costs under normal data shows the
following cost savings, as given in Table-€ below:-
Table :-__g

Annual Cost Savings for Each Village when Gobar
constraint is relaxed

Village 1 2 3 4

Annual Cost

Savings (is.) 31,202 1,44,695 2,511,455 5,811,953

10 Conclusions

The results of this study suggests that decentralised
energy systems making use of locally available renewable source
of energy have a considerable potential in fulfilling a sub-
stantial amount of energy needs at village level. However,
with the present availability of local biomass resources,
decentralized systems can only meet a small fraction of energy
needs and therefore large quantities of expensive and scarce
fuels such as kerosene and diesel are needed. A clear conclu-
sion from this study is that the availability of biomass
resources at village level shrough fuel plantations Or deve-

loping alternative;gou:ces for biogas plants such as agrizultu.
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waste, water hyacinth, etc.,, can result in a significant
saving of money to a village which is otherwise spent on
expensive and nationally scarce fuels. Subsidising the
energy systems utilising local blomass resources, such as
gasifiers, can promote the ecocnomical use of such systems,
thereby saving on scsrce national resources guch as diesel
and centralized electricity., The development of biomass
resources thus have tremendous economical potential and it
deserves imnediate attention from agencies planning for
rural energy needs. Together with the developmental efforts
for ciomass resources, techrological aspects such as improve-
ments in energy systems and development of alternate energy
systems, and managerial functions like periodic planning for
growing rural energy demands and operaticnal aspects of
energy systems imanagement are alsoc other imgortant areas
desecrving attention for effectively developinyg and using
integrated rural energy systems for meeting the rural energy

needs.
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WOOD GASIFIERS

This report deals with the results of the investigations
on the development of a 3KW gasifier for running diesel as
well as petrol engines. The effort concentrates on running
both diesel and petrol engines because of the nature of
their use.

l. About 5 million diesge] engines contemplates our working
in our country. It would be possible to provide a gasi-
fier to replace about 854 of the diesel used in these
applications,

N

For all new developments where the engine has not been
installed yet, it will be beneficial to run a petrol/

kerosene engine because the cost of engines are about

same and one can replace the entire petrol by the gas

though at an expense of 304X or so of the power.

With these twin objectives in mind, development effort
of about 3 Years nas resulted in several novel concepts and
features which are different from those of the existing
systems elsewhere for this level or higher paewer., It has
also been found that many of the geometric parameters has
recommended or extraculated simply from the work in 3:=RI needs
significant changes.

The design constraints on the present gasifier are:

l. The gasifier must permit examination of its internal
elements or dis-assembling of its components with relative
ease.

2., Its production method must be such as not to mermit leakaqge
into it through handling by a men of average competence
or slight carelessness.

3. To conserve any waste energy through drying of wood chips
or other possible uses.

4. This design must be as simple as is possitcle.

5. The cost of fabrication in pProcduction must be as low as

possiple.
C.2l
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The author has bestowed one's attention to the first
4 items and the last item is being attended to presently.
It is also hoped that the first 4 items will partially look
after the last consideration., During the developments there
were 4 versions of the reactor each one attempting to improve
upon the previous or eliminate the suspected defects. In
its features, the following are the difference between the

current reactor and the previous one's. [‘Tabée Attached].

As is evident from the table, the current design has
several novel features compared to the previous one's. The
current staztus is that it 1is ready for field tests and in
about 2 months time it will be subjected to about 6 months

of field tests at UNGRA, a village adopted by the Institute.
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Others* Present Remarks

l. Throat diameter 55mm and 30mm The gas quality was very consis-

) above tent throughout the run at a flow
rate of 3,5 1ts/sec. The same
flow rate with a larger diameter
throat 35mm, generated fluctuating
gas quality. Good quality gas
contained (as measured) CO = 20x,
CO, = 114, O, = 0,64 (H, was not

measured) .

er

2., Area of amrinlet A 0,14-0,22 0.25 Initially the prototype No.3 was
nczzles m operating with an Am/Ah of 0,09,
& Area of throat oy, On changing the A.m/A.h to the higher
o value, the pressure drop decreased,
flow rate was steady and gas qua-
lity consistent.
3. Hearth load 0,4 to 0,9 1,7 The recommended hearth load i.e.

the rate of gas flew in Nm3/hr to
the smallest passage area (throat)
n cm2, for similar types of resac-
tors is between 0,4 to 0,9. The
higher value as expected caused
dusting when the throat diameter
was reduced to raise the hearth
load to 1,7. However the dust is
handled by the cooler-regenerator
system. On the other hand the
advantage is that the gas contains
negligible amounts of tar.
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3. Condensate
collector

Provided

Provided

The condensate collector is essential
for the smooth operation of the gasi-
fier. If the collector is not used,
then the start up of the reactor is
very difficult and also the gas qua-
lity is poor because of higher water
vapour content.

4, Grate

10%

Most use
shaking grate

Provision to
clear grate and
reduction zone
while in opera-
tion

If the pressure drop across the reac-
tor increases gas quality decreases,
one of the causes could be the presense
of some muck (e.a. partially charred
wood, fused ash, etc.) in the reduc-
tion zone which prevents efficient
reduction taking place. Hence a provi-
sion is necessary to clear the grate
and reduction zone to improve the gas
quality.

5. Feeding and
Sealing
system

Feeding through
a top hinged
cover and sea-
ling with a
gasket

Feeding through
a ‘top cover with
a water seal

The water seal prevents leakage and
also facilitates easy and quick load-
ing of fresh charge of wood.

6. Cooler -
Cleaner
system

Cyclone,
scrubber

Heat exchanger
and water/oil
filter

The cleaning and maintenance of cooler
cleaner system is very simple. It has
a2 low pressure drop, no packing in
cooler so clogging does not occur,
absclutely leakproof and performs all
the functions of a scrubber. 1In addi-
tion a large surface area is provided
on the heat exchanger to partially
recover heat by drying wood chips on
its sides.
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7. - Installation Vibrations found Vibrations found Vibrations force semi-charred

necessary unnecessary particles of wood to drop through
the throat into the reduction zone.
Until these pieces are consumed
the gas quality is poor. Hence
it was found that vibrations were
unnecessary for this gasifier.

*
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CMERI PROGRAM.E ON COM COMBUSTON
AND FLUIDIZED BED GASIFICATION OF
COAL

Dr, AJsBe Datta
Power Engineering Laberatery
Central Mechanical Engineering

Research Institute
Durgapur-=713209.

The recent eil crisis has led to a revaluation of coal
as a fuel and research is being pushed forward in carnection
with varieus metheds for ceoal utilisation. Direct use of ozl
gererally entails several problems. Hence without major medi-
fication of the equipments running on oil or gas, use of coal
0oil mixture (COM) and gas frem cosl may provide en alternative
source o energy. In this perspective CMERI, Durgapur has teken
up two major projectcs: (i) Cembtustion 0¥ 3CM and (ii) Fliidized
Bed Gasification of Coal, These projects cane up to match
Indie's rneed f£or wider utilisation of coal.

COAL OIL MIXTURE:

Coal o0il mixture provides an imnediate partial transi-
tion from oil to coal without major modifications of the
existing furnaces., Many countries specially U.S.A. 2ad Japen
huve already launched extensive R&D programmes for using COM
in the existing oil fired furnzces, and the results are enceura-
gings In Znlia Central Puel Research Institute, Dhanbad has
developed a process for producing stable ceal=-eil mixture.
CMERI, Durgapur kas been iavestigating its combustion chaiac-~
veristics so that necessary date cen be generated for design
informatien of COM burning equipment. Steel Authority of Indie
is asseciated with this preject for commercial applica*icns in
their furnaces. It has been identified that first commerciali-
sation of COM in furnzces will be wade in Rourkella Steel Plan+
boiler.

At the first siage the Pfeasibility of COM burning has
been studied in a foundny furnace (Fig.1). The furnace was
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originally run on medium viscous furnace oil. The necessary
minor medifications and special arrangements were incorperated
te ensure satisfactory combustion. COM containing 20% and 30%
coal has been successfully burnt in this furnace. However, this
only generated first hand knowledge on COM combustion. An
experimental furnace was necessary for detailed combustion
investigation. The experimental furnace (Fig.2) with fuel
hadling system, air handling system, instrumentation and
accesgories have been designed on the basis of experience from
feasibility studies. The furnace is about 13 f£t. long and

25 ft. in diameter, capable of burning 2530 kg. of COM per
hour. The unit have facilitiies for studing the combustieon
efficiency, flame characteristics, particulate emissions etc.
The effect of coal concentration on atomization and combustion
will also be investizated. COM containing 2C, 30, 40, 50 percent
coel has been vurnt in this fummace, Typical analysis of the
coal are given in Table-1, Detailed investigetion on COM com-
bustion parameters are in progress. Recently a 120 hours run
with 50:50 COM for erosion of burner (without firing) has been
conducted., It has been observed that minor erosion (0.25%) took
place. Detailed erosion study is in progress.

FLUIDIZED BED GASIFICATION OF COAL:

Fluidized bed gasification of coal has the potential
for providing a clean gaseous fuel for gec fired furnaces. The
fluidized bed type gasifier allows intimate mixing of solid
and gas and provides a relatively long residence time compared
to other gasificetion processes. The objective of the programme
is to study the effect of the oﬁerating parameters on the per-
formance of gasifier in order to generate engineering desizn
of the system. The effect of specific parameters namely, bed
temperature, coal grade, fluidizing velocity as also mcde of
steam injection would be investigated.

A bench scale unit capable of handling 15-20 kg. of
coal/hr. has been designed. A schematic sketch of the gasifier
unit is shown in Fig.3., The gasifying medium is steam and sair.
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The gasifier, 200mm x 200mm in cross section and 2000mm high
is made of 3mm thick mild-steel plate. A refractory lining
25mm thick is provided on the inside wall. Steam supply line
from an existing boiler has been layed. Provisions have been
kept to inject steam into the gasifier from below and above
the distributor. Over bed feeding of coal through e rotary
feeder has been arranged,

Commissioning of the gesifier was made in November 1984.
Initially undesirable clinker formation was occuring in the
bed, This difficulty was overcome by edartion of suiteble air
and steam distribution system. Typical enalysis of coal used
in this study are given in Table~2. Tlhe gas sampling and its
analysis is in progress. The gas analysed so far is poor in
quality. Its cause has been partly identified., Investigation
for improvement of gas quality is in progress. It is hoped
that the initial troubles will be overcome soon.

Table-1: TYPICAL COAL ANALYSIS FOR COM

Coal = IB River Valley.
Proximete Analysis:
Moisture = 10.4

V.NIQ - 2906
FcCo - 44-0

Keating value - 5600 kcal/kg.

Table-2: TYPICAL COAL ANATYSIS FR GASIFICATION

Ceal = Fhediyar Colliery.
Size -~ O0-3 mm.
Proximate Analysis:

Moisture - 149
Ash - 373
V.M, - 23,6
F.C. - 372

Heating value - 4780 kcal/kg.
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M. S. Mianwal

Punjab Agro-Industries Corporation Ltd.
Chandigarh, India
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PURPOSE OF PRESENTATION

TO HIGHLIGHT THE AVAIIABILITY OF AGRO-RESIDUE

IN PUNJAB

TO DESCRIBE THE  POSSIBILITIES OF ITS USE AS

THOUGHT OF BY PUNJAB AGRO INDUSTRIES

TO SEEK JOINT VENTURES/ COMMERCIAL ARRANGEMENTS

FOR INDUSTRIAL PROMOTION IN PUNJAB

TO SEEK SUPPORT FOR THE DEVELOPMENTAL

EFFORT.
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AGRO-RESIDUE/ BIO-MASS  AVAIIABILITY IN PUNJAB

TOTAL AREA FOR IAND UTILIZATION 5033000 HECT,
NEW AREA SOWN 4210000 HECT
AREA SOWN MORE THAN ONCE 2719000 HECT
TOTAL CROPPED AREA 6929000 HECT

IMPORTANT AGRO RESIDUES

TOIAL SURPLUS PADDY STRAW 5 M TONS ANNUAL

PADDY HUSK 2 M TONS

COTTON  STALKS 1 M TONS

BAGASSE 3 MILLION TONS.
(AT PRESENT BURNT
INEFFICIENTLY) .

AREA UNDER FORESTS 224000 HECTS

THUS HIGHEST PER CAPITA AGRO RESIDUE IN THE COUNTRY.
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POSSIBILITIES EXPLORED

DOWN DRAUGHT GASIFIERS FOR SHAFT POWER

FLUIDIZED BED BOILERS FOR BAGASSE BASED

CO GENERATION FORSUGAR MILLS

HIGH TEMP GASIFICATION SUCH AS PUROX

PROCESS FOx POWER/METHANOL

UPDRAUGHT GASIFIERS FOR HUSK FIRED BOILERS

POWER GENERATION FROM PADDY HUSK.

414



DOWN DRAUGHT GASIFIER MANUFACTURER BY
PUNJAB AGRO-INDUSTRIES CORPORATION

DESIGNED BY DR. PATHAK

PRICED AT RS. 10,000/~ ' (900 USS)
RATING 20-30 KVA

THROAT DIA METERS 50 MM, 62.5 MM. 75 MM
HEAT VALUE OF GAS 5.2 TO5.75 MJ/M3

COLD GAS EFFICIENCY
FORWOOD 73.2% TO 90%

FOR CROP RESIDUE 70.8% TO 77.2%

GAS COMPOSITION

H, 12 TO 15.4%
co 22 - 30%
CH, 1.15 - 1.9%
N, 7.2 TO 52,6%
COy 6.9 TO 13.1%

THROAT TEMP 1000 TO 1300°C



FLUIDISED BED BOILER BASED COGENERATION

PROJTECT TAKEN FOR SUGAR MILL OF 2000 TPD

CRUSHING CAPACITY

TOTAL COST OF PROJECT 12 CRORES
TOTAL POWER GEN = 10 MW

SURPLUS POWER AVAILABLE =5 MW
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PUROX PROCESS FOR GASIFICATION OF PADDY STRAW

THIS USES JET OF PURE OXYGEN IN UPDRAUGHT

GASIFIER TO RAISE TEMP IN COMBUSTION ZONE

TO 1500 - 1600°C

MOLTEN ASH FLOWS OUT AS SLIAG

PRODUCER GAS ANALYSIS BY VOLUME

co 45%
H, 30%
CHy 0.2 TO 5%
co, 20 TO 25%

ECONOMIC APPRAISAL

CALORIFIC VALUE OF (15% MOISTURE) STRAW
= 3145 K. CAL/KG.

ENERGY EFFICIENCY OF GASIFIER = 75TO 77.5%
ENERGY EFFICIENCY OF METHANOL REFORMATION = 54%

OVERALL ENERGY RECOVERY = 42%

CONTD. .
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ENERGY CONTENT OF METHANOL = 4765 K CAL/KG.

HENCE 1 KG STRAW WOULD GIVE =0.27 KG OF METHANOL

PROJECT GOST = Rs. 38 CRORES
OPERATING COST / YR = Rs. 12.1 CRORES
REVENUE = Rs. 16.22 CRORES
NET SURPLUS = Rs. 4,1 CRORES
RETURN ON EQUITY - . 33.25%

FOR POWER GENERATION

PROJECT COST = Rs, 11 CRORES
OPERATING COST = Rs. 3.51 CRORES

NET POWER TO BE DELIVERED =28620 MWH/YR,
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Indian Institute of Science
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India
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Secretary, DNES
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Department of Mechanical Engineerinc
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Engineers India, Ltd.
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General Manager, Corporate R&D
Bharat Heavy Electricals Ltd.
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Dept. of Agricultural Engineering
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Director, DNES
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Head, Agro—-Energy Research Centre
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New Delhi,
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