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UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON D C 20523 

PROJECT AUTHORIZATION
 

PAKISTAN 	 Energy Planning and
 
Development
 

Project No. 391-0478
 

1. 	Pursuant to Section 531 of the Foreign Assistance Act of
 
1961, as amended (the Act), I hereby authorize the Energy
 
Planning and Development Project for the Islamic Republic of
 
Pakistan (Cooperating Country) involving planned obligations
 
of not to exceed Thirty Million United States Dollars
 
($30,000,000) in grant funds over a four (4) year period
 
from the date of authorization, subject to the availability
 
of funds in accordance with vhe A.I.D. OYB/allctmnent nrocess,
 
to help in financing foreign exchange and local currency costs
 
for the project. The planned life of the project is five
 
years from the date of initial obligation.
 

2. The project is designed to increase Pakistan's energy
 
self-sufficiency by assisting the Cooperating Country to
 
formulate and implement plans and programs to apess, develop
 
and use indigenous energy resources and to increase the
 
efficiency of energy use. This will be accomplished by,
 
among other things, strengthening the capability of the
 
Cooperating Country to: (a) undertake effective integrated
 
and sectoral analyses of energy development strategies in
 
order to support financially sound energy policy and develop
ment planning; (b) develop programs in coal assessment,
 
mining, and utilization; and, (c) adopt energy conservation
 
and renewable energy technologies.
 

3. The Project Agreement(s) which may be negotiated and
 
executed by the officer(s) to whom 3uch authority is
 
delegated in accordance with A.I.D. regulations and
 
Delegations of Authority shall be subject to the following
 
essential terms and covenants and major conditions,
 
together with such other terms and conditions as A.I.D,
 
may deem appropriate.
 

a. 	Source and Origin of Commodities and Nationality of
 
Services
 

Commodities financed by A.I.D. under this project
 
shall have their source and origin in the Cooperating Country
 
or in the United States, except as A.I.D. may otherwise
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agree in writing. Except for ocean shipping, the suppliers
 
of commodities or services shall have the Cooperating Country
 
or the United States as their place of nationality, except
 
as A.ID. may otherwise agree in writing. Ocean shipping
 
financed by A.I.D. under the project shall, except as A.I.D.
 
may otherwise agree in writing, be financed only on flag
 
vessels of the United States or the Cooperating Country.
 

b. Condition Precedent to the Selected Disbursement
 
6fFuds under the Enerqy Analysis and Manpower 
Developent Component
 

Except as A.I.D. may otherwise agree in writing,
 
prior to the disbursement of funds under this project, or
 
to the issuance by A.I.D. of documentation pursuant to which
 
such disbursement will be made, for the long-term general
 
technical assistance contract, participant training and
 
special studies under the energy analysis and manpower
 
development component of this project, the Cooperating
 
Country, acting through its Planning and Development
 
Division, Ministry of Planning and Development, shall
 
'furnish to A.I.D., in form and substance satisfactory to
 
A.I.D., documentary evidence that:
 

i. an administrative unit within the Planning
 
and Development Division has been authrrized and established
 
to assume responsibility for ener-, analysis and manpower
 
development activities and is being organized, staffed,
 
and equipped; and,
 

ii. a Participating Agency Project Implementation
 
Coordinating Committee has been authorized and established,
 
its duties and responsibilities have been defined, and the
 
Committee is being organized, staffed, and equipped.
 

c. 	Condition Precedent to the Selected Disbursement
 
5 Activities under the Coal Mine and
 

ol-Fired Power Generation Deve .o2ent Sub
Com2onent of the Coal Resource Assessmrent and 
Development Component 

Except as A.I.D. may otherwise agree in writing,
 
prior to the disbursement of funds under this project, or
 
to the issuance by A.I.D. of documentation pursuant to which
 
disbursement will be made, for the coal mine and coal-

fired power generation development technical assistance
 
contract under the coal resource assessment and development
 
component of this project, the Cooperating Country, acting
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through its Planning and Development Division, Ministry of
 
Planning and Development, shall furnish to A.I.D., in form
 
and substance satisfactory to A.I.D., documentary evidence that:
 

i. a Coal Projects Department has been authorized
 
and established to promote, plan, and manage the development
 
and implementation of coal mine and coal-fired power
 
generation projects within WAPDA and adequate funds have
 
been made available for its operation;
 

ii. the at-thority, duties and responsibilities of
 
the overall manager and the coal mine and power section
 
managers of the Department have been adequately defined; and,
 

iii. an adequately trained and experienced overall
 
manager of the Department has been appointed dnd persons
 
to fill the other two managerial positions have been
 
identified.
 

d. 	Condition Precedent to the Selected Disbursement
 
o-f Funds urder the Conservation and Renew-abe
 
Energy Technologies Component
 

Except as A.I.D. may otherwise agree in writing,
 
prior to the disbursement of funds under the conservation
 
and renewable energy technologies component of this project,
 
or to the issuance by A.I.D. of dociunentation pursuant to which
 
such disbursement will be made, except for vehicles end
 
household/office furniture and equipment, the Cooperating
 
Country, acting through its Directorate General for Energy
 
Resources (DGER) of the Ministry of Petroleum and Natural
 
Resources and its Planning and Development Division of the
 
Ministry of Planning and Development shall furnish to A.I.D.,
 
in form and substance sL.tisfactory to A.I.D., documentary
 
evidence that:
 

i. 	an adequately staffed administrative unit has
 
been authorized and established within the DGER to manage
 
all component activities; the authorities, duties and
 
responsibilities of the overall manager and the conservation
 
and renewable energy managers in the administrative unit
 
have been adequately defined; and, an adequately trained
 
and experienced overall manager of the administrative unit
 
has been appointed; and,
 

ii. a National Renewable Energy Activities Coordi
nating Committee has been authorized and established and
 
its duties and responsibilities as well as those of both
 
its public and private sector members have been adequately
 
defined.
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e. Covenant as to Participant Training
 

The Cooperating Country, acting through its Planning
 
and Development Division, Ministry of Planning and Develop
ment, and each of the participating agencies in the project,
 
shall make every reasonable effort to require that each
 
person trained under this project works in energy sector
 
activities in Pakistan for not less than three times the
 
length of time of his or her training program provided,
 
however, that in no event shall the individual be allowed
 
to work in energy sector activities for less than one year
 
nor be required to work in energy sector activities for more
 
than five years from the date of the individual's completion
 
of training.
 

f. Covenant as to Activity Reports
 

The Cooperating Country shall furnish to A.I.D., in
 
form and substance satisfactory to A.I.D., periodic activity
 
reports, the requirements of which shall be set forth from
 
time to time by A.I.D. in Project Implementation Letters.
 
The requirements may include', but shall not be limited to
 
providing information concerning:
 

i progress of each of the implementing agencies
 
in organization, staffing and training;
 

ii. progress of each of the long-term technical
 
assistance contractor teams with respect to meeting established
 
targets in the schedules and workplans of individual advisors;
 
effecting commodity procurements; scheduling, implementing
 
and evaluating training programs and demonstxations; and,
 
preparing required reports and other project dociuments; and,
 

iii. a combined summary report for the entire project.
 

g. Covenant as to External Evaluation
 

The Cooperating Country shall participate in periodic
 
external project evaluations by assigning senior representatives
 
of participating ministries and agencies to joint A.I.D.
Cooperating Country Evaluation Teams. Participants in project
 
evaluations are to be individuals who are familiar with the
 
project but who are not directly involved in its implement
ation.
 

4. Based upon the jastification set forth in Annex F of the
 
Project Paper, I hereby
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(a) find that special circumstances exist to waive,
 
and do hereby waive, the requirements of Section 636(i) of
 
the Act;
 

(b) approve a source/origin/nationality waiver from
 
Code 000 (U.S. only) to Code 935 (Free World) to permit the
 
procurement of ten (10) right-hand drive vehicles; and
 

(c) certify that the exclusion of procurement of
 
these vehicles from Free World countries other than the
 
Cooperating Country and countries included in Code 941
 
would seriously impede attainment of foreign policy
 
objectives and the objectives of the foreign assistance
 
program.
 

Signature___ _ __
 
M. Peter McPherson
 

Administrator
 

Clearance: Date Initial 

Charles W. Greenleaf, AA/ASIk 
John R. Bolton, AA/PPC 
Richard A. Derham, GC 

X1 

GC/Asia-*STisa:hp:6/22/83
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GLOSSARY OF TERMS
 

Biogas - gas, mostly methane, produced when 
animal or other biological material 
decomposes in the absence of air. 

Biogas Digester - a mechanismby which biological material
 

is converted into biogas.
 

Biomass - any material produced by living matter.
 

Commercial Fuels - oil, gae, coal and other fuels which
 
are normally produced and marketed either
 
commeretally or by government agencies.
 
Non-commercial fuels include wood, cow
 
dung and other materialn not normally.
 
produced or sold in the marketplace.
 

Core Drill - a drill used in geological work which
 
extracts samples from coal strata as
 
the hole is drilled.
 

Firm Capacity - the sum of all generating plant capacity 
less the value for de-rating units to 
take :ito wcomt unit age, deterioratin, low 
reservoir levels, units under maintenance 
plus the amount of the largest generator

in case it might fail during operation
 
with the expectation that not more than
 
one unit not scheduled for maintenance
 
would fail at a given time.
 

Geophysical Logging- geophysical exploration using a technique
 
of electrimically measuring properties
 
such as radioactivity, density and
 
electrical resistivity.
 

Installed Capacity - the sum of all "name plate" or nominal
 
ratings of all power generating equipment
 
installed.
 

Kilowatt-Hour - a unit of en.zrgy equivalent to using
 
1000 watts of power for one hour.
 

Lignite - imperfectly formed coal often having
 
a woody texture.
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Load Shedding - the act of deliberately disconnecting 
the loads in a section of a power 
system to avoid over-loading power 
generators. 

Megawatt - one r.illin w"ztts. A watt is a unit
 
of electrical power and measures energy
 
used per unit of time.
 

Renewable Energy - solar, hydro power, b:!ogas, fuelwood and
 
other forms of tnergy continually renewed
 
by sunlight or other natural processes
 

Silicon Wafer Cells- devices made from criptailine silicon and
 
other materials which wili produce
 
electricity w&n exposed to sunlight.
 

Tons and Metric - "Tons" in thia paPer refers to short tons
 
Tons or 2003 poundu. MFetric Ton" or "in ton"
 

refers to 1000 kilograms or approximately
 
2205 pounds.
 



I. SUMMARY AND RECO1flENDATIONS 

A. Recommendations
 

1, Funding
 

USAID/Pakistan recommends that an ESF grant of
 
$30.0 million be authorized for the Energy Planning and
 
Development Project which has a Project Assistance
 
Completion Date (PACD) of July 31, 1988.
 

2. Geographic Code
 

The project authorization should specify that,
 
except as A.I.D. may otherwise agree in writing:
 

a. Goods and services financed by A.I.D. under
 
this project shall have their source and origin in countries
 
included in A.I.D. Geographic Code 000 or Pakistan; and,
 

b. Ocean shipping for all commodities) financed
 
by A.I.D. under this project shall be on flag vessels of
 
the United States or Pakistan.
 

3. Waiver
 

It is recommended that a source/origin waiver from
 
A.I.D. Geographic Code 000 to Code 935 be approved by the
 
Assistant Administrator for Asia to permit the procurement
 
of ten right-hand drive, 4-wheel drive vehicles. A copy
 
of the waiver request is included as Annex F.
 

B. Summary Project Deq]nion 

The goal of the Energy Planning and Development
 
Project is to increase Pakistan's energy self-sufficiency
 
and thereby improve the quality of life for its people.
 
The purpose of the project is to assist the Government of
 
Pakistan (GOP) to formulate and implement plans and
 
programs to assess, develop and use Pakistan's indigenous
 
energy resources and increase the efficiency of energy use,
 
This will be achieved by strengthening the capability of
 
the Government of Pakistan to: (1) undertake effective
 
integrated and sectoral analyses of energy development
 
strategies in order to support financially sound GOP energy
 
policy and development planning: (2) develop programs in
 
coal assessment, mining, and utilization; and, (3) adopt
 
energy conservation and renewable energy technologies.
 
The project is divided into three major components:
 
(1) Energy Analysis and Manpower Development; (2) Coal
 
Resource Assessment and Development; and, (3) Conservation
 
and Renewable Energy Technologies.
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The purpose of the Energy Analysis and Manpower Development
 
component is to strengthen the capability of the GOP to 
collect and analyze data on energy resources, sectnral 
demand, and economic anA social factors ao that the 
financial implications of energy development options 
can be clearly understood by policy-making bodies in 
Pakistan. Technical assisance,training and comodities 
will be provided to the GOP Planiing "4 -c-at DiviaLe in the 
Ministry of Planning and Development to support the 
development and management of an Energy Data System, the 
development of an Energy Analyais Group (EAC), and the 
implementation of a sokies of special energy studies and 
of a manpower assesument and dteveLopmment program. 
Assistance will be provided to enable the Energy Analysia 
Group to undertake integrated analyses in support of the, 
GOP's annual, five-year and long-term planning cyc!hs and 
to provide informration requixed for invet ment p lannJnM 
and manpower development in the energy sector. 

The Coal Resource Asemrit and ;)wlqprt r-mt will aqrt 
GOP and private sector efforts to develop Pakistan's coal 
resources as an alternative to natural gas. imported oil 
and firewood. Under this component, technical a&siatance, 
training, and comodities will be provided to aa sZt the 
GOP to assess and plan for the development of natn.onal 
coal reserves, prepare for the implementation of the country's 
first large scale coal mine and power generation project 
(Lakhra), define the private sector's role in coal mining, 
and introduce processed coal briquettes as an alternative 
to increasingly scarce and expensive fuelwood. A substantial 
amount of training of Pakistani professional personnel 
both on-the-job and in the U.S. end third countries is 
included under all three sub-components described below. 

Assessment of coal reserves will be done by the Geological
 
Survey of Pakistan (GSP) with the aosistance of the U.S.
 
Geological Survey (USGS). Activities under this sub-component
 
will include coal exploratory drilling, coal enalysis and
 
testing, data management and geological studies.
 

A high priority of the GOP as expressed in its Sixth Five-Year 
Plan is to substantially increase the use of indigenous 
coal by constructing a 300 MW.coal-fired power generation 
station and developing a mine at Lakhra to provide the 
coal. This A.I.D. project will assist the Water and Power 
Development Authority (WAPDA) to undertake final exploratory 
and survey work at the Lakhra deposit so that engineering work, 
procurement and constnizction can proceed rapidly as soon 
as capital financing is available. A.I.D. may also finance, 
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through an amendment to this project in FY 1984, the front-
end engineering work for the mine and power station,depending
 
on the outcome of the additional feasibillty work and the
 
GOP's progress in securing financing from other donors
 
for the construction phase of the Lakhra Project. A.U.S..
 
Consulting Engineering firm wi'l assist WAPDA and the
 
Pakistan Mineral Development Corporation (PMDC) in this
 
work and will also assist in undertaking mine technology
 
demonstration for the private sector.
 

A third important area of development for Pakistan'3 coal
 
industry is the introduction of the use of processed coal
 
for household use as a substitute for firewood. Under
 
this project, a market survey and tests will be conducted,
 
a pilot coal briquetting plant will be built, and a
 
marketing system will be established to sell the briqiettes
 
to selected markets.
 

The Conservation and Renewable Energy Technologies component
 
consists of two sub-components: an energy conservation
 
program to increase the efficiency of industrial energy
 
use; and, a program to ansess and develop renewable energy
 
technologies. Energy conservation is the most promising
 
option available to Pakistan to deal with its near-term
 
energy supply and demand iLubalance. This project sub
component, which will be based on extensive U.S. experience
 
in this field, will include the following activities: energy
 
audits of specific industrial plants, industrial energy
 
use data systems, training, and domonstrations. The overall
 
objective is to develop a national industrial energy
 
conservation program.
 

Under this project sub-component, U.S. technical advisors
 
will work with GOP and private sector counterparts to
 
identify industrial sectors and specific f&cilities within
 
those sectors for the energy audit program. All audits
 
will be undertaken jointly by U.S. experts and Pakistani
 
counterparts (both public and private sector) so that the
 
audit program has a strong "on-the-job" training impact.

It is anticipated that up to 40 preliminary audits and
 
20 detailed audits will be executed over a two-year period.
 
Each audit will result in a plan which can be used by plant
 
managers to design and obtain financing for low-cost
 
energy conservation measures. Funds are included to
 
implement several demonstration conservation projects.
 
Data compiled as a result of these and other energy audits
 
will be used to establish an industrial energy use data
 
system.
 

Under the renewable energy assessment and development sub
component, technical assistance, training, and demonstration
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equipment will be provided to the Directorate General
 
of Energy Resources (DGER) to develop a comprehensive
 
national renewable enecgy assessment and development
 
program which will delineate the long-term role and
 
accelerate implementation of prorising renewable energy
 
technologies. Energy needs which can be met by renewable
 
energy technologies will be identified and analyzed, and
 
the technologies which are meeting or could meet these
 
needs will be analyzed for specific applications. Pilot
 
projects will be designed and carried out to demonstrate
 
the feasibility and usefulness of the promising technologies.
 
Activities will include a residential and small cortmercial
 
energy needs survey and assessments and demonstrations of
 
a number of specific applications and technologies, including

solar heating and power, arnall hydro, energyoefficient wood
 
stoves, and other biomass technologies.
 

The proposed allocation of A.I.D. funds is as follows:
 

Project Comlponent. A.I.D.*Funding
M75n $ ilons) 

1. Energy Analysis and Manpower 5.3
 

Development
 

2. Con1 Resource Aasesamwt cnd Dimlop t 16.2 

3. Conservation and Renewable 6.1
 
Energy Technologies
 

4. Evaluation 0.4
 

5. Contingency 20 

Total 30.0
 

C. Suary Findings 

This project is ready for implementation and is
 
considered socinlly, financially, and economically sound,
 
and administrativily and technically feasible.
 

D. Pro et Checklists and Mission Difector's
 
C1ifiations 

1. The project meets all applicable statutory criteria.
 
Appropriate checklists are includdd in Annex B.
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2. Two certifications signed Dy the USAID/Pakistan 
Mission Director are Included in Annex C: (a) a FAA 611(e) 
certification which certifies that the GOP has the capability 
to implement and maintain the project; and, (b) a FAA 612(b) 
certification to permit the disbursement of dollars in 
lieu of U.S. owned rupees to finance local costs.
 

E. APAC Concerns and D!i" " "-l 

The concerns and design guidelines which were raised 
at the APAC review of the PID (See Aiunex A), and where they 
are addressed in the: Project Paper are as follows: 

1. Mission Workload
 

The APAC uas concerned with the management 
requirements to implement this project, especially given 
Mission staffing constraints, Section6 IV. S. of the 
Implementation Plan and V. B. of the Prcject Aialyses 
include a detailed description of h *w the projeC-t will 
be managed. Section IV, B., in particular, estimates the 
amount of staff time each activity will vcquire, describes 
how contractors will be utilized, and lints the options 
considered by the Mission for reducing requiredi staff 
time. 

The APAC suggested that the Misioai explore the possbility 
of implementing the project in diacrete phases beginning
 
with resource assessments, 'followed by planruing, and,
 
finally, demonstrations and const-mizcicn of e..ergy-generating 
mechanisms, with appropriate training in each phase. This 
approach will be followed under the compoent activities 
dealing with coal briquettes, cnnsartation, an! renewable 
energy technologies. (See Sections III.C.2. and III.C.3.) 

2. Administrative Arr.an ementt 

Both Sections IV.B. and V.B. describe ,.na 
administrative arrangements which have been agreed upon 
by A.I.D. and the GOP to imrlement this multi-faceted 
project. The arrangements require increased staff for 
some agencies, the establishment of new departments in 
other agencies, and the formation of two overall 
coordinating committees comprised of representatives of
 
participating ministries and agencies. Because of the
 
critical importance of these staffing and organizational
 
changes to the success of this project, the implementation
 
of these changes has been tied to specific conditions
 
precedent which will be included in the Project Agreement.
 
(See Section VI.)
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3. lenewable Eneryy Activities 

The APAC recommended that the renewable energy
 
component should promote an integrated program including
 
small hydro, biomass, and solar oDtions, and that
 
activities under this component should be concentrated
 
in the NWFP. Section III.C.3. describes a logical and
 
systematic approach to renewables which will involve an
 
energy end use survey, technology assessments of promising
 
renewable options, and a program to stimulate private
 
sector activity in this area. The project design does
 
not limit renewable activities to the NWFP as the APAC
 
suggested. New developments in both the technical
 
aspects of renewable energy systems arid in their marketing
 
are taking place throughout. Pakistan, and restricting
 
project activicy to the NWFP would limit the project's
 
ability to influence these developments or co take
 
advantage of opportunities outside the NWFP.
 

4. Coordinat.on with Other.Donors
 

Section II.F. describes other donor activity 
relevant to this project. A high level of coordination 
was rchieved during project design by frequent informal 
meetings among donors working in the energy sector. This 
informal mechanism is working well, and it is expected 
that it will continue throughout project implementation. 
A donor's coordination meeting was convened in April 1983 
at A.I.D.'s request and provided a more formal means to 
coordinate activities. At this meeting, it was agreed 
that additional meetings would be held to discuss the 
energy ec~ia of the Sixth Five-Year Plan. A Donor's 
Commitre, with sectoral sub-comittees, is also being 
considercr4 as a regular means of coordinating donor 
activities in the energy sector. 

5. Pto1ect Outputs
 

A detailed log frame in Annex Z outlines the 
nature and magnitude of the project outputs described in 
Section III.B. In addition, the project evaluation plan, 
which is described in Section IV.E., provides for the
 
collection of baseline data and the monitoring of project
 
progress throughout the life of the project.
 

6. Relationship to Mission's Energy Strateg Z 

As described in USAID/Pakistan's "Strategy 
Statement for U.S. Economic Assistance to Pakistan (FY 1983 
FY 1987)," dated January 1983, USAID/Pakistan's strategy in 
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the energy sector focuses on energy planning, supply and
 
delivery with the objectives of:
 

a. strengthening Pakistan's capability to 
undertake energy aialysiz and to improve national energy 
policy fo~itlon, n t plarnning, and decl m-
making; 

b. increasing the availability of reliable and
 
affordable energy in rural areas in ways which will 
decrease Takista's dependence on imported energy supplies
 
and increase its energy self-sufficiencyl and,
 

c. providing reascnnbly priced useable and 
reliable ergy to rural srwea for domestic useu, agri
cultural mid commercial enterprise production purposes, 
and the delivery of health, education, and other social 
services. 

As described in Section NI.H. and III.C., all proposed
 
project activitie3 are consistent with L5he Mission's energy
 
strategy and the Agency's energy policy. 

7. Technical Isues 

Specific teclmical issues raised at the APAC
 
review of the PID and where they are addressed in the
 
Project Paper are as follows:
 

a. What is the culrrent suppv and demand for 
engine af&u dinkey fteld-7 

This will be examined during project implemen
tation as part of the energy manpower assessment sub
component. (See Section III.C.l.) 

b. Is there a need for a coal analysis 
l~bo i'EVn Pakid tan? 

This question was specifically addressed by 
the project design team (see especially the consultant 
report "Coal Resources Assessment" by the US Geological 
Survey), and A.I.D.-supported improvements in this area 
are included under the coal resources assessment sub
component. (See Section III.C.2.a.) 

c., What will be the role and capabilities of 
tie US idnmenting the coal resource 
survey component? 

The USGS will be responsible for this activity
 
outside the immediate PMDC lease area to be developed for
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the Lakhra Coal Project. (See Section ITI.C.2.c.)
 

d. 	Is a coal bhlquette pi.t feasible?
 

Yes, according to project design consultants.
 
(See the conultants' report "Preliminary Study of Coal 
as 	a Domestic Fuel in Pakistan" by United Engineers and 
Sections1ll.C.2.c.and V.A.) 

e. 	 What is the notential for coal substitution 
iN -i7ndustries7 

Limitations on time and zesources precluded
 
an 	examination of this issua during project design, but 
it will be addresed ag a special study (See Section III.
 
C.2.c.) early in project implementation.
 

f. What is the potential for private business
 
-in 6niu nlihydro aW renwable 

energy tj- R&-TcF-r1 

Project design ',ork indicates that the potential 
is high (see small hydro, bolar, and biomass consultant 
reports listed in A.nuex 0), and peivate sector activity 
In this area i i a major focus of r.newable energy activities 
proposed under chio project. 

g. 	What is the osibility of idportin& several
 

2u~rpes?
 

Project design consultants rezonmeided that 
this be done (see consultaits' report on bmall hydro), and 
several units are included under the smail hydro sub
component. (See Section IIi.C.3.b.) 

8. 	 Environmaental Concerns 

What is the cnvironmental i act uf small.-scale 
hydro and what measures sW=0e takento tiate 

As discussed in the Environmental Analy~i8
 
(Section V.F.) the environmental impact of the suall
scale hydro activities proposed under this project will
 
bc insignificant. The few required preventive ccntrol
 
measures are described in the Environmental Analysis.
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F. project i _uell 

1. Given that eU inisi onsibilities have
 
re Uvary io he GOP
 

Coordination of energy planning and decision-
making haG been a major concern of the GOP since the 
1973-74 oil crisis. Recently, the GOP has taken a number 
of substantive steps to fmprtve coordination in the energy 
sector. In 1980, the COP established a high-level National 
Energy Policy Conzittee to coordinate energy policy-making, 
but the Comm.ttae meets infrequently and functions only 
in an advisory capacity. in i982, the COP contracted with 
Internaticnal Energy Development Cousultants (IEDC) to 
coordinate the energy propoeale of the various Ministries 
and to draft the energy section of the GOP's Sixth Five-
Year Plan. To drvelop che GOP's integrated energy planning 
capabilities, the draft Five-Year Plm discusses the 
establishment of an Energy Coll, an integrated energy 
analysis group, vithin the Manning a Dt\Divisin. 

The Pl&nning &udIX~aj.-t Vii &%the cmy M±1*teria1 agaey 411 
regards the energy nector in its entirety rather than
 
from the perspective of any one energy supply or energy
 
constuaing Ministry. In dLscusnions with th- Mission, 
senior officials of th FL4m Dmarelommt Diviaim aid the Ecadic 
Affairs Division have stated that the Plair and Devmio t Division 
will be the lced agency for this Project and that it 
will assume a strong coordinating role. This position
and the Planning =4 at.%I rnm Division's ment acta leadthe 
Mission to expect that the Division will continue to 
strengthen its integrated energy planning role.
 

2. At.resomt the GOP has no specific programs in 
~1ac to en!vate sector activity in the 
ctaa u -t or n renewable energy. Will this 
proeZH.-e a.Le 6; eve its state o'ective0l!: a~sSin to 'mobilize _the priate76 

sectot a tnese
 

The Mission has had a number of discussions with 
private mine owmers, and they are understandably enthusiastic 
about the possibility of an expanded market for coal in 
Pakistan. Private mine owners state that what is needed 
to expand private sector activity in coal mining is for 
the power industry to offer long-term contracts to purchase 
coal. This would lead to private investment in mining
and a more positive reaction from the financial community.
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Mine owners consistently point to governmental barriers,
 
such as the lack of long-term leases, and it is proposed
 
that an examination of such barriers be a subject for
 
early project activity. Similar barriers exist in the
 
renewables area. For example, the GOP indirectly
 
discourages private biogas companies by subsidizing
 
government installed units. Positive steps to encourage
 
the private sector's involvement in the renewables area
 
will also be examined. Once private sector capabilities
 
in these areas are assessed during project implementation,
 
individual activities will be designed and implemented.
 

3. Will the GOP be able td Attract sufficient
 
'inancing 	to deVeido the Lakhra power plant
 
and its adsoiated mies7
 

The Lakhra project is a first step in a major
 
expansion of domestic coal resources. The use of domestic
 
energy resources other than oil and gas was recommended
 
by the World Bank and the ADB and will substantially
 
improve Pakistan's balance of payments by reducing the
 
overall size of its oil import bill. The economic analysis
 
presented in the Lakhra groj.pct review and summetized in
 
the Executive Summary (Annex K) documents the over
whelmingly positive impact of using Lakhra coal in
 
comparison with imported fuel oil and the foreign exchange
 
savings when compared with imported coal. The World Bank
 
is planning to finance a significant portion of the next
 
thermal generation project in Pakistan. The GOP has
 
designated Lakhra as this next project. Informal
 
discussions with the ADB and others indicate that co
financing will be available to provide the remainder of
 
foreign exchange requirements of the project. AoI.D. also
 
proposes to finance under this project further feasibility
 
investigations as may be required by prospective financial
 
agencies for the Lakhra Project. This and other preparatory
 
work which will be financed by A.I.D. should facilitate
 
expeditious project appraisal by financial organizations.
 

4. Given that both the Directorate General for
 
Energy Resources (DER)within the Ministry
 
oF-Petroleum and Natural Resources and the
 
Ministry for Science and TechnoloRy have programs
 
I- renewable technOlies. how will the pro ect
 
ensure that the activities within each Ministry
 
complement rather than dutnIiate each other?
 

While some confusion ha- occurred in the past
 
over the respective roles of each Ministry in the area of
 
renewable energy, the GOP has recently assigned to DGER
 
the responsibilities for "energy policy and development
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of rcnewablu scarces of energy" and to Science and Technology 
the responsibility for "applied research" in this area.
 
The two Ministries have cooperated on a renewable energy
 
conference and other activities, and it is expected that
 
the coordinating mechanism designed into the project (see
 
Section IV.B.2.) will ensure the integration and 
complementarity of project activities in this area.
 

5. Given the pragent-oil _Ixt 'and the drovin 
world o will -it be-dnoia togt.rce 

Most petroleum analysts believe that the current 
drop in world oil prices is a temporazy decline and that 
over the long-term, petroletum prices will rise. While the 
world's number of industries and their use of petroleum 
continue to increase, reserves of oil continue to decline. 
As more oil is used, new oil I.s becoming more expensive 
to locate and exploit. Furtheamore, even at $25 per 
barrel, the generation of power with imported oil costs 
more than with domestic coal. (See Section V.C., Economic 
Analysis.) For these reasons, an indigenous coal-fired 
power plant constitutes a sound i.nvestment for Pakistan's 
power sector. 

6. Given the current ioV rce of natural gas in
 
PTsi' are the s comonents on coal 
and energy 'congetltAtion'ecOn~~a~ Viable?7 

The price of natural gas in Pakistan has been
 
increasing substantially. In January 1982, the Government
 
announced ai increase of approximately 20 percent in average
 
gas prices, and the Government plans to phase in additional
 
increases such that by 1987, the average price of
 
natural gas to consumers will be two-thirds of the value
 
of equivalent energy derived from fuel oil. In light
 
of this price increase, Pakistan's coal and energy
 
conservation options will become irery attractive
 
economically. (See Section II., Background, and Section
 
V.C., Economic Analysis.)
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II. BACKGROUND
 

A. USG - GOP Negotiations
 

The United States and Pakistan are embarked in a renewed
 
and strengthened effort to increase their economic and
 
development cooperation. This effort was marked by high
 
level U.S.-GOP consultations in 1981 which culminated in thp
 
negotiation of a $3.2 billion package of military and economic
 
assistance which the U.S. will seek to provide to Pakistan
 
between FY 1982 and FY 1987.
 

The economic assistance component was designed not only to
 
maximize its development impact but also to produce as favorable
 
balance of payments effects as possible. The US. Economic
 
Assistance Negotiating Team, headed by the A.I.D. Administrator,
 
visited Pakistan in August 1981 to discuss the details of the
 
economic portion of the military/economic package with the
 
Government of Pakistan. These negotiations were successfully
 
completed, and agreement was reached on the FY 1982 through
 
FY 1987 period.
 

The assistance package is one of the strategic elements of the
 
renewed and expanded USG-GOP relationship. It is one of the
 
instrnnants required to achieve the U.S. and GOP's mutual
 
goals with respect to security and economic development. The
 
assistance package is seen as an indispensable contribution
 
to the shaping and implemcntation of a new U.S.-Pakistan
 
relationship and to the critical role in the region which
 
the U.S. Government seeks to assist Pakistan to play. The
 
military-,security-politicai position of Pakistan, including
 
the burden of a massive refugee influx, accentuates the
 
development problem to which the proposed U.S. economic
 
assistance package respond6.
 

It was in this .:ontext that A.I.D. agreed to allocate $200
 
million to support energy sector activities in Pakistan. At
 
that point, precisely how these funds were to be allocated
 
had not been determined. The Mission subsequently held
 
discussions with GOP officials which resulted in the following
 
provisional allocations: $155 million for a Rural Electrification
 
Project; $25 rillion for a Forestry Planning and Development
 
Project; and $20 million for an Energy Planning and Development
 
Project. During project development, funding for the Energy
 
Planning and Development Project was increased 4o 0 million.
 

B. Economic Setting
 

Pakistan is a poor country, both in terms of per capita
 
income (e-timated at U.S.$300 per year) and in terms of per
 
capita consumption of commercial energy (under six million
 
Btu per capita, which is less than one half the level of
 
other "low income" Asian and Pacific countries). During the
 



first half of the 1970's, the Government tried to solve
 
the country's socio-economic problems by investing in
 
public sector enterprises and nationalizing key parts of
 
the private sector. Pakistan tried to address its balance of
 
payments problems, exacerbated by the dramatic rise in oil
 
prices after 1973 and deteriorating world prices for
 
agricultural exports, by a regimen of quantitative restrictions
 
of exports and foreign exchange controls.
 

Pakistan's one quickly exploitable indigenous energy source,
 
gas, was developed rapidly, and consumption was encouraged
 
by low gas prices. Coupled with the demand for ga as a fuel
 
was the demand for gas as a feedstock as the Government
 
undertook a program to achieve self-sufficiency in petro
chemical fertilizers. The economy developed energy-intensive

activities despite a need to import petroleum. During the
 
period 1972-1977, the nation's real ottput grew at a
 
respectable 4.9 percent &nnually, but this was nearly offset by a
 
3 percent annual population growth,
 

Since 1977, tae new Government has altered this economic
 
policy. Public sector expansion is being limited, and the
 
private sector is being encouraged to expand, accommodating
 
foreign as well as domestic private investors. International
 
trade restrictions are being replaced with customs tariffs
 
intended to encourage only those import competitive industries
 
that are economically efficient. The Goveniment's programs

since 1977 have helped the annual growth of Gross Domestic
 
Product (GDP) to rise to as high as 7.3 percent annually.
 

During PFY 1981, agriculture expanded by 4.4 percent.
 
Pakistan's farm sector employs roughly one-half of the
 
nation's labor force and produces about 30 percent of
 
Pakistan's GDP. Real value added within the sector can be
 
expected to continue to increase. As expected, the industrial
 
sector, which in PFY 1981 produced 18 percent of CDP, is
 
growing more rapidly than the economy as a whole. The annual
 
rate of increase in industrial production now exceeds 9 percent
 
and is projected to establish a rate over the next decade
 
of at least 10 percent.
 

Pakistan's Fifth Five-Yiar Plan, covering the period PFY
 
1977-1983, set its annual growth goal for GDP at 7.5 percent.

The estimated actual rate for the first four years of the
 
plan period was 6.2 percent, somewhat lower than planned but
 
satisfactory, nevertheless. Under the GOP's Sixth Five-Year
 
Plan, covering PFY 1984-1988, which is in the final stages
 
of preparation, the GOP's reported plans include 5 percent
 
and 10 percent growth rates for agriculture and manufacturing,

respectively, and a 6.5 percent annual increase in GDP. These
 
targets are generally less ambitious than those in the
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current Fifth Plan, but they are still higher than those
 
the nation has thus far managed to attain.
 

These planned growth targets will, without remedial action,
 
be difficult to attain, not only because of energy supply
 
ehortages but also because of the lack of development capital
 
duz to high oil import costs. In PFY 1981, Pakistan's net
 
imports of petroleum (crude oil plus product imports minus
 
product exports) reached $1.4 billion and accounted for one-

quarter of the :ation's total import bill. To the extent that
 
international financing must be used to pay for imported oil,
 
investment (and probably consumpticn as well) is restrained.
 
It is highly evident that finding acceptable substitutes
 
for cil imports is a priority of energy planning in Pakistan.
 

The need for economical management and conservation of the
 
nation's energy resources haB become an acknowledged
 
Government objective. Nevertheless, it is recognized that,
 
for the foreseeable future, Pakistan will remain a net
 
importer of energy and that petroleum imports will remain the
 
major single cause of a continuing deficit in the balance of
 
payments.
 

C. Institutional SettLna
 

1. Public Sector
 

Pakistan has a national c4. -.'pvent planning system
 
under which 5-year plans, sectoral plans and annual development
 
plans are prepared as a basis for resource allocation decisions.
 
The Executive Con='-ttee of the National Economic Council(ECNEC),
 
which is chaired by the President of Pakistan, is the highest
 
economic de.ision-making body and approves the various plans.
 
The Planning and Development Division in the newly created
 
Ministry of Planning and Development prepares the plans in
 
consultation with the concerned Federal and Provincial
 
ministries.
 

The National Energy Policy Comittee (1EPC) was established
 
in 1975 as the senior policy-making body for energy, except
 
for nuclear which is under the National Atomic Energy Council.
 
The Minister of Finance and Economic Affairs is the Chairman
 
of the NEPC and the Minister for Petroleum and Natural
 
Resources is the alternate Chairman. The NEPC also includes
 
representatives from the Ministries of Water and Power,
 
Agriculture, Industry, Production, and ?lanning and Development.
 

The Ministry of Petroleum and Natural Resources oversees
 
exploration and production of oil, gas and coal as well as
 
energy conservation and renewable energy. Operational
 
organizations under the Ministry include the Oil and Gas
 
Development Corporation, the Pakistan Mineral Development
 
Corporation and the Geological Survey of Pakistan. The
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Ministry of Water and Power oversees the production, 
transmission, and distribution of electricity. The Water 
and Power Development Authority, a Federal agency, and the 
Karachi Electric Supnly Corporation, a wixed public and 
private stock company, are the main generation, transmission, 
and distribution organizations under the Ministry. The 
Ministry of Production manages nationalized companies, 
including several refineries and petrochemical faciloties. 
Federal programs dealing with prlvate companies fall under 
the 'Ministryof Industry. Thle Department of Forestry is 
located within the 1M1niatry of AS!:iculture and in involved 
in fuelwooAv issues although foreetry is primarily a provincial
responvibility. 

The Ministry of Science and Technol ogv although aot a formal 
member of t:ne NEPC, ia .nvaivad in laboratory and field 
research on eoal briquetting and renevable energy technologies,
particularly aolar, biogas, and micro-hydro. T'he -wo principal
research organizations under the Ministry are the Pakistan 
Co.mcil for Scientific and Induwtriel Research (PCSIR) and 
the Appropriate Technology Development Organization (ATDO).
These or:ganiiations sponsot research work at the engineering 
universities in Peshawar, Lahore and Karachi. The Ministry
has recently established a Silicon Research Institute that 
is conducting research on silicon wafer cells for solar 
photovoltaic system . 

2. Private Sector
 

'Tihe private sector has a substantial involvement in
 
the production of oil, gas, and coal in Pakistan. Burmah Oil
 
has a 70 percent interest in the main Sui gas field. Attock
 
Oil of the U.K. ,ond AMOCO are partners with the 01 and Gas
 
Development Corporation (OGDC) in Meyal, the major oil
 
producing field. Occidental Oil, Shell, British Petroleum
 
and other companies are exploring for oil in Pakistan under
 
concessional contracts. Union Texas has made a ccrnarcial
 
oil discovery, and OGDC has rights to take an equity interest
 
in its development. Attock, Caltex and Burmah/Shell have
 
investments in two petroleum refineries.
 

Eighty percent of Pakistan's coal production comes from over
 
2,000 small privately-owned mines. Power generation is
 
primarily in the public sector, although the KESC (which

produces power for Karachi) is a mixed public and private
 
stock company. A number of private manufacturers and
 
distributors of solar and biogas systems has emerged in
 
the past several years.
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D. Overview of the Energy Sector
 

Pakistan hag a rather varied mix of commercial energy
 
sources including oil, gao, hydro-electric, coal, and
 
uranium. In addition, almost 40 percent of the country's energy
 
needs are satisfied by non-cor=mercial bicmasa fuels such
 
as firewood, straw, and cow dung. Most areas of Pakistan
 
have very high solar radiation levels, and substantial
 
small-scale hydro potential exists in mountainous regions
 
of the north. These and other renewable energy forms
 
could play a significant role in the future for such
 
diverse functions as rural power needs, irrigation
 
pumping, crop drying, and process heating.
 

Despite internal production of both natural gas and oil,
 
Pakistan is still one of the more seriously affected of
 
the oil importing developing countries. Due to the sharp
 
rise in world oi prices coupled with a relatively high
 
economic growth rate, the coat of oil iapcrts ties risen 
from $50 million in 1972 to about n1,500 million in 1981.
 
Total consumption of commercial fuel in 1981 was about 528
 
trillion Btu (90 million barrels equivalent) which is
 
about 1 barrel of oil per capita. This consi,,ztion level
 
is about one tenth the world average and is even low by
 
developing country standards.
 

The need for rapid economic development to improve living 
standardd, combined with a 3 percent am& l pcpualtiom grwdi rate 
are cre:,..t,.=g an energy demand which challenges Pakistan's 
physical and financial resources. However, the country 
has sufficient resources of coal, gas, oil, hydropower, 
and renewables such that carefully planned and energy-
efficient development could proceed without resorting to 
massive increases in oil imports. 

1. Energ- Su2ppl
 

Crartercial fuels now comprise about 60 percent
 
of total fuel consumption, with traditional fuels (firewood,
 
dung, stra,) making up the remainder. Within the commercial
 
sectors, natural gas is the dominant fuel with 52 percent
 
of the total and petroleum 35 percent. Only 11 percent of
 
this petroleum is produced domestically. Over the last
 
5 years, the annual growth in petroleum consumption has
 
averaged cnly about 5 percent. The growth in natural gas
 
production, :however, has averaged over 10 percent during
 
this period with annual increases in excess of 20 percent
 
occtrring in 1979-80. This very rapid growth rate
 
reflects, in large part, the very low prices for natural
 
gas (less than 30 percent that of petroleum) which have
 
accelerated its use in industry and power generation.
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The role of coal in the supply mix is currently very modest,
 
providing only 5% of the commercial energy used. This low
 
usage of coal reflects, in part, the recent availability of
 
cheap gas which re3ulted in the conversion of many industrial
 
and power systems from coal (or oil) to gas. Coal reserves
 
are, however, large (probably in excess of 1 billion tons)
 
compared to those of other domestic resources, and they are
 
expected to be put to increased use in the future.
 

a., Petroleum
 

Proven reserves of oil in Pakistan are very
 
modest and are estimated by the Oil and Gas Development Cor
poration to be between 80 and 95 million barrels, with present
 
annual production of about 3 million barrels. Total petroleum
 
consumption is about 30 million barrels annually so that these
 
reaerves are equal to only about 3 years' use at present rates.
 
The demand for fuel oil has been decretiLing over the last 10
 
years (primarily due to replacement by lower cost natural gas)
 
while that for distillates has been increasing modestly. This
 
has led to fundamental imbalances between the mix of domestic
 
refinery output and the struc&ure of product demand. The GOP
 
has recently decided to invest in a hydrocracker unit to con
vert fuel oil to gasoline or other middle distillates so that
 
net fuel oil output will decline.
 

b. Natural Gas
 

Total proven reserves of natural gas are about
 
13 trillion cubic feet (TCF) with 45 percent of this at the
 
large Sul gas field. The rapid increase in the consumption
 
of natural gas has resulted in both distribution system and
 
field reservoir limitations which make it difficult to in
crease significantly supplies of natural gas in some areas,
 
particularly during the winter months. The proven reserves
 
of natural gas are only sufficient for 20-25 years, assuming
 
gas consumption increases by 7-8% per annum over the next
 
10 years.
 

c. Coal 

Pakistan currently produces between 1.8 million
 
and 2.4 million tons of coal per year. Over 80% of this
 
production is from about 2,000 small, private sector mines.
 
The remaining coal is produced by 3 mines operated by the
 
Pakistan Mineral Development Corporation, Coal production
 
has been relatively constant for over 5 years with over 90%
 
of production used by brick kilns. Coal mining in Pakistan
 
uses only the most rudimentary mining techniques. Studies
 
conducted during project design indicate, however, that it
 
is feasible to increase current production levels by a factor
 
of three or more within the next ten years.
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Government estimates of coal reserves are about 500-600
 
million tons. Investigations during project design suggest
 
that this estimate is conservative and that additional
 
exploration would probably confirm coal. reserves in excess
 
of between one and two billion tona. Until now, there has
 
been veryv little incentive to confirm these additional coal
 
reserves die to the limited use of coal in the country.
 
The very low and stagnant use of coal is due, In part, to
 
its low quality and to the availability of low cost gas.
 
Most of the coals are poor quality lignite or sub-bitu
minous with very limited coking potential. They usually
 
have very high (4%-6%) sulfur content, low heating value
 
(average 8,500 Btu/1b), and high ish content which complicate
 
their use in large scale power or industrial applications.
 
However, recent independent feasibility studies by both
 
Japanese and United States experts on using coal from Lakhra
 
in 300-600 MW power systems indicate that properly designed
 
facilities can economically use Pakistani coal when compared
 
to thermal plants using other fossil fuels priced at inter
national standards.
 

d. Power Sector
 

Of the 3,900 MW of effective installed capacity
 
in July 1982, about half is hydro-electric and half is by
 
thermal systems. Because Pakistan's rivers are largely fed
 
by glacier melt, the hydel capacity in the winter months
 
diminishes to only one-third of its rated capacity. Roughly
 
28% of rated thermal capacity is by gas turbine, 67% by steam
 
planta, less than 1% by a single coal-fired (15MW) plant in
 
Quetta, and 5% by a 125 MW nuclear plant in Karachi. Total
 
output of electricity was about 16 billion kilowatt-hours
 
in 1981 and is growing at about 8.5% per year.
 

The government has actively pursued a policy of converting
 
oil-fired facilities to gas operation. As a result, over
 
90% of all thermal power generation is now by natural gas.
 
Further expansion of thermal power by natural gas will be
 
constrained, however, by the limited availability of this
 
resource.
 

GOP plans call for the further expansion of capacity to over
 
15,000 MW by the mid-1990's and to over 25,000 MW by the
 
year 2000. These plans include a nuclear power plant (900MW)
 
at Chashma by 1990 (and 2 more by the year 2000) and the use
 
.of coal at Lakhra (600 MW) by 1987 to be expanded rapidly
 
thereafter. Most of the planned expansion in thermal capacity
 
to the year 1990 is to be fueled by natural gas or fuel oil.
 
The shortage of natural gas coupled with the recently recog
nized ability to burn indigenous coal will undoubtedly cause
 
a review of thermal power expansion plans.
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e. Traditional Fuels
 

Traditional fuels still satisfy about 40% of
 
the fuel needs of the country and are the major eaergy
 
sources for cooking in rural areas. Firewood accounts for
 
about 50% of biomass fuel use, and :onsumption is estimated
 
at over 10 million tons annually (roughly equivalent to 22
 
million barrels of oil). A modest percientage (3%) of the
 
firewood is used in the commercial sector (for example,
 
tobacco curing and bakeries) and is sold as a :ommercial
 
fuel. The increasing use of firewood is contributing to
 
severe deforestation in some areas, leading to soil erosion
 
and siltation of rivers which could limit the life of costly
 
hydro-electric facilities. Dung cakes are also a major
 
source of biomass fuel and, in some areas, are being sold
 
on a limited basis as a commercial fuel. The use of dung
 
as a fuel is, however, depriving the soil of needed enrich
ment which could have a long-term negative impact on agricul
tural productivity. Partly to alleviate this problem,
 
several organizations have initiated efforts to develop bio
gas plants to more effectively use the cattle dung resources.
 
Over 1,500 family-sized units have been installed to date,
 
and up to 5,000 units are planned by 1985. Worldwide, however,
 
biogas generators have proved to be of little value in solving
 
the problems of residential fuel supply.
 

Studies undertaken during project design indicate that the
 
supplies of traditional fuels will be difficult to maintain,
 
let alone to increase, in order to handle the effects of a
 
3% annual population growth and an increafie in per capita
 
income. This could place even greater demands on commercial
 
fuels. The substitution of coal briquettes for wood and
 
dung and the increased supply of fuelwood, which are contemp
lated under this project and the proposed FY 1983 A.I.D.
financed Forestry Planning and Develcpment Project, respec
tively, are intended to assist the GOP in addressing this
 
critically important problem.
 

f. Solar and Wind
 

Currently, neither solar nor wind energy resources
 
are used to any significant extent anywhere in the world
 
including Pakistan. The availability of solar energy is very
 
high,especially in such areas as Baluchistan. In addition,
 
there is a great deal of interest in using solar energy to
 
provide power in rural areas. To this end, Pakistan has
 
already installed a 5 KW demonstration solar village, and as
 
many as 100 additional field tests with power outputs in the
 
5-50 KW range are in the planning stage. Other potential

solar applications include solar hotwater for domestic and
 
commercial uses, industrial process heating, crop drying,
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and passive solar heating in more northern areas with large
 
space heating loads.
 

Wind data are sparse, but most locations in Pakistan are not
 
suitable for wind energy technologies. Some favorable wind
 
sites may exist along the coast and in valleys throughout
 
the mountainous areas of the country. While small-scale
 
wind pumping may be feasible in these areas, wind systems
 
are not likely to play a significant role in the future
 
national development of Pakistan's energy resources.
 

2. 	Energy Demand
 

Table I summarizes commercial energy consumption by
 
sector in Pakistan. Important points to note regarding
 
energy use patterns within each of the consuming sectors are
 
as follows:
 

Table .
 

ENERGY CONSUMPTION BY SECTOR, 1981
 

Sector Energy Use - % of Total
 
... (Trillion Btu's)
 

Industrial 	 259 49.1
 

Residential (Household) 71 	 13.4
 

Commercial 	 18 3.4
 

Agricultural 	 32 6.1
 

Transportation 	 113 21.4
 

Other 	 35 6.6
 

TOTAL 528 	 100.0
 

Source: 	Energy Yearbook, 1981 and A.I.D. project design team
 
analysis.
 

a/ 	This column distributes electricity use among the various
 
consuming sectors.
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a. Industry is the largest consumer of commercial
 
energy and directly uses over 30% of gao and oil. Also,
 
over 40% of the electric power is used by the industrial
 
sector so that the combination of direct and indirect use
 
of fossil fuels in industry approaches 50%. By far, the
 
two largest energy-consuming industries are fertilizer and
 
cement which use 25% and 10%, respectively, of all the
 
natural gas. Other major energy-using industries are tex
tiles, sugar, ceramics, steel fabrication, and brick-making.
 
The latter activity is fueled primarily by coal and uses
 
over 90% of total coal output. To reduce energy use in.
 
industry, the GOP is considering legislation on energy con
servation. To reduce the use of natural gas, the GOP has
 
completed studies on converting cement and large sugar
 
plants to use coal or fuel oil.
 

b. Almost all energy used in the transportation
 
sector is in the form of petroleum products. Diesel fuels
 
constitute about 62% of the total, with gasoline providing
 
about 18%.
 

c. Over 80% of all energy use in the residential
 
(household) and commercial sectors is in the form of tra
ditional fuels for cooking and for epace heating in northern
 
areas. Commercial fuel use has, however, increased by over
 
12% per year in these sectors over the last decade, further
 
indicating the large potential demand for commercial energy
 
for household use as living standards increase.
 

d. About 2% of all energy (equivalent to 2.0 million
 
barrels of oil per year) is used directly in the agricultural
 
sector, primarily in the form of diesel fuel to operate
 
engine-driven tubewells and for tractors and other farm
 
machinery. In addition, about 20% nf all the electricity
 
produced (equivalent to 4.0 million barrels of oil per year)
 
is used to operate irrigation pumps. Further planned expan
sions of electricity-driven tubewell irrigation under the
 
GOP's Rural Electrification Program could, therefore, have
 
a significant impact on the electtic system and the demand
 
for natural gas and fuel oil.
 

3. Energy Prices
 

The general policy relative to the pricing of
 
petroleum products is overall cost recovery. As suggested
 
by Table 2, however, thert is a significant amount of cross
 
subsidization between pet':oleum product prices which are
 
influenced by social and economic factors. The costs of
 
all petroleim products Vave risen dramatically over the
 
last 2 years (50-100%) as a result of government policies
 
to adjust petroleum product prices to reflect, on the average,
 
the actual cost of importing and refining crude oil.
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Table 2 

OVERVIEW OF ENERGY PRICES IN PAKISTAN, 1981 

NORMAL UNITS $/MBtu 

NATURAL GAS 

Residential (Household) 12.60 Rs/MCF 1.00 

General Industry 10.90 Rs/MCF 0.87 

Cement, Fertilizer, & Power 7.00 Rs/MCF 0.60 

PETROLEM! PRODUCTS 

Kerosene 2.75 Re/liter 6.15 

Gasoline (Regular) 5.00 Rs/liter 11.10 

Diesel Fuel 3.05 Rs/liter 6.80. 

Fuel Oil 1.32 Rs/liter 2.95 

ELECTRICITY 

Residential (Household) 0.34-0.70 Rs/kwh 8.20-17.50 

Industrial 0.35-0.70 Rs/kwh 8.80-17.50 

Tubewells 0.17-0.35 Rs/kwh 4.10-8.80 

COAL a/ 260-600 Rs/Ton 1.25i3.00 

FIREWOOD b/ 16-30 Rs/40 kg. 2.80-5.20E/ 

a/ Source: Energy Year Book, 1981 

b/ Source: Survey undertaken by USAID/Pakistan staff in 1982
 

c/ Assuming:5,500 Btu/lb. for dry wood and Rs 12.50 - $1.00
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The price of natural gas has been very low compared with
 
that of petroleum. As of 1981, it varied significantly
among, consumer classes, being as 
low as $0.60/MCF for
 
the cement and power industries and as high as $1.00/MCF
 
for residential consumers. (Prices of natural gas were
 
increased significantly (over 20%) in early 1982.) Present
 
policy is to gradually raise the price of gas so that by
 
1987, it is equal to two-thirds ot the world export price
 
of fuel oil. These large increases in natural gas prices
 
will provide additional incentives for implementing energy
 
conservation measures in all sectors and for increased
 
participation of the private sector in exploration programs.
 

No direct subsidies are provided to the electric sector as a
 
whole. There is a wide range in electricity costs both among
 
consuming classes and within a given class, A residential
 
rate schedule was mplemented in 1981 to discourage large
 
increases in residential demand. Very low rural rates are
 
intended to improve living standards and the productivity of
 
rural populations. The rates shown in Table 2 are for the
 
WAPDA service area. The rates in the KESC service area
 
typically are twice as high, on the average. This is due to
 
the fact that relatively inexpensive hydro power constitutes
 
about 50% of the WAPDA supply while KESC depends exclusively
 
on thermal generation.
 

The cost of coal is not significantly below that of oil but
 
is significantly higher then that of natural gas, This
 
explains, in large part, the declining use of coal in Pakistan
 
since the introduction of natural gas. The reletively high
 
cost of coal to some extent is due to the low demand and
 
resultant small size of existing mines. Coal mines using
 
modern practices on a large scale should result in prices
 
competitive with oil and with gas once the gas pricing
 
structure is modified.
 

Wood is commonly sold as a commercJal fuel in urban areas
 
to small comnercial establishments (such as restaurants)
 
and for tobacco drying. In some areas of Baluchistan and
 
the NWFP, it must be trucked in, due to local scarcities.
 
The cost of wood has been increasing rapidly in recent years
 
and now approximates that of kerosene in some areas. In
 
most areas, the cost of wood is considerably higher than
 
that of coal. This is one reason why coal briquettes are
 
being considered as a means of supplementing wood use in
 
household and small commercial applications.
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4. Energy Supply/Demand Balances
 

a. Present Situation
 

Traditional fuels provide about 40 percent of
 
total energy use with over 85 percent being used in house
holds. The efficiency of utilization of these fuels ia,
 
however, very low, probably ranging from 5-10 percent.
 
Energy use in the sector could, in principle, be greatly
 
reduced by introducing more efficient wood stoves or using
 
an inherently more efficient stove operating with gas,
 
liquified petroleum gas (LPG) or kerosene. Even with greatly
 
reduced eneigy requirements, however, the demand for energy
 
for household use is so large (90 trillion Btu or 15 million
 
barrels of oil equivalent) that significant substituticn
 
(on a perceutage basis) of traditional fuels with commercial
 
fuels is not realistic, given tha present status of oil axd
 
gas reserves. As a result, Pakistan will continue to rely
 
extensively on traditional fuels in the household sector,
 
which will result in increasing pressures on limited supplies
 
of fuelwood and crop wastes.
 

Industrial energy efficiency in Pakistan continues to decline,
 
despite higher energy prices. In contrast, energy efficiency
 
in the U.S. has increased dramatically (See Figure 1). About
 
60 percent of natural gas is used either directly or indirectly

(via electric power generation) in the industrial sector.
 
Consumption in the industrial sector for the same level of
 
output probably could be reduced by up co 30 percent, using
 
modern energy conservation practices such as fuel-air controls,
 
waste heat recovery, and high efficiency lighting. This would
 
also reduce natural gas consumption by about 50 billion to
 
100 billion cubic feet per year, which would free up gas
 
resources for vital expansions in all productive sectors of
 
the economy.
 

The transportation sector dominates in the use of petroleum
 
products, and there are few options available in this sector
 
for significant reductions in energy use. Even modest increases
 
in petroleum use in industrial power or household applications
 
would greatly increase net petroleum consumption. For example,
 
petroleum use would increase by over 15 percent if the cement
 
industry were to use oil rather than gas as a fuel. As a
 
consequence, there is little flexibility to use petroleum in
 
sectors now using gas without large increases in imports.
 

The large input of natural gas needed in the electric power
 
sector is due to the fact that, on the average, natural gas
 
is converted into electricity at only about 25 percent
 
efficiency, given the mix of thermal generating capacity in
 
Pakistan. In addition, about 30 percent of all power generated
 
is lost by a combination of transmission losses due to
 



-29

FIGURE Ik: INDEX OF ENERGY USE PER UNIT OF PRODUCTION 
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undersized lines and transformers, poor metering, and theft.
 
The A.I.D.-financed Rural Electrification Project seeks to
 
address both these issues by funding a combined cycle power
 
plant at Guddu (efficiencies in excess of 30 percent) and
 
a transmission loss reduction program. There is still a
 
large potential for improving the effti-iency of exieting

facilities (power generation and tranumission), and steps
 
to vigorously improve syste1 operating efficiencies should
 
receive, at least, equal attention as building new capacity.
 

b. Energy supply/Demand Projections
 

The simplified analysis in this section is
 
intended to identify major energy issues which are likely to
 
arise over the next 5, 10, and 20 years. The major assump
tions used in the "reference case" projections shown in
 
Figure 2 were that: 

i. Both gas and oil production will approximately

double by 1991;
 

ii. Electric sector hydropcwer expansions will
 
proceed o-. schedulel
 

iii. Demand for commercial energy in each sector
 
will increase at the same rate (averaging about 8.5"percent)
 
as the last five years to 1986 and at a uniform rate of 7.5
 
percent thereafter; and,
 

iv. Any shortfall in energy supplies will be made
 
up with imported oil.
 

The energy supply projections indicate that oil imports would
 
have to increase to 51 million barrels/year (85 percent
 
increase over 1981) by 1986 to support the demand growth of
 
recent historical levels. This projection ignores any
 
increase in domestic oil production during this period (since

domestic oil production isvery low in abiolute terms). If
 
oil imports are not allowed to increase, the average increase
 
in demand of coumercial energy would have to be decreased
 
to less than 5 percent per annum- The 1991 projections

indicate that oil imports would have to increase to 87
 
million barrels/year in order to support the assumed growth
 
in commercial energy consumption.
 

5. Alternative Energy Supply/Demand Balances
 

The "reference case" projections shown in Figure 2
 
are indicative of energy balances assuming that no major

changes are made in the structure of either the demand or
 
the supply options. Many options are, in fact, available
 



FIGURE 2: 
 REFERENCE CASE ENERGY SUPPLY - DEMAND PROJECTIONS
 

low111200 

110011T 

12-
TOW 

-

900 
,-c , && . k.I..O, " 

0 6 

400 _ _m 

600 

300 

201 

Enerly Supply 

1981 

Energy D tn~wn 

1986 

Ye rEnergy Supply Energy Demnd 

1991 

Energy Supply E wgy Denwn 



-32

for significantly changing the energy balances from those
 
indicat:od in Figure 2. Theae options include:
 

a. accelerating the use of coal in both the power

and heavy indunry sectzo°; 

b. emphaoizing energy conservation in industry both
 
within 	existing faci1itie3 and in all nc' plant constrac
-ion;
 

c. promoting the increased une of solar and small-

scale hydro resources in a wide range of rural power and
 
process huating functions (possible post-1990 Impacts);
 

d. modifying the future mi% of industry toward less
 
energy intensive activities (possibly with lesa emphasis on
 
domestic fertilizer producticn)
 

e. rehabilitating and expanding the railroad system
 
to reduce energy use in the transportation sector and effecting
 
changes in the transport infrastructure to make more efficient
 
use of ,energy; and, 

f. acceleratirg oil and gas exploration in order to
 
increase proven reserves and production rates of these key
 
fuels.
 

These and other alternatives should be examined in an inte
grated energy system analysia procees leading to policy and
 
nvescnment decisions. Most of theae options are, in fact, 
either being pursued or are under active consideration by 
the GOP, many with assistance from one or more donor organi
zations. The first three options, in particular, could be 
both economically attractive and have significant energy 
balance impacts. 

In order to quantify these impacts, alternative energy supply/ 
demand projections were prepared (See Figure 3), based on the 
following assumptions: 

1.986:
 

a. A vigorous energy conservation program (in part

accelerated by increasing natural gas prices) will result in
 
a 10 percent savings in gas and electricity use in existing

industrial facilities, plus a reduction in energy use growth
 
rates to 6.5 percent in industry. As a result, total indus
trial energy consumption would increase only by 3.5 percent
 
per year between 1981 and 1986.
 

b. Energy use will increase in the fertilizer
 
industry by only 10 percent (as compared to almost 15 percent
 
ir recent years) due to increased efficiency.
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1991:
 

a. A 600 MW Lakhra coal-fired power plant will be
 
completed and contributing to the energy balance by 1991.
 

b. At least one-third of the energy needs of the
 
cement industry will be satisfied by coal.
 

c. Higher gas prices and favorable government policies
 
will together result in highly efficient industrial expansion,
 
leading to energy grcowth of 6.5 percent in this sector (from
 
1966 levels).
 

d. Higher gas prices and favorable government
 
policies will lead to the development of a solar energy indus
try providing systems for domestic, institutional, and indus
trial hot water systems, ant cumulative installationa by 1991
 
will be 2,000,000 ft'.
 

e. Over 100 MW of micro and small scale (barrage)

hydro systems will be installed.
 

All assumptions relative to gae cupplies, domestic oil produc
tion, hydro expansion, and nuclear energy were the same as for
 
the reference case projections In Figure 2.
 

Due mostly to reduced growth of earergy use in industry, the
 
increase in oil imports in 1986 would be reduced from 51
 
million barrels for the reference case to 40.8 million barrels
 
for the alternative case. This represents a relatively modest
 
8 percent per year increase over 1981 4,evel3 of 28 million
 
barrels. The alternative demand structure for 1991 would
 
result in total commercial energy usage of 1,100 trillion Btu
 
whiLch is over 18 percent lower than that of the reference case.
 
In addition, the use of coal in the power and industrial
 
sector would result in an increased demand from about 40
 
trillion Btu (2.3 million tons) to 88 trillion Btu (over 5
 
million tons). The quantitAtive impact of renewables would
 
still be modest in 1991 since the industry will have had leas
 
than five years to react to the higher gas prices (reqilired
 
for economic viability of renewables).
 

These alternative energy supply/demand projections would
 
result in domestic energy ocurces satisfying most of demand
 
with oil import requirements being about 48 million barrels
 
annually or about 1.7 times those of 1981 levels. This
 
corresponds to an average increase in imported petroleum of
 
only 5.5 per annum from 1980 to 1991 which should, in itself,
 
be manageable in a growing economy.
 

The alternative projections shown in Figure 3 do not take
 
into account any further increases (over the reference case)
 



in oil or gas production which might result from an accelera
ted exploration program. Even modest success in these explo
ration programs when combined with the coal use and energy
 
conservation measures of the alternative case projection
 
could result in reducing future increases in oil imports to
 
very manageable levels.
 

6. Implications of Energy Options
 

a. Natural Gas Depletin.
 

Figure 4 shows the projected cumulative gas con
sumption to the year 2000. The resultant cumulative produc
tion would exceed 10 TCF by tha year 2000 even if no further
 
increases beyond 0.6 TCF per year (1991 assumptions) are
 
assumed. This represents a major portion of the 13 TCF of
 
proven gas reaerves. Therefore, if gao production rates
 
were increased substantially in order to reduce oil import
 
requirements, the proven reserves would only last about 20
 
earsand significant gas curtailments would occur well
 
efore this time. This has seriou& implicaticns for capital
 

investments in gas production, distribution, and utilization
 
infrastructure which must be amortized over long periods of
 
time.
 

b. Oil Imports
 

Figure 5 shows annual oil imports for both the
 
reference case and the alternative energy supply/demand
 
projections. The implications of the reference case projec
tions are serious since they would result in oil imports
 
increasing from 1981 levels of 28 million barrels/year to 51
 
million barrels in 1986 and 87 million barrels by 1991. Even
 
with constant (in real tems) oil prices, the value of oil 
imports would increase to almost $3 billion by 1991 which 
represents an average of 6 percent per annum increase over
 
existing levels. The alternative projection resulto in only

modest increases in oil imports to 1991. However, this is
 
achieved by large capital inveatments in coal power plants,

industrial coal conversions, and industrial energy conserva
tion equiment. The economic trade off between these capital
 
investments and increased oil imports should be an important
 
component of integrated energy system analysis.
 

c. Coal Production
 

Coal production is expected to increase from
 
existing levels of about 2 million tons per year to about
 
6 million tons by 1991 to support even the modest facilities
 
assumed at that time. This projection does not indlude
 
possible use of coal at the PIPRI power stations being planned
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by KESC (600 MW of possible coal based expansion). Inclueion
 
of the PIPRI expansions would increase coal production needs
 
to about 7.5 million tons by the early 1990's or about 4
 
times present production. The further assessment of coal
 
resources and development of efficient coal mining and dis
tribution capabilities is, therefore, indicated by the
 
alternative projections.
 

d. Traditional Fuels
 

Both projections assumed that the supply of
 
traditional fuels would not increase due to a combination
 
of depleting woodlands and other uses for such traditional
 
fuels as straw (now more valuable as cattle fodder).

Commercial forestry programs designed to stabilize and,
 
possibly, marginally increase wood supplies are therefore
 
very important since any effort to replace traditional
 
fuels with commercial fuels would greatly affect the energy
 
balances.
 

The balances also implicitly assume that traditional fuels
 
will be used more effectively in the future so that overall
 
household energy demand would increase at a very low rate
 
(I percent per year). Commercial energy forms (sale wood,
 
coal, bottled gas and electricity) now constitute only 20
 
percent of household energy use. By 1991, comercial energy

would constitute over 38 percent of total household energy
 
use based on the assumption that household commercial energy

use increases at a rate of between 7.5 and 10 percent per
 
annum.
 

7. The Lakhra Coal Project
 

a. History of Previous Studies
 

Coal was discovered at Lakhra in the Sind near
 
Hyderabad in 1855 when Baluch nomads struck an 8 feet seam
 
of coal at a devth of 41 feet while sinking a water well.
 
During the 1940 s and 1950's, the Burmah Oil Company and
 
the Pak-Hunt International Oil Company encountered coal
 
cuttings near the surface while drilling for oil. And, in
 
1960, Hunting Survey Corporation reported lignite seams up to
 
five feet thick at a depth of 64 feet and recommended further
 
exploration.
 

The Geological Survey of Pakistan (GSP), in collaboration
 
with the United States Geological Survey (USGS), followed
 
up on this recommendation in the early 1960's and subjected
 
the area to systematic geolo ical investigation. Thirty-

four sites were drilled and I0 coal seams discovered. This
 
work estimated theoretical reserves to be 240 million tons
 
over an area of 80 square milesi 22 million tons of these
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reserves were considered proven. The coal was found to be
 
a lignite with a high sulfur content (in the range of 3 to
 
7 percent.) Underground mining appeared economically
 
feasible, and further work was recommended to establish the
 
feasibility of surface mining. The West Pakistan Industrial
 
Development Corporation (WPIDC) then performed topographical
 
and geological mapping on a 60 square mile area comprising
 
the southwestbru block of the origi.nal area explored. They
 
arranged industrial tests to be carried out by a German firm,
 
Lurgi Gesellschaft GmbH, and the Japan Consulting Institute.
 
These tests showed that the coal was generally unsuitable for
 
hard coke production but was suitable for thermal power
 
generation.
 

In 1966-1967, WPIDC engaged a Poliih Firm to perform a mining
 
and power station feasibility study. The study established
 
that underground mining operations could produce 1 million
 
tons per year to supply a 250 MW power station and recommended
 
further exploratory drilling. However, for some years after
 
1967, competition from competing energy sources (hydroelectric,
 
natural gas, and cheap imported oil) and other factors delayed
 
further consideration of Lakhra coal development.
 

The oil supply crisis of 1973 and subsequent price escalation
 
regenerated interest in the Lakhra resource. In 1974, at the
 
request of WAPDA, the Canadian International Development
 
Agency (CIDA) conducted a reconnaissance study of the Lakhra
 
coal field and an associated thermal power station. In 1976,
 
PMDC submitted a PC-i scheme for a Lakhra Coal Mining Project;
 
WAPDA submitted a PC-I scheme for a 250 MW power station to
 
use the Lakhra coal. Subsequently, the Pakistan Government
 
decided to integrate the two schemes. A working committee
 
was established, and WAPDA was appointed the executive agency
 
for the overall. project.
 

In March 1978, a joint Japanese mission composed of the Inter
national Cooperation and International Trade Institutes was
 
requested to undertake feasibility studies of the financial
 
and technical assistance needs for mine and power plant

development. The mission recommended a two-part program
 
based on a review of the available data and reports;
 

i. detailed exploration, including drilling, in
 
the southwestern part of the block of PMDC licenses to deter
mine geological and mining conditions and to confirm coal
 
reserves reported by PMDC on the basis of an exploration
 
program implemented during 1974 and 1976; and,
 

ii. feasibility studies for coai mining and the
 
power plant if the exploration program proved coal reserves
 
suitable for power generation.
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The drilling program was performed in the second half of 1979
 
and results reported by mid-1980. Fifty holes were drilled
 
to supplxEir'L: 6he 22 holes drillld in earlier studiea for 
WPIDC/PMDC. Detailed studies of the mine, power plant, and
 
transportation systems were completed and reported by February

1981. Results of the study indicated that the Lakhra field
 
did in fact contain sufficient coal to support an electric
 
power plant of 300 MW for 30 or more years.
 

b..The Lakhra Cosl Stud
 

Due to the growing power shortages in Pakistan,

in September 1982, the GOP requested U.S. assistance in
 
reviewing all previous Lakhra studies. AID/Washington retained
 
a U.S. firm, Stone and Webster Engineering Corporation (SWEC)

for this purpose, The Stone & Webster consultants visited
 
Pakistan in October 1982 and worked with a team of WAPDA and
 
PMDC engineers to: 

i. confirm the technical and economic feasibility

of the mine and power plant;
 

ii. determine the best site for the power generating
plant;
 

iii. effect significant reductions in capital cost
 
requirements compared with earlier reports;
 

iv. minimize foreign exchange zapital requirements

by making fullest possible use of available Pakistani equip
ment and materials;
 

v. optimize the use of local labor consistent
 
with reasonable standards of mechanization and technical and
 
operating efficiency;
 

vi. assess and recommend environmental controls
 
and practices for both mining and power generation consistent
 
with standards recommended for developing countries by inter
national agencies such as the World Bank;
 

vii. if the study results proved acceptable to the
 
GOP~develop an implementation plan indicating required steps
 
necessary for obtaining project financing and achieving

expeditious plant and mine design, construction and commission
ing; and,
 

viii. prepare a report containing all of the above
 
to support a prompt Government decision on project implementa
tion.
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To. int::oduce the Pakistani team to U.S. coal technologies,
 
the review of the Lakhra project included site visits to a
 
num'ber of relevant U.S. coal mines and power plants. 

The SW1C-WAPDA-PMDC team completed the "Lakhra Coal and Power 
Development Project Review" in April 1983 (See Annex K). The
 
study concluded that a 300 MW plant is feasible and can be
 
zonstructed, along with the requisite mines at a cost of
 
$558 million (in 1983 dollars), including $191 million for
 
the minLes and $367 million for the power station. The figures
 
include import duties but do not include escalation nor
 
interest during construction. If foreign costs are escalated
 
at 10 percent and local costs at 13 percent per annum and
 
interes: during construction is added, the total cost (in 1987
 
dollari) would be $833 million, including $331 million for the
 
mine and $502 million for the power station. The unit genera
tion cost of electricity from the complex was calculated at
 
4.8 cents per KWH, not including import duty, interest and
 
escalation. On the basis of these results, WAPDA has prepared
 
a PC-I to construct a 300 MW plant which car be easily and
 
economically expanded to 600 MW capacity.
 

E. Policy Considerations
 

Implementation of this Project will proceed concurrently
 
with that of the GOP's Sixth Five-Year Plan. This offers the
 
project an excellent opportunity to address a number of key
 
policy issues that the GOP faces in providing sufficient
 
energy supplies to achieve its economic growth targets and
 
in making a successful transition from cheap natural gas to
 
energy sources priced at world market levels. The most
 
significant of these issues are the following:
 

1. Should the GOP develop a major national effort to
 
tap Pakistan's indikenous coal resources for power
 
generation and other uses7
 

Pakistan's energy'officials have long debated whether
 
or not to use the country's indigenous coal resources for use
 
in power generation, industrial boilers and for other purposes.
 
The coal's low energy content coupled with its high ash and
 
sulfur content have appeared to make the coal too expensive
 
(on a heat content basis) to compete with natural gas or even
 
with imported coal or oil. However, the Lakhra Coal Study
 
analysis has indicated that the poor quality of Pakistan's
 
coal is not an economic or technical deterrent to its wide
spread development and use. On the basis of these findings,
 
the GOP is planning to develop the Lakhra Project. This
 
study has thus already had an important impact on GOP energy
 
policy. The successful completion and operation of the
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Lakhra fired coal units, which will be initiated with A.I.D.
 
assistance under this project, are expected to launch a major
 
new coal industry in the country and thereby allow Pakistan
 
to become more self-suLfficient with respect to energy.
 
Activities under this project will assist the GOP to develop
 
the legal, economic, social and environmental aspects of its
 
long range coal development policy.
 

2. Will PakistarL develoE its own capability to undertake 

As described earlier, energy analysis activity in
 
Pakistan is now scattered among various GOP organizations. To
 
integrate this work, the GOP had to turn to an outside consult
ing firm to prepare the energy camponent of its Sixth Five-Year
 
Plan. The proposed energy analysis activity undor this project
 
will provide the funding and technical support needed by the
 
GOP to establish a coordinated and integrated energy analysis
 
group. Policy issues which will receive special attention
 
under this integrated analysis function are the following:
 

a. Incentives for Oil and Gas Exploration and
Develpmen t 

Pakistan's proven gas reserves are estimated at
 
over 13 trillion cubic feet. Major investments are needed
 
to develop additional gas production at the Sui and Mari fields
 
and new production from Khandkot and other fields. The current
 
reluctance of the international oil companies to launch new
 
exploration and development programs in developing countries,
 
the gas-prone nature of Pakistan's resource case, and the
 
difficult geology that makes on-shore drilling costs extremely
 
high call for a rethinking of current incentive and investment
 
strategies.
 

b. Ener Prices 

A critical factor influencing investment decisions
 
is price. The relatively low price of Sui gas has led to the
 
rapid conversion of power and industrial facilities from oil
 
or coal to gas and has accelerated the development of energy
 
intensive industrial activity in the form of cement, fertilizer
 
and steel. The subsidization of kerosene and diesel oil has
 
spured demand for these products and resulted in refining
 
imbalances.
 

Recent agreements with the IMF/World Bank call for the price
 
of natural gas to increase to two-thirds of the equivalent
 
re-export price of fuel oil by 1987. The current average price
 
of natural gas is about 25 percent of the value of the fuel oil
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equivalent. Thus, depending on the price of fuel oil and
 
given the GOP policy to increase gas prices based on oil
 energy prices, it is probable thar goo pric will at least 
double and possibly triple by 1.987. The L±ill impact of 
this price icrease o. dazand, coat WE production, energy 
sector capital aaa b it, ond econ.onic feasibility ofvvrgy vatlon, 

development ha~ rc bec :.n
 

increased ¢ -ra and renewable energy 

Thoz r--Ie,.oa.io,.oil
,,f imrports requires
increasiug ga , C:,D 6u levc.v .. :ire the preoent proven 
reserves (,.f 13 AII b e aIl.ortly after tae year 2000. 
A Critical plnc ±~ ,"Cl:~i i~ in the 
national :int( rejt ~t r.,c±Jwilli,
result irhala-I-ve'AY ozox Li!,- al cat
a i)'C C~0 
production, transmiusion and utilizatIon facLThe 
qualitative advantage of natural gae for petrochemical produc
tion io also a prime consideration in the expansion ok gas

supplies to power, household, and industrial users that could
 
use coal, electricity, and renewable energy systems.
 

3. Ilow much ex'nhasis should be placed on the private 
sector Todev ZiTET st-an :3 eer 7r e~ourp-eF;7 

As mentioned previously, the GOP is placing increasing
emphasis on private sector delelopment to attain economic 
growth ta £rct&. In many caaes, however, the private energy 
sector i, noat yt strong canouh to mee. current ned1. The 
priate coal mining industry, for eample, conoists of many
small mines, largely individually oiv.ned and scattered around 
the counnt-.y. As a rerult, scnme COP officials beli.ve that 
public sector raine, are the only omi capable of supplying 
needed ceal supplies. As described in the project description 
below, this project will assizt the GOP to assess the financial,
legal, environmental, manpower and othr barriers to private 
mining industry development and theri:eby facilitate the formu
lation of a revised GOP policy to encourage private mining
 
activity.
 

Renewable energy resources raise the same question. At present,

the public agencies and private companies are developing solar,
 
biomass and other renewable resources. Some public activity

is clearly necessary to spur the iritial adoption of renewable
 
energy technologies, but full scale development will only be
 
accomplished successfully by the private sector. Accordingly,
 
this project's proposed solar, small hydro and biomass tech
nology assessment and demonstration activities will assist the
 
GOP to develop a private sector renewable policy to encourage

entrepreneurs to actively participate in this energy sub-sector.
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A third area where private sector policy is unclear is energy
 
conservation. The low price of natural gas, the lack of con
servation incentives for public sector managere, and the nature
 
of industrial contracts which often include "cost plus" pro
visions by which costs are passed through to the consumer, all 
hinder ene-rgy conservation activity. Whether or not energy 
conaervation legislation is needed and how strong it should
 
be io an important question which needo resolution. This
 
project, through its anergy conservation component as well as 
its energy analyuis activity, will help the GOP to focus on
 
these problemv.
 

4. 	 How wu~h emphania should national energy policv place
f, ry to rural aT remote areaSI 

The GOP is committed to provide energy for rural and 
agricultural development. Am expanded rural electrification 
program is being planned to nacrease prpductive uses of 
electricity au substituteo for kerosene and diesel oil and to 
improve the quality of life in rural areas. The issue here 
is how fast can 	 and should village electrification take place. 
Can 3.000 villages be electrified each year, or should the
 
current or other ratea be pirsued? Since only about 20 percent 
of the villages 	are now connected to the grid, the potential 
impact of electrification is important due to increased
 
requirement- for generating capacity and the high costs of 
extending -Jitribution system& to areas not yet covered. While 
this in4ue Pill be deal with under A.!.D.'s Rural Electrifica
tion P:roject. this project's integrated energy analysis activity 
can play a critical role in shaping a sound long range raral
 
energy policy.
 

The importance af promoting development in the remote areas
 
of Baluchistan and the NWFP may require special policies
 
relative to the provision of energy sources. In thene areas,
 
decentralized energy systems may be suitable even though their
 
cost isl high. National energy policy should incorpotrate an
 
increaeed concern for the energy needs, uses, resources, and
 
options of rural areas. Policies and programs to increase
 
fuelwood production are of cantral importance for both rural
 
and urban areas and merit higher priority in national policy.
 
Improving the efficiency of wood use and the development of
 
substitutes (e.g. coal briquettes, biogas) are also important.
 
This project's renewable energy activity is designed to help
 
formulate sound policy on these issues and to assist in meet
ing energy needs in remote areas.
 

F. Other Donor Assistance
 

Several major multilateral and bilateral donors are
 
funding activities in the energy sector. While these activities
 
touch on several of the same areas which will be addressed by
 



A.I.D., no other donor has pursued or is pursuing a compre
hensive strategy and holistic approach in the energy sector.
 
Each donor, for the most part, is working in discrete areas
 
or on specific activities within the energy sector. This
 
proposed A.I.D. project is designed to complement and supple
ment the activities of other donors. Key multilateral insti
tutions involved in the energy sector are the Asian Development
 
Bank (ADB), the World Bank, and UNDP. Bilateral donors, in
 
addition to A.I.D., are the Canadian International Development
 
Agency (CIDA), KFW of West Germany, and the Japanese Inter
national Cooperation Agency (JICA). A summary of other donor
 
activities in the energy sector in Pakistan is prorided below.
 

1. Planning 

The World Bank has agreed to provide $750,000 to
 
develop a National Power Plan for WAPDA for the generation,
 
transmission and distribution of power. The Bank's project
 
will finance technical consultants and data processing equip
ment with funding from the Bank's Technical Assistance Credit
 
of the Structural Adjustment Loan. An additional $2 million
 
from this fund is earmarked for oil and gas studies ihich
 
have not yet been identified. Two years ago, the Bank was
 
asked to assist the GOP to build a capacity for energy plann
ing and earmarked $5 million for this purpose. The Bank was
 
advised at that time that the Ministry of Petroleum and
 
Natural Resources would be the implementing agency but was
 
never able to reach agreement on how a planning group could
 
be established in this Ministry. As a result, the Bank with
drew its offer of assistance.
 

2. Coal Resources
 

The World Bank has recently concluded negotiations
 
with WAPDA for a $10 million study of the Duki coal field in
 
Baluchistan, The study includes water availability, mining
 
feasibility and a pre-feasibility study of a minimum size
 
(about 50 IV) coal-fired power plant. The UNDP is currentiy
 
financing a $345,000 study and demonstration of the Dundot
 
coal mine with PMDC. The major objective of the project is
 
to develop dewatering techniques for a mine of 15,000 tons
 
annual output.
 

Recent donor involvement in Lakhra coal has been confined to 
the Japanese and A.I.D. Both were involved in the financing 
of technical assistance in determining the feasibility of 
mining coal in the Lakhra region and the feasibility of its 
use for a power station. Favorable results from the Lakhra
 
feasibility studies have significant implications for coal
 
development and provide additional justification for a
 
comprehensive assessment of this resource financed by A.I.D.
 



-46

under this project. From the perspective of household use
 
of coal products for cooking and heating, A.I.D. is the only
 
donor that is proposing to fund feasibility and marketing
 
studies on the prospects of coal briquetting.
 

3. Energy Conservation
 

The World Bank is financing plant heat balance
 
studies on a case by case basis. Two such studies are currently
 
in the planning stages, including the National Refinery and
 
the four northern fertilizer plants. The UNDP has a $189,000
 
project with DGER underway to perform energy audits of three
 
industries to be selected by the Ministry of Production.
 

4. Thermal Power
 

The Japanese and the ADB have made loans for thermal
 
power generation stations.
 

5. Hydro Power
 

CIDA has financed turbines and generators for Tarbela
 
units 7, 8, 9 and 10. A CIDA-financed hydro-ranking study
 
to rank potential sites in the super and intermediate cate
gories is currently underway. A super site (2000 MW capacity)
 
has been located at Bosha, near Chilas, and a complete
 
feasibility study is underway. The World Bank has financed
 
studies for some earth-filled dams as potential hydro sites.
 

6. Electric Transmission
 

CIDA and the ADB are financing high voltage trans
mission lines.
 

7. Oil and Gas
 

CIDA, the World Bank and the ADB are financing studies,
 
surveys and drilling programs for oil and gas prospecting,
 
field development and gas transmission.
 

8. Renewable Energy
 

The UNDP has a $1.8 million project underway with
 
DGER for economic and technical feasibility studies of
 
renewable energy in four villages. The project which includes
 
the provision of some hardware, includes studies of wind,
 
photovoltaic, biogas and other biomass. CIDA is considering
 
a project for biogas as an outgrowth of its successful program
 
in India where there are several thousands of units in
 
operation. A proposal to the GOP for a program is expected
 
to be made soon. KFW of West Germany is currently examining
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the prospects of developing small, low head hydro projects
 
on existing canal systems and barrages. Unlike the small
 
hydro component cf this proposed A.1.D. project, the German
 
1 oposal will consist of umits of one or more megawatts
 
designed to meet power shortfalls in the central grid system
 
as an interim measure until new centralized power projects
 
become operational.
 

No other donor is providing assistance on energy efficient
 
wood stoves. A.I.D.'s activities in biomass will focus on
 
assessing present experience in this area and in developing . 
a long range marketing and private sector development plan.
 

G. Lessons Learned
 

As discussed in the Project Description and Project

Analyses Sections and the Project Analyses Annex, the experience

of A.I.D. and other U.S. public and private sector organizations
 
as well as other developed and developing countries in under
taking many of the activities proposed under this project was
 
heavily drawn upon to design this project and will also serve
 
to guide the implementation of this project. The experience

base in energy planning, coal activities, energy conservation,

and renewable energy technologies around the world is
 
extensive and reflects the high priority accorded to energy

sector activities globally. Examples of previous experience in
 
areas relevant to this project and how this experience has
 
shaped the design of the Energy Planning and Development Project
 
are provided below.
 

1. Energy Analysis and Manpower Development
 

A.I.D. has been involved in several energy policy

analyses and investment plarating efforts over the past several
 
years. This experience will be applied in Pakistan to help make
 
this component one of high technical quality. In Indonesia, an
 
A.I.D. project is supporting an energy analysis '.nit within
 
the Ministry of Mines and Energy, which also serves as the
 
secretariat to the National Energy Coordinating Hody at the
 
Cabinet level. Work under this project has helped to highlight

the oil export implications of continued high rates of growth

in domestic petroleum consumption and to spur a Presidential
 
decision to reduce large subsidies and to increase petroleum

product prices. A second-phase project will develop regional
 
energy supply and demand balances and will link these with 
economic growth models. An A.I.D. program in Morocco is providing
software, hardware and training in investment planning using 
a micro-computer. A.I.D. recently sponsored a workshop on 
energy planning in developing countries that reviewed major
experiences with these kinds of programs. The proceedings of 
this meeting will be useful for the implementation of this 
component of the proposed A.I.D. project in Pakistan.
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A.I.D. experience el,ewherTF illuetrares that even modest 
investments in energy plannling raan result in s;ign:.f:.cin1:
economic benefits. Planning in the Sut-an has led to the 
elimination of aub idies in petroleum, policy chant.q to 
improve fuel availability for foreign exchange earners, such
 
as farmers and agro-industries, and a short-term tlectric
 
power reliability improvement program to reduce power otages

(which in the past had severely curtailed industrial production).

Also the need for inefficient self-genoratic~i facilities in
 
residences and commercial establishments was reduced.
 

Acting in part on recomnendations from an A.I.D.-financ4d
 
planning and policy development team, the Gove=nmnnt in the
 
Dominican Republic (GODR) is embarking orn Li major program to
 
switch from petroleum to coal as fuel for the generation of
 
electric power and as a boiler fuel in -nanyindustries. Such
 
a program will require investment for new fscilities and
 
transport equipment and other capital equipment. However, given
 
the current relative costs of coal and oil and assumptions as
 
to the long range prospects for coal and oil prices, the GODR
 
expects to realize significant foreign exchangp eavings by

encouraging utilities and industries to switch from oil to
 
coal.
 

Experience in Morocco has clearly demonstrated the need for a
 
capability to carefully and systematically weigh the ccsts and
 
benefits of alternative investment projects considering changing

world market prices for energy products and the changing
 
technologiec available. When the planning project first began

in Morocco, the governir nt was relying almost exclusi'oely on
 
plans to develop its cousiderable oil shale resources to satisfy
 
future needs. Now that world market petroleum prices have
 
declined somewhat and the returns on such an investment are
 
less clear, the government is re-examining its program and
 
looking more closely at ways of diversifying its supply and
 
demand management options, including developing newly discovered
 
natural gas resources.
 

Perhaps the primary lessons learned in energy plOnning

activities is that they are effective only whc-e they are used
 
to rationalize decision-making and not to take the place of
 
decision-making. Planners are not policy-makers. Analyses

carried out under this prcject will help to make rational
 
and economic options available to Pakistan's decision-makers.
 
Experience in the U.S. and elsewhere indicates that planning
 
or technology assessment done in this way can serve as an
 
important consensus-formin tool by which difficult issues
 can be resolved. Where analysis groups have loot tsir
 
objectivity by advocating positicns or by becoming too closely

associated with specific interest groups, the group's

effectiveness has sufferi, A second lesson learned is that
 
analysis methods are only useful if they can be fully understood.
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For this reason, IEDC has adopted a method which can be
 
undertaken completely by hand. This avoids the problem, often
 
encountered in the U.S., where computer models, while quite
 
sophisticated, are not useful ber..uae their comple.ity
 
prohibits the user from examining the model in detail or from 
easily altering parameters built into the models. T1his project: 
will begin with hand-worked models and adopt computer methods 
only as the skills of GOP analysts develop sufficiently to
 
allow their effective use.
 

A major neglected area of energy analysis is assee ing the
 
manpower implications of energy programa and option:: . Despite 
the importance of good management and technical and aginaering
 
skills to the carrying out of large nat:ional energy 'programs, 
this critical factor has received little actention. The
 
methodologies for conducting cost-effective manpcwer assessments
 
are not well-developed. Bechtel has developed a compteri.ed 
model that relates energy projections for variou. supply areas 
to categories of manpower required to supply that energy. This
 
model has been applied in Egypt and Indonesia with mixed
 
success. This project will, therefore, help develop and improve
 
appropriate techniques for manpower assessment.
 

As noted in the Project Description, the Manpower Development
 
sub-component will finance short-terim professional development
 
and training based on the manpower needa assessment. The 
emphasis will be on practical training &nd internships with
 
U.S. industry. This approach is technically well established.
 
A.I.D.'s Conventional Energy Training program has had considerable
 
success in arranging these kinds of programs and will serve
 
both as a model and a resource to implement activities under
 
this project.
 

2. Coal
 

Lessons learned on coal assessment work and lignite-

fired power generation have been drawn from experience in the
 
U.S. The Lakhra review team visited many mining and power
 
plant sites in the U.S. which influenced the design of this
 
component of the project, and experience in the U.S. will be
 
further exploited through training of Pakistani personnel in
 
the U.S. and through U.S. technical assistance. The same
 
applies to the coal resource assessment work. USGS has a long
 
history of association with the GSP dating back to the 1960's.
 
USGS specialists participated in the design of this project, and
 
the Mission is proposing that USGS through a PASA assist the
 
GSP to implement the coal resource assessment sub-component of
 
the project.
 

On a world-wide basis, millions of tons of briquettes are produced
 
annually, and the briquettes find a ready sale on the residential
 
market. In Germany, the largest producer, 80 percent of the coal
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briquettes produced are sold to residential consumers, and
 
the rest is sold to industry. In West Britain, National
 
Smokeless Fuels, Ltd. produces over one million metric tons
 
of 	smokeless briquettes per year. In Quetta, Pakistan, coal
 
briquettes (non-smokeless) have been produced by FMDC since
 
1942; current production is about I0,000 metric tons per year.
 
Briquetting started in Korea in 1930 where about 20 large
 
briquetting plants are operating. A.I.D. has supported a
 
briquetting project in India which also includes the use of 
a stove which produces its own smokeleea fuels from coal. 
Project development consultants visited and assessed these
 
briquetting activities and have participated directly in the
 
Indian project. The proposed briquetting activities will
 
therefore build on experience and will benefit from lessons
 
learned in these other countries. 

3. 	 Energy Conservation and Renewable
 
Energy Technolgies
 

Over the period from 1971 to 1975, U.S. industry 
reduc-d its energy use by about 15 percent (per unit of 
production) by implementing improve-ments with low initial 
costs. Even greater savings have been achieved at many plants.
In some cases, especially high-temperature processes like 
cement manufacture, thermal efficiencies have dramatically
increased - from less than 20 percenu to as high as 60 percent. 
Of particular importance for this project, much of the 
improvement in industrial energy efficiency has taken place
 
over a relatively short period of time (about 4 years)
 
using low capital cost measures with payback periods of less
 
than 1 year.
 

Japan has also made remarkable progress in reducing energy 
intensity in industry through systematic approaches to energy 
management at the plant and building level. In the developing
world, the Philippines, India, Tunisia, South Korea and other 
countries are carrying out industrial energy audits and 
developing tax, trade, and investment incentives to improve 
efficiency. The Asian Development Bank has made two major 
loans for industrial energy conservation - to South Korea and 
the Philippines - and is considering a program in Pakistan. 
Preliminary results from the ADB funded program in the 
Philippines indicates energy savings from low cost "housekeeping" 
improvements might decrease energy use in excess of 20 percent.
This is similar to experience in other developing countries. 

There are over 200 firms in the United States manufacturing
 
and installing solar heating systems for such varied applications 
as domestic water heating, space heating, industrial process 
heating, and commercial crop drying. Many other countries, 
notably Israel, France, Australia, Japan, and South Africa, also 
have relevant experience in this area. 
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Considerable experience has been developed in the design of
 
high efficiency wood stoves for use in a wide range of
 
developing countries including Senegal, India, and Indonesia.
 
These stoves, fabricated from locally available muf, brick and
 
stone, could be adapted for use in Pakistan. The technical
 
merits (and potential favorable impacts) of high efficiency
 
wood stoves have been well demonstrated. Despite these
 
advantages, efficient wood stoves have not in general been
 
widely utilized in any of the developing countries where they
 
have been developed. Coron reasons cited are a lack of
 
appreciation of stove advantages by potential users, a lack of
 
private or public sector organizations with a strong interest
 
in promoting stove use, and excessive incremental costs for
 
poor rural populations. The above reasons are why this project

emphasizes field testing and private sector participation in
 
order to accelerate the use of stove designs appropriate for
 
use in both urban and rural areas of Pakistan.
 

Biogas digesters are being used in a number of countries 
including India, China, Taiwan, and Korea. In addition, several 
hundreG'units with capacities of about 120 ft3 have been 
installed in Pakistan by ATDO and the DGER. The largest base 
of experience exists in China where over 1 million family size 
units have been installed. This experience verifies the technical 
potential of biogai digesters. It should be noted, however, that 
the effective operation of digesters requires daily attention 
by operators (to prepare feedstock and to check pH levels) and 
that many systems installed in the countries mentioned above 
are no longer operating (including some of those in Pakistan)
for a variety of technical and social reasons. The project
design takes note of the mixed experience with digester systems 
and emphasizes assessing the performance of systems already in 
place and identifying practical social and institutional issues 
associated with using digester systems in Pakistan. 

A number of studies has been conducted by A.I.D., the World
 
Bank, and the U.S. Ilational Academy of Sciences on the
 
effectiveness of renewable energy programs and several lessons
 
stand out as important. First is that these technologies (and

this applies to coal briquettes as well) must be not only
 
technically feasible but they must be acceptable to consumers,
 
both socially and financially. Unlike grid electricity which
 
requires little from the householder beyond paying the bill,
 
solar, biogas and other renewable technologies require a certain
 
amount of consumer knowledge, maintenance and operating activity.

If users are not willing to provide the required inputs,then
 
social or institutional mechanisms must be established to
 
provide them, for example, an operator to run a community biogas
 
plant or a small "solar utility" which would lease and maintain
 
solar water heaters or photovoltaic panels. This project places

major emphasis on these aspects of renewables development. A
 
mistake sometimes made with renewable energy is to assume that
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once a technology becomes economically attractive, consumers
 
will purchase it. Studies in the U.S. and elsewhere indicate,
 
however, that householders use quite different financial and
 
purchasing criteria than do lirge enterprises or government.
 
When these differences are ignored, renewable energy programs
 
fail. This project is designed to first assess consumer demand
 
and preferences and the marketing potential and f%sibility of
 
selected renewable options before any demonstration or field
 
tests begin.
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H. Relationship to GOP Priorities, A.I.D. Policy and
 
trae -yand
Other A.I.D. Projects
 

1. Relationship to GOP Priorities
 

To sustain current and projected trends in economic
 
growth and to assure the well-being of its population, the
 
GOP places a high priority on the development of increased
 
energy supplies from indigenous sources of both commercial
 
and non-commercial types. As a measure of this priority, the
 
GOP included an allocation of approximately $3.4 billion for
 
the energy sector (or 22 percent of all public investments)
 
spanning the Fifth Plan period from PFY 1979 - 1983. The
 
allocation represented a substantial increase over previous
 
years and was well above the 15 percent average figure for
 
developing countries. Much of the financial resources were
 
directed toward investments in the power (87 percent) and
 
conventional fuel sectors. Not included in the energy sector's
 
projected outlays are sizeable amounts earmarked for forestry

development in recognition of the importance of forests in
 
contributing to rural energy needs.
 

The GOP's Sixth Five-Year Plan (PFY 1984-1988) allocates Rs 116
 
billion ($8.9 billion), or approximately 25 percent of the Sixth
 
Plan's budget, for the energy sector. This represents both an
 
absolute increase in the amount of funds allotted to energy
 
and an increase in the proportion of the total budget than was
 
the case under the Fifth Plan. This A.I.D. project is fully
 
consistent with Pakistan's energy priorities due, in part, to
 
the fact that the project and the Sixth Plan were developed
 
concurrently. Among other things, the Plan places emphasis on
 
the development of domestic energy sources, energy conservation,
 
satisfying rural energy needs, encouraging the private sector,
 
and making institutional arrangements which will promote
 
effective energy decision-making. As described under Section
 
III, Detailed Project Description, each of these GOP policy
 
priorities is also emphasized in this A.I.D. project. In
 
addition, this project is specifically designed ,o assist the
 
GOP to implement several new initiatives - coal development,
 
energy analysis, and conservation, among others - which have
 
been proposed in the Sixth Plan.
 

2. Relationship to A.I.D. Policy and A.I.D. Strategy
 

a. Relationship of Project to ESF Program Objectives
 

The central tenet of the $1.625 billion ESF program
 
to Pakistan over the FY 1982 - FY 1987 period is to provide
 
substantial economic assistance to support growth and economic
 
stability in Pakistan with particular emphasis on insuring

that Pakistan is able to maintain a manageable balance of payments

position through the full life of the planned ESF program. The
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pattern of development within Pakistan's domestic energy sector
 
will be critical to all three of these objectives: growth,
 
stability and balance of payments. Within the framework of an
 
ongoing policy dialogue encompassing A.I.D. and the major
 
multilateral donors, Pakistan has made significant progress in
 
developing a long-te'n approach to policy rationalization within
 
the energy sector. Even with this policy progress, however,
 
growing energy demands and the high coscs of imported energy
 
make it imperative for Pakista-n to fully exploit all of its
 
domestic energy endowments to the maximum extent consistent
 
with economic feasibility. A quarter century of heavy invest
ments in hydro-power and substantial donor support for exploi
tation of remaining hydro opportunities constitute one important
 
4venue of domestic energy exploitation which Pakistan has vigo
rously pursued. Ongoing work in fuelwood development in coop
eration with A.I.D. and other donors represents another smaller
 
but important attack on the domestic energy constraint. Improved
 
policies on natural gas pricing and incentives for commercial
 
gas exploration are a third area where Pakistan has made signi
ficant progress. All of these initiatives notwithstandiig,
 
current projections of the costs of imported Hydrocarbons are
 
staggering. About $1.7 billion in foreign exchange will be
 
spent on oil imports in the current year, and this figure will
 
rise to approximately $4.5 billion (in 1983 dollars) in 1992/93.
 

The major untapped domestic fossil fuel energy resources in
 
Pakistan are coal (Pakistan's estimated total reserves are 1.2
 
billion tons of which 102 million are currently proven and
 
recoverable), and domestic petroleum, where total reserves are
 
still difficult to estimate, but for which the indicators are
 
increasingly positive. On the coal side, the first 300 megawatt
 
Lakhra coal-fired generating unit has the potential to yield
 
$60 million to $70 million in annual foreign exchange savings

by 1988. The medium term prospects for balance of payments
 
impact from a broadly based program of coal and oil development
 
over the 1980's suggest that total'foreign exchange savings in
 
the early 1990's could be on the order of one to one and a half
 
billion dollars annually. 'The activities proposed for financing
 
under this project are therefore fully consistent with the funda
mental objectives of the U.S. Government for the six-year ESF
 
program for Pakistan.
 

b. Relationshi of Proiect to A.I.D.'s CountrX
 
e-ee _0pment Stratzegy
 

The Mission's CDSS highlights USAID/Pakistan's energy
 
sector objective "to increase the availability of reliable and
 
affordable energy in rural areas in ways which will decrease
 
Pakistan's dependence on imported energy supplies and increase
 
its energy self sufficiency". The CDSS then identifies six
 
strategic interventions by which USAID seeks to assist Pakistan
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to realize this objective:
 

i. rationalize energy prices to eliminate or reduce
 
subsidies and provide incentives for domestic energy exploration
 
and exploitation;
 

ii. increase installed electric generating capacity;
 

iii. promote development and use of indigenous energy
 
resources including coal, fuelwood, hydro, solar, and the like;
 

iv. identify and develop new energy sources;
 

v. increase private sector involvement in energy
 
development and the energy sector as a wholu; and,
 

vi. Promote conservation and efficiency in energy
 
use.
 

The proposed project is clearly supportive of and responsive
 

to the Mission's CDSS.
 

c. Relationship of Project to the Policy Dialogue
 

Energy policies are inescapably on center stage
 
in the overall dialogue among the major donors and the GOP.
 
The importance of the energy sector for Pakistan's long range

development, where constraints on power £or irrigation and
 
industry (small, medium and heavy) are already eating into
 
potential national growth, is obvious. Simil-.rly, the finan
cial magnitudes of the sector, both in investment terms and
 
in revenue terms ( revenues earned and zevenues foregone
 
through inadequate rates), are enormous. The foreign exchange

significance of the sector is similarly overwhelming, both in
 
terms of the foreign exchange for direct imports of fuel and
 
tle foreign exchange components of the investments necessary
 
to permit Pakistan to fully exploit its domestic energy resour
ces.
 

The history of the multilateral and A.I.D. policy dialogue on
 
energy issues is a positive one. Pakistan faces some energy
 
sector problems of dramatic magnitude as a result of past

policy mistakcs (historically low power rates, poor recurring
 
cost policies on energy investments, lack of attention to
 
financing the real costs of depreciation on energy assets,
 
and a lack of clarity on priorities and objectives within the
 
sector to serve as organizing points for strategies and
 
policies aimed at optimizing investment efficiency). On each
 
of these important policy fronts, A.I.D. is actively engaged

with the GOP in developing project interventions (active or
 
under design) which are desigEed to improve both policy and
 
performance.
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There is broad appreciation of the relationship between energy

policy and overall macro-economic performance. In general,
 
A.I.D. has found, in company with the multilateral development
 
banks, considerable agreement with GOP policy-makers on broad
 
policy objectives in the sector and bas been able to work
 
with the GOP in recent years in implementing an important
 
array of policy reforms which have included iubstantial rate
 
increases, moves toward getting relative prices right in
 
the sector (e.g., natural gas versus imported petroleum), and
 
emphasizing economic rates of return in laying out transmission
 
and distribution grids for electric power. Much remains to
 
be done on the policy side, however, in areas such as building

private sector participation in the sector, improved energy
 
investment management,expanded financial incentives for domes
tic energy exploration and exploitation, and the overall energy

pricing agenda. Neverthless, there are very real prospects for
 
continued progress on the energy policy dialogue with the GOP
 
over the coming few years, and this dialogue will be facilitated
 
through this and other A.I.D. projects.
 

d. Relationship of Project to Agency Energy Policy
 

The Agency's draft Energy Strategy Paper (AI/Wash
ington, December 1982) states that A.I.D. energy projects will
 
focus on four basic areas:
 

i. energy analysis, planning and policy development;
 

1i. training and injtitutional development;
 

iii. technology systems development, including

research, demonstration, and site testing of new supply systems;
 
and,
 

iv. increasing energy supplies and improving the
 
efficiency of energy use.
 

The Energy Analysis and Marpower Development component of this
 
project Is entirely consistent with both the stated objectives

and method of implementation described in the Strategy Paper
 
for the first area of emphasis. With regard to the second area,
 
training of personnel in the energy field is one of the largest

elements of the project, with about 600 person-months of short-term
 
and long-term training in the U.S. and a significant proportion

of the technical ass .stance intended to provide on-the-job

training in Pakistan. The project will also assist in estab
lishing two critically needed institutions devoted to energy,

the a& _Analysis Grow inthe Pl ringd Develop t Divisic and the
 
Coal Projects Department in WAPDA. Strengthening of other GOP
 
agencies devoted to energy,such as the DGER, PCSIR and GSP is
 
also a major project objective. In addition, under the pro
posed Coal Development, Pilot Briquetting, and Renewable
 
Energy activities, new but well-established technologies for
 
energy use will be introduced into Pakistan which is.consistent
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with the third area of emphasis in the Strategy Paper. Finally,
 
the fourth area of emphasis in the Strategy Paper is embodied
 
in the planned activities under the Coal Development, Energy
 
Conservation, and Renewable Energy sub-com -ients of this pro
ject. 

3. Relationship to Other A.I.D. Projects
 

a. Rural Electrification
 

A major activity under the Rural Electrification
 
Project is the preparation of a long range Master Plan which
 
identifies, on the basis of socio-economic criteria, rural
 
areas to be electrified. The Lakhra Coal Project will provide
 
a major source of generating capacity to support the Rural
 
Electrification Project. In addition, villages excluded from
 
the Rural Electrification program may potentially be suitable
 
as sites for the small hydro component of this project.
 

b. Forestry Planning and Develpment
 

This project proposes to strengthen the GOP's
 
capability for natural resource assessment and to lay the
 
basis for increasing firewood supply through the growth of
 
more forests. An increased aseessment and planning capability
 
in the forestry sector will add to the GOP's overall assess
ment and planning capabilities for energy and will contribute
 
to policy initiatives affecting both the supply and demand
 
of non-commercial fuel sources such as firewood.
 

c. Area Development Projects
 

The proposed Energy Planning and Development Project
 
is related to A.I.D.'s Tribal Areas Development Project in the
 
NWFP in the area of water resources development for energy use.
 
As currently envisioned, small hydro sites will be selected to
 
test the technical and economic feasibility of small scale,
 
low-head hydro electric systems for provding energy to remote
 
villages. NWFP has sufficient water resources to offer several
 
possibilities for pilot activities. If the pilot phase proves
 
successful, an insuitutional framework will exist to promote 
the replication of similar systems within project areas. Renew
able demonstrations may also be implemented under this proiect in 
conjunction with activities under the Area Development in the 
NWFP and the Baluchistan Area Development Projects. In additi 
under the latter project, scheduled for initiation in FY 1984,
 
the potential exists for coordinating coal-related activities
 
under this project since Baluchistan contains much of Pakistan's
 
coal deposits and offers potential sites for locating a pilot
 
briquetting plant which may be funded by this project.
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I. Project Rationale
 

Pakistan is at a very important juncture relative to
 
its overall economic development and the role of energy
 
resources in this development process. In particular,
 
the short-lived ere of perceived high gas availability
 
with associated low costs ic rapidly coming to an end.
 
To a large extent, gas has been a major factor in
 
accelerating Pakistan's development over the last two
 
decades. Decisions will have to be made on such critical
 
iasues as natural gas pricing, energy intensive industrial
 
expansion, exploration policies, coal development, energy-

related infrastructure development, and manpower development.

The investment implications of these decisions will be
 
enormous and long lasting.
 

Clearly, the extent of oil and natural gas reserves in
 
Pakistan is one of the central issues which will affect
 
all other energy supply options. However, as indicated
 
by the energy balance projections, modest increases
 
in gas or petroleum supply will not diminish the need
 
to consider the increasing use of coal in industry and
 
power generation. Nuclear energy is being developed in
 
Pakistan, but the economics of nuclear will also not
 
allow it to satisfy the country's projected shortfall.
 
Currently, there is only limited experience in Pakistan
 
in the large scale mining, transportation, and utilization
 
of coal. It is, therefore, important to improve the
 
capabilities of appropriate organizations (including
 
WAPDA, PNDC, and GSP) in Pakistan to assess the potential
 
role of coal and to lay the groundwork for its expanded
 
use.
 

The energy balances also indicate the central role of
 
industrial energy conservation in achieving a better balance
 
between indigenous energy resources and demand. They

indicate, in fact, that credible programs in expanded coal
 
utilization would not succeed in significantly reducing

the rapid increase in oil imports without simultaneous
 
efforts to improve industrial energy efficiency. Further
more, energy conservation is one of the few options which
 
can have a significant impact over a 2-5 year time frame 
a period which will be very important as Pakistan makes the
 
transition from perceived ample supplies of cheap natural
 
gas to a peiiod where energy is priced at close to
 
international standards. Due in part to the availability
 
of low cost natural gas, there is only lUiited awareness
 
inf Pakistan of the rapid improvements in energy audit
 
techniques, operational modifications, and energy recovery

and management equipment which have occurred because of
 



-59

economic necessity in the United States and elsewhere.
 
Improving the capability of both private and public
 
sector industry to utilize modern energy conservation
 
methods is, therefore, an important element in the
 
overall energy planning process.
 

The role of renewable energy resources in affecting near-

term (to 1991) national energy balances is modest.
 

-
However, thl role is projected to become more significant
 
in the post 1i>0 period due to a combination of increased
 
gas prices (making solar heating more attractive),
 
improved technologies (particularly photovoltaics), and
 
the creation of an industrial ca ability to manufacture
 
and service system3. Of particular importance is that
 
tenewable energy systems could be attractive in the
 
near-term for servicing small loads in sparsely populated

and strategically important regions such as NWFP and Baluchistan.
 
The capability to analyze, design, and implement renewable
 
energy technologies should be developed early in 'both the
 
private and public sectors, so that scarce resources are
 
not directed toward projects with limited practical value,
 
a private sector capability to serve this industry can
 
evolve, and realistic information required for integrated
 
energy planning can be developed.
 

The realistic assessment of options relative to energy
 
sector investment and strategies must be integrated with
 
a complex mix of economic development, energy demands, and
 
financial and policy factors. The capability to undertake
 
the required integrated analysis does not yet exist in
 
Pakistan and, in fact, there has not been a clear charter
 
for such analysis within any single government organization.
 
This has been recognized by the GOP and resulted in its
 
using the services of a foreign consulting firm to assist
 
in the development of the energy section of the Sixth
 
Five-Year Plan. An enhanced capability to undertake
 
integrated analysis of energy options will be an important

factor in being able to realistically assess the merit3
 
of alternative strategies and policies relative to such
 
issues as coal development, energy pricing, and rural
 
electrification.
 

The proposed project has as its primary objective to
 
assist the Government of Pakistan t c develop essential
 
information required to make key policy and planning
 
decisions as well as to develop the capability to utilize
 
this information in analyzing energy development options
 
and energy policies. The project addresses many of the
 
major energy-related policy and technical assistance
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issues in those areas where increasing private sector
 
participation could be particularly beneficial such as
 
in coal mining and in developing the capability and
 
equipment to produce and use industrial energy efficiently
 
or to tap renewable energy resources. These are also
 
areas where the United States private sector is very
 
strong, so that A.I.D. is in a favorable position to
 
provide Pakistan with highly qualified technical
 
assistance.
 

In summary, the rationale for this project is that it
 
addresses the critical energy problems which represent
 
a major constraint to Pakistan's economic growth and
 
stability. The effectiveness of other U.S. assistance
 
would be enhanced if energy shortages were reduced or
 
eliminated. The project provides opportunities to support
 
and encourage improvements in energy policy and it
 
reinforces A.I.D.'s emphasis on technology transfer,
 
training, and a strengthened role for the private sector.
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III. DETAILED PROJECT DESCRIPTION
 

A. Project Goal and Purpose
 

The goal of this project is to increase Pakistan's 
energy self-sufficiency and thereby improve th quality of 
life for its people. The purpose of the project is to 
assist th.2 Government of Pakistan to formulate and implement 
plans and programs to assess, develop and use Pakistan's 
indigenous energy resources and increase the efficiency 
of energy use. This will be achieved by strengthening 
the capability of the Government of Pakistan to: 
(1) undertake effective integrated and sectoral analyses
 
of energy development strategies in order to support
 
financially sound GOP energy policy and development
 
planning; (2) develop programs in coal assessment, mining,
 
and utilization; and,(3) adopt energy conservation and
 
renewable energy technologies.
 

B. Project Outputs
 

The project is expected to produce the following major
 
outputs which together should achieve the project purpose:
 

1. the establishment of a permanent GOP Energy Analysis
 
Group capable of carrying out integrated energy analyses
 
and sectoral and special studies;
 

2. the establishment of an operational Energy Data
 
Management System, including current and historical
 
supply and demand information by fuel and by sector;
 

3. the completion of a series of Special Energy
 
Studies to be used as reports to assist in the formulation
 
of energy policy and in the preparation of annual, 5-year,
 
and long-term energy development Dlans,
 

4. the completion of a coal resource assessment
 
which will provide a quantitative understanding of coal
 
reserves at Lakhra, Sonda Thatta, and other coal fields
 
in Pakistan;
 

5. improved coal analysis facilities at GSP, PMDC
 
and PCSIR;
 

6. the establishment of a Coal Projects Depart
mert within WAPDA to promote, plan and manage the develop
ment and implementation of coal-fired power generation
 
and coal mine projects;
 

7. the completion of an assessment of the development
 
barriers facing the private coal mining industry and of
 

.options available tolthat sector and the GOP to eliminate
 
,or reduce thoee barriers and to stimulate private investment
 
-in coal development;
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8, the demonstration of improved mining techniques
 
appropriate to Pakistan's coal indusatry;
 

9. preparation for the implementation of Pakistan's
 
first large scale coal mine and coal.-fired Power Generation
 
Project (Lakhra)l
 

10. the completion of a feasibility study, test market
 
analysis and pilot plant for producing coal briquettes
 
for use in the residential markets
 

11. the completion of app=rbnately 60 ezi use audits and the 
establishment of an Industrial Energy Use Data System; 

12. the implementation of 4 to 8 industrial energy

conservation demonstration projecta
 

13. the development of a comprehensive national industrial
 
euergy conservation program;
 

14. the completion of an energy needs suvey which 
describes the user market far renewable energy technologies; and, 

15. the completion of assesemepts of renewable energy

technologies and programs and the demonstration of selected
 
renewable energy technologies such as solar, small hydro,

fuel efficient woodstoves, and biogas digesters.
 

Additional infotmation on the relationship among the
 
project goal, purpose, inputs and outputs is provided in
 
the Logical Frame~ork in Annex E.
 

C. Project Components
 

The project consists of three major components:

(1)Energy Analysis and Manpower Development; (2) Coal
 
Resource Assessment and Development; and, (3)Conservation
 
and Renewable Energy Technologies.
 

1. Energy Analysis and MLmpower Development 

This component will strengthen the capability of 
the GOP to undertake integrated energy analyses necessary
for sound development planning. Technical assistance, 
training and some small computer equipment will be provided
to the GOP Plming and Development Division to suport the deelopment
and management of an Energy Data System, the development of 
an Energy Analysis Group (EAG), a series of special energy
studies, and a manpower assessment and development program. 

Energy issues pervade the whole economic planning process.

Petroleum products now account for over 25% of total imports,
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and over 20% of the national budget is directed toward
 
the energy sector. Development of Pakistan's industrial
 
and agricultural sectors is being impeded by the cost and
 
availability of energy resources, The development of
 
financially sound policies an plans at the national level
 
requires the ability to absess the energy-related
 
implications (oil imports, infrastructure requirements
 
and the like) of alternative development policies. This
 
assessment requires an integrated analysis of often
 
conflicting energy supply and demand issues. Such an
 
integrated analysis usually consists of three steps:
 

a. developing an adequate data base on a wide
 
range of topics such as energy technologies, energy pricing
 
structures, regional and national demands broken down by
 
sector, and energy transmission and transportation system
 
costs;
 

b. preparing integrated energy supply and demand
 
balances and forecasts which indicate the sectoral energy

demands required to satisfy various ecknomic development

needs and the energy supply infrastructure (such as power
 
plants and drilling programs) required to meet these
 
demands; and,
 

c. estimating the financial, material, and manpower
 
requirements of the energy supply infrastructure for
 
comparison with available resources so decision-makers can
 
develop sound policies and plans.
 

When completed, this analysis will provide a clear under
standing of the energy implications of pricing policies and
 
industrial development strategies and of the impact of
 
various energy systems (such as coal or nuclear) on national
 
budgets, financing needs, employment and social development.
 

As Indicated previously, the GOP, through its Planning

and Developmet Divisi n, iscurrently underaking integrated energy 
analysis with the assistance of IEDC in support of the
 
preparation of the Sixth Five-Year Plan. In addition,
 
several organizations in the GOP, most notably the DGER
 
within the Ministry of Petroleum and Natural Resources,
 
Enar-Petrotech within the Ministry of Production, WAPDA
 
within the Ministry of Water and Power, and the Applied

Systems Analysis Group within the Pakistan Atomic Energy
 
Commission also have extensive energy-related data
 
collection and sectoral energy analysis capabilities. This
 
project component will use these existing GOP capabilities 
as the starting point to support the formation of an 
Energy Analysis Group, consisting of four to six professional 
GDP analysts within the PLarilng md Develormwit Division trained in 
integrated'energy analysis methods. The project will focus on
 
the developamt of GOP capabilities rather than on the energy analyses 



themselves. Beyond the oi:vious d.vclopmnent value of
 
building GOP analyti-l skills, an additional iustification
 
for thir approach follos frcm the foct that any energy
 
plan must be continually updated and re-evaluated to
 
respond to changing wiorld energy pricei and other variables.
 
A per==t, well or&izeid trained Dey Analysis Grop wll provide 
the GOP with the capability to accomplish this on a
 
continuing basis.
 

The objectives of thiu Energy Analysis Group will be to
 
undertake integrated analysis in support of the annual, 5 year


d l.ng-term planning cycles and to provide information
 
required for investment planning and manpower development
 
in the energy sector. These objectives will be achieved
 
through the following major activities : data base development
 
and management; integrated energy analysis; special studies;
 
and, manpower assessment and development.
 

a. Enery Data Base Development and
 
agement System
 

This activity will strengthen the energy data
 
collection and processing capabilities of both the Energy
 
Analysis Group and organizations within the line Ministries
 
having major responsibilities for energy data collection and
 
sectoral analysis. Under this activity, the Energy Analysis
 
Group will compile a consistent set of energy data collected
 
by the Ministries which supply and use energy. The Energy

Analysis Group will not conduct its own primary data
 
collection but will rely on input from other GOP organizations
 
charged with specific energy and economic development
 
activities such as industrial energy conservation or renewable
 
energy development. Funds will be provided for several
 
energy surveys which are described under the coal and energy
 
conservation and renewable components below.
 

Data needs addressed under this activity will include
 
detailed statistics on: reserves and production rates of
 
primary energy resources; performance costs and manpower
 
requirements of energy system optionst sectoral energy
 
demands both at the national and regional levels; financial
 
parameters relating to trade,. taxes, interest rates, and
 
duties; costs and availability of internationally traded
 
energy forms (oil, gas, coal, LPG); basic energy inputs
 
required to undertake different forms of industrial activity

(such as Btu per lb. of cement) and, the probablwmtime'of
 
availability, performance, and economic parameters of new
 
energy related technologies w..ich might significantly affect
 
energy supply options or energy demand.
 

The data needs of comprehensive integrated energy analysis
 
are quite complex. This program will assist the GOP to
 
develop the data inputs based on the experience gained to
 

Best Available Doc 
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date in the DGER, the Federal Bureau of Statistics and
 
other offices in Pakistan, in the U.S., and thoue in
 
international bodies such as the International Energy
 
Agency and the U.N. Statistical Office. Assistance will
 
also be provided to put the data into standardized formats so
 
that comnputer-based data systems will be consistent with
 
the data needs of the analysis methods being used at
 
various phases of thE project.
 

b. Integrated Energy ArI is,
 

Through technical assistance, training and provision

of ccuputer equipment, this activity V1.1 oTi-ze arA4 build t1W 
capabilities of the Energy Analysis Croup to undertake 
complex integrated analysil of inveatment and manpower resource 
needs in the energy sector. Activities m'ich will be under
taken as part of this project nub-component will assist 
the EAG staff to: 

i. use energy models (such as the Reference
 
Energy System) in support of planning activities 
(annual,-5 year,-and long-tera plans) using the more 
extensive data base developed as part of the Energy Data
 
System described above;
 

ii. identify additional analytical tools which
 
can be used effectively in Pakistan consistent with FAG
 
staff capabilities and its data baser
 

iii. determine training needg and arrange for
 
training programs (both in-country and in the U.S.)
 
essential for strengthening staff capabilities; and,
 

iv. identify information needs important to the
 
integrated energy planning process which might be addressed
 
by the special studies programs described below.
 

The end result of thin sub-component will be an Energy
 
Analysis Group capable of"undertaking integrated energy
 
and financial analyses with minimum outside support. This
 
group will be in a position to provide information to
 
decision-making bodies and, thereby, encourage policies
 
and plans consistent with economic constraints and
 
opportunities as well as national energy palicies.
 

It is important that the Energy Analysis Group not duplicate
 
the energy data collection and sectoral analysis activities
 
already being done by the various Ministries. The proposed
 
program will help strengthen the ability of the existing
 
organizations to support the Energy Analysis Group in such
 
vital functions as data collection and analysis, system
 
cost estimating, sectoral analysis, and energy technology
 
assessments.
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c. Special Studies
 

Under this sub-component, assistance will be
 
provided to appropriate GOP organizations to undertake
 
analytical studies, technology assessments, project pre-

feasibility studies, and resource evaluations in order to
 
enerate data and information required for effective
 

amalyses, policy formiletion, ad invenwt plarzditg. The ubject
 
matters to be addressed and the types of technical assistance
 
acquired will be identified as information needs are further
 
identified. An illustrative list of special studies which
 
may be addressed under this sub-component are:
 

i. pre-feasibility studies on the use of coal
 
in various industries in Pakistani
 

ii. an assessuent of th3 energy"conservation potential
 
in the transportation sectorl
 

iii. a review and analysis of management assistance
 
needs in various energy sectors; and,
 

#iv. 
 an assessment of the effects of alternative
 
world oil price escalation rates on Pakistan's energy

investment needs.
 

These special studies will usually involve the use of U.S.
 
acialists in the technology or economic fields of interest
 

will work In a uTf ive role dthiGP coumterparts, The 
typical level of e fort of each such special study is 
anticipated to be 6-12 person-months of U.S. specialists
and 12-29 person-months of GOP staff. 

d. Manpower Needs Assessment and Development
 

Development of Pakistan's coal and other
 
indigenous Cnergy resources necessitates a major effort to
 
increae the training of PMdtanis Inthe plarnnxg, mmaagemet, and tecinical
 
implementation of energy projects. This sub-component will
 
support:
 

i. a manpower needs assessment to determine the
 
range of technical, managerial and analytical skills
 
necessa.y.to accmpl4_sh goas of this project and of impedate, inter
mediate and loir-tarm enerW plan; an anslysis of the supply

and demand for engineering graduates in energy-related fields;
 
the magnitude and cost of the training required, the
 
programs where training can be accomplished, and the actions
 
necessary to improve Pakistani education and training
 
programs; and,
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ii. programs of short-term training in specific
 
sub-sectors (such as utility management. coal development,
 
oil and gas, energy conservation, and renewable energy
 
technologies) which will emphasize on-the-job internships
 
with U.S. companies and special courses available-at U.S.
 
companies and univerfities.
 

This training will complement the project-specific training
 
identified in Components 2 and 3 and will be aimed at
 
strengthening the overall energy sector. Depending on the
 
outcome of the needs assessment, a decision may be made to
 
concentrate these resources on one or two specific sub-

sectors where the shortage of requisite skills is a
 
critical constraint.
 

e. Technical Assistance
 

Technical assistance for the Energy Analysis and
 
Manpower Development Component will include a combination
 
of both long-term and short-term advisors and specialists.
 
Two long-term advisors will assist the Energy Analysis Group:
 
one will have analytical, including computer, skills and
 
will develop a methodology for and conduct energy analyses,
 
design energy technology assessments, and help present
 
analytical results to the NEPC and other policy-making bodies;
 
the second advisor will have human resource development
 
skills and responsibilities, including assessing manpower
 
needs and implementation of on-the-job training for personnel
 
in the Energy Analysis Group, in the Energy Section and
 
other sectiaw of the and Davaoxrt Divisicn, In other energy 
analysis groups within the GOP and fii GO energy agencies 
in general. The advisors will work together as a team to 
assist the Energy Analysis Group staff to carry out 
integrated energy analysis and manpower development. It is 
anticipated that both long-term advisors will work with the 
EAG during the early years of the program while staff 
capabilities are being developed and computer-based analytical 
methodologies are being implemented. 

Short-term advisors and consultants will be used in two
 
capacities: to support the long-term advisors in their work
 
with the EAG and supporting organizations; and, to work with
 
GOP counterparts in undertaking special studies as identified
 
during the course of the program. It is anticipated that up
 
to 189 person-months of short-term advisory services will
 
be used during the program: approximately 84 in support of
 
the EAG training and support and manpower support activities
 
and 105 to underteke approximately 7 special studies as
 
described above.
 

Short-term advisors in support of EAG institutional
 
development will focus on such activities as: developing
 
data bases in specialized technology areas such as coal
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gasification, renewables, and co-generation; providing
 
short-term training in a wide range of subjects such as
 
data formats, model utilization, and financial analysis;
 
and, implementing specific computer facilities or complex
 
softare packages. Short-term advisors for the special
 
studies will cover a wide range of skills including
 
economics, finance, technology assessment, engineering,
 
education and others. Short-term technical assistance
 
for the manpower needs assessment and development 
sub-component will consist of specialists in the various.
 
energy supply (cil and gas, coal, power, conaervation,
 
solar and so forth) and demand (industrial, residential,
 
transport and so forth) sectors.
 

f. Training
 

Energy analysts in the Energy Analysis Group
 
and others will be trained in the U.S. and in Pakistan in
 
energy analysis subjects and data management techniques.
 
Energy analysis methods developed over the last decade
 
vary widely with respect to complexity and sophistication,
 
and the field continues to change rapidly. Accordingly,
 
short-term training in the U.S. is especially important for
 
those ke:y staff members of the Energy Analysis Group and
 
supporting organizations who have prime responsibility for
 
designing analytical and data management methods. The
 
details of the training program will be developed during
 
project implementation as the needs of the EAG staff and
 
supporting organizations are better identified. Short-term
 
training activities wlil, however, take the following
 
basic forms:
 

i. U.S. Based Training
 

There is a wide range of short courses (3-6 
months) given in the United States in such subjects as 
energy systems analysis and planning, computer-based 
energy supply-demand models, data base management, 
financial analysis, and energy-related policy. These 
courses are given by organizations such as the State 
University of New York at Stoney Brook (an energy manage
ment course supported by A.I.D.), Brookhaven National 
Laboratories (energy supply-demand models), and private 
sector companies. The number of persons to be 
provided this type of training will be consistent with 
the needs identified during the manpower needs assessment. 



-69

ii. In-Country Training
 

Training in Pakistan will consist of short
 
courses (5-10 days) and seminars provided to ZAG staff, the
 
staff of supporting Ministries, the staff of the Planning
 
o w--l Divisicn awtions nd private sector z.Te
 
courses willbe given by both U.S. and Pakistani professionals ....
 
drawn from,the public.andvvat, sctors. The subject
 
.a-t rB to be-covered wilbeid---fied with the assistance
 
of the long-term advisors during the course of the program.
 

Other training needs will be identified by the menpower needs
 
assessment. Topics may include environmental monitoring and
 
control technologies, efficiency in the transport sector, new
 
sources of energy such as hydrogen or geothermal energy,
 
active and passive solar design methods, and others. A
 
limited amount of long-term academic training, for example,
 
in economics, may be necessary for members of the EAG staff.
 
This will be decided during project implementation.
 

E. Commodities
 

While analytical methods employed under this
 
compouent will in their initial stages allow hand computation,

eventually machine computation will be required to carry out
 
new sophisticated and complex modeling exercises necessary
 
for detailed supply and demand forecasts. Pakistan's industrial
 
sector, for example, consists of several dozen subsectors, each
 
with its own characteristic energy demand pattern. Geographical

distribution of non-counmercial fuel use will likewise be
 
disaggregated, potentially down to the district level. Achieving
 
the necessary accuracy will require use of computers.
 

Perhaps the greatest neeA for computer capability will arise
 
from development of the Znergy Dat& System, which must store
 
thousands of pieces of energy supply and demand information.
 
While selection of a suitable computer depends on analytical
 
methods and data processing chosen by the Energy Analysis Group,

it is not envisioned that a large main frame computer will be
 
necessary. Small computers with disc memory, cathrode ray

display screen, line printer, and graphics capability will be
 
most appropriate for the computer services required under
 
this component.
 

In addition to computer hardware, this program will support
 
the procurement of computer software packages and associated
 
technical support. With more ccmplex models, technical
 
support (i.e., intensive specialized tra:.ning in software
 
use and modification) is an essential aspect of effectively
 
transferring capabilities for computer-based analysis.
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2. Coal Resource Assessment and Development
 

This project component will support GOP and
 
private sector efforts to develop Pakistan's coal resources
 
as an alternative to natural gas, imported oil, and
 
fuelwood. Technical assistance, training, and commodities
 
will be provided to assist the GOP to assess and plan
 
the development of national coal reserves, to
 
prepare for the implmentation oE the country~s
 
first large scale coal mine and pcwer generation project
 
(Lakhra), to define the private sector s role in coal
 
mining, and to introduce processed coal briquettes as an
 
alternative to increasingly scarce and expensive fuelwood.
 

a. Coal Resource Assessment
 

The coal mine, power generation and briquetting

activities described below are the first steps toward
 
a major expansion of the coal industry in Pakistan.
 
Developing the maximum contribution that coal can make
 
to Pakistan's economic development will require a careful
 
assessment of the country's total coal resources. This
 
sub-component will strengthen the capability of and
 
assist the Geological Survey of Pakistan (GSP) to carry
 
out such an assessment. It will also strengthen the
 
coal analysis capabilities of the GSP and the Pakistan
 
Council for Scientific and Industrial Research (PCSIR)
 
Laboratories.
 

Coal fields and areas identified by a joint USGS-GSP
 
team as promising for more detailed assessment include
 
Lakhra (discussed below), Sonda-Thatta, Sor Range-Zarghun,

Trans-Indus Coal fields, Khost-Sharigh-Harnai, Mach,
 
and the Northern Indus area. An assessment of the
 
Duki field, which also is very promising, is being
 
funded by the World Bank. Priority attention will be
 
given to Lakhra under this project. A strategy for
 
coal resource assessment in the Lakhra fields will be
 
developed during project implementation to determine
 
priorities for the assessment work. To accomplish these
 
assessments, a number of activities are necessary. These
 
include coal exploratory drilling, coal analysis and
 
testing, and data management and geological study
 
activities.
 



-71

i. Coal Exploratory Drilling
 

Exploratory drilling is commonly done with

"core drills" which retrieve rock and coal samples as the
 
drill hole is dug. Drill rigs now used by the GSP will be
 
refurbished, primarily with bits and drill pipe needed to
 
drill larger holes which will allow deeper drilling, easier
 
geophysical logging (determining the nature of a stratigra
phic sequence by measuring geophysical properties such as
 
radioactivity, density and electrical resistivity), and
 
better core sampling of the coal. Two additional drill rigs
 
vacl also be provided. Augmentation of the GSP's existing
 
drilling equipment, in conjunction with the relevant training

required, will greatly increase the capability of the GSP to
 
undertake the considerable quantity of drilling necessary to
 
support the GOP's expanding coal assessment program. During
 
this exploratory drilling program, this activity will provide
 
the GSP with familiarization and training in the techniques

of geophysical logging and will supply equipment suitable
 
for use in coal exploratory programs in Pakistan. This geo
physical logging capability is necessary for accurate inter
pretation of the rock sequence penetrated in drill holes.
 

ii. Coal Analysis and Testing
 

Coal analysis capabilities will be strengthened
 
at the GSP and PCSIR Laboratories. Coal analyses will consist
 
of a standard coal analytical sequence: proximate and ulti
mate analysis; hsat value forms of sulfur; ash-fusion
 
temperature; grindability agglomerating character; and major,

minor and trace element analysis. These coal tests will be
 
used to predict mining and combustion p operties of individual
 
coI seams. T%%cpab5lltyteperform such a program is now
 
scattered among various labs in Pakistan. An expanded coal
 
program will require a modern coal laboratory capable of
 
expeditiously analyzing a large number of samples.
 

A.I.D. will provide funds for a Workshop on Analytical

Excellence to review existing capabilities and to determine
 
specific needs to staff and equip new facilities. The work
shop would also establish protocols for handlir? coal samples

and for reporting and managing data on analyticL results.
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A.I.D. will also provide funds to update equipment for a
 
modern coal analytical laboratory in the GSP. Equipment needs
 
at this lab and at other labs in Pakistan identified during

project development are only approximate and will be refined
 
after the above workshop is held and after a thorough review
 
is made of laboratory needs. Relevant training at USGS
 
laboratories in Reston, Virginia,in USGS contract laboratories
 
in Sommerset, Pennsylvania, and by USGS chemists in Pakistan
 
will be supported.
 

lii. Data Management and Geophysical Studies
 

In order to support a systematic assessment
 
of Pakistan's coal resources, the following activities will
 
be financed under this project:
 

(a) Geodata Center
 

The value of ge Iogic, engineering, and
 
other scientific and technical data is directly related to
 
the availability of the data to those who need to use it.
 
A central location for organizing, cataloging, storing and
 
reviewing geologic, engineering and related technical in
formation from Pakistan agencies with responsibilities in
 
the geologic and mineral resource fields has been authorized
 
by the GOP and is being established in Islamabad by GSP.
 
A.I.D. will provide computer capability and other support
 
to the Geodata Center.
 

(b) Geophysical Studies
 

Many, or most, of the known coal fields
 
of Pakistan are located in structurally complex areas where
 
resource assessment and mining are complicated because of
 
folding and faulting of the coal beds. Geophysical methods
 
and techniques supported junder this activity will help inter
pret the geological setting of the coal fields of Pakistan.
 
In particular, geophysical methods will be helpful in
 
determining the regional extent of the coal bearing rocks
 
of the Lakhra and Sonda-Thatta coal fields in addition to
 
the geophysical work directly associated with the Lakhra
 
Coal Project described below. Seismic reflecting and refrac
tion and selected other geophysical techniques are applicable

in regional coal abbessment studies. Some of these techniques
 
can be applied by GSP and will be supported by technical
 
assistance from U.S. geophysicists experienced with those
 
techniques.
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(c) Photogrammetry and Remote Sensing
 

The need for special maps derived by
 
photogrammetric methods is met in GSP through the use of
 
the 1 to 40,000 aerial photographs that cover much of
 
Pakistan and the map plotters that GSP acquired about 20
 
years ago. The four plotters of GSP are capable of satis
.fying the basic expected needs of the coal resource assessment
 
program if brought up-to-date by add-on equipment available
 
from the manufacturer. All four of the GSP plotters will
 
be updated. Femiliarization and training in methods and
 
techniques of regional coal resource assessment will include
 
some experience using modern types of stereo-plotting

instruments.
 

Remote sensing through the use of satellite photography is
 
rapidly developing into an essential tool for establishing

regional stratigraphic and tectonic settings. Some com
puterized interpretive approaches are essentially unavailable
 
because of hardware or software unavailability, but less
 
sophisticated approaches are still applicable and are useable
 
in studying coal-bearing areas in Pakistan. Therefore, train
ing im this field of remote sensing will be made available to
 
GSP. In addition, satellite photographic coverage in forms
 
suitable for GSP use will be made available.
 

The basic aerial photography available in most of the coal-

bearing areas is 1 to 40,000 scale, black and white coverage

dating from around 1955. This old coverage is still useable
 
in some areas although the negatives are seriously dtterio
rating, but aerial photography is not available at all in
 
some of the coal-bearing areas. Aerial photography is a
 
basic required element in modern fast-paced resource studies,
 
and funding will be provided for coverage in key areas.
 

(d) Publication of Reports
 

Rapid publication of the results of all
 
types of studies undertaken to contribute to the coal resource
 
assessment of Pakistan is necessary for use in further explo
ration and development. The goal must, in all cases, be to
 
aid those whose responsibilities, such as mine-planning, are
 
dependent on fast availability of accurate exploratory infor
mation. Publications will range from progress reports of
 
all types, even though of only short-term value, to finished
 
scientific papers for formal publication. In order to update

the capabilities of GSP in the preparation and publication of
 
reports resulting from the coal resource assessment program,

USGS specialists will guide and assist in the development of
 
GSP's report preparation and processing activities' In
 
addition, provision will be made to supply state-of-the art
 
equipment to GSP, such as word processors, lettering machines,

reducing and enlarging dry-print reproducers, and similar aids.
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(e) Coal Petrography
 

Coal petrography, Lhe characterization
 
of coals through study of their mineral-like constituents,
 
is a necessary part of modern coal resource assessment. The
 

size, shape, distribution and interrelationships of the
 
materials that make up coal provide information useful in
 
understanding posoible coal quality variations and, most
 

As a very
importantly, allcw prediction of potential uses. 

specialized sub-discipline of geology, effective academic
 
training in coal petrography mist bc accomplished at a
 
school specializing in the subject followed by consultation
 
and guidance while becoming an effective and productive
 
researcher. This component will include training in this
 
field.
 

iv. Technical Asoistance, Training and
 
Commodity Inputs
 

For the coal resource assessment sub-component,
 
one member of the USGS will be assigned full-time (totalling
 
approximately 45 person-months) in Pakistan. USGS will also
 
provide up to 88 person-months of short-term technical assistance
 
in a variety of disciplines within the coal sector. This Senior
 
Coal Geologist will have responsibility and authority as the
 
representative of the USGS to guide and support all the
 
various USGS activities of the project.
 

Training needs for the resource assessment consist of
 
approximately 68 person-months of short-term training in
 
the U.S. for about 27 GSP employees. Topics include:
 
coal resource assessment methodology (10 individuals);
 
geochemical characterization (4 Individuals)l and,
 
geophysical logging, data management, satellite data
 
methods and report preparation (13 individuals).
 
Limited academic training will also be provided.
 

Commodities that will be provided to the GSP for the
 
coal resource assessment include: (a) equipment to
 
augment existing core drill capability; (b) geophysical
 
logging equipment; (c)new core drills; (d) analytical
 
laboratory equipment; (e) coal petrography equipment
 
(needed for prediction of utilization); (f) Geodata Center
 
support equipment; (g) photogramietric equipment;
 
(h) publication support; (i) geophysical surveying equipment;
 
(j) rapid surveying equipment; and, (k) textbooks and
 
manuals. The list is roughly in order of priority.
 
Amounts will be determined in accordance with overall
 
project needs and priorities.
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b. Coal Mine and Coal-Fired Power Generation
 
Devel opment 

A recent feasibility study concluded that
 
the GOP's first large-scale Coal Mine and Power Generation
 
Project, Lakhra, is technically and economically feasible
 
and urgently required. It is projected that the Lakhra
 
mines will produce initially about 1.4 million tons of
 
coal per year to fire a 300 MW power generation station.
 
The total estimated coat of the Lakhra Project is
 
$833 million, consisting of $293 million in foreign

exchange and the equivalent of $540 million in local
 
currency. (See Annex K).
 

In recognition of the tremendous opportunity afforded by
 
the Lakhra Project to begin the large scale use of its
 
coal reserves, the GOP has accorded the Lakhra Project
 
one of its highest priorities under the Sixth Five-Year
 
Plan. The GOP io currently seeking financing from the
 
donor community and is anxious to complete all the
 
preparatory work for the Project and to have a trained
 
staff in place which is capable of managing coal-based
 
power projects as soon as financing has been secured.
 
The GOP has concluded that U.&. technology in mining and
 
burning lignites is most appropriate for the type of coal
 
in Pakistan and has therefore requested assistance from
 
A.I.D.
 

Accordingly, A.I.D. will providp, under,this Energy Planning
 
and Development Proj~ct, approximately $9.0 million for
 
engineering services;, training, and commodities to assist
 
WAPDA and P1MC to sdt up and train the staff of a Coal
 
Projects Department 'within WAPDA to perform field surveys
 
and studies which are required before embarking on the
 
engineering work on the Lakhra mine and coal-fired power
 
station, and to assist private miners by transferring some
 
of the latest coal mining technology, including mine
 
demonstrations. These activities are described below as
 
Phase 1 of the Lakhra Project.
 

Funding for Phase 2 activities, which are also described
 
below and include front end engineering work and training,
 
may be provided by A.I.D., through an amendment to this
 
Project.in FY 1984, depending on the outcome of the
 
additional feasibility work and studies which will be
 
undertaken during Phase I and the GOP's progress in securing

funding from the donor community for the balance of goods
and services required for the Lakhra Project. (See Phase 3
 
below.) An illustrative financial plan for Phases I and 2
 
of the Lakhra Project is provided below:
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In 	$ MillionInput 
Phase 1 a/ Phase 2 b/ Total
 

Technical Assistance 5.5 3.2 	 8.7
 

Training 	 1.2 0.8 2.0
 

Commodities 	 2.3 - 2.3 

Total 	 .9..0 4.0 13.0
 

a/ 	Phase 1 activities will be financed by A.I.D. under the
 
Energy Planning and Development Project.
 

b/ Phase 2 activities may be finaaced by A.I.D. through 
.an amendment to the Energy Planning and Development 
Project in FY 1984. 

i. 	Phase 1
 

The primary focus of Phase 1 is the transfer
 
of coal mining technology to the WAPDA Coal Projects

Department and to private miners and of coal-fired plant
 
technology to the Coal Projects Department. WAPDA has
 
recently created u Coal Projects Department to manage and
 
implement coal mine and coal-fired generation projects. 
The Department will. be staffed ,;ith experienced power 
plant personnel from WAPDA and experienced mining engineers
from PMDC. PMDC, which own.i the lease on the Lakhra mine, 
has agreed to turn over its operation to the new Department. 

Assistance provided under this Phase will include: (1) the
 
procurement of selected commodities; (2) selected WAPDA-PMDC
 
staff training; and, (3) the provision of engineering
 
assistance required to complement the feasibility studyl

Includingbut not limited to,assistance to the GOP to: 
respond to requests from potential funding agencies to 
undertake,additional analytical work, refine cost 
estimates, and prepare alternative component packages; 
complete site surveys; complete mine development drilling; 



analyze coal samples; develop engineering design criteria
 
and plans; and, establish and strengthen the
 
Coal Projects Department in WAPDA to promote, plan
 
and manage the development and implementation of the Lakhra,
 
Duki and other future coal mine and coal-fired power genera
tion projects.
 

A key complerentary activity will be an assessment
 
of development barrizre facing the private sector coal
 
mining industry in Pakistan and of options available to that
 
sector and the GOP to eliminate or reduce those barriers and
 
stimulate private investment in the coal mining industry,

especially the Lakhra Project. Senior GOP officials have
 
expressed suppcrt for a major foreign and domestic and pri
vate sector role in the coal mining industry and have agreed
 
to support a Mining Industry Workshop at which U.S. and
 
Pakistani private sector mining company representatives can
 
meet, share experiences, explore pogsibilities for collabo
ration, and discuws Fak-.stani coal mining industry plans
 
and problems with GOP officials. The Workshop will be
 
organized-as soon as possible after A.I.D. project funds
 
become available as part of the assessment of development

barriers facing Pakistan's private sector coal mining indus
try.
 

Another complementary activity that will be undertaken during

this phase is coal mining technology transfer. Pakistan's
 
private coal industry is primitive in nature. Techniques

used consist essentially of hand labor Working under difficult
 
conditions. A minimum of mechanization is used, and mine
 
owners assert that due to an insufficient: market, they cannot
 
afford the investment needed to improve the situation. Project

design consultants assert that fairly simple and relatively

inexpensive equipment and mining methods improvements would
 
greatly increase output while improving working conditions
 
in the mines. Examples include the use of electric cap lamps
 
for lighting instead of open kerosene flame lamps, the use
 
of fans to improve ventilation, improved general support,

and better coal haulage methods.
 

Limited mining technology is only one of the most critical
 
barriers which must be removed if coal output is to increase.
 
Pakistan's smaller coal mines have difficulty obtaining
 
money for the development of their projects. Both the Pakis
tan Industrial Development Bank and the Pakistan Industrial
 
Credit and Investment Corporation consider mining too risky
 
to provide loans. Some GOP officials are of the opinion that
 
the coal mining industry is self-financing and does not need
 
financial assistance. Private mine owners, on the other hand,
 
assert that lack of capital due to insufficient coal demand
 
is the principal problem.
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Barriers which have been identified by project design con
sultants and which will be axamined under this aceivity

include lack of a long-term market, shortage of miners,
 
safety, capital availability, lack of leasing policy and
 
procedures, infrastructure constraints and lack of an
 
environmental policy. On each topic, experts from U.S. firms
 
or government agencies will work with a Pakistani counterpart
 
team guided by the Coal Division in WAPDA and made up of
 
members from PMDC and other relevant GOP organizations as
 
well as representatives of p-1tvate mine owners. This activity
 
will rely as much as possible on coal mining experience within
 
the U.S.
 

Limited mining technology is identified above as a critical
 
constraint that must be removed if Pakistan coal output is
 
to increase. A substantial increase in output is needed
 
even if coal is not used to fire power plants. A.I.D. will
 
support GOP efforts to eliminate technology barriers through

the funding of technical assistance, training and commodities
 
for on site demonstrations of both open pit and underground
 
mining technologies. The Lakhra Project offers an excellent,
 
administratively efficient,and cost-effective opportunity to
 
provide these demonstrations on a timely basis. For that
 
reason and because there is a need to begin the demonstrations
 
as soon as possible, funding for this activity has been inclu
ded under Phase 1 of this sub-component.
 

ii. Phase 2
 

Because of the severe power shortages that the
 
GOP is facing, A.I.D. has been requested to help expedite the
 
implementation of the Lakhra Project as soon as funding sour
ces for Phase 3 activities (see below) have been identified.
 
Phcae 2 activities include front-end engineering work
 
and training that should be provided immediately after agree
ment is reached about Lakhra Project funding in order to
 
satisfy the fast-track implementation schedule that th \.I.D.
 
consultants agree can be accomplished and the GOP has rLques
ted be followed. Key outputs of this phase include:
 
detailed mine development plans; technical specifications for
 
mining, transportation and power gener&tion equipment; and,
 
the preparation of invitations for bids for the procurement

of such equipment,in accordance with GOP, and financing
 
agencies' understandings and agreements. Depending on the
 
outcome of the additional feasibility work and other studies
 
under Phase I and the GOP's progress in securing funding
 
for Phase 3 of the Lakhra Project, A.I.D. may provide
 
funding, through an amendment to the Energy Planning and
 
Development Project in FY 1984, for the Phase 2 activities
 
described above.
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iii. Phase 3
 

Phase 3 activities of the Lakhra Project in
clude the balance of services and goods required to design,
 
construct and place the coal mine and transportation and
 
power generation facilities in service. Funding of the
 
foreign exchange costs of this phase is currently being
 
sought by the GOP from the World Bank, A.I.D. and a number
 
of other sources. Funding for this phase of the Lakhr
 
Project is not currently being proposed under this AoI.D,
 
.Project.
 

iv. Technical Assistance
 

(I.)General
 

A long-term General Advisor will be provi
ded to assist WAPDA, PMDC and the private sector with overall 
coordination and planning of the Lakhra Project; to guide 
technology transfer activities; and, to serve as the techni
cal assistance tem leader. It is expected that the balance of general 
tecimical assistmncc will be aort-tom dwill be provided as re
quired to: complement the feasibility study; assist the GOP 
to respond to requests from potential funding agencies to
 
undertake additional analytical work, refine cost estimates,
 
and prepare alternative component packages; complete site
 
surveys; develop engineering design criteria and plans; and,
 
establish and strengthen the Coal Projects Depart4=t in 
T-7APDA to promote, plan, and manage the development and imple
mentation of the Lakhra, Duki and other future coal mine and
 
coal-fired power generation projects.
 

In addition to the above, short-term consultants will assist
 
in developing: sample coal supply guidelines and contracts;
 
a comprehensive coal sampling system to assure a supply of
 
consistent quality coal to the power plants; an environmental
 
monitoring system; training programs; a program to assess
 
and remove barriers to the expansion of pr!vate sector coal
 
mining activitiesl a coal mining technology transfer program
 
a comprehensive project implementation plan; and, a detailed
 
project implementation management system. The private mining
 
sector will need assistance in the development of appropriate
 
mining techniques suitable for the production of large volumes
 
of coal required for power plants. Technical assistance w:l1
 
also be provided for this purpose.
 

(2) Mining and Infrastructure
 

Field work on Lakhra mine development and
 
infrastructure will be facilitated by a long-term Mining and
 
Infrastructure Project Advisor. To determine the actual con
figuration and types of mines to be developed at Lakhra, an
 
area west of the western PMDC lease will be drilled and geo



p& geologist and several techni
ttans will operate the equipmmt-and train local technicianw,
 
After completing this reserve drilling, mine development
 
drilling and geophysical logging will be conducted for the
 
detailed design of the mines. Although similar drilling
 
must continue for the entire life span of the mines, A.I.D.
financed technical assistance will be provided only to
 

physically logged. A mLnJ E


oaquJ.r- sufficient data tQ paxed.r the datailed design ofzha 
firsz phase of the mining complex.
 

Mine survey technical assistance will consist of the follow-
in tasks: aerial surveying and topographical mapping One inch
400 ft) of mine area; preliminary drilling planrtAg (loninu 
program and schedule); selecting laboratories for analyses 
and test;Wolf coal and rock samplea and awarding contracts; 
vpecifying procedares for sampling, sample handling and 
prepiration, analysis, testing data logging and data base 
manasement; establishing office/field communications systems 
and information transfer; managing field operations and 
data base generation so that a major milestone - development 
of a basic mzina plan - can be made at tha earliest feasible 
timea and, planning for s prel uinary mine and infrastructure 
base camp and procuring. and in:itllng components. To 
accomplish the above mine survey tasks, the services of
 
a site project leader, a mining engineer, a project 
geologist, a mining hydrologist, and project engineers
 
will, be provided.
 

To survey and plan the construction of mine infrastructure 
at Lakhra, technical assistance will be provided for an 
aerial and surface survey of the Lakhra to Jamshoro area 
and survey of the road/rail/pipeline corridor. If funding 
is made available by A.I.D. for Phase 2, the Mine and 
Infrastructure Project Advisor will assist WAPDA to: 
prepare bid specification packages for construction and 
earthmoving equipment and design railroad and road corridors; 
prepare bid specifications for road and rail construction; 
prepare bid specifications for the locomotive; monitor
 

WAPDA's or the subcontractor's design of the substation
 
and power linel and, monitor the subcontractor's design
 
and construction of the mine colony. Technical assistance
 
would also be provided in Phase 2, if A.I.D. funds are made
 
available for this purpose, for preliminary design and bid
 
specifications for detailed design and construction of
 
workshops, maintenance facilities, warehouses, explosives
 
stores, offices and amenities, and coal handling facilities.
 



(3) Power Plant
 

Field surveys needed for the subsequent
 
design of the Power Plant will be undertaken with the assistanc..
 
of a long-term power plant project advisor and a short-tern

site plaming enginer. Many of the geotechnical, civil,
 

structuraL, electrical., me.:hanical and power engineering
 
services required for Phase 1 (and in particular urder Phase 2'
 
on the Dower station will be 
home office in conjunction with WAPDA 
an on-the-job training mode. 

undextaken 
po

.t The 
.!:sn 

or,' 
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v, Training 

Except for initial training provided to key

;OP counterpart officials, all training wilt be in accord
ance with a training plan that will be developed with the. 
assistance of the advisory team. is anticipated that4t 


the technical assistance oontractor will manage all train
ing provided. Using the Lakhra project as a training t6o!,
approximately 250 person-months cf short-term technical 
t.,'aininig in the U.S. will be provided during Phase 1 
for ever 50 Pakistanis drawn from the staffs of WAPDA 
and PMDC and the private sector (See Section IV.D). 

The training in all instances will be short-term, ranging

in duration from 4 to 8 months. After a period of training,
 
some trainees will spend a period of time with a utility

dctually operating a power plant or appropriate mining equip
ment and in the engineering contractor's home office to
 
acquire on-the-job experience. Maintenance personnel will be rreinx
 
by equipment manufacturers. After returning to Pakistan,

the trainees wil assume the positions for which they were
 
trained. They will participate in project implementation

and subsequent operation alongside U.S. consultants and thus
 
continue their training under Pakistani conditions.
 

vi. Commodities
 

Commodities procured under Phase 1 will include
 
the following:
 

(1) Environmental sampling and analysis equip
ment will be procured so that observation stations can be
 
set up around Lakhra, Jamshoro and elsewhere and analyses

carried out to determine environmental baseline conditioos. 
Self-recording equip'Dnent for approxim, cely 15 w'iather stat.Lons 
will be required including instruments to measure wind opeed
and direction, humidity, dew point, temperature, precipita.
tion, and solar insolation. Selected station will be 
equipped for NO,, SO2 and particulate measurertenf:s. In sp6
checks, air and runoff samples will be tak,.n and n ,1"=d
for heavy metals, for example, cadmium, mercury an;d a'!"&Icic. 
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Water samples will be analyzed for pH, alkalinity and heavy
 
metals. Equipment will be required to measure atmospheric
 
stratification and to describe inversion conditions;
 

(2) Demonstration mining equipment will be
 
procured to transfer modern, intermediate scale mining tech
nologies to Pakistan's private mine owners. Specific equip
ment lists and designs will be prepared after selection of
 
mine sites and after decisions have been made on the types
 
of mines to be developed at Lakhra. Typical equipment will
 
include electric cap lamps, electric mine locomotives, com
pressors and pneumatic drills for handloading longwall opera
tions, ventilation systems, and safety techniques and systems;
 

(3) Four four-wheel drive vehicles;
 

(4) A "Porta Drill" (a truck mounted drill,.
 
capable of drilling open holes as well as taking core samples)
 
will be provided to define reserves and perform mine design
 
drilling. This will become the permanent equipment of the
 
PMDC mine development drilling crew and will be continuously
 
required for the life span of the mines;
 

(5) A geophysical logging truck will permit
 
taking core samples of every fifth hole drilled. The logging
 
tool determines depth to and thickness of different types of
 
rock scrata, including coal. This equipment will be used in
 
conjunction with the "Porta Drill";
 

(6) Drilling crew, mine design and rail con
struction teams will have to be based at Lakhra. Therefore,
 
a base camp housing about 30 people, including support person
nel, will have to be set up. In the camp, a fuel supply depot
 
for the drilling and logging trucks will have to be maintained.
 
Proper spare parts and workshops will have to be provided.
 
Power generator, water tank, first aid and the like will have
 
to be provided. For the drilling, mine design surveys, rail
 
survey, and construction, a reliable field communications
 
system will also have to bq established; and,
 

(7) A 4,000 gallon capacity tank truck.
 

c. Processed Coal Briquettes for Residential Use
 

Pakistan has significant potential for briquetting
 
coal to produce a smokeless fuel substitute for firewood. Two
 
approaches are possible. Coal briquetting and coking for use
 
in braziers similar to those used in India and Pakistan coal
 
mining areas, and coal briquetting without coking for use in a
 
"smokeless" stove. PCSIR has been conducting laboratory scale
 
briquetting experiments over the past several years. Activities
 
under this sub-component will include technology assessmeut,
 
briquetting tests for Pakistani coal, a test marketing program,
 
and a briquetting pilot plant.
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A.I.D. will provide the Ministry of Science and Technology
 
and PMDC with technical assistance from a briquetting
 
specialist and a marketing analyst to undertake an assess
ment of the briquetting potential and to design a plan for
 
developing that potential. The assessment will use energy
 
survey data developed under component 3 to estimate the
 
potential market and scale of production required. The
 
smokeless stove developed at the Indian Central Fuel Research
 
Institute near Calcutta will be examined. Technology assess
ment activities will be a cooperative effort between PMDC
 
and PCSIR.
 

Concurrent with the above assessment, several independent
 
briquetting studies will be made of Pakistani coal. Three
 
American manufacturers of briquetting equipment have indicated
 
to the project design team that they would carry out bench-

scale tests without charge on small samples. If these prove

successfu!, larger tests will be made on full-scale equipment.
 

Assuming that results of the above work are pouitive, A.I.D.
 
will then provide technical assistance by a marketing
 
specialist to field test the acceptability and marketability
 
of smokeless briquettes and smokeless stoves. Approximately
 
1,000 tons of briquettes will be needed for this test. These
 
can be produced by PCSIR, or they will be imported, if
 
necessary.
 

Again, assuming a favorable outcome from the above test, A.I.D.
 
will support the design and installation of a pilot briquetting
 
plant. A 25 ton per day plant at Lakhra, as an illustration,
 
could provide enough briquettes to supply the daily needs of
 
more than 4,500 families in the Hyderabad area. This is a
 
significant population and would provide adequate data upon
 
which to base larger scale production. The entire briquetting
 
program will proceed in a cautious manner with reports aud
 
go-ahead decisions made at critical points in the work.
 

An estimated 28 person-months of marketing assistance will be
 
provided to establish a sound basis on which to plan and
 
evaluate briquetting opportunities. Pilot plant design and
 
construction management will require 9 person-months of
 
short-term assistance.
 

Appwrcmtely tway aampL of Pakistan coal will be shipped to the U.S. 
and tested for briquetting qualities. Laboratory equipment in
 
Pakistan will be provided to augment PCSIR's existing capa
bilities. For the briquette test marketing program, appro
ximately 1,000 tons of smokeless briquettes will be imported
 
(or produced locally). Smokeless stoves will also be imported

for this purpose. The largest procurement under this activity
 
will be equipment for the anticipated 25 tons per day coal
 
briquetting pilot plant.
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3. Conservation and Renewable Energy Technologies
 

This compunent consists of two elements: an energy
 
conservation program to increase the efficiency of inductrial 
energy'use; and, a program to assess and develop renewable 
energy technologies. The GOP agency responsible for 
implerentation of this component will be the Directorate 
General of Energy Resources of the Ministry of Petroleum 
and Natural Resources. 

a. Energy Conservation 

Energy conservation is the most promising option 
available to Pakistan to deal with its near-term energy
supply and demand imbalance. The preliminary energy supply
projections discussed earlier indicate the importance of 
more efficient use of energy in the industrial sector if 
production growth goals are to be achieved without larger 
increases in oil imports. In addition, analyses by the 
project design team consultants indicate large potential 
for reduced industrial energy use through better energy 
management procedures and equipment changes with financially 
attractive payback periods of less than 3 years. The policy 
of gradually increasing natural gas prices to two-thirds of 
fuel oil prices, combined with government policies to 
encourage (and possibly, in some cases to require) energy 
efficiency improvements, in public and private sector 
industry, suggest that A.I.D. assistance in thi& area could 
have important near and longer-term impacts on industrial 
energy use. This project sub-component will be based on 
extensive U.S. experience in this field and will have the 
following elements: energy rudits, industrial energy use 
data systems, training, and demonstrations. 

Two types of energy audits will be undertaken:
 

i. Preliminary audits of about 2 person-weeks
 
each, which will examine gross energy use data and
 
visually inspect plant layout and operations to identify the
 
more obvious energy conservation opportunities; and,
 

ii. DetailedI audits of about 4 person-weeks 
each, in which energy flow maps of specific industrial 
processes will be prepared and sample measurements of key 
process parameters will be made to verify those balances. 
Such measurements could include temperature levels at 
different points in the process, efficiency of combustion 
determined by flue gas compositions, and through puts of 
products. 

It is anticipated that up to 40 preliminary audits and 20
 
detailed audits will be executed over a two-year period in
 
order to support the development of the InzPztrl Energy
Use Data System and to identify specific projects for 
implementation. Each audit will result in a report which can 
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be used by plant managers to design and obtain financing
 
for low cost energy conservation measures. Under the project,

the technical advisors will work with GOP and private
 
sector counteorparts to identify both industrial sectors
 
and specific facilities within those sectors for the energy
 
audit progi-am. Industrial sectors will include, at a
 
minimam, cement, textile, fertilizer, ferrouas and non
ferrous metal industries, brick-making, ceramics, and food
 
.processing. All audits will be undertaken jointly by U.S. 
experts and Pakistani counterparts (both public and private
sector) so that the audit progm has a strong "on-the-job" 
training impact. Implementation of audit recon.endations 
will be monitored to evaluate the effectiveness of the audit 
program. 

Data compiled as a result of these audit programs will be
 
used to establish an industrial energy use data system.

With the possible exception of cement and fertilizer, the
 
energy consumption patterns in the industrial sector by
 
fuel type, function,, and temperature level are not well
 
documented. Under the pro-ect, U.S. specialists will work
 
with GOP counterparts to :
 

i. review existing reports and the results of
 
the energy audit program to improve the industrial energy
 
use data base;
 

ii. develop realistic energy use reporting
 
procedures for both public and private sector industrial
 
operations; and,
 

iii. establish an industrial energy use data base
 
which is periodically updated and provided in formats
 
appropriate for both sectoral analyses and for use in
 
integrated energy analysis and planning func.tions. This
 
activity will make extensive uoe cf similar work done in
 
the United States and el~ewhere in improving energy use
 
data in support of developing technical support programs

and policies.
 

Knowledge of energy conservation technologies and practice
 
is not widespread in Pakistani industry due, in part, to
 
the very low cost of natural gas which has prevailed until
 
recently. U.S. specialists in energy consertvation will work
 
with Pakistani counterparts in the public and private
 
sectors to prepare short courses in energy conservation
 
options which will be given to operating managers of
 
industrial operations, Ministry personnel, and private
 
sector consultants. The course material will take advantage
 
of a large base of experience in similar programs in the
 
U.S. adapted to be consistent with conditions in Pakistan.
 
The U.S. advisors will assist in preparing course materials
 
and planning program presentations. Trained Pakistani
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counterparts will have primary responsibility for making
 
presentations and working directly with industrial
 
representatives.
 

This sub-component will support limited demonstrations of
 
energy-saving techniques. The field of industrial energy

conservation in rhe U.S. has advanced rapidly over the
 
last few years as a result of rapid increases in fuel
 
prices. Plant managers and industrial planners in Pakistan
 
are often not aware of how these technologies can be
 
applied or of the benefits which will accrue in operating

efficiencies. This activity will make use of the knowledge
 
gained in the audit programs to develop a limited
 
demonstration program displaying the advantage of several
 
improved energy conservation systems. The criteria for
 
selecting demonstrations will include :
 

i. large potential for replication in similar
 
industrial units;
 

ii. highly favorable economics (payback period

less than 3 years) ao that national benefits would be
 
large if systems are widely used;
 

iii. low to modest equipment costs so that program
 
resources can support a multiplicity of projects; and,
 

iv. potential for total or partial equipment
 
manufacture in Pakistan.
 

In implementing the demonstration program, U.S. spe:cialists 
will in cooperaticn -with Pakistani counterparts - select 
specific applications and systems for deinonstratins; work 
with local firms in desigring and planning installations 
and monitoring equipmentl and, assist in the preparation of 
a plan and an infoation dissemination program so that the 
benefits of the energy conseria !: program become widely 
recognized by the industry and the govenment. It is 
anticipated that 4-8 de onstrations projects will be 
implemented under this project. Typical systems which might 
be considered for demonstration include energy management 
systems, high efficiency morors, and automatic air-fuel ratio 
control systems. 

i. Technical Assistance 

Program activities will be coordinated by
 
a resident advisor responsible for energy conservation
 
technologies. This advisor and GO? counterparts from DGER
 
and the Ministries of Production and Industry will make
 
final project plan; and will identify the requirements for
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short-term specialist assistance. Due to the multiplicity
 
of industries, technologies, and functions considered under
 
the conservation activity, most of the activities will be
 
executed by teams of short-term specialists (about 102
 
person-months) with appropriate experience. Illustrative
 
skill requirements are: energy audit techniques, industrial
 
process experience in cement, fertilizer, textiles, metals,
 
and the like, and energy conservation equipment and
 
technologies. It is anticipated that the resident advisor
 
will devote half of his time to coordinating the
 
implementation of this sub-component.
 

ii. Training
 

"On-the-job" training through Pakistani
 
participation in all component activities is an important
 
aspect of this sub-component and will be coupled with both
 
U.S.-based training and formal short-term courses in
 
Pakistan. Intensive short courses on industrial energy
 
conservation technologies, economics, and policies are
 
available in the U.S. Each year, two to four key staff
 
members of the Pakistani counterpart team will participate
 
in one of these courses. This will help upgrade the overall
 
capabilities of the GOP in this subject and expose key
 
Pakistani staff to U.S. practices.
 

Most of the formal training will be via a series of short
 
courses and seminars in energy audit technologies, energy
 
conservation technologies, and the financial analysis of
 
energy conservation projects. Examples of short courses
 
which will be considered include :
 

(a) courses in energy audit techniques for
 
public and private sector personnel who will participate
 
in the energy audit program (1-2 weeks)l
 

(b) broadly-based courses in industrial 
energy conservation economics, policies, and impacts for 
GP plaming staff in the Plamik* d Develcphnt Division, the line 
Ministries, and managers of large industries (1-2 days); and,
 

(c) trends in industrial energy conservation
 
technologies for plant managers, private sector engineering
 
companies, nnd GOP counterpart staff (2-4 days).
 

The details of course content, iudience, and presentation
 
format will be determined cooperatively with the GOP
 
counterparts as the program progresses and needs are better
 
identified.
 



iii. Commodities
 

A limited amount of demonstration equipment
 
will be purchased under this program and will be selected as
 
the program progresses after results of the energy audit
 
activity are analyzed. An illustrative list of possible
 
equipment purchases identified during project development
 
include: (a) high efficiency motors; (b) boiler and furnace
 
controls; (c) foam finishing equipment in the textile
 
industry; and, (d) high efficiency lighting. 

Approximately $890,000 has been allocated under the project
 
to procure energy conservation equipmcnt and education
 
materials which further analysis will indicate as having
 
the most potential impact in accelerating energy conservation
 
in Pakistani industry.
 

b. RenewableEnery Assessment and Development 

Severel Federal government agencies, notably the
 
Directorate General of Energy Resources (DGER) within the
 
Ministry of Petroleum and Natural Resources and the
 
Appropriate Technology Development Organization (ATDO) within
 
the Ministry of Science ahd Technology, have developed a
 
considerable amount of experience in renewable and decentralize
 
energy technologies. Renewable energy techniques have been
 
applied to two important needs: to conserve or substitute
 
for wood and dung, supplies of which are not keeping pace

with demand as cooking and heating fuels; and, to provide
 
power to rural areas not served by the central electricity
 
grid. To meet these needs, Pakistan has helped pioneer the
 
use of several renewable technologies, especially biogas
 
generators, solar, and small hydro power, and has successfully

demonstrated the technical feasibility of these technologies.
 
The potential role of these techniques in the nation's
 
future energy supply and demand balance, however, is not
 
clear.
 

This sub-component will assist the GOP to develop a renewable
 
energy assessment and devrelopment program to delineate
 
the long-term role of these techniques and to accelerate
 
implementation of promising technologies. The project
 
will facilitate coordination between the various Ministrias
 
dealing with decentralized technologies and will provide
 
guidance on appropriate levels of support necessary to
 
achieve program goals. Agencies involved in the implementation

of this sub-component are likely to include the DGER within 
the Ministry of Lroleun and Natural Resources, the 
ATDO and the PCSIR of the Ministry oi Science and 
Technology, and the Agricultural Development Bank. These
 
and other designated public and private sector entities
 
will coordinate their participation through a National
 
Renewable Lnergy Activities Coordinaticn Co:Mittee which
 
will be chaired by the DGER.
 

The approach taken in the renewable energy assessment and 
developme-.t program will be as follcws: energy needs which
 
can be met by renewable technologies will be surveyed and 
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analyzed; technologies which are meeting, or which could
 
meet, these needs will then be described and analyzed from
 
a technical, economic, social and environmental point of
 
view; barriers to development of the technologiea will be
 
identified and implementation options available to th3 GOP
 
tc reduce or eliminate those barriers will be described and
 
analyzed; pilot projects will be designed and carrie out
 
to augment existing renewable projects and to demonstrate
 
the feasibility and usefulness of the most promising
 
technologies; and, applied research will be undertaken to
 
remove impleientation barriers. Activities under this sub
component will include a residential and small comercial
 
energy netds survey and assessments and demonstrations for
 
a number ci specific renewable technologies, including solar
 
energy, small hydro, energy efficient wood stoves, and other
 
biomass technologies.
 

i. Residential and S=l1 Commercial
 

This survey of reaLiential and small
 
commercial fuei use and supply will update and expand work
 
done by the Energy Rebources Cell, now the DCER. Ae
 
described in the Background (Section 11), non-commercial
 
fuels account for approximately 40 percent of total fuel
 
use in Pakistan. This figure is estimated from a "non
commercial energy resources survey' of 5,000 urban and
 
rural households undertaken in 1974/75. This pioneering

effort in Pakistan was designed and conducted by dhe Energy
 
Resources Cell with technical assistance from a Canadian
 
firm, Acres International. As of late 1982, the DGER was
 
in the process of updating this survey (without external
 
support) and has requested A.I.D. araistance.
 

This activity will strengthen DGER's survey by supporting
 
more ditaggregated data collection in areas surveyed and
 
will provide technical aseistance and training to improve
 
survey instruments and to analyze survey results. Assistance
 
will be provided to DGER to undertake surveys and to gather
 
information needed for developing decentralized energy

technologies addressed =n~der this project, for examzple,

information needed to examine the feasibility of various
 
forms of solar energy and the feasibility of substituting
 
smokeless coal briquettes for firewood. Survey results will
 
be used to evaluate alternative energy opcions includi.ng:
 
new sources such as mini-hydro or solar; efficiency improve
ments in stoves or lamps; and price strategies, including
 
providing domestic fuels at 3ubsidizad prices.
 

ii. Assessment and Dimonstrations of
 

Based on the energy needs survey described
 
above, candidate technologies capable of meeting these needs
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will be assessed and demonstrated. Available or potential
 
resources and technical readiness to develop and use each
 
technology will be evaluated. Current uses of each
 
technology in Pakistan will be described, evaluated and
 
compared with experience in other developing countries and,
 
where appropriate, in the U.S.
 

Of particular interest in these assessments and demonstrations
 
is the social acceptance and private sector marketing aspect

of decentralized technologies. The full potential of these
 
technologies has yet to be attained in Pakf.stan. The major

constraints may be much less engineering or technical in
 
nature than they are problems of fitting each technology
 
to the daily proctices and finances of its users. As-a
 
result of the energy needs survey described above, an
 
understanding of how these technologiej can fit into the
 
local socio-economic setting will be developed and private
 
sector approaches to better disseminate knmiledge and use
 
of renewable technologies will be identftied. Extension
 
service activity and private sector marketing will be
 
emphasized.
 

Assessment and limited demonstration activities will be 
done on a continuing basis. Theme activities will strengthen 
the technology assessment capabilities of the DGER who 
will, coordirate thia w with tt Plaing and Dmiji*ftt DwRicnx1 
the Ministry of Science and Technology, NEPC and the Energy
 
Analysis Group described under the planning component
 
above. Technologies addressed in this program will cover
 
a range of renewable systems which are applicable in
 
Pakistan. During project development, preliminary eaminations
 
were made of several of these : solar energ7 , small hydro
 
power systems, efficient wood stoves and other biomass
 
technologies.
 

(a)Solar Enerl 

As doscribed in the Background Section, 
Pakistan enjoys a plentiful suppl: of solar radiation. A 
number of programs are underway to tap thts resource. The 
DGER has begun to demonstrate photovoltaic tecimologies for 
use in village water pumping and electrification. The 
Agricultural Development Bank of Pakistar (ADBP) has 
experimented with solar irrigation pumps. A researcher at
 
the University of Engineering and Technology at Peahawar(UETP)
 
has explored the use of solar %sat to replace firewood in
 
tobacco curing and drying. While thene programs are
 
appropriate, Pakistan hae not developed a coordinated
 
approach to most effectively develop its solar resources.
 
This sut-component will assist the GOP to: (1) acquire solar
 
resource daial (2) identify and assess prcinising solar
 
applications; (3) prepare a long-term plan to develop

Pakistan's aolar potentiall and, (4),demonstrate solar
 
technology options showing promise for widesproad use in
 
Pakistan.
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A.I.D.'s assistance on the solar resource sub-component
 
will help define requirements and obtain solar resource
 
data necessary for the completion of the technology
 
assessment planning tasks which follow. DGER now has
 
several solar monitoring systems and, under this project,
 
up to 6 small commercially-available solar monitoring
 
stations will be installed to augment DGER's capability.
 
After measurement sites are selected and the instrLments
 
are purchased and installed, solar data will be collected,
 
analyzed and published.
 

The results of the energy needs survey described above will
 
be used to identif and assess solar technologies which
 
show promise in Pakistan. Short-term engineering and
 
marketing assistance will be provided to help DGER to
 
evaluate its existing solar experience, to assess proposed
 
solar applications, and to identify new applications for
 
use in ?akistan, Each technology will be described and
 
enalyzed from a technical, economic and social point of
 
view.
 

A.IoD. will provide technical assistance on energy analysis
 
to the DGER to help prepare a long-term plan to develop
 
solar energy technology in Pakistan. Based on the results
 
of the technology aasesument decribed above, the task will
 
define reasonable solar development goals, describe the
 
series of steps from R&D through commercial readiness, and
 
prepare a GOP strategy to provide imaxium encouragement
 
to the private nector in the development of solar applications.
 
This plan will be directed toward the NEPC and other public
 
and private Pakigtani organizatiot engaged in energy
 
activities.
 

Candidate deamonstration projects identLfied during project
 
deign include solar thermal industrial systems, photo
voltaic systems, and pasaive solar applications. The
 
textile industry, one of,the largest industries in Pakistan,
 
is a good candidate for an industrial solar demonstration,
 
and one large private corporation has expressed interest
 
in a cooperative project. Technical design and monitoring
 
assistance may be provided to help DGER undertake this
 
demonstration. A second possible solar thermal demonstration
 
is a tobacco drying system being developed by the ATDO in
 
conjunction with the Pakistan Tobacco Board.
 

Photovoltaic systems are generally estimated to become
 
cost competitive in the !ate 1980's or early 1990's. Solar-

driven irrigation pumping is the closest to being competitive
 
now, and DGER and the ADBP may receive design and monitoring
 
assistance to demonstrate the technology. Village electrifi
cation is another photovoltaic candidate for demonstration
 
under this component which could benefit from design
 
assistance and U.S. solar equipment.
 



-92

A field demonstration may consist of design assistance
 
and evaluation of solar passive heating-and cooling
 
systems for residential or coiercial buildings. "Passive"
 
solar systems rely on architectural devices to collect and
 
store the sun's heat. These and other candidates for
 
demonstration projects will be considered during the course
 
of the project. Only those system options which show
 
promise for widespread-use and where a demonstration will
 
assist in accelerating private sector commercialization
 
will be considered. These will be identified by the
 
technology assessment and solar development plan previously
 
discussed.
 

(b)Sfl..Scale Hydro Power
 

An active small hydro program is alreLdy
 
underway in Pakistan at the University of Engineering
 
and Technology in Peshawar (UETP) in aasociation with the
 
ATDO within the Ministry of Science and Technology. This
 
activity has resulted in locally-madt tufits averaging 5-10
 
KW each being installed in the NWFP. The project design
 
team estimates that many potential sites for similar
 
units exist with a total capacity on the order of 100 MW.
 
The NWFP Department of Irrigation and Public Health
 
Engineering, among others, has begun to install small hydro
 
units of several hundred kilowatts each. in addition,
 
several studies indicate a significant potential for small
 
scale hydro (50 KW to 2 MW) on Pakistan's irrigation canal
 
barrage system.
 

This project sub-compaaent will strengthon both the technical 
apnd Twug~ capabiitief the MM As uW.l asa sATMO and oter 
orst-l~d alrew4 wrking in tha smal hydro_ field. Tin large part, this 
be done by asauring that key staff are familiarized with 
worldwide experience so that they minimize duplication of 
effort in adapting technologies for manufacture and 
implementation in Pakistan,. 

This program sub-component will consist of 3 activities;
 
assistance in small scale hydro system technology assessment
 
and design; monitoring of systems already installed; and,
 
installation of selected demonstrati.on projects. Under the
 
technology assessment and design aspects of this sub
component, technical advisors will work with appropriate
 
organizations in Pakistan to:
 

(1)review the designs of small hydro
 
units and compare these designs with those in other countries.
 
This activity will include visits of key staff to other
 
centers of small hydro activity such as Nepal, Thailand,
 
Peru, and the United Statest
 



(2) assist in designing a simple
 
system for testing small hydro units and providing equip
ment for such a test system;
 

(3) develop management approaches for
 
implementing systems consistent with the capabilities of
 
the local population in the NW11 and. elsewhere; and,
 

(4)prepare firm estimtes of the small 
hydro power potential in the NWFP and develop a plan to 
exploit that potential. 

There is very little monitoring data available on the
 
technical performance and social impacts of the existing
 
small hydro units. Under this activity, assistance will
 
be provided to the GOP to develop a monitoring plan for
 
selected installations. Necessary instrumentation (anticipated
 
to be relatively simple watt-meters, timers, and flaw meters
 
to measure system outputs, time of use, and other variables)
 
will be provided.
 

There are numerous small-scale hydro power aystems being 
developed in the U.S. which might be appropriate for use 
and eventual manufacture in Pakistan The installation and 
demonstration of up to three such systems (power levels 
to 50 KW) will be supported, both by tachnical assistance 
in system design and, procurment of the turbina-ganerators. 
The seloctimn of mysw typas aw0 icaticnu wilL be mt& by the CUP, base 
an tecbnicalad'aior' remmida ima and subject to the cazurrence of A.1 

( Biomass 

(i) yenrf kqficient Wood S oves 

It would be a simple technical 
matter to double the efficiency of wood brtrning in Pakistan
 
and thereby reduce considerably the amount of wood cut from
 
the country's trees. Experience in other countries has 
shown that the potential economic and cultural difficulties 
associated with wood stove activity to accomplish this, 
however, may be formidable. This activity will assist the 
GOP in developing its embryonic wood stove project developed 
by ATDO and UETP so that future possibilities can be clearly 
understood and future development directions set. Activities 
will include a technology assessment and market analysis 
for efficient wood stovas in Pakistan and, following this, 
a pilot project and test marketing activity. 

Based on the residential and small commercial energy survey,
 
this activity will provide short-termt technical assistance
 
from an energy analyst to assist the ATDO to analyze the
 
patterns of fuelwooduse in daily life: how much wood is
 
used in various regions; the purposes that wood combustion
 



serves (for example, cooking, heating, lighting, insect
 
suppression); the timing and practices of using wood; and,
 
the significance of cultural values and meanings attached
 
to current methods of using fuelwood. The means and
 
mechanisms by which fuelwood is procured for family and
 
commercial use will also be analyzed. The quantity, price,
 
origin, and distribution of purchased fuelwood will be
 
assessed as will the quantities collected and distances
 
travelled by those who gather wood for their own use.
 
Based on the results of this analysis, criteria will be
 
developed that can be used to identify and evaluate wood
 
stove designs with promise for application in one or more
 
regions of Pakistan. Finally, the results of the survey
 
analysis and evaluation will be used to select urban and
 
rural locations for test marketing promising stove designs.
 
Locales will be selected where the suoply of fuelwood is
 
most critical, where adequate substitutes are not readily
 
available, and where people from other villages will have
 
the opportunity to observe the wood stove initiative.
 

A pilot project will be implemented to aulm the adaptability
 
and marketability of alternative wood stove designs in
 
various regions of the country. This program will be developed
 
to accomplish three ends. First, it will identify the most
 
attractive stove types for urban and rural applications.
 
Second, it will determine the market potential for efficient
 
wood stoves. Third, it will identify the most effective
 
means for GOP support to encourage private sector marketing
 
of efficient wood stoves. Under this project sub-component,
 
A.I.D. will support the travel of appropriate Pakistanis to
 
successful wood stove projects in other countries and will
 
provide technical assistance and training to design and
 
undertake training programs for district level technicians.
 

(ii)2ther Biomaso Technoloie
 

Bbth DGER and ATDO have installed
 
biogas digesters throughout Pakistan. At the request of a
 
farmer, DGER will arrange for local. contractors to install
 
a DGER designed digester unit, usually producing from 40
 
to 150 cubic feet of gas per day. ATDO now provides only

advice to those wishing to construct their own digesters.
 
At least one private firm, "Energy King" in Lahore, is now
 
commercially marketing biogas systems.
 

Project design consultants examined other bitmass options in
 
Pakistan. While a number of technologies appear to have
 
potential, none was considered to be ready for i mediate
 
demonstration or pilot project activity. While the
 
technologies themselves are fairly well developed, questions

of economics, social acceptance, marketing, and management
vequire additicnal. study and analys i.s It is prcposed here, 
therefore, to assist the GOP to re-examine biomass technologies 
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from these latter points of view. The energy survey
 
described above will improve understanding of which new
 
technologies may have the most significant impact. Markets
 
then need to be identified and biomass projects designed
 
which will demonstrate the feasibility and marketability of
 
specific biomass technologies.
 

Under this project sub-component, A.I.D. will provide
 
technical assistance, training, and some demonstration
 
equipment. 'The specific nature of this
 
assistance will be determined during project implementation
 
after the energy surveys results begin to be analyzed and
 
after further discussion with the GOP agencies involved.
 

(d) ProJect In uts for Re-newable
Enersy Assessment anaDe=_C.w n 

Activities under this sub-component
 
will be coordinated by the team member responsible for
 
renewable technologies. This responsibility and that for
 
conservation will be assumed by one full-time resident
 
advisor.
 

(1)Technical Assistance
 

Aside from the services of the team
 
leader for conservation and renewable energy, most
 
technical assistance provided under this activity will be
 
short-term. Skills needed and functions served are listed
 
below by activity:
 

(i) AppC1Ud.mately sixteeniperson-=mths of short 
term assistance from a social sciertist, a rural development 
specialist, and a marketing specialist will be provided to 
assist the DGER to design and conduct the residential and 
commercial energy needs-survey. Their work will focus on 
sample and survey instrumpent design and design of a 
training program for survey interview teams, 

(ii) Solar energy activities will
 
require two short-term engineering and planning advisors
 
to help DGER to assess present solar applications and to
 
assist in preparing the long-term solar development plan.
 
Additional short-term assistance will be provided to design,
 
install and monitor demonstration projects;
 

(iii) Small hydro activities will
 
require about twelve person-months of short-term advisors
 
in engineer!ng (for turbine, generator and control system
 
design), economics and management (for selecting and
 
designing financially feasible and sustainable electric
 
generating systems),.and small business development (both
 



to encourage private development of small hydro systems
 
and also to find commercial uses for generated power); and,
 

(iv)The biomass activity will share
 
some of the marketing assistance provided for coal
 
briquetting under the coal component and will require
 
in addition an estimated twelve person-montha of short-term
 
assistance in wood stove and digester design and field
 
testing to be provided by engineers and rural development
 
experts.
 

(2) Trainin
 

This sub-compoiennt will include
 
training for up to 10 renewable energy managers and
 
technicians at courses such as the 6-month A.I.D.-supported
 
courses at the University of Florida. rour or more
 
individuals will visit appropriate 6wm.1.! hydro sites in
 
Nepal and!or the Northwestern statem :fa the U.S. to learn 
how small business developmet in t areas might be 
applied in Pakistan. Trtiniag for tbh wood stove and 
biomass activity will consist of up to 12 person-months

of short-term training in rmarketing for the wood stove
 
work. In addition, one or cwo mepberti of the project staff
 
will visit A.I.D.- sponsored wood stove projects in Africa
 
and/or elsewhere.
 

(3) Commodities
 

The equipment to be purchased under
 
this project sub-component will be determined as technologies
 
are assessed and marketing studies completed. It is
 
anticipated that at least the following types of equipment
 
will be necesaary. Monitoring equipment to determine the
 
incidence of solar energy (up to 6 systems) will be needed
 
for the solar resource assessment. The monitoring stations 
will include pytheliometers to measure sclar radiation as 
well as thermometers and data recording equipment. Solar 
performance equipment for monitoring solar installation will 
include electronic temperature sensing equipment, watt 
meters and data recording 'equipment. Upon completion of 
the technology assessment phase of the solar energy activity, 
solar thermal, photovoltaic and passive demonstration 
equipment will be designed and selected. Watt meters and 
flow measuring; equipment will be required to monitor existing 
and new small hydro inotallations. One or two micro 
computers will be procun'ed to assist in system design and 
data management. Three or four small hydro units from the 
U.S. will be provided todetermine their applicability
 
in Pakistan. Hydraulic equipment will be provided to the
 
UETP specifically for turbine design studies. Commodities
 
provided under the biomase activity will include wood stoves
 
and equipment to test stoves, both in the laboratory at
 
UETP and in the field.
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IV. IMPLEMNTATION PLAN 

A. IMlementation Schedule
 

All project activities are scheduled to take place over 
a five year period between Auguet 1983 and July 1988, A proposed 
implementation schedule i shown in Table 3. In order to 
facilitate the timely implementation of project activities, 
the Mission has already begun to prepare required PIO/Ts,
RFPs, and PIO/Cs. In addition, some of the organizational
changes and new institutional arrangements f.n GOP implementing 
entities, which are tied to specific conditions precedent 
(See Section VI.), have already been initiated. It is 
concplted that several key COP project implementation 
staff will be sent to the U.S. for training under the 
Misaion's Development Support Training Project and/or the 
AID/Waahington centrally-funded Conventional Energy Training 
Project even before the Project Agreement is signed.
Advertising for the two mLJor technical assistance contracts 
may also be initiated once the project is authorized and 
before the Agreement is signed. 

As soon as possible after the Agreement is signed and the
 
necessary conditions precedent have been met, the Mission,
 
with the concurrence of the GOP, will:
 

1. execute a Personal Services Contract (PSC) with
 
an individual to serve as the long-term General Advisor;
 

2. proc.urp household and office furnishings for all
 

long-term advicors under the project;
 

3. procure project vehicles;
 

4. request that SER/CM, AID/Washington execute a
 
Participating Agency Services Agreement (PASA) with the
 
USGS to provide assistance under the Coal Resources Assess
ment sub-component I 

5. negotiate and award a contract for Consulting

Engineering Services under the Coal Mine and Coal-Fired
 
Power Generation sub-component ;
 

6. negotiate and award a contract to a U.S. firm or
 
association to assist the GOP to implement the remaining

activities under this project;
 

7. procure the truck mounted drill and accessories
 
and the geophysical logging truck for the Coal Mine and
 
Coal-Fired Power Generation sub-component; and,
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TA3LE 3 

PROPOSED IMPLEKENTATIOU SCHEDULE 

CALENDAR YEaR 

1983 1984 1985 1986 1987
 

I- PRE-PROJECT AND INITIAL GENERAL PROJECT 2Q 3Q 4Q
 

A. PIO/Ts and (where appropriate) RFPs
 
Drafted for:
 

1. Engineering Consulting Contract
 

2. General TA Contract
 

3. USGS PASA 

4. PSC General Advisor
 
B. Preliminarv TrainingI Plan Develnped and
 

Candidates selected from:
 
1. WAPDA Col Projects Dept.
 

2. Energy Analysis Group I--
3. GSP (Coal Assessment)
 

4. DGER (Conservation/Renewable Energy)
 

C. Implementation Staff Trained for:
 

1. WAPDA Coal Projects Dept. ------ 4..
2. Energy Analysis Group --4
 

3. GSP (Coil Assessment)
 
4. DGER (Conservation/Renewable Energyh 
 ---- -4
 

0. Project Authorized by AID/W
 

E. Project Agreement Signed
 

F. Condition Precedent No:. I-Met
 

G. Coal Mining industry Workshop Held
 

H. General Advisor Contracted 
 .... 


I. Procurement Docurentation Issued for:
 

1.Vehicles
 
2. Consultant Household and office
 

Supplies
 

3. Coal Development Priority Commodities
 



--

--- - -

--

- - - -

II.ENERGY ANALYSISAND,MANPOWER DEVELOPMENT 

A.Condition Precedent No:o2 Mnt
 

CrT)r AT istance 
P. generah a t
 

C, Inergy Data Base Shrt-'~rmSpecialist A3 ors
 

D. GnteqrlTe hnelgy Asalysis Activities 

1. Long-Tervi Advlsor in Pakistan 
2, Short-Term Specialist Advisors
 

E. Procurerwnt of Commodities
 

F. Special Studies 
t
1.,Short-Tarm Topical Specialists 


G. Manpower Needs Assessment & Development 

1. Long-Teaz- Advisor in Pakistan
 

2. Short-Term.,ectoral Specialists
 

3. Training Program Development 

4. Training Programi Implementation 


III. COAL RESOURCE ASSESSMENT AND DEVELOPMENT
 

A. Coal Resource Assess*eft
 

1. PASA Signed
 

2. Team Leader in Pakistan
 

3. Procurement of Equipment 


4. Exploratory Drilling 


5. Coal Analysis and Testing
 

6. Data Management and Geophysical 

Studies
 

7. Training Program Development
 

8. Training Program Implementation 


/ ~ 93 196 Ij 

,i... .~...
 

-

i----- ---.
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(TABLE 3 Continged) 

PROPOSED IMPLEMNTATION SCHEDULE 

CALENDAR YEAR 

1983 1984 1985 1986 19871 

S. Coal Mine and Coal-Fired Power Generatioan 2 3 4Q 
DevelIopmrent
 

1.Ccndfti, Pr*cedent No: 3 Met 

2. Consulting Ergineering Contract Signed
 

,..Long-Te}r Advlsors in Pakistan .
 

4. Phase I Activities
 

a. Pro.urnent of Conwoditles 

b. WAPA Iol Pro ect Dept. Organiza- -----

c. Trr.ning Prrgr~lm evelolent "-
C -1
 
d. Training Pr .mImplementation.-- ... 

e. Site Surveys
 

f. Mine Oleylopr,knzt Drilling --

g. Prepare Basis of C:sign 

5. Mining Techrology TrA*ifer
 

a. Mining !ndustry Workshop
 

b. Assessment of Development Barriers I-

c. Designing of Mining.Technology
 
Transfer Program
 

d. Implementation of Mining Technology

Transfer Program
 

6. Processed Coal Briquettes for
 
Residential Use
 

a. Technical Advisors in Pakistan
 

b. TestiRg of Coal for Briquetting
 

c. Field Testing Acceptability of
 
Coal Briquettes and Stoves
 

d. Design and Carry Out Briquette
 
Marketing Study
 

e. Procurement of Pilot Briquetting-

Plant
 

f. Training In Third Country
 



---
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(TABU 3 Continued) 

P PCPQ ,'D IM,PLEMENTATIOmI S3C14Dj!j._, 

CALENDAR YEAR
 

1983 1984 19 81 6 198 

IV.CONSERVATION AND RENEWASL.E ENERGY 20 3Q 4Q 

* A. Ernerq Cap,,-ratlon 
1. Condition Precedent No: 4 Met
 
3. EnerogyTerm Advisor in2. Long Auit P.rog PakistanDesign - --

4. Procureet.t cf Arnia1tical and TestEqu ipn 
5. Audit Pmram. it.plementation 

6. Training Program Davelopment --- 4 
7. Traininq Frograr Impletentation 

8. Advisors on Industrial Energy U e
 
Data System and DOta 9an0. 

9. Energy Conservation Demonstrations 

10. Deve onent of Comprehensive 
Industrial Energy Conservation
 
Program 


B. Renewable Energy Assessment and $ 
Oevelopment 
1. Technical A-,visors in Pakistan 
 -

2. Assessnent of Technologies
 

3. Deniynstration of Successfu'
 
Renewable Energy Technologies
 

4. Training Program Development
 

5. Training Program Imp.emntation
 

6. Development of a Comprehensive
Renewable Energy Policy 
 ""
 
V. PROJECT EVALUATIONS
 

A. Interim Evaluation No. I 

B. Interim Evaluation No. 2 
 A 
C. Final Evaluation
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8. develop preliminary training plans for each of
 
the project components, identify suitable candidates, and
 
rmake arrangements to enroll these individuals in appropriate
 
programs. 

in the earLy stagea of the project and until the arrival of
 
the ,adver the Mission will utilize short-term
viso., 

conta,-cor: under PSCs and/or IQCs to undertake feasibility
 
studie- .d other activities requiring inmediate attention.
 
Such accivitles iire likely to include planning and management
 
ai tan- try; (1) Th.pler.ment the coal mining industry
 
workshop; (2) orgonize and scaff the Energy Analysis Group
 
in the Planning and Development Division, the Coal Proi ects
 
Department iii WAPDA, the GSP, and the DGER; and, ;'3) prepare
 
preliminary t-aiiiing plans and arrange for training of key
 
GOP project kmlementation staff.
 

It is anticipated that the proposed PASA with the USGS will 
be signed by December 1983 and that the long-torm advisor 
will arrive iri-country in lanuary 1984. One of the first 
activities the USGS will be asked to perform, will be to 
prepare bid packages for the purchase of drilling and
 
test equipment which are essential for the Coal Resource 
Assessment program. The early procurement of these items 
will enable the exploratory drilling w-rk to begin by the 
sumuir of 19,314 and the coal analysis and te.,ting work to 
be initiated soon thereafter. Data margaement and geophysical
 
studies are scheduled to begin in the spring of 1984 with 
the assistance of both the long-term advisnr oand shou: -rerm 
consultants. 

In order to respond to a GOP request to provide coal develop
ment support activitie s as soon as possibie, the .issionha. 
already begun to pz pare the e.eceasary contract documi?.,,ation 
in order to iaci.lita..te the early signing of a competitively 
awarded contract bvfore the end of rb,:. calendar year. WAPDA 
has made significanc progress to date in establishing its 
Coal erojects Department such that the long-term advisors will 
be able to begin immediately to assist the Derartrn.nt to 
organize ics staff, de-velop a training plan and a work plan, 
and procure reqiired commodi-.es. Site surveys and mine 
development drilling will take place n.; soon as ,'osible 
in 1984.
 

It is anticipated That the long-oterm contract for the
 
remaining project activities will not be signed prior "o
 
early !984 and that the long-term advisors will be in-country
 
no earlier than the late spring/early summer oF 1984. It
 
is likely, however, that short-term consultants will be
 
provided, in the interim, to assist the Energy Analysis
 
Group to plan a program of action for energy data base,
 
integrated energy analysis, and manpower assessment and
 
development -activities.
 



One of the firsc activiries of the r inera). Technical 
Assist:.nce Cn? r;ictor tndtr the R.wnb ,:i conp1,etit will. 
be to assist ihe D(,ER to undertakce, "he Energy Use Survey 
which will also serve aq an i riant input. for the 
coal briquetues ravket study. Thi.: survey will asLst 
DGER to establish 'th nature of bct1 rural and urban 
energy use for household an:d small commercial applications, 
On the basis of this survey, che General Technical 
Assistance Contr'r, tor will assist the DGER to assess the 
technical and economic potential of renewable enar:y 
technologies . o develop coherent pilot demonstration 
programs for hese cechnologies, iihich will begin in early 
1985 and continue throughout the life of the proiect. 
The pilot briquott.e plant is also scheduled for 
implementation in 1985 once the planned coal. testing 
and rarket feasibility studies have been completed and 
analyzed. Under the energy Conservation subo-component, 
it is anticipated that rnuoo:t of the activities ti. be 
undertaken in 1984 will consist: of training and prograrn 
analysis and design and that irplementation of audits 
and demonsLrations will not begin until 1985.
 

1Three external projecu evaluations are planned: the first 
in February 1985. the s coni in Auj ust 1986, and the final 
in June 1988. The scop, of these evaluations is described 
in Section IV.E. 
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B. Admini':rative and .nitaE~nArrangemo.n ts
 

IA.I.D. 1.zsponsibilities
 

The USA~iDPakistan Office of Energy and Engineeri.ng 
(E&E) will have overall responsibility for managing the
 
project. E&E is currently staffed with two U.S. Direct
 
Hire (USDR) and thirteen Pakistani Profes-;ir<Is,
 
nine of whom are cngineers. Two additionat 0iSDH positions
 
and one Pakistani pr!fec,. ional position hdlVC recently 1 cel
 
approved, and qualified professionals with recent energy
 
training and experience have been assigned to them. One of
 
the new USDH positions iG that of an Energy Advisor, and
 
the position will be filled by an individual who has a
 
brooid background in energy systems. This USDH engineer 
will serve as the Project Officer for this project. 

It is estimated that the implementation of this project will 
require the equivalent staff time of 1% USDH and 2 FS[1s to 
carry out AJI.D.s res onslj!ilities. The USD11 staff time 
will be provided by rhe froject Officer, working on almost 
a full-time basis, plus a percentage of the time of the
 
Chief of the Office of E&E, the ission Director, Deputy 
Director, Regional Legal Advisor, Controller, and staff of 
the Offices of Program, Project Developmcnt -ind Monitoring, 
and h-uman Resources and Training, The efforts of these 
A.L.D. staff will be supported by a 4.trong technical team 
provided under 2 direct A.I.D. corntracts with private firms, 
one direct A.I.D. PSC, and a PAS.", -wiht the U.S. Geological 
Survey. (See Section IV.C.1.) The expatriate PSC in his 
capacity as Consultant/Genera. Advisor will be responsible 
for. inter alia, the coordination of all activities under-
taken-Fy_-h- -two prime technical nssistance contractors and 
the USGS and will work closely with and assist the GOP 
Project Director on a day-to-day basis to direct and 
orchestrate the activities of all government and private 
sector agencies involved in implementing the project. 
In this way, the USAID Project Officer will thereby be 
able to devote his efforts to major program oversight 
responsibilities and liaison with senior COP officials. 
Figure 6 graphically depicts the formal and in[ormal 
relationships among A.I.D., Project Contractors, and key 
GOP and other Pakistani implementing entities.
 

E&E will be assisted in all contracting and procurement
 
actions by the Mission's Office of Project Development and
 
Monitoring, all disbursement matters by the Office of Financial
 
Management, all evaluation activities by its Program Office.
 
all training activities by its Office of Human Resources
 
and Training, afid all logistic matters by its Office of
 
Management. These Mission staff resources together with
 
the assistance of AID/Washington backstopping staff in
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FIGURE 6
 

RELATIONSHIPS AMOtG A.I.D., PROJECT CONTRACTORS, AND
 
KEY GOP AND OTHER -PAKISTANI IMPLEM11EMN TIT E'S
 

- - Direct contractual/ supervisory relationship 

= Informal collaborative relationship 

a 1 

U.S. COfSULTANT/ 'USAIDPROJECT ----- GOP PROJECT DIRECTOR
 
GENERAL ADVISOR OFFICER MINISTRY OF PLANNING
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I . 'I 

GEIRERAL TECHNICAL ASSISTANCE CONSULTING ENGINEERING IQC's and PSC's o
 
CONTRACTOR FOR ENERGY USGS FOR
 
ANALYSIS. MANPOWER DEVELOP- COAL .EN, IOALCOSESSPROJECTS AND OTHER SHORT
MENI, COAL BRIQUETTES, DEVEi.OPMENT TERM ASSISTA;NCE
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I II 
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ENERGY ANALYSIS GROUP GEOL1G :CAL SUtRVEY AD OL RJCSPRIVATE ! MINE OWNER" 
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,D.,,iS,,'V:P) DEPARTM'E' iT i DEVELOPF ENT AGE.NCIES 

DIRECTORATE GE"NEAL P .!STA. rU;C F R 
F(:R E;:'zPGY' RESOURCES SCIENTIFIC AND :E'DSTRIA;
i37ER) ! .ESEA RC (P _,_i'"'",C.
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ASIA/TR, ASIA/PD, S&T/EY, SER/CM, SER/COM, and SERiDM and
 
the Regional Legal Advisor (located in Islamabad), Environ
mental, Contracts and Commodity Management Advisors are
 
considered adequate to meet USAID/Pakistan's responsibilities
 
under the project.
 

2. GOP Responsibilities
 

The head COP implementing agency for the project 
will be the Planning and Development Division in the recently 
established Ministry of Planning and Developmenc whose 
Minister is also the Deputy Chairman of the National 
Planning Commission. The Planning and Development Division
 
will also have responsibility for establishing the Energy 
Analysis Group such ,hat it reports at a sufficiently high 
level to have an impact on energy planning and policy 
formuLation and i.s able to coordinate cfeccrivelv with 
agencies of other Ministries that will be ret-,onsible for 
undertaking other project activities. A G)' Project 
Director in the Planning and Development Division will be 
in charge of the overall Project and will aLso most. likely 
head the Energy Analysis Group which will be in charge of 
implementing Component i, Energy Analysis and Manpower
 
Development. (See Figure 7).
 

Within the Ministry of Water and Power, WAPDA will take the 
lead for all Coal Development activities. A Coal Projects
 
Department is being established within WAPDA to manage all
 
coal mining and coal-fired power plant ptojects, Its senior
 
staff will be drawn from WAPDA and from PTIDC (See Figuro 8).
 
The Chief Engineer of the Coal Projects Department will 
serve as the GOP's overall manager for rhe Coal Development 
sub-component and as an Additional. Grantee's Representative 
for the Project in WAPDA. In exercising this responsibility, 
he will be assisted by the Project Manager/Team Leader and 
other consultants provided by A.I.D. under a Consulting 
Engineering Services Contract plus a staff of WAPDA and
 
PMDC officers assigned to WAPDA who will be provided special
 
training. The Chief Engineer will report to the General
 
Manager (Generation) of WAPDA. The Coal Briquet:ting sub
component will be the responsibility of PCSIR which will
 
designate a project team to work with the U.S. contractor
 
to undertake the market tests and set up and operate the
 
coal briquetting pilot plant.
 

The lead agency for implementing the energy conservation
 
and renewable energy technology activities and the coal
 
resource assessment work will. be the Hinistry of Petroleum
 
and Natural Resources. 'This ministry is responsible for
 
geological assessments of natural resources through the
 
GSP, government controlled aspects of coal mining through
 
the PMDC, and industrial er'ergy conservation and renewable
 
energy programs through the DGER. These agencies will
 

Best AvailaB Docrur
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FIGURE 8
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designate full-time Project Managers and staffs to work with
 
the U.S. Contractors. As described in the Administrative
 
Analysis Section, in the Mission's Judgement, with the
 
technical assistance and training to be provided tde- thi3
 
project, all of these agencies should be capab51a, handling 
digr administrative and mxonitoring responsibilities under 
the project.
 

To provide effective overall leadership, a .rib .ii~h policy 
and program guidelines, review and solve mDr.iJr project 
implementation problems, and serve as a continuing forum
 
for all Pakistani ministries and agenci to monitor project 
progress, a high level co~zmittee made up uf members from 

ey irist-rien directly involved in the energy sector will 
be tabiJ'hd at the beginning of the project and wil 
meet at iea,i.- quarterly throughout the project. This 
Participating Agency Coordinating Committee will be !qde 
up initially of members from the Ministries of Planning 
and Development, Petroleum and Natural Resources, Water 
and Power,and Science and Technology and wil. be chaired 
by the GOP Project Director. Other miniscrie+ representing 
energy users may be invited to meetings. Thv Cotmittee 
will regularly review project plans, schedules, budgets and 
implementation progress. 

Renewable energy technologies and programs are handled in
 
Pakistan by several different agencies including the DGER, 
ATDO, PC.IR, WAPDA, and the Silicon Technology Development
Agency. In order to assi:ea coordination and integration of 
activities and dissemination of results, a National Renewable 
Energy Activities Coordinating Comittee mtide up of officials 
of these agencie5 will be formed and will b: chaired by the 
Director General of Energy Resoiz.rces or hLa designated 
Chief of the Energy Conservation end 'RenewableEnergy 
Technologies Component of the Proje tc The Corzi.ttee will 
meet regularly to Teti w project plans, schadVOes, budgets 
and implementation progress. 

The key Pakistani in .emtting age'iee all have e.istn8 
resources for effectively undei; caking their rpon1!lities. 
The staff of the Planm.ing ond Development Division are in 
the final stages of preparAtion of the GOP's Sixth Five-Year 
Plan. Ths. experience will provide an initial data ba.ge and 
experience for key peraornel in energy supply-demnd balances 
under -pcent 1. The DGER within the inistry of Petroleum 
and Natural Pesources and A110 %ithin the Ministry of Science 
and Technology tre alteady active in assessing and iLmplementing 
renewable energy chnoogies and industrial energy conservation 
projects. The DGER is no.. eotabli hig district offices Sn

5 ajor cities, WAPY)A 'within thie, '"4-n;:t- of Wae n 

Power is responsible for over 80 p .ntof power generation 
ia Pakistan and has already iitiaxJd action to establish a 
Coal 'froJecto Department which will forri the core. from which 
to improve the capabilities in Pakistan to assees large coal 

rprojects. T o12P has creviously been active,
.soiafrom USGS, and has considerable experience
 

in assessing Pakistan's xiineral resources.
 
j-11 
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C. Procurement P1lon 

I. Technic[il As!iitance 

Table 4 sunirri'r,s the broad rnnge of technic- 1. 
assistance requ ired to iiiulcr-nt rhi.s pp-e, ,. '-vor.3 1 

project coordination Pn, man;;gerent wi].] bcE facilitated Inv 
a long-term expa ritt Consultant /Cenerl; Advi-or, o.ho will 
be housed in Otip GOP T'.atiniri and Devvl,,p,'rmt Di-r.ion and 
contracted under a direc A. . P P-rSr, fr,,' ces Cur, r:roct( PHC 
for up to 57 persinnc tK; , addit.lon, up ro 6 p:ersn-mrth, 
of short-term ass-Lu ttr~c. ,'.. bo- relire f'r tbr! sch.di]iLed 
project evriuatio'wtF , 10i[hE'(" ,'=V'i i ,, prcC.1red uOrdcr 
direct A.I.D. PSCs ::2nc.'or irdefinit. : , i . Corl rmtr (If'Cv',. 
The reamaining technic.a! s.-,c. ',;. 1 ho,1 irnvi doed inler 3 
major contrpct:s: (a) d :c A.fTTt .c n ' tr:t wit! ;-4 . S. tivw 

or association selkcftr diVc..Jh',uF, e'.ni.. sr licitat j rn t.o 
-
provide all tho t ir.-1I :inrv i c' Com'r1pqe ,
 

(Energy Anal ys s arid Manpr!,, r ',,,l.n'prr,-n ) , Co; nn tnl. I
 
(Consernation -md Renewjblo Eor?-" ',.chr,1 , i,.s, ;and the
 
Coal Briquettes Prog'arn under Componnrt. 2: 'h) a Farticipatinf
 

requirc-rd J'h idcr 

I~~( . r, !C-LQq~L~Agency Services Agrec-,arinr (PASA) UL:.;irh th, ! 

Survey (USGS) [For th11c, C, l <eut'c- A F Pr,, rer undor
o.s.ui p 

Component 2; and, (c) a direct A.T.D. cntrac ,wa,'d in
 
accordance with A.T.D. ', corzpetlti? nro-edut.-s to i U.S.
 
firm for the Coa.-Fired Power :]nerqf-ic!n P!'"-ra' under the
 

.Coal Development su-coimpon-nt of Corrnnojnen During the 
early stages of- pr;rdct ihplemer'ti r,1 .,rti.1 the xeo'utic-rn 
of these 3 major cciutiac1>; , so-o of h. uh:,rI- c-n', te(chricn! 
assistance nee.s icJnz . ed in 'T;ibIej ', -,. " ,hu ,I-,vjdee. thrrml;h!
direct A.I.D. P.Cs mdl, 1:r In li nix : chrdi.- it,,), itu us " 

Pakistani consu]i n. irnms i.s ri. a neJ . ot'd rhIi s:i ] -it ti,,n-s 
for the 2 major nssistanee ..il C'n yt ' onI.j;Ct.sCriica± oura 
where rossibl e or re :iro in spec i F i. iirs,t ,nn c' i,nt "vni.u r ; 
or subcont rac : i t, u- 1h a .kISt.n. I . 

.,uo.1 so "ic tOne Reque-,t for Prr1')oo. 1s (RFP) will be iL- to i 
- 'offers from U.S fit-ms vri associati.vrlr; tn ur'Ior?rakc a.I rh

activities unc1or Com ',nent:s, I and 3 and thV Coa! ir1etwmtA3s 
activity under Ccmrorci,r.t 2. Thi.; amou t-.3 ,. .a eI, t niw;,tod 

376 persoin-months ofU short-t em tcchnlical . ssiitace and 
3 long-term advisors fr a total 84 person-months. Dcpvndinp. 
on the responses recoived from potertal of(f'rorq, eith.r 
one or two direct A.ID. (.,.ntracL.: mayV be cx-,cut'd, If one 
U.S. firm or association with considerable depth and exrori unce 
in a broad range (of both conventional and non--ccnkeenionai 
energy sources meets tthe requirements 'f th; so]ic.tarion, 
only one contract w-,; be awarded. 

The project activiti'.-" to be undertaken by the selertc,! 
contractor(s) a,.dicres 7orplex enery plinrlin? rnd technology 
issues and will bn :Impi ,tTrit'ed hy 3 di 'in-r,Tit ,.;M n i-H.'es; 
(Planning and D1Tvolopmev:,-; Petro'leum and Natural P.,sourc,,s. 

Bet AV lC1: Doc 't5n%
 



TABLE 4
 

PROPOSED TECHNICAL ASSISTANCE PLAN-


a/
 
Tpe Duration Source
 

in~PRF

1. 	Energy 'ssn ~oe 

a.Team Leader and Integrated Energy Long

Analysis Specialist Term 


b.Advisors to Energy Analysis Group
 
i. 	 Manpower Needs Assessment Long

Term 


ii.Energy Data Base Activities Short 

Term 


c. 	Sectoral Energy Advisors 
i.Manpower Needs Assessment Short 


Term 


ii.Energy Data Base Activities Short 

Term 


iii. 	Integrated Energy Analysis Short 

Term 


36 


12 


9 


24 


18 


24 


Competitive Direct 
A.I.D. General

Technical Assist
ance Contract 01
 
with U.S. Firm 

Competitive Direct
 
A.I.D. General 
Technical Assistance 
Contract # with 
U.S. Firm 

Competitive Direct
 
A.I.D. General
 
Technical Assitance
 
Contract 01 with 

U.S. Fim 

Competitive Direct
 
A.I.D. Ge',eral 
Technical Assistanc,

Contract #1with
 
U.S. Firm
 

Competitive Direct
 
A.I.D. General
 
Technical Assist~n:
 
Contract #1with
 
U.S. Firm
 

Competitive Direct
 
A.I.D, General
 
Technical Assistar
 
Contract Ri with
 
U.S. Firm 

a,' 	Some-of the short-term assistance indicated above may be provided through
 
existing IQCs and/or PSCs especially during the early stages of the project

prior to the arrival of the long-term technical assistance teams.
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1A8.,." 4 (Continuec) 

Tpe 

d. 	Tutors for Seminars Short 
Term 

e. Topic.l Specialist" Short 

Term 


rota i 

2. Coal Resourc Ass.ssment and veIpn1ent 

a. Coal Pt-source Assess.er.t 

i. Tear, Leader - Resident Advisor Long 
T e ni 

.i. e.~ioii Coal Assess.ent Short 

' i ,rs 'erm 

iii, .ea E.p~ore:zory Dri1l ',nQ and Short 

Ge.opnysical Loenfir Advisors Term 

iv. Coal Analy is oc',aPists Short 
Term 

v. Data Management and Geo- Short 
hysical S ies Advisors 7erm 

Tota 1 

h. Coal Ilin.nc and Cc -Fire. Powe," rlan-s 

i. Phase i
 

(1)Team Leader - Res ident Long 
Advisor Term 

(2) Mine and Transport Project Lorn1 
Manager 	 Term 


rurLion
7Th T.] 

30 

84 


?17
 

45 

39 

,5IS 

i6 

I;, 

1,33
 

24 

Source 
..... 

Competitivr ;.: 
A.I.U. Geilera" 
,echnica j s i,.,. 
Contract r11 wi-, 
U.S. Firm 

Competitive Ui: c'
 
A.I.D. General
 
Technical Assist. -.
Contract ,. wit.h 
U.S..:i r 

IJSGS PASA 

W."PASA 

SPASA 

Iir' PAi&, 

USi6A PASU 

Co;pe t ,ve Pi rpe.' 
A T ' ". 
F-ij1ner.rinc .Sefr -

r , r.ct 1,i wi~ 
L.S. wir!. 

Co::petitive Dire,"" 
. Consul'i ',
 

Enriineerirn Ser'vi,c(:s. 
Contract 42 with 
U.S. Firm 



TLF4 u(Zniue) 

1IYPe Du ra ti ol Source 

(3)'hwcr :'At-~oll Frnjeet og8 Crvtii -
Term A.L~ OdJi 

Contract
 

(4) Advisors tO WAi)DA Coal1 Short 31 CoMpet i tiIProjects Delp.rtomert Term 0. cor.'' 

(5~Ca POMP"eC' ce ofinition Short 7 c ettw F..rnr'ri ' i js 
 Term 	 uxA .I (Cri : 4 'ir 

Lnoineerinc lfIeci.jjtS 'rm 	 A L.5- A1,) 

Coritract ~ 

(7) int: rle..i~n .pC j I ; 	 43Short iO~ts'E>rit
Term -A. 1.f. (Grv, 

I~ tcn rlv ' 

Il.,../ 
' '0 r 

(8) mine t.nfras' ructujre Desion Sh 0rt ICom oe 1.i ive~~

SeilssTerm 


A.1 60IXS 

Contracr
 

fmi Su;rvr r-aiit~ 
 Dort I P Competi 'Live ,c 

Contract 112 bitfln 

Y'-ny*?S'~pe C a 3tS Tern, A. i . 0.Cow~.ur 

Contract k2 wi-m)
U.~S. Fitrm 
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TABLE 4 (Continued) 

Type 


0i1 	 Engineering Site Planning Short 

Specialists Term 


(12) 	 Engineering Management System Snort 

Cevelopenit and Implementation Term 

Specialists 


ii. Phase 2
 

(1)Energy Balance Engineering 

Specialists 


(2)Mine and Transport 

Engineering Specialists 


(3)Turbine and Boiler Specifi-

cations Specialists 


(4)System Descriptions, Logis-

tics, Piping and Instrumen-

tation Diagrams Specialists 


(5)Plant Equipment Specifi-

cations Specialists 


Duration 


20 


25 


253
 

18 


6 


80 


24 


25 


153
 

Source
 

CopTpetitive Di,.e'.t
 
.I.D, Con-,ultinrI 

Engi nee rintl .,,vice'.. 
Contract "",Jith 

U.S. 	 Firm 

Competitive Direct
 
A.I.D. :csu1t.in 
Eng inecri.cj Services 
Contract rf2 witt 
U.S. 	Firm
 

Competitive Direct
 
A.I.D. Cuisultina 
Engireering Servics 
Contract 2 .ith 
U.S. 	Firm
 

Competitive Direct
 
AJ.T,. ",onsultinq 
Engineeering Services
 
Contra(;L e with 
U.S. 	Firm
 

Com.petitive Direct
 
A.1,0. Cnsulting
 
Enginerinq Services
 
Contrdct ,, 
U.S. 	 Firm 

Competitive Di'ect
 
A.I.D. Consulting
 
Engineering Services
 
Contract 92 eith 
U.S. 	Firm
 

(.ompetitive Direct 
A.I.D. Consulting
 
Engineering Services
 
Contract 1"2 with
 
U.S. 	Firm
 

Total 


Short 

Term 


Short 

Term 


Short 

Term 


Short 

Term 


Short 

Term 


Total 
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TABLE4 (Continued'
 

.Ve. D14r, ion 

c.Co6i Byrquetti rp,
 
Adviso-s 
,;n Feasibility
and !arket .sr e s s ient StudyS t u"dym'. 	 tShort	 '
 

Term
 

Hi. Test .arketing Tp .cialist,, Short 

I-•r.- 7
 

Thrrn. 
Te~n,	 .:.i 
 '
 

iff. Engineering Design and Pilot 
 Short
Plant 	 9
Spe.ciia sts
oStruction Management 	 EGI,
Teerip	 

t.:.
• 	 ,... 
fhi'./,,,, ,.
 

Tota 

.37
 

3. Conservation and Penewabl1 
 Ereray
 

a. Conservation 
and Renewah!e 

Long 
 *6Fner gy Advisor 	 Cer,
 

Tern 
-A•.


b. Ertergy Audits Advisors Short 21 

T , °, ,
 

d. Energy Needs Survey Advisors 
 hort 

: 

Term 
 . . i:, . 

Best Avallab1a Docurment
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TABUf 4 (.Continutdo) 

T..Ta_ ,Arat. r,; Source 

e. Solar, Small Hydro, Wood Stoves, Short 48 Ctrmoeti.',e l",ect
 
and Othler Sioras Advisors Term A. .. ereral
 

Techrw.al Assistance
 

i".S. -irm 

Tot.o 166
l 


4. Project Implentation Coordinator/ Long 57 Lrect A.I.D. PSC
Term
 
ilo " 


5. Evaluation Specialists Short 6,i c.t A.I.D. PSCs 

and, WAiaer and Power). Each of these ,inist.Le.; hj;-..:ffici en1
 
experience in executinp and managing Lxratri,-te consu.ltant
 
ontrarcts. 14evertheless, because o, toOl n"T..de r ;C OT'
ccr41iza
ions involved tL^.e ,.- - c .
and di.vcr!o . -, , :. t-, .; to-( 

Mission has ,eternined that It i s in r.h best inter .s of .he.
 
proj ec : :o prcure the rqui r cd serv i c,:im inder a irect A_. 
contract. This arrangemenr i -nabLe1h ... -,tor tO work 
cjosev with A.I.D. to er,. uirt( t1 - 'r7ject eurc. vre 
appropriatel,; allocate,. amorg the vnriou.= pr:nict ,:c,.\...i-. 
and that project activities are itplemenred in a +irney ard 
coc-rdinted manner. 

' s
The Mt.ssicn te .ie f: - . uSIer a 
PA.SA Io undertake tIi act ivi ri. uindel t!"7, CC, c.2S 
Assessment Program u.lder C.riponert 2. Ili -ertces rec%!iredi 
irclude onc rerident for a oota' perrcn

plans to obtaip vicc "cC, 

Inng-ter-m ,dvi: er ,f '05 
- . , _rionths and up to 88 per-ion .- L, n ,iss :a-c.monw:'r shr;r 

i S,-cI" disciplines as g olo-.y, zeohysic-i, g&c:h'-ii s,.-r . (ao,.
,driilinfy, sirveyVinT.,, <4adpal managemen" ;nd -.tnal%Fc i.- n ,..4.s 

M ssicn s judPrrent. th , CS is ;niquel,; qualified by exoerierce 
and association to work with the Geological Su;rvey of Pakistar. 
(GSP[) to strengthen its cabilitv to undertake coaJ a9.sessnilerts 
by implementing an intensiv,c traiLni por r an by c;)zrrying 
out region al coaI asscsstInents c .(- -,,. .- .0 e.p0Si. r . 7 h 
t.SGS has performed sicm;ilar ser'.,r'cs . th,_r ,ourr-ies, 
including the U S , and is the repositorv of ... 
information on coal resourc 'h throug1'ur tThe ,,or',. *! ra, 

ex e-.sive t .ing f e C, rrfaC rr h. ,'L.. ,o,: :r!ticiDants 
"anticipated uidcr the p-oject and ht d'cc rc.e _ to cther' 

USC organiz..ations Eor personne!. ;.'.- zra.nin, .. th ue..:. 
O4 Mines. MineraI s and M rinIoe1Ten t Servi,:es , v e 'J T-armer:; z ,." 
Energy, and others. The IJS(;, has , lonV.-teurm and wIel-srab1ished 
association with the GSP and its personnet, dating back to tie 
1960's, and the GSP has specifically requested tha- the USGS 

-.+.+,+..+.-a. C.U -1 . .. 
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be the contractor for thr coal ssnt "-.-on of t-le 
project. Previous exeritnce in other c-,tao .s s8hj',,n 
that the USCS has irmDortant 3d vaftae5. over' privatc_ cont rectrs 
in performinz the 3ervicred under thfi- D.O Ct. 

The second largest antount rf tecbi.,l rvice' fails u!Ier 
the Ccal Minivg and Coal -Fired Power Coneration (lakra. 
sub-component of projet an A (9t!his with :rs,,r
months of short-cuerm assistarce and 3 lorV-ti:!r advi sor; Por
 
a total 60 under Pha3e ai additio-nal.
of pe-rson-rnonths a.d an 

153 percon-rionths o3 3hort-teer, as si.: rance under Rha.4e ,
 
Phase 2 activi.tie.( of this -v:om-nent woild consist of
 
mostly hour,:-office engineerir ; Ln Ch,. U S. -ird mav b f,..ndod
 
by A.I.D, through an amendnment to this rr-JecL in FY
 
The solici,'aftin f,-r this projcurement w.i1 cier,:.fore indicare,
 

" with the appropria e caveat- , the poFsibilitt oll.-'ap' -. 

work. WAPDA has re-..uested that ti-e U.S. Contrcr..or provi..in 
these services enter into a joni,. ve'.ture nr, rA.-c,",rracr with 
a Pakistani consulcing firm and thnt tho er-. t
1 nC 
lat er firm partricipate in the wlork to te . in',, ex:.'_L 
possible. All cost.s of the 1',.ktstani firn ":ili 'e borne by,
WAPDA. The U.S. Contractor will. also be rr d t,) ;.u-
contract with a U.S, labor-atory ro perfrr'-i rcck and c. ,i 
testing and coal analyse. and to cor:-:t withi a Pak!st'.ani 
firm to provide some of tho aeri1. Iot.gz.aphy r.oD. (See 
Section IV.C.2.).
 

2. Coimodities 

The proposed c noeity pr'ocuremer.t plan shorn in, 
Table 5 lists the ,"*1o1,oditi-s .;hich 'Ire likol"Jv t:,.be u o.'.4e 

project sho-w. orfunder this arde for each, the i,:[pal: , ,u-r cf 
purchase, the probahle tw.ree, and the ue].v mmethod 
procurement. -im, . costs of i-rdii&.-; LtLrr" are .

-,

):,-" 

in the Financial Annxe (Annex L). Project veh.cles , the truck 
mounted drill and acceiz.sories, acnd, The . h'kiical i'.n'i 
truck will be purrchased directly by UAI.D 'P-akist:an b, ca .'-, f 
the need for an enrly delivery of these specific ite,,;. All 
remaining commodi ties -will ,-procure'd by the respective. 
long-term technic0. anlstance contractors ,?'<Cep1 for S,,C,.-vI 
itemsi under the Con). Mine and Ccal.-Fiyed Power 1:enerati .b 
comporient which will be procured by WAPOA. All computer hard
ware and software will be pzr cured in consul tatiorni;tb SER/DM% 
AID/Washington. With the e:ception of vehicles, which ,i-l 
likely be procured fron Japan, all con"noditi. " procured ,rc~r...
this project will have their source and cricin in the UnitedI 
States or Pakistan. 

Ten right-hand drive, -wheel drive pas!;en-er.hicles will be 
procured as soon a, possible after the Projlect Apreement i.s 
signed. A source/origin waiver For these isrequest i'3icje
included in Annex F. Eigh" grcups or c,,rod.tit-s will be 
procured under the Coal. Mine ard Coal-Fired Po'er Generation 
sub-component. Environmental monitoring/samp iing equipment,
 



TABL: 5
 

PROPOSED CMMODIrY PROCUREMENT PLA% 

Year P, rchasod 
and Su~rce 

I. Energy Analysis and Manpower
 
j~ e 72-pent 

a. Mini Computers with disc FY !985 U.S. 
storage, line printer CRT 
and graphics capability 


o. Energy Analysis, O)ata Analysis F' 1985 U.. 

and other relevant software 


c. Training and Seminar Mterials FY 9,S4-6 U.S. 

d. Two Right-Oand Drive, 4 ;,Ihcel FV 1,9313 Japan 
Drive Land Cruiser Station 
Wagons
 

2. Coal Resource Assessment and ie elopment 

a. Coal Resource Assessment
 

i. Core Drills 


ii. Core Drill Augmentation 

Equi preent 

iii. Ceophysical Logqinq Equipment 

iv. Laboratory Equipment 


v. Coal Petrography Enuipn-ent 

vi. Geodata Center Equipment 


vii. Photoqran,etric Equipment 


viii. Aerial Photography Equipment 


ix.Geophysical Surveying Equipment 

x. Rapid Surveying Equipment 


xi. Publication Sup ort Equipmert 


xii. Textoooks 3rc Mruals 


Met'.d of
 
Proctrem.t
 

,eneral ",.ecl--,ca, 

Asbistance 
nontrac -c.r
 

General Tecrn'cal
 
Assistance
 
Contractar 

(e'eral Technical
A .. i s4 .v:.."e 

Contractor 

CSAIC/?akistan
 

USGS
 

USES
 

UjS 

USGS
 

USGS 

USGS
 

USGS 

USGS
 

USGS
 

USGS
 

USGS
 

USGS
 

rY 1984-86 L.S. 


FY 1984-86 L'.S. 


FY 190.-5 ,.S. 

FY 19"4-36 U.c. 

FY I%4-36 U.S. 

Fv 1984-85 '.S. 

FY 1934-86 U.S. 

FY 1984-M36 U.S. 

FY 1984 -J6 'J.. 

FY 198-86 U.. 

FV 1984-,56 U.S. 

FY 1964-a6 U.S. 
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Table 5 ( untinijed) 

b. Coa Mine andCoal-Fired Power
 
rati on
_11r11 

i. Truck Mounted Drill and 

Acces scries
 

ii. Geophysical Logging Truck 


iii. 	Coal Analyses and Rock and 

Coal Testing Ectuirxient 


iv. Mining Camp 
enrerator, 
qurpment. 

Houses 

ircluding 
Communications 
Shop, First-Aid, 

v. 4600 Gallon Water Tank Truck 

vi. 	 Environmenttal Sampling 
.q,i pment 

vii. 	Aerial Photographs and Maps 


viii. 	Mining De,,onstracion Equipmrnt 


"x. Four Right-Hand Drive, 4 Wheel 

Drive Iand Cruiser Station
 
Wagion.
 

c. Coal griuetting
 

i. 25 Ton per d3y Coal 

flriquett ntl Plnt 


ii. One Rirjht-Hand Drive, 4 Wheel 

Drive Land Cruiser Station
 
Wagon
 

Year Purchased 

and Source 


FY 1984 U.S. 


FY 1984 U.S. 


FY 1984 U.S. 


FY 1984 U.S. 

and Pakistan 


F 1984 

Pakistan
 

FY 1983 U.S. 


FY 1984 

Pakistan 


FY 198.5 U.S. 


FY 1933 Japan 


FY 1986 U.S. 


FY 1983 Japan 


Methoa of
 
Procurement
 

USAID!PK:stan
 

USA1/Pakist r"
 

. :.,
 
Er.1ineerr,':
 
Ocntraclor
 

Consuifg 
rn, ineerin5
 
,o.'tra~:tcr 
and WA'A 

WAP;A 

Consuti1: 
Eric neerir.3j
Coltr?.:ror 

Consiting
 
Engi neeri ng
 
Ccntractc' 

Consaiti n
 
Er,gineer n' 

Contractor 

JSAID/PaKistan
 

General Technical 
Ass i stat',ce
Coincractor 

USAiD/P.istan
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Table 5 (Continued)
 
Year Pur.nasei 
and Source 

3. Conservation and Penewable Fne .qy
 

a. nr9Z Conervtion, 

i. industrial Energy Auditing 
 FY 1984-86 U.S. 

Equipent 

ii. Education Materials for FY 1984-8r IS 
Auditor Trairiing 

,ii. De-,-.onstratinn Equ'jiork nt, FY 9 ¢-, iS 
High Efficiency Motors, 
Boiler Coritrois, Foam 
Finishing _F%iptixn t 

b. Renewable Eneri;y Technrooies 

i. Solar Radiatir
E~quipment Monitoring FY 1984 U S 

ii. 	 Photovoltaic Equipment and FY 1985-86 U.S. 
Instrumentation Systems 

iii. 	 Small Hydro Monitoring FY 1984-86 u.S. 
Equipment
 

iv.Hydro Testing Facilities FY 19$41-86 U 

v. Micro Hydro Units 	 Ff 1984-36 iI.S. 

vi. Combustion Test Equipment 
 FY lff4-86 U.S. 

for Wood Stoves 


vii. 	Biogas Monitoring Equipment FY 1984-8E U.S. 

viii. Demonscrat'on ou4-ixnt for FY 1984-8,5 U.S. 

Renwable Energy Technologies 


ix. Three Right-Hand Drive, 4 Wheel 1983FY Japan 

Drive Land Cruiser Station
 

Method .f 
Pacura ent 

Gener' T .cilcal 
Ass i star.e.: 


(.1,'l'b T Ch,.al 
A "s te 

,r r f:c r.a 

Assi-a 
ct,-:.r 

C.n~r& T,'r-c .. ' Ass ar:..' 

c,n ract,. 

-enera,,i Tac.hnic:.ZL 
s 1.S C 

:te,.1 T:C.: 

Cor :raco,

-.e:r,) Tech;,.m.--l 

Cor tractcer 

Genera Techw:ca!
 
As: s t'
.a r~f 
Ce,.tract., 

Genera' Tecnical
 
Assistance
 
Co;tr tc~r 

Gece-, Techcbl 
Ass' sitacce 
Cot ractor 
En.r 11 Te.sial 
Fsc 3t..r,Ce 

USAID/9zkist,'i 

Wageot Available Docu rl 
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mining tdemonstraniAon equipmie-nt. coal tscin equie.ens, -nd
 
aerial photographs rind na{ps will be prccure# by "e U.Z.
 

acce s,y ecuyc ,-contractor. A truck mounted drill and 

capable of drillinz open holes and coring, vaied ai: ac, oi
 
$460,.C00, and a geophysical a'nd zar,:s or 1,rlv
truck spare Ig Y'.n 0 
of drill holes, valued at about $'45 , , Wi. "e 'rccurad
 
copetitively in the 1,.. by USAID/P Lk.SaTl as Sccln a3
 
possible after the "rojeca Agreer.en-: Ls s--o. so tht
signei 

will be in-country to begin the survey
 

Mining camp equipment anO ;ccessor'es. valued at abcrt
4r1brrc:;.:$550,000, and consisting of tou,;in, u:.lc., 


aPd fuel tanks, maintence s5hon, jeneraror z
 

L :. . 1' r-n-2 
the camp will be constructed as soon as . A 'D,0 0 
gallon tank truck will be procured by WAPDA -:, k -.. 
has agreed to provide half the Iocal cos: o- .ha uL. camp 
and to purchase the tank truck 1cal. Z.virC..men.' 

,, i e be procured he ; Z-n .J-, 

anr analysis equipment, valued at S40C,3Gi}, and 'e--:.g of 
basic and specialized equipmen t mu't e procured .r.-1, U.S.
 
s3ince it is not iivnih..a ]. in llnkistnn.
 

Mining demonstration equipment, valued at $63!1 ,, JV) , wi2l" i-. 
procured in the U1.S. since it is not availabla i:rakn. A 
contract with a O.S. Lahorat,;ry will be enter=,, i1to 1' che 
U.S. prime contractor for this c,,np.or.-tn-,: co p,- , rock a,.-' 
ccal testing and coal analyses. Funds 'have beer, earaed
 
under the project for shipping of :.a?.p'es and srjl. .'.,s
 
and analyses. Aerial photographs wil'] br', :rocu_ ed ,-. a,.e
 
Surveyor General of Pakistan, and aerial "hccr.'a- .
 
inch to 400 feet scale will be ,or.racced "'; zhe U..).G 

contractor with a conimerci.al suTp:plier in Pakisa.
 

Approximately $2.6 niilion. hn'.; been ea, .ar'keJ fD'o c~omnodi.-es
 
urder the Coal Resource '-ub-component. -c-, ae'i onr
 
core drill capacity is needed s)ecificl]y to a.L w
 
of large holes. The g.opysical lcgginge "--..
 
two complete sets of portable equipmenc. The co,-e d'ril,. ,' I
 
be provided with accompanying supplies , ,,,'--"- p..te.
 
heavy duty support vhlcl es per core rig. Ci, ft:Fu..,,
 
equiprment wil.l include a microscope, hoo,-'s, 1a.....y
ne 
and miscellaneots equLpTnent. The p"roto'aetr:.: eip e" -. " o 
be procured includes items required to upiate exis in- . 
graIne cric equipment. Renort rroduccion equJoz:ent i-c'u3es 
processors, lettering mcnincs, and a reduin,; ,,too ? 
machine. Geophysical surveying ecuipment may include g'.avtv 
meters, magnetnmeters and ticro-seisnometors. if che b, dg 
permits, additional eouioment may be procurved, .ncu'. 
textbocks and manuals, ,;tereo-piotcing eaui-X.ment, a snail 
computer for the %eodata Center, an adpi rts fc 

.the core drills. 

X--a:A 3,&ab1A Document 
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Conodities needed for the Energy Conservation sub-component
 
include educational materiel for the auditor training program
 
and industrial energy auditing equipment. This auditing
 
equipment is not available in Pakistan and hence will be
 
procured in the U.S. Solar radiation monitoring commodities
 
include pyrheliometers, recording equipment and associated
 
batteries., Solar demonstration photovoltaic equipment may
 
be supplied, and it will be either of the conventional silicon
 
cell type, amorphous silicon, or an advanced technology.
 
Assessment activities for solar, hydro and biomass technologies
 
will require wattmetera, recording equipment, and small
 
micro processor equipment, among other items. Flow measuring
 
equipment, some mini-computer equipmemt, and recording
 
equipment will be required for the small hydro test facility.
 

D. Training Plan
 

Training is the key to the success of all aspects of
 
this Froject and of future energy development in Pakistan.
 
The training program planned under this Project will involve
 
the use of training organizations in the U.S. and, to a
 
limited extent, in Third Countries, as well as the development
 
of training capabilities in Pakistan. Near-term training

requirements must be met as soon as possible in order to
 
enhance the prospects of project success and can, in part,
 
be accomplished by using short-term training opportunities
 
in the U.S. While some long-term training fellowships (up to
 
two years) at the Master's degree level are likely to be
 
financed, this project will emphasize short-term, practical
 
and to the extent possible, hands-on training. Table 6 summarizes
 
the proposed training plan. It is estimated that at least
 
368 professionals will participate in the program.
 

U.S. training will consist of the following courses and
 
programs:
 

1. Academic cournes, which focus on specific energy
 
technologle-,engineering and economics, management, planning 
and analysis. A number of U.S. Universities offer such
 
courses, including the Colorado School of Mines, the
 
University of Pcnnsylvania, and Southern Illinois University,
 
among others.
 

2. InternshiRs with be arranged with U.S. industries
 
such as Pennsymvania Power and Light, southerT-cr7
-mpany
 
and other utilities, private coal companies, Westinghouse
 
Power Systems Division, the General Electric Corporation,
 
Stone and Webster Engineering Corporation, FechtoJ Ccnapeny
 
and others which can provide hands-on, pactica!J., on-the-job
 
training in a variety of operational and mnaqerial ,kills.
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a. Training for EAG Staff Energy Traininq 
Course at Stoney 
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3 months U.S. 3 
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ear_, c, ,rse 

SPak 
e. T - ininr,.. fo r IGA ta F 

ind Staff f _. . ijr,iAl,-y-
an a Use Ministries.nar-s)(3c 

Sai..fa 
£ , ...., 

s 
l 

M Special 
cs 
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. . .. .. . . . ''11. 



Project Activity ar1J ;,io.of Parti- 2roposPd b/ 
Int;nded Aiu(iience zi lrain-g Length P1 Cypcipafts Schedule 

2. Coal Rkeorce Asesse-r.t 

an, Develropmerit 

a. Coal Resowrce-Ase-s :.:t 

i. Coal Asse-_snKent 
Methods 

Internships and 
Special 

3 Pionths 
rrth 

i.S. 2 
1) 

1983 4th Qjarter 
10th184 1st t2ivr r 

at UGS 3 rnths 
W t,;S 

3 1rcinths 

2 
2 
1 

1985 lst Quarter 
19e6 it z uarter 
19;7 ist cuarter 

ii. Coal Anaivsis internships and 2 ,,inths 0.S. 2 '96.3 4th Ouarte-
Special Courses 2 ,months 1 19F4 Ist Quarter 
at UI- 2 i ontnS 1 1985 Ist Qa-ter 

iii. Datd Management and Internships and 2 P.mi-ths J.. 3 ,-zk4 ist Ouarter _ 
Geophysical Studies specila Curses ," nths 1 1984 1st Quarter . 

at IJSCG 4 .monts 1 1 $4 2nd Quarter 
2 months 5 1984 2rd Quarter 
2 months I 1985 1st Xarter 

iv. Long-Tenin Academic Master's Degree 2 years U.S. 2 an. 934- ,ar. 1985 
Training Sept. 19'5-June 1986 

b. Coal Development 

i. Phase 1 

(1) Plant Operation and Technical Intern- 8 nmnths U.S. . Oct.1986 - July 1987 
Maintenance for ship programs 
Senior Plant 
Operation/Maintenance 
Staff 
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(2) (.rat~ioh ':t. 
4; Cpxrn PiL H1in ing 
for Senior Mine 

ho ,' t 
ship pr!,gra.cs 

6 oth- Jsn.1984 - July 144 

L,''.St.,ff 

0 (3) 01n,Pit ;Minir,9 Tech;icci J' rr,- 6 ,no.h U.S. 6 Aue. lq : - Fa. i".?2 

(A) UnrgrcnJ Miiing lec~;n u.-l 1rtc-rr-
ship pro-,-a:;,s 

6 ninths U.S. 8 May 19%4 - Nov. 19Ui 

(5) Fruipent "1aintenance 
for Equip r:t M ch ,,ks 

Tochnical Irter-
'A ip prvF ',rQr , 

4 nonths U.S. 11 June 1984 - ect.1.- -
01. 

(6) Coal Har.ir,, T.chircal J.t.-,-
ship pr,;-as 

6 mors U.S. 4 ,Jan.190-' - ScrPt.19N 

( Lneray .. ana.,I-
nent for 'Seniior Staf F 

O (3) G-:;'.eration Phniny 

S(Cfl) f)r P-ar:ng 
S:aff 

int.--rn-
ship pruirdt :, 

Techni1 ..' Irte.-

snips r., -

6 menths 

6 months 

. 

i.s. 

6 

2 

Jan.1984 - Ja,. I9 

Jn.194  .Jn.198 

(9) Coal Supply Contracting 
and 3u-ness Management 
for Manageors with 
Business/Legal Background 

Technicdl I.,te.-n-
ship ptueqnns 

'n months U.S. 2 Jan.1984 - May 1934 

(10) Environmental Protec-
tion 

Technical Intern-
ship programs 

6 months U.S. 2 Jan.1984 - July 1984 
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of interJ:nships he byThe duration such bill determined the 
type of training r-quired and is likely to rrange from 6-12
 
months each.
 

3. InternshiEs will also ot arranged wi th 'U.S. nariona]. 
laborator'LeS aF1 .3. Government ce,,hnica artencTies 5c as 
the Energy Technof rte: 7.S- eartment. .ergy, 
the U.S. Ceologic,! Sur?-ej, the U.S Army Corps e. Engineers, 
Oak Ridge National Laborar-ory, Brockhaven Nationil 
Laboratory, Battelle Memorial Institute, Los Alamios National 
Laboratory, and the Tennessee Valley Authority ,TI/), 
among others, Though not normally training urgnizaicns,
these institutions provide tralnlng opportunit-i'e in
 
varicus areas of energy managemnent, technology, planning
 
and resource identification techniques.
 

4. institutes and trainin._ roZrE-s " , nsored by 
A.I.D. and'various private sector organizations. These 
include the Arthur D. Little ;,anagement Institutce, the 
Energy Management Course of Stoney Brook (Statie j "nivercatv 
of New York), the University of Fl.orida Solar Technology 
Course, and the Energy Conservation Workshop for Utility 
and Industrial Plant Engineezs (at TVA), atmong others. 

Under Phase I of the Coal Development component, up to 
312 person-months of specialized training an internships
will be provided for abc.ut 50 Pakistani personnJl. Training 
in generation planning, coal supply contract.in-, and 
business management for utilicy oecsonnel w':1l b- providei
and will he -oordinatd with tme managmnient: and cngine ering 
training program. Traininp, in o )er pi mini .,,,
tLchniques, 
equipment operation, oper-ati.on managen"ent and co.l handling
will be performed by the Texas Itilities Triir..ng Center or 
a 3imilar US. firim with experi:nco in this field. 

In some cases, the train.Lng pr.grar,' will b.- arrnged and 
implemented by the a[upropriate long-terT, technical ass).stance 
contractors under this project. For somre of the training 
activities, the services of the long-T.erm technical assisCance 
contractor under the Development Support Training Project 
will be utilized for placement and support services. Tn 
addition, Lhe Mission plans to utilize the services available 
under the central A.I.D. Conventional Energy Training 
Project (CETP) which is adminiscered by the Tnstitute of 
International Education. If necessary, special trainin"g 
needs cin be met through tailored programs under the CETP. 
In all cases, it will be t'ie rtsponsibiliry of the GOP 
implementing organizaton.s, w;ith the sista;ce cf the relevant-

long-term advisors, to dcenine training needs and the best 
means of satisfying those needs and to identify appropriate 
and qualified candidates. 

Best Avmaje 10 a
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E. Evaluation Plan
 

1. General Discussion
 

Three formal external evaluations o.re planned over
 
the life of this five-year project, in February 1985, August
 
1?86, and June 1988. The 1985 and 1986 evaluations will
 
require about 4 weeks of effort to review secondary source
 
data, conduct interviews, and make field visits. The final
 
evaluation in 1988 will entai1 about 8 weeks Qf effort and
 
may include, in addition to the above method,:- of evaluation,
 
the collection and analysis of primary source data.
 

All. evaluations will be undertas.en by individals who are 
not directly involved in the implementation of this project 
to ensure objectivity, but represenratives of all participating 
GOP ministries and agencies, 'ission personrel, and the 
contractors' long-terni resident staff will i eve as valuahle 
resources for the evaluation team. All evaluaticns will 
also require the participation of AID/Washtnizt.on personnel 
and either local and/or expatriate consultants. Al] foraal 
evaluations will be conducted under the auspices of the 
Participating Agency Coordinating Committee, which will be 
responsible for effecting policy and program changes which 
may be required as a result of the evaluations. 

In addition to these formal external evaluations, inter-nal 
assessments are planned for every six months and will
 
consist of program reviews by personnel directly involved
 
in project: implementation, including the USAID Project
 
Officer, the long-term expatriate General Advisor, the
 
GOP Project Director, COP Project Coordinators, and the 
long-tervi contractor<." team leaders. Other uoersornel from 
the GOP, USAID and the contractors' teams ma;, also attend 
these review meetings. Subjects to bc revic,'d during these 
meetings may include but will not be lidmtedi ro. the statu s 
of contracting and procurement actinnst progress achieved 
in implementing training programsi the outc,ome of 
demonstrations and studle. and decisions taker as to how 
the results will be disseminated and acted upO.n progress 
achieved in effecting planned organizational and Lnstitutional 
changes; the appropriateness and effectiveness of administrative 
arrangements; and, the effectiveness of key imple-menting 
organizations, especially the Energy Analysis Group and the 
Coal Projects Department, in implementing the project. 
On the basis of these reviews, assessment reports will 
be prepared and distributed r.o rel.e'mnt agencies and 
ministries. The Participating Ag.ency Ceordinating Commitrae 
will be responsibile to ensure that recommendations from 
these internal assessments are implemented. The rHegularly 
scheduled meetings of this Commwittee will. als o serve as 
a forum for project monitoring and informal project 
evaluations.
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A variety of data will be generated and available for all
 
formal external project evaluatiuns as a result (f the 
data.-gathering, data analysis, aind reporting activitie3 
which will take place throughout the life of the projIect 
as follows:
 

a. eiiergy data base, integrated energy analysis, 
and wanpower needs ass essment activities as well -s special 
energy studies to be undert:aken by the E-,rrgy Analysis 
Group under the Energy ,,, . si,; and Manpower Oen.,Iopzenr 
component;
 

b. coal analysis and testing, cxplorator'; drill.ir, 
and data management and geophysical studie, to b. 'rta; 
by the GSP under the Coal Resource Asse ;smert o_,e; 

c. sice surveys and mine developmrent dtioing to 
be undertaken by WAPDA's Coal Projects Department und.r thi! 
Coal Mine and Coal-Fired Power Generation sub-'rr L.enr 

d. coal testing and market feasibiiLv atu, 
to be undec taken by the PCSIR under the roal Briciuet cel 
sub-component;
 

e. the e.,tablishmcnt of an eiargy use data systew 
-and data bank r° be ;n.dertaken by the DGER under tha Energy 

rConservatiocn s.ub- c:omponren ; 

f. the energy end use sorvey and -assessment 
activities to be undertaken by the DGER under the Penewables 
sub -cemponen L; 

g. quarterly progress reportz prepared by the th.ee 
iraiJor 	 technical. assistance contractors and th long-tern 
,xpatriatc General Advisor; and, 

h. the minutes of the meetings of the Partici *,ting 
Agency Coordinating Committee and the National Renewable 
Energy Activities Coordinating Coinrmittee. 

The following discussion outlines -he objectives of each of 
-he three formal external evaluations which will take "iae 

under this project. 

February 1985 Evaluation
 

This evaluation will serve both as a project manage
ment "audit" and an opportunity to examine the results of 
feasibility studies and analyses which are scheduled to be
 
undertaken durb'g the first year and a half of the oroject 
and the resultant plans developed to implement demonstration 
and field activities beginning in 1985. By February 1985, 



- 131 

all of the lng-term advisors should have been in-country
 
for at least six months (and some about one year);
 
comprehensiAe training and demonstration plans should have
 
been developed; rmost of the project commoditie3 should have
 
been received; major studies and assessments should have
 
been corpletedt and, organizational changes and insti
tutional arrangements should have been formalized. in
 
particular, progress with respect to the Lakhra Project. 
and other coal projects, training of project implementation

snaff, and mining technology transfer activities will be
 
criticaly examined. Necessary modifications 1n the proiect

.mplemenation schedule, institutional arrangements, the
 
project financial plan, and workplans developed for key

project components on the basis of the planning and
 
analytical work completed as of that date will be made.
 

2, August-1936 Evaluation
 

This evaluation is scheduled to coincide with the 
projected completion date for the majority of activicieli
 
uzner the Energy Conservation and Renewables Energy Technologies 
ctciponent and the Coal Briquetting activities. In additic-r, 
the Energy Analysis Group will have functioned for alinost
 
chree year.s and will have carried out a significant
 
proporti.:n of the analytical work and studien under the
 
Energy Analysis and Manpower Development component of the
 
project. This evaluation will focus on the progress achieved
 
in meeting project outputs as described in the Logical
 
Frami.work. rn particular, the following aLpecrts of 1Iwt
 
proiect will. be critically examilied:
 

a. the effectiveness of the EAG in coordii;at:ing
 
and integrating energy analysis and planning actitvities in
 
Pakis tan;
 

1. a preliminary analysis of how well and to what
 
extant information generated by the project is being used
 
as an input to decision-making in both the pubLic and private
 
sectors;
 

c. policy changes which have been effecred as a
 
result of the project;
 

d. the nppropriateness and feasibilitv of the 
Comprehensive Industrial Energy Conservation Frogram and 
the progre.ss achieved in implemenring this ram, including 
responsiveness of the private sector to this initiative; 

e. the appropriateness and Feasibilir-" of the 
Comprehensive Renuw4ble Energy Policy and the progtess 
achieved in i.,iplementing this policy, including the extent 
of private sector participation in the program;
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f. the GOP's progress in establishing and
 
implementing a coherent and feasible coal program in
 
Pakistan and the extent of private sector participation
 
in this program;
 

g. the GOP's progress in implementing the Manpower
 
Development programl and,
 

h. the outcome of the pilot briquetting plant
and the GOP's future plans with respect to coal briquetting 
activities in Pakistan, including the response of consumers 
and -che private sector to this initiative. 

3. 'june1988 Evaluation
 

This evaluation is scheduled to coincide with the 
expected cowpletion date of all project activities. This
 
evaluation will measure the impact of the project on energy
 
planning and u policy formulation and implementation
 
including hn anamination of the lessons learned and progress

achieved in Teiting the goal and purpose of the project
 
as well as the end of project status (EOPS) indicators.
 
Particular atneovion will be paid to this project's impact

in promoting technology transfer, in increasing the role
 
of the private sctor in the energy sector, in strengthening
 
institutions and manpowier involved in the energy sector, and
 
in influencing and catalyzing the adoption by the GOP of
 
sound and appropriate energy policies. An attempt will
 
also be made to develop a statistical profile of the
 
project's direct impact on various beneficiary groups.
 

Several specific questions which will be examined include
 
the following:
 

a. How are the integrated analysis techniques and
 
technology economics information developed during the
 
project being used in decision-making processes?
 

b. How effective were the training programs and 
technical assistance support in improving the GOP capability 
to assess the potential for coal utilization, implement 
industrial energy conservation technologies and policies, 
evaluate decentralized energy systems options, and to 
undertake financial and technica analyses required to 
effectively use resources in energy sector development?
How have these been used to date and what indications ore 
there that the GOP will continue to use these resources in 
its economic planning? and, 

c. How successfully have the energy conservation and
 
renewable energy demonstration programs been in providing
 
important performance information and in accelerating the
 
use of economically viable systema? Have projects or programs
 
resulted from these demonstrations, and have they been
 
successful in improving energy use efficiency?
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* . *RJC ,N Li(E 

A. Technica 3.Anj'~S_
 

The fAlolowing section summarizes the comprehensive
 
technical ar'a 7ss '.w:hich is provided in Annex £4.
 

.1. .re Al.ysis and Manower Development 

NatLo.. energy investment deCiSiOTIS should be
 
based nn a sessment the cc3ts and
asopre,:ive of 
benefits of different investment options. Techniques used 
iL stuch atualys s ar- oies in which U.S. public and private 
organization& have many years of experience. Under this 
c-n'ponent of the project, approacbes known to be technicalLy 
teasible will be 'ised in the energy planning processjncl-uding : 

a. econvmic models which project sectoral.

ecccorii activity-; 

b. _nergy supply-demand balance models which show
 
the relaticnships between supply options and the demands
 
imposed by econemic activity (often on an equilibrium
 
basis a ; determined by areas, production cost:i and demand

Price elasticity) 

c. investment models which convert energy supply
 
requirenents inro an investment schedule based on a large
 
data base contaiziln. equipment costs, irnumptenttion
 
schedulre, local m:.npower needs, foreign manpower needs,
 
and cLci1'.Y needs; -ind,
 

,1. *.-oril rodels which analyze specific e conomic
 
rupplv scctors in devoi] (most c,)Tmmonl,/ used by the
 
electric utility sector).
 

As a st' rting poin:, r:he Reference Energy System (RES) model, 
develfoped at Brcokh.avn National Laboratory, will he used. 
At s ,ne IO Agercx, Enar Petrotech, an analysis group 
,i h i~r; 'b i-iLstr- ,: Produ,:ion, has develo)ed energy
::,..!.',- wh c ,.i]'i .",_"s~&u
b~ ,']. 

A - ea ,o{ energy arnalysis in a.sessing tha 
,.-., ..... .[_ , .,,...-{m .- , anid options . Theat.vn eiergy, programs 


h.%:'~, . te C TO. Un : 0r
. ,..cost -ef fe, ve ma 1n pwe C 
, . n "t701eveloped, aJ Lhough models do 

; .c&',.,-- oer~i,.-d wirh mi-d succe.-5s. rhis 
prr,-,r " 2i .,.2 : .] ,p an, impr.ve appropriate techniques 
.- .-. 'rShrtrt-.tc r profess;iondl develop-Or Crr~e 7, n;, 

,,-nZ '.~..". . n iar ',annwer needs assesment under 
h3 pr&'..,, co'nt: will 'mphasize practical training

and in-,r M.~. .",.,U.S. indus:.-ryo 
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in fiunar, both the enrg,, ;,nalysis and training
 
activities of this ccji,::n nt. are based on sound and
 
prover, A.T.D. and other U.S. e1xperieice, and are therefore
 
techn-'ca].y fea::ile.
 

2. Coal R, ,,rc,_\ ,' ent and Deve1 2 pmient 

a. Coal R,sc,,rce A .-esn1ent 

c'i ue-, Dropc;ed u:ider this sub-component 
for conducting region;iL coal assessments are well established 
and are k-iown o b t.'Mchnicalv feasible, The U.S. Geological 
Survey has be,", aci:-_ve inL -*'i.-'stau since 1950 when the GSP 
and UCS L egan a Ct~r.iv,_ program to intensify the 
rLpping and appraisaL of -he <eological resources of 
Pakistan. Project ,c,.;J.gn con-iultants from the USGS helped 
design geological sur.viy techniques for this sub-component 
which are not only Ltchuically well established but which 
are also technically appr') Ciate for Pakistan. Both 
exploratory core drill ir nd, ganptlsical logging 
techniques are widely usec! Ln the U.S, Geochemical 
charac t'eriz.at:iG, t-ho,-;cgrarmerry, and remote sensing
technique& are a.so wel! JMown in the U.S. The project 
proposes sufficient tehn.Lcal assistance from U.S. experts 
to ensure high techri.cal quality for this sub-component. 

b. Coal Devel,p~ment 

i. Coal Powc. C,-cnera-ion 

The Lkhra Coal. Study recomirrends designs 
for coal product:iom ad pwr .:t.0,tior faicilities that 
substitute i.aoxj-int.nj.i:i.sgns for capit.al-intensive 
oneb and ininitriz,. fc.-'0.i)n ,:"h.nge re(,,i :-emcnts whenever 
practicable. Thu:.;e dcsignrc arc, technically feasible and 
directly applicable LO Laki.;tan. Thaii:ing of operating 
and maintenance p:rsonrmel will be required to properly 
prepare Pakistani coal proluction and power generation 
p ,rsonnel to .assumefull. responsibility for, and control 
:f, the f.cilirv alLer a short (1-2 years) transition 

period. The Lakhra project consists of a mining complex 
to produce inxtiaily L.l, milli',ri tons per yar of Lakhra 
lignite:, associated infrabtructure and a 300 MW power plant
whicl" could be expanded to 600 IF4. The Lakhr. Coal Mining 
and Power Generation Project: Review (sumimarized in Annex K) 
documents the technical feasibility and elaborates on 
the details of mining techniques and power plant 
technology used. Neither t:h wining, the unit train, 
nor the power plant technoloies are currently utilized 
in Pakistan, but are essential for developing this major 
dome,:tlc ¢nergy resotrce. The speci ic tchnologies 
se-lected a' he whih are most suitable for the 

uxerience le,e! in tho coin ry. 
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The current plan envisions Jamshoro as the site of a 
large Lakhra lignite-fired power complex beginning with 
one 300 W unit. To support the GOP goals of expanding 
thermal power generation, based on domestic fuels and 
thus mitigating electric power shortages and balance of 
payments problems due to imported fusls, a second 300 MW 
unit will be commissioned in I to 3 years after commissioning
of the first one. To acctate operator training and 
comon spare parts inventories and to further decrease
 
costs, the second power station will be a duplicate of
 
the first unit, with the exception of the addition of some
 
form of flue gas scrubbing if required by environmental
 
observaticns. To accommodate the second and future power
 
units, the coal mining complex will be expanded with
 
emphasis placed on developing private mining in the Lakhra
 
area. A number of small. mines are already active in the
 
area and expansion of coal-fired power genetation will
 
provide a ready market for their expansion. The proposed
 
coal mining and power plant technologies are considered
 
technically sound and feasible.
 

ii. Coal B a es
 

'he object of briquetting is to convert
 
a low grade fuel like Pakistani lignite into one of
 
superior quality. Lignite can be converted into a hard
 
compact fuel with a high heat value. Briquettes may
 
also be carbonized (heated in the absence of air to
 
drive off the coal'a volatile gases) to yield smokeless
 
char briquettes of still higher quality. The process of
 
briquetting consists of applying pressure to pulverized
 
coal to form a compact agglomerate. A binder material
 
may or may not be employed. Commonly used binders include
 
coal tar pitch, asphalt, starchy waste materials, molasses
 
and cement. Briquetting of coal thus involves grinding,

drying, mixing with binder and pressing the coal, and
 
cooling the briquettes before loading into trucks or
 
wagons. Project design consultants estimate that a
 
population of 10 million people constitutes the potential

riquette market in Pakistan. This would require
 
approximately 500,000 metric tons of coal per year to
 
serve the residential and small commercial markets. This
 
level of production is feasible. Coal mining activities
 
necessary to encourage greater production are discussed
 
under the mining sub-component of the Lakhra Coal Project.
 
Based on experiences in other countries, the capabilities
 
of U.S. firms to design and operate briquetting plants,
 
and the programs developing in Pakistan to increase
 
coal production, this sub-component is considered
 
technically feasible and sound.
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3. Cornser-at:iorn an,.d R,-newable Energy Technologies 

a. ndusurial__'__ons_.:.'vaon
 

Conre.a'Ct On rf-.! r the efficieucy with
 
which energy is u:iedn ai p:'oess - that is, how much
 
energy is used prc~iuce unit of output. This concept
teoone 

is sometimes a"sC c-]3=: "% rgy intensity". It does not
 
imply, in any way, a reduction in output. Rather, energy
 
conservation should ellai h ,hr levels of output for the
 
same amount of energy expendted. '|he industrial sector in
 
Pakistan is ar in.iportarnt energy-conmumring sector, accounting 
for more than 50 fz-rernt. of tot,.l commercial energy 
consumption. During 1975/76 co 1980/81, industria'. energy 
consumption grew at an annual com'nound rate of 7.1 percent. 
The major energy ccnsu-ing industries in Pakistan are 
textiles, cement. steel., frtrilizers, chemicals, brick, 
foods, and paper. Du kc ti:1,o concentration of energy 
consumption in a few inCust-:'ies and even in a few plants,
significant pur:etial ex~st:s for energy efficienc. 

measures to have a quantstie impact on national energy 
demand. 

In Pakislan, a wi.de variety of cnergy :onservation 
practices are already in use - from steam pipe insulation 
and maintenance to the additicn of heat ezxchangers to 
preheat feed ,;treams as hot wastes are dumped. Plants 
visited during prc.ject design mainr.ained eiergy use
 
records of variou:; kinJ, ard sophi3tirarion. Substantial 
interest exi:-ts at hos pInt- it- learning about 
state-of-the-art techrioues ,ind about the exnerience of 
other plants ir,Piklstar as well 1-! In Other countries. 
In surunary, tile co i, ?'nc.aL For energy 
efficiency iilpr,)vemnut.nl PW.ks tan coupled with a 
notable record c--UCC., industrialof reli.aticly simple 
conservation trchrAqu-. -.. and in other developed:n (.S. 
and developing co-jmrrrie bu;>ests tnar. this activity is 
technically feasible . scud. 

1. Renewth!.e Enar;y Technclogies 

Pakistan hl-.., resource base in most of
a -ocd 

the renewable ene,;':.y sources. SoLar energy availability 
in most pa.rts of r.he coupitry iJs comparable to tile Southern 
half of tha U;.ir-d Stte.. The northern mountainous areas 
have extensive small sca e hydro resources which the 
design ream .-. excess ines-im,,ated s being in of 90 14W one
 
region alone. Th ilrr-iticn system barrages located 
throughout the country have a potential for over 500 MW 
of sinall sc.ile hyco p-tentia. rver 27 million head of 
car tie in th,- couri: "-culd rovjdo up to 35 tdillion torns 
of cow Jung for opera'.iin of i.gester systems. Other 
sources of bicmass include rice !husks and other agricultural 

A"-Amalable Docuinar
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residues. Considerable wood fuel avings are available
 
by the use of more elficient wood stoves.
 

From a basic resources point of view, therefore, renewable
 
energy systema couid make a significant contribution' to
 
energy balance In Pakistan, particularly ,n rural areas
where conmiercial fucls andi eictricity ar* eiir ur-avai!

abie or very costly aund troditional firewood ra_:,o'urces 
are being rapily diepetod Eitablished tcohnclogies 
are a ,,ailabl in both davek :2ped and deveioping ,ouni.ries 
to tap these rescurcc- a-%d the United Statc:.! has considerable 
expertise it can apply ta assist the GOP in ucrengthening

itsvenwaSesprogramn. 

Unde thii prs ot * invesr igations and assessments will 
be n:d: of ha'isting renewable enu:rgy, programs and 
orojec'ts 'o dererniine which ones have the ootential to 
have ai- impact on the national energy picture. Funds will 
be provided to .ndertake demonstrations of technologies 
useful in Pakiatan and also to condiuct market surveya 
and investigate manufacturing options. The thrust of 
this sub- cimponent will be to rationalize programs and. 
initiatives in the renewable energy area, many o. which 
have already started in a small way, ard to develop the: 
usefuL, onez into successful natioral programs. 

A nunber of forms of renewable energy are clearly feasible 
technically in specLalized situaticns in man countries 
of the world, and there is n{yow enough experience with 
equiputent in operation that it is no longer considcred 

a
experimental. In Pakistan, some sicuations considered
 
specialized in other countries are common and some of 
them make renewabl'e forms of energy especially attractive. 
For example 


i. A very high percentage of cloudless day 
wiLh bright sunlight over most of the coinitry. This io 
ideal for solar energy; 

ii. A large number o$ small high hea.J st-eains 
In the NWFP and of l.ow head irrigation canals in Punjab. 
These are ideal circumstances "'or mini and micro hydro 
generators; 

iii. Large amounts of biomasE very inefficiently 
used. Biogas generators can efficlently use biomass 
currently wasted, such as dung, rice hull.s and other refuse: 

iv. A large part of the country rot covered by 
the electric power grid, rasny parts so remote they probably 
never will be reached by the main grid; and, 

v. Limited resources and high real costs of
 
conventional fuels such as oil, gas and coal.
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In summary, several snurces of renew, b1i energy, including 

solar heating, solar cells, nmall hyaroelectric generators, 
fuel efficient wood stoves and bicmass gas generators are 
technically feasible to use in Pakistan. 
The approach of thia project, to determine which options are 
economically viable and socially acceptable and to assist 
the GOP and private iector in developing t]he widespread 
use of them, is conidered a fo.sible metho of 
exploiting this opport-rti t.y. 

B. Administrative Anaysis 

I3. -Energyand Manyow:r Develo,-ent
 

Energy prodction in Paklstan over the ,sst two 
decades has largely been the Y.e ponsib.lilty of 41'e government.
The country's two utilities, the Water and Power Development" 
Authority (WAPDA) and the arachJ, Electric Suppl.y Corpuratiorn 
(KESC)" werc created in 1959 a,-, are 7-e.ponsib.10 for 
developing the country's water and electrf.c powor re orces. 
Coal resources are controAled by -he provinciat g,.vernmcrlts 
and, while 80 percent of Ftekist3san s. iS produced by 
private miiners, a feder:l aency, tthe Pakistan tlineral 
Development Corporation, esreabl shed in 1974, generally 
enjoys greater accc(rs to th , coal. fields thr:,iigh long-
term developmenr loases nec now available to private 
companies. 

The Oil and Gas Development Coicporat:ion, ereated in 1961, 
promotes exploration ard deielopment oE these two fuels. 
The Economic Reforms Orders of 1972 crested a nst-onalizarion 
policy for the country's key sector3, thereby discouraging 
new exploration investment by private oil companies. More 
recently, however, private initiatives are again being 
encouraged in the energy sector. The Arab oil ea.,bargo 
of 1973 and the rcsulting rise in oil. prices iristigated 
a 1976 biUL to permlt joint ventures and production
sharing areange.menrt. with foreign compantes. The present 
government, which came to power &n 1977, etiorges 
private sector actilrity and is now discussiug ways of 
returning energy production and distribution r:o th.e 
private sector. It Is aJ.so considerLnF aL lo'. rig .msal! 
privae pcrer gener.tit on faciit.iies. 

his renewed private sector activity notwithstan-ding, 
energy production remains primarily the function of the 
government. Energy planning, in turn, is thbs the 
responsibility of the government. Federal. energy policy 
is made by a number of Ministries (described in the 
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Background Section II.C.). and each has .icme measure of
 
energy planning capability. This project proposes to ince
grate the planning capability of te individual Ministries
 
by supporting the development of an Energy Analysis Group
 
within the PIasmnir and Developaimt Diviialt of the Ministry Cf Plarning

and Developmtent, to undertake integrated energy analyqis.
 
The GOP has demonstrated its commitment to such integrated
 
planning by coy tracting with Interna-ional Energy DLevelop
ment Consultants (!EDC), a Geneva-based energy consulting
 
firm, to do the integrated analysis necessary to draft the
 
energy section of the Sixth Five-Year Plan. IEDC'3 repre
sentative in islmbad works within the Pla-rdng ond Oevelop.n-nc Divisicn
 
and has had the cooperation of all GOP tlinisiries, both
 
those which supply energy and those wt'ich consume it. TEDC 
collected and anaiyzed data supplied by the 'linistries and 
integraited that analysis to prepare a coherent long-term 
energy plan for Paki.stin. The Energ'y Analysis Group proporwu
for Component I will huild capability within the Plar-nirg d Devtlo-mxnet 
Division to undertake these functions wiLh its own staff
 
rather than relying on foreign consulrants. The IFDC project

provides the Planning ad Develop'ent Division with a successfu2, model to
 
follow in develop.'Ig 4ts energy analysis activities.
 

The precise location of the Energy Analysis Group has not 
yet been decided iipon by the GOP, but the oosi-bLity of a 
sister orBanization to the Tnergy Sectin of tbe Pl,itn i d N;elo e.nt 
Division would be a logical choice. Like the 'Energy Section., 
it could be completely within the Divisi n or i could be 
positioned outside bur responsible Zo, the Division, mul2h 
like the relationship which the national Iaboraterics it 
the United States hove with their snon4orlng agencies. WoJk.
ing within the Division would provide c2-,se proIr~inty with 
GOP officials develuping energy investrrnt pl ns and review
ing all GOP energy projects. Some detachmenm wIuld a!low 
more attractive compensrition for the staf' to faciuL:Pt 
recruitment of high quality orofessionats. Eit.er ;,pproach 
is administratively teasible and would be accertable to A.I.D. 

To undertake successful integrated energy analvsis will
 
require the Planning and Developvent Divisicn to recrait additmnal skilled 
analysts and planners, either from within the Division 7,r 
by detail from other agenci.es. A.I.D. consid,;rs ,.minimlm 
staff of 3 professdionats to be necessary ,c'I,,with tho 
ability to contract outside consultart-s for secial t;sks. 
This project will. pruvide the latter foe the firsr five 
years of the Energy AnatyFais hCi-oup' . exi':anco. Thl, CO1 
hlas within its various Ministries the t;ki.'.! i1Qces,3ry to 
undertake energy analysis. With n deci.sion Yo (,:,anize 
these skills into a coherent energy analysis unit, and w7th 
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the technical assistance proposed under this project, the 
GOP can begin to build a capability sufficien: for .'is 
energy planning needs. Training aetivities under thi.3 
project will be augmented by A.LD./Washingt,:'. C':,::nt~oal 
Energy Training Project and the Mission's Developme.nt Suppnr. 
Training Project. These resources, coupled with . I D . ',; 

demonstrated colmnitwern; t4) tiailing in Lhe ,e)grfy 0r-, 
ensure the administrative feasibility of th ,ppower deva,=.)p
ment and training aspectii of this project. 

2. Coal Resource Assessment and DevelojprrLnnt 

An analysis of the professional staff rce-led by the 
GSP for various activities of the Coal Resource Ass-me:It 
sub-.component indicates well over a dozen geolpogAt' ol.u.i 
chamists, geophysicists, data handling specialists, :.Lica
tions personnel and others are required. o techncal 
and non-technical personnel will also be required Co" ea'ch 
activity. Appropriate staff assignments by other GCP nen':ies 
will also be needed from time to time. This staff ,.'il be 
built up, trained, and given on-the-job experience throguhcut
the life of the project and will ha.ve thc capabilicy to :,
tinue the work at the end of the project. The GSP alreadj
has a core of professionals who have participated in 3ther 
assessment projects and has the capacity to expand for this 
pioject. 

WAPDA is in the process of creating a Coal Projei:t:- ".partment 
to handle development, construction and operation of coal-
fired electric power stations and the coal mining to fuel them. 
The organization when fully staffed will be managed by a 
Chief Engineer reporting to the General Manager (Generation). 
Ccal-fired power station work will be supervised technically 
by a Director of the Coal Department, and mining work wi.ll 
be under the technical supervision of the Director of Mining 
and Geology, on assignment from PMDC. Both chsp Diroctors 
will have staffs of technical personnel. Each coal project 
will be handled by a Project Director, for example the ak-,ra
 
and Duki projects. The Project Directors will be assigned
 
assistants for project management and receive technical 
expertise from the individual Directors.
 

WAPDA and PMDC have technically trained personnel to st.aif 
the new Department and to manage the project. A large am.,ucnt 
of training associated with coal projects will be provided 
unaey this A.I.D. project, and a ,arge amount Of on-the-,oub 
trai ing will be provided during the fieLd exploration and 
suine work. The consulting engineering services contractor 
will also assist in organization of the Department.
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The Coal Projects Department has already been authorized
 
and partially staffed. Training in coal-fired plants will
 
begin in July 1983 in the TVA conventional energy training
 
program. WAPDA has a large staff and has been involved in
 
a number of major projects. The organization is adminis
tratively capable of handling the project. 

Coal briquetting activities will be conducted Jointly by 
PCSIR and PMDC, with PCSIR handling the pilot plant operations. 
Private miners will be requested to participace from the 
beginning in market testing including definition of target 
markets and determination of which type of briquettes are 
most acceptable. A coordinating group of private miners, 
PCSIR and PMDC will be formed to aasure dissemination of 
test result.s, and the private minars will be encouraged to 
do the a<ual marketing. PCSIR is the GOP organization 
experienced in tkchnical demonstrations and, with the assis
tance of expatriate consultants, should have no difficulties 
with the piloz plant. 

3. Conservation and Renewable ner.y Te o
 

Both energy conservation and ren-ewable energy tech
nologies are the responsibility of the DGER which has Depart
ments of Energy Conservation, Biogas Development, Solar 
Development, Renewable Energy for Village Electrification, 
and Energy Resources Assessment and Survey, among others, 
Some energy audits have already been made, and at least one 
private consulting firm has performed energy audits. The 
DGER will work with the Ministries of Production (for public 
sector plants) and Industzies (private sector plants) to 
determine the highest priority targets and make arrangements 
for the auditing. Although DGER personnel will be trained 
in audits and in managing them, it is expected that most 
actual audits will be performed by private consultants who 
will work with and receive training from the U.S. consulting
firm. Demonstration projects can be handled in the same
 
manner. These administrative arrangements appear adequate

for now to ihitiate the program, and as experience is gained,
 
the procedures for implementing this sub-component and the
 
National Industrial Energy Conservation Program will be
 
established.
 

DGER also has experience in installing biogas generators,
 
solar voltaic cells for village power, and micro hydro
 
stations. This project will work within the current adminis
trative arrangements to develop programs for much more
 
extensive use of successful technologies. DGER, in its
 
current projects, acts as a funding and project selection
 
agency, and private contractors do the actual installations,
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This appears currently to be the correct approach admini
tratively. Since several other agencies are involved in
 
renewable energy programs in one way or another, a National
 
Renewable Energy Activities Coordinating Committee, chaired
 
by the Director General of Energy Resources will be formed
 
to include representatives of Ad), PCSIR, WAPDA, universities
 
-and others. The purpose of the Commit.ee wi-l. be to assure
 
the dissemination of information to conceted og-nlzations 
and to avoid duplication. Interested persons from private
 
companies, user organizations and equipment traufacturers
 
may be invited to attend meetings. fi'lie 2dministrative
 
organization is considered appropriate and feasibl for
 
implementing the project,
 

4. Overall Coordination
 

Responsibility for overall GO? coordination of this
 
project i.ll rest with the PlaviirQ aDovumrnt Di'vrioi of the Miiistr 
of Planning and Development. The GOP will appoint an overall 
Project Manager, who may be the same paron as the Component
 
IHanager for Component 1. In add in. an advisory Participat
ing Agency Coordinating Committee w1l be established. It
 
will be chaired by the GOP's overall Project Manager and will
 
consist of senior level representatives of the primary

Ministries involved: Planning and Development; Petroleum and
 
Natural Resources; Water and Power; and, Science and Tech
nology. Representatives from Ministries of energy user
 
agencies such as Production and Industries as well as repre
sentatives from private energy users may also be invited to 
b- members of the Committee. In addition, an A.I.D. Project
2:cordinator will work closely with the GOP Project Director 
i the Plarilre and Dav Divisim to% aae that all project activities 
are implemented in a coordinated and timely manner. 

1n summary, effective and appropriate ad;sinistrative mecha
nisms have been or will be established t meet the unique

_plementation r2quirements of this project. in addition,
 
the organizations involved in the implementation of this
 
project have the required.manpower, experience, and already
 
established administrative systems to effectively implement
 
the project. This competence will be enhanced under-the
 
project through the provision of training and technical
 
assistance. The project is therefore considered administra
tively feasible and sound.
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C. Economic Analysls 

This project has three components, two of which,
 
Coal Resource Assessment and Development and Conservation
 
and Renewable Energy Technologies, will have direct
 
economic ;enefits. All three, however, as can be seen
 
below, have the potential for very large economic
 
benefits.
 

The energy crisis in Pakistan has two uerious dimensions.
 
The first is the effect of supply shortages on agri
cultural and industrial production. For example,

20 percent of all electricity is used to operate 
tubewells, which are essential for mai aining agri
cultural output at current levels and increasing 
the production of food and fiber for consumption and 
export. The population is growing at 3 percent per 
year and food consumption by more than that. Exports 
of rice, cotton and cotton products account for more 
than two-thirds of total exports. Industrial production 
is almost totally dependent On gao and electricity. 
Exports and essential local consumption could drop
precipitously without these inputs. Agriculture would 
suffer if the production of nitrogenous fertilizer and 
agricultural implements were to decline. 

The second dimension of the energy crisis is foreign
 
exchange. The indirect effect on exports has already
 
been mentioned. The more direct effect ia the
 
substitution of imported fuel for local energy:
 
petroleum for natural gas in the generation of
 
electricity and steam and petroleum to substitute
 
directly for electricity for tubewells and other motor 
driven machines. Diesl fuel imports have been growing 
to operate generators ahd engines as well as for 
mobile uses. inadequate electrical supplies as well
 
as limited domestic petroleum production make
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these imports necessary. Kerosene is imported kor lighting
and cooking, in part because of gas and electric shortages. A 
more seriouls problen, however, is furnace oil (residual oil),
which Pakistan has been exporting Inadequate gas supplies
have increased its use domestically for generating electricity, 
and very soon, large aupplieu will be imported for the same 
purpose. Turbines and steam boilers that burn residhal oil to 
generate electricity can be put insto operation more q ickly
than. coal fired equipment. Because of the lower capitzal cost 
and faster installation, Pakistan may rush into this technology
and end up paying huge bills for imprtad fuel for the next 
forty years. There is untcrtainty over the awount of oil that 
would be imported because Pakistan has been exporting this oil 
at relatively low prices, and decisions may be made because of
 
tha belief that it is almost a free good. 

Foreign exchange is a large component of the investment needed 
in energy as -well as in current imports. For example, in the 
portfolio of projects presented at the Paris Consortium in 1983,
the foreign exchange component of the total cost of energy
projects was 47 percent. For non-energy projects, the percen
tage was 39 percent. The average foreign exchange cost for 
energy projects works out to nearly $1 billion per year during
the SiJfxth Five-Year Plan period. The POL in,ports this year are 
projecred at about $1.7 billion out of total imports of about 
$6.0 billion. When one considers that merchandise exports are 
about $2.6 billion and the current account deficit is about 
$1.4 billion, it is clear how important energy and decisions 
about energy are. 

Pakistan's balance of payments is in deficit and although
the outlook for the next year or so is encoauraging, 
the deficit could grow in the next few years. An increase 
in the balance of payments deficit would necessitate a 
cutback in essential imports and inevitably obstruct 
development progress if not halt it. Although Pakistan
 
faces other barriers to continued economic growth, its 
prospects still are Promising relptive to many other 
countries. A long-term balance of peyments deficit,
however, would overshadow its other problems. Even now,
balance of payments support ic a key element of the 
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A.I.D. assistance program. This support would have limited
 
lasting value without sound decisions in the energy field.
 
This project as well as the rural electrification and
 
forestry planning projects are deeigned to, among other
 
things, strengthen decision-making in the energy sector.
 

1. Ener-i Analysis and Manpo~erDevelo ment
 

It is not possible to quantify the economic return
 
which may be achieved by the Energy Planning and Minpower

Development activities under this project. Qualitatively,
 
however, it is clear that the raturne should be large, In
 
Pakistan, energy planning and policy-making are largely govern
mental functions. Oil and gas production is the responsibility
 
of the governmental Oil and Gas Development Corporation. Power
 
generation is the reaponsibility of the Water and Power Develop
ment Authority and of the Karachi Electric Supply Corporation,
 
both governmentally-controlled organizations. Improving the
 
basis for governmental energy policy-making will, therefore,
 
have a large impact on Pakistan's energy situation.
 

Estimates of investments needed during the Sixth Five-Year
 
Plan period exceed $13 billion for the energy sector. Energy
 
expenditures are expected to account for 25 percent of the
 
total costs of the Plan. Ill - conceived decisions on invest
ments of this magnitude would exact heavy costs. By providing
 
a sounder basis on which to make energy investm&ent decisions,
 
the relatively modest funds provided for this component will
 
have a very considerable impact.
 

Besides a direct impact on more efficient energy investments
 
by government, A.I.D. planning assistance is expected to help

Pakistan reap large private sector benefits. Private industry

in Pakistan is hampered by disruptive blackouts caused by
 
electrical load shedding due to insufficient generating capacity.
 
Shortages of gas are also beginning to impede industrial
 
development and may soon slow agricultural growth. To the
 
extent that planning activities financed under this project
 
induce more efficient distribution and use of electricity and
 
gas, the private industry and the economy as a whole will
 
reap benefits much greater than the funds expended.
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Foreign exchange spent on POL this year are projected to amount
 
to approximately $1.7 billion. If energy analysis and manpover
 
development activities reduce this by only one percent, the
 
resulting return on A.I.D. funds would be 300 percent per year.
 
These savings would free up monies for other needed investments.
 
Special studies undertaken inder this component will address
 
specific policy and investment decisions and will thus have
 
iruediate financial implications.
 

In suammry, while economic rirtur from invesments in energy
 
planning cannot easily be quan_-ified, they clearly justify the
 
level of expenditure propoeed for this component.
 

2. Coal ResourceAesmant aid Developmenz 

a. Coal Resource Assessment 

Economic returns and activities to better understand 
the extent of Pakistan's coal resourcea ae difficult to quanti
fy, but qualIVaively they can be een to be. consideable. 
Reservea of between I billion and 2 billion tons of coal, if 
half are recovered, will be worth on the order of $20 billion 
$4Dbillion (in 1982 dollars) in 1987 when the first power plant 
is expected to begin operation. Given the scarcity of data on 
Pakistan's coal resources and the large potential value of that 
coal, relatively small expenditures to assess coal resources 
are economically justifiable. Benefits which this assessment 
will have for the rest of the Energy Planning and Development 
project and for Pakistan include the following: 

i. Improved energy policies and timely investment
 
decisions can be expected as a result of the improved informa
tion that will be available on energy resources and the increase
 
in trained and knowledgeable personnel in GSP and other agencies
 
involved in these activities.
 

ii. The GOP's capability for energy analysis and
 
planning will be strengthened through the training of personnel
 
in the investigation and assessment of resources, through in
creased information about energy resources, through strengthen
ing the Geodata Center and data handling systems, and through
 
the coordinating mechanisms discussed above.
 

iii. Greater private sector participation will be
 
promoted through periodic meetings of GSP and USGS staff with
 
the Pakistan Mine Owners Association as mentioned earlier in
 
this paper, through the preparation and publication of maps

and reports showing areas favorable for leasing and development,
 
and through consultative geological and engineering assistance
 
to the mine operators on practical mine development problems.
 



- 147 

iv. A better understanding of the potential uses
 
of coal will be obtained through more complete mnd accurate
 
information on the chemical and petrographic constituents,
 
heating value, and by-product possibilities of the coal and
 
associated raw materials, as well ag better quantitative
 
estimates of the available quantities of coal in various
 
categories of quality and rank.
 

b. Coal Develo2Mext
 

i. Coal Power Generation
 

The Lakhr Coal Study dnd subsequent analyses 
carried out durbng projsct design indicate thst generating 
electric power with Lakhra coal is economically fessible.
 
Previous studies estimated the costs of producing coal and
 
installing a power plant at Lakhra to be higher than the 
Lakhra Coal Stidy astirates. The Lakhra Study lowered coal
 
production and power generation costs by incorporating less 
capital-intensive mining techniquee and by eliminating the
 
flue gas desulfurization on tha 300 1V unit, hich was fo-und 
to be unnecessary to meet !elorld Bank environental standards. 

The discussion that follows com'pazes Lakh,.a coal with the two 
most attractive power generation alternatives: imported furnace 
oil (also referred to as residuarl oil, Bunker "C" and No. 6 
oil) and imported coal. It assumes that a power plant burning 
either imported oil or imported coal would be located at Karachi, 
using existing facilities at Port Qasim. 

(1) Comparison of Lakhra Coal with Imported Oil
 

While some of costs associated with power
 
generation alternatives are quantifiable, others are not.
 
Nevertheless, all costs and benefits should be included in the
 
evaluation. Two benefits associated with the comparison of
 
Lakhra coal and imported oil that as:e not quantified are Job
 
creation and technology trahefer associated with the initiation
 
of a modern, large-scale coal industry in Pakistan.
 

The Lakhri coal production, preparation, and transportation
 
facilities supplying 1.4 million tons of coal per year for a
 
300 MW power pl:nt would employ approximately 1,200 people.

The installation of this firot 300 MW of coal production
 
capacity at Lakhra would thus provide for the daily needs of
 
approximately 1,200 Pakistani faml.lies for over 30 years. With
 
an imported oil plant, this benefit would not exist.
 

The mine at Lakhra required to supply the first 300 IM power

plant would be about 7 times larger than the largest mine
 
currently operating in Pakistan. The development of the coal
 
production facilities at Lakhra would, for the first time,
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introduce larg,.-scale lcal technology into Pakistan. Mining
 
coal on this ecale requires a certain amount of mechanization
 
even with the labor-t itensive designs recorended for the 
Lakhra faUc-1iiy, Thua, a wide range of coal-based technology
would be transferred to Pakiatan. The expertise to explore,
 
sample, analyze, tran.oport, and prepare for utilization
 
would be developed, preparing tha way for wideopread use
 
of coal in other enrgy-intensive industries such an ceMLnt
 
and steel.
 

The quantifiable costs incurred by power piants burning Lakhra
 
coal and imported oil are outlined in Table 7. Columns (1)

and (2) of Table 7 aumarie the annual. and unit (per kilowatt-
hour) generstion costs for the Lakhra and imported oil alter
native o lmpo t duty, escalatio'n, .nd interest during construc
tion are e. cluded from the calculation. All costs are presented
in millions of January ,183 dollars. The generation cost is 
broken dom into three component costs the annual fixed 
charges on the capital investment (I.e., interest and depre
ciat-fon -,osts), the annual fuel cost, and the annual operation
and sairenance (O&Df) cost. The total cost for each altern0
tive is fojnd by adding the three cotopone,, costs° The unit 
generatioan cost is then calculated by dividing the total annual 
cost by the total. annual power ontput in KWH.
 

As shown in' Table 7, the capital cost of a power plant burning
Lakhra coal ig approximately 30 petcent higher thxn one designed 
to burn inported furnace oil. The higher costs are due pri
manily to the coal handling and preparation equiptint, the 
larger ateam generator required, and the ash handling and 
disposal equipment. The fuel cost of a power plant burning
Lakhra coal, however, is. about half thnt of one bu.rnik imported 
furnace oil. The savings are due primarily to t&i iower lael
 
costs of the coal. Lakhra's higher annual operation and 
maintenance (O&M) cost is due to higher labor and materi-is 
replacement requirements associated with coal,, 'When all costs 
are added up, the Lakhra plant is over $30 willion cheaper 
per year than imported oil. A power plant burning impc.rted
furnace oil would thus have to charge 30 percent more for the 
electricity generated than-'one burning Lakhra coal. 

One can also compute the return on the additional capital 
investment incurred by the Lakhra coal. alternative relative 
to the imported oil alternative. This additional capital

investment is recovered in about 2k years by a reduction in
 
net operating (fuel and O&M) costs relative to the imported

oil alternative. Investing in the Lakhra alternative would
 
yield an incremental internal rate of return of 51 percent

(including escalation and interest during construction in the 
calculation).
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TABLE 7 

Economic Coevarison of Lakhra Coal.Imported
 

Costs 	 Lakhra Coal ed Imported Coal. Ol0 
(In$ Million)
 

1. Annual Fixed b/ 

~~~iies 	 

a.Doestic 	 14,,5 10.5 13.1
 

b. 	Foreign 20.0 14.4 18.0
 

Total 34.5 24.9 31.1
 

2. Mnnwl Fuel Cost 

a. [mstie 20.7 	 0.0 0.0 

b. 	Foreign 20.7 84.6 a_ 42.8
 

Total 41.4 84.6 42.8
 

3. Annual qrat1o" and 

a.OM'rst-c 	 4.5 3.0 4.5 

b. 	Foreign 4.2 2.8 4.2
 

Total 8.7 5.8 8.7
 

4. Total Ariu 

a, stic 	 39.7. 13.5 17.6 

b.Foreign 44.9: 101.8 65.0
 

Total 84.6 115.3 82.6
 

5. UnIt Generation Cost 4.6 €w 6,3 ON1u 4.5 €A1i 

a/All cbsts are exp e.s in millions of January 1983 dollars. Import 
duty, interrt during con-truction, and escalation are not included. 

b/ Interest and sinking fund ereiation costs for a capital recovery period 
of 30 years. Interest rates used are 11.75 percent for domestic debt, and 
8.75 percent 	 for forveln debt. 

c/Based on the output fr r,,300 MW power plant operated at full load for
 a 
- 70 percent cf the year (i.e. 6,132 hours per year).
d/ Based on 	 imported oil, priced at $25 per barrel plus freight. 

Source: Stone 	& Webster Englneertg Corporation 
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An additional cost associated with the Lakhra coal and imported
 
oil comparison is the "shadow cost" of foreign exchange. As
 
indicated in Table 7, the additional foreign exchange required
 
by the imported oil alternative would be $56.9 million if the
 
two alternative power plants were operating in 1983. This
 
represents approximately 4.5 percent of Pakistan's current
 
foreign exchange reserves. A power plant fired by imported
 
oil would thus be a significant drain on the country's foreign
 
exchange.
 

(2) Comparison of Lakhra Coal with Imported Coal
 

The qualitative discussion offered in the
 
comparison of Lakhra coal and imported oil concerning employment
 
and technology transfer associated with the development of a
 
modeni coal industry in Pakistan holds true for this comparison
 
as well. The quantifiable costs used to compare the Lakhra
 
coal and Imported coal alternatives are listed in colums (I)
 
and (3) of Table 7. The capital cost of a power plant designed
 
to burn Lakhra coal is approximately 10 percent higher than cn
 
de1gned to burn higher quality imported co.l, Compared to 
imported coal, Lakhra coal has higher ash, moisture, and sulfur 
and a lower heating value; therefore, more Lakhra coal must 
be burned per KW of electricity produced. This increases the 
size of the boiler and. related auxiliarieti which increases power 
plant capital costs. The delivered price of imported coal to 
a power plant near Karachi is approximately 15 percent higher 
than the delivered price of Lakhra coal. This price differen
tial is partially offset because a power plant burning Lakhra 
coal will be slightly less efficient than ona burning higher 
quality imported coal. Differences in O&M costs for the two 
plants are considered to be negligible. 

Adding component costs indicates that the higher Lakhra Plant
 
capital cost is nearly offset by the higher imported coal fuel
 
cost. The difference in unit generation costs of one-tenth of
 
a cent per KWH is insignificant, given the accuracy of the
 
cost estimates used here. Thus, the total annual generation
 
costs for the Lakhra coal ahnd imported coal alternatives are
 
essentially equal. The additional foreign exchange required
 
by the imported coal., however, would be $20.1 million annually.

While this foreign exchange drain is less than the one for the
 
imported oil alternative, it is still significant and should
 
be considered in the overall evaluation of alternatives over
 
the scheduled 30 year lifetime of the plant.
 

(3) Nuclear Power Generation
 

An economic evaluation of this alternative
 
was not performed. It may be worth noting, however, that operat
ing costs associated with nuclear power are generally one-half
 
to one-sixth those for thermal power plants. But nuclear power
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is more capital intensive, requiring about 1.5 to 2.5 times
 
as much capital as a thermal power unit of the same site.
 
According to the World Bank (Energy in Developing Countries,

August 1980), the total cost ofe-ne-r-ating electricity-Ywt 
a single relatively small (300- 500 MW) nuclear power plant
 
would be about 40 percent higher than the cost of generating
 
power with Lakhra coal. Considerably more foreign exchange
 
is required for nuclear power than for thermal power. Whereas
 
approximately 60 percent of a thermal plant's capital cost is
 
foreign exchange, the comparable figure for nuclear power is
 
in the vicinity of 80 percent.
 

Nuclear power can be conpetitive in developed countries with
 
large generating systems, if economy-of-scale is taken advan
tage of by installing multiple units in the 800 to 1,000 MW
 
range. However, installing large units rather than smaller
 
ones in a relatively small Nystem like Pakistan's requires
 
significantly more renerve capacity to maintain a constant
 
system reliability. This tends to offset the economy-of-scale
 
advantage. One approach to nuclear power may be to wait until
 
the power system is large enough to absorb these large units. 

In summary, the Lakhra coal alternative is Pakistan's least-

cost power generation alternative and will continue to be
 
even with substantially loser oil prices. The imported oil
 
alternative incurred a total generation cost 36 percent higher

thai the Lakhra coal tocal generation cost which corresponds 
to an incremexntal internal rate of return of 51 percent for 
the Lakhra plant. An.additional $56.9 million of foreign
 
exchange would be constzied annually (in 1983 dollars) by a
 
power plant burning imported oil. While the total generation
 
costs for the Lakhra coal and imported coal, alternatives were
 

.found to be essentiall,7 equal. the power plant burning imported 
coal consumes an additional $20.1 million in foreign exchange

annually. The Lakhra coal facility would employ an additional
 
1,200 people over any imported fuel alternative and initiate
 
the development of a modern, large-scale industry in Pakistan. 
The WAPDA grid system ic probably too small at present to 
support large nuclear units'economically. A prudent approach
 
would be to delay consideration of nuclear power until WAPDA's
 
system is sufficiently large.
 

ii. Coal Briquettes
 

Coal briquettes as a fuel for Pakistan's resi
dential and coriercial sectors offer a number of benefits. 
Project design consultants suggest that 10 .millionpeople are 
a likely early market for briquettes, substituting for firewood 
now purchased in the market. Once briquettes come into use, 
fi rk*ef: :ay r a alrg,. Baed m dsting levels of 1atrtinesn,- of 

*firay~aod by the- powpian briqattes wou~d displace roughly 12 pe~et of 
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the firewood used. This would produce a significant reduction
 
in firewood burned and hence a significant reduction in the
 
wood harvested from Pakistan's 4windling wooded arean. The
 
UN Food and Agriculture Organization, World Bank and the Pakis
tan Forest Institute each esc~i~te annual fuelwood use to be
 
about 16 million cubic maters. Project design con&ultanrs
 
estimate the annual growth of ood to be about 11 to 13 million
 
cubic meters or roughly 75 percent of the total used. If coal
 
briquetting fulfilled its potential, it would eliminate one
 
half of this shortfall. A.I,D.'s support for a market aeaess
ment and a pilot briquette plant will therefore lead to con
siderable economic benefits.
 

A second major benefit of briquettes, the reduction of indoor 
smoke, is not posGible to quantify. The economic benefit of 
improved health due to reduced air pollution has been the 
subject of much research in the U.S. and elsewhere, but to 
date, concrete results are not available. There can be little 
doubt, however, that a cleaner indoor environment is of signi
ficant value to householders. Very high levels of particulates 
and carcinogens, levels high enough to impair health, have 
been measured in studies in Kenya and India. Use of briquettes 
will reduce these concentrations. 

Project design consultante analyzed the economics of a pilot
 
coal briquetting plant, Briquettes produced compete favorably
 
with firewood and other fuel sources. In locating the plant,
 
the prime economic considerations are: price, availability of
 
coal, and a good market. Based on many discussions, two sites
 
seem most attractive; one is the Lakhra coal-field, and the
 
other is the Punjab coal field. The advantages of Ldkhra
 
are the low coal price and a local market around Hyderabad,
 
.while selection of the site in the Punjab coal field may result
 
in lower transportation costs to a major segment of its rural
 
population. However, the Punjab coal is higher priced. Like
wise the price of firewood in the Punjab is greater than that
 
at Lakhra. Thus, there is,not a clear advantage at one site
 
over the other on the basis of economics. However, because
 
of the current interest in lakhra as the site of a coal-fired
 
power plant complex and the resulting technical infrastructure
 
that will be developed there, Lakhra was selected as the site
 
of the briquetting plant to be analyzed.
 

In the design and selection of the plant size, the economy of
 
scale can be significant. Initially, a 25 TPD plant would
 
introduce and develop the technology and the market. In this
 
size plant. briquettes cap be produced at Rs 35 to Rs 41 per
 
million Btu which, if compared with the fuel prices given in
 
Table 2, shows that briquettes are quite economical. The
 
average firewood price is about Rs 48 per million Btu. Thus,
 
briquettes, with the exception of a few cases, where firewood
 
is available at a very low price, should be a competitive fuel.
 
The briquette price is well below the price of kerosene.
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After the 25 TPD plant has clearly shown that the briquetting
 
technology is appropriate, the same pilot plant can be used
 
to test coals from other locations. Plants of this size or
 
larger can then be built in other areas. The entire briquett
ing industry can be established by private investment, pri
marily by private coal mine owners. Only the first briquetting
 
plant that will be used for introducing the technology and
 
development of a briquette market needs to be subsidized to
 
demonstrate to the private sector its profitability.
 

3. Conservation and Renewable Energy Technologies
 

a. Conservation
 

Pakistan is currently paying a high economic cost
 
due to the shortages of gas and electricity to industry.
 
Scheduled and unscheduled outages are hampering production,
 
wasting and damaging materials, equipment, and energy, and
 
constraining expansion of plant and pxoduction. Unreliability

of supply, therefore, erodes profits and renders prohibitive
 
new investments in energy efficiency.
 

Pakistan industries are aware that gas prices will have to be
 
increased in the future. Prices were increased by 20 percent
 
in early 1982. They will double or triple by 1988. In the
 
absence of measures to conserve energy, these price increases
 
will further erode industries'profits and the incentives to
 
expand investment and output. Given typical costs for indus
trial fuels in the U.S. ($2.50 to $5.00 per million Btu), low
 
and moderate energy conservation measures have favorable rates
 
of return of over 30 percent. Based on present prices of
 
natural gas in Pakistan (about $0.65 per million Btu), very
 
few energy savings measures would have the ratee of retunr
 
experienced in the U.S. Table 8,however, estimates the energy
 
saving potential and approximate rate of return in Pakistan
 
if gas prices were increased to U.S. levels.
 

Even at current low gas prices, low cost measures have proven
 
economic in specific plants. Knowledge of available and
 
effective energy conservation alternatives, however, is not
 
widespread. This project, with a minor investment in training,
 
technical assistance,and selected demonstrations could result
 
in significant savings. The project design consultant estimated
 
that a $3 million program could be a major factor in reducing
 
overall industrial energy use by 10-15 percent within 3 years,
 
particularly given the GOP's increasing commitment to this
 
subject. A 10 percent reduction in industrial energy use would
 
correspond to about 25 x 106 MCF of natural gas having an oil
 
displacement value of $110 million, assuming an oil price of
 
$25 per barrel. This saving in the industrial sector is compar
able to the total present domestic oil production. If these
 
positive economics can be demonstrated to industry and financial
 
institutions, the government's role in financing these measures
 
can be kept to a minimum. This is one of the objectives of
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this project component.
 

Table 8
 

Potential Energy Savings in Pakistan Industr. a/
 

Energy Savings
 

Relative Cost %Reduction in' Rate of Potential Energy 
of Conservation Energy Return Savings (Btu/Year) 
ctivity Recuirement 

Low 15 100 40 x 10 12 

Moderate 10 30-100 27 x 10 12 

High up to 15 .... 30 ... ,x.10 12 

Total Potential 40 Less than 30 107 x 10 12 ' 

a/ Based on U.S. experience and Pakistan consumption of 267
 
trillion Btu/year.
 

b. Renewable EnprKy Technologies
 

There are large variations in the economic feasi
bility of renewable energy systems. Solar heating has been
 
found economically attractive in several sunbelt countries.
 
Photovoltaic power, on the other hand, is still very expensive

and is now economically attractive for providing small amounts
 
of power in remote, higih value applications, such as telecommu
nications or safety equipment. Widespread use of photovoltaics
 
in Pakistan (and elsewhere) will depend on large reductions in
 
costs which are projected by the industry to occur in the late
 
1980's and early 1990's. Small hydro economics are very site
 
sensitive and strongly dependent on the willingness and capa
bility of local inhabitants to donate their labor for system
 
installation and operation. The incremental cost of high

efficiency wood stoves appropriate for use in Pakistan is not
 
well defined at this time. However, for consumers who pay for
 
wood, often at costs approaching that of kerosene, efficient
 
wood stoves should be economically attractive based on the
 
limited experience in other countries.
 

This project was designed in recognition of the differences
 
in the present and projected economics of the different renew
able energy source options and the economic uncertainties often
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associated with specific technology and application oppor
tunities. Consequently, the renewable energy sub-component
 
emphasizes undertaking detailed economic analysis of options
 
prior to providing technical assistance and hardware for
 
specific demonstration projects. The following is a general
 
discussion of renewable energy system economics based on
 
both design team analysis and experience in other countries.
 

i. Solar Heating
 

Solar heating (primarily hot water) systems
 
have been found economically attractive in a number of countries
 
such as Israel, Cyprus, Australia, Japan and the United States.
 
Table 9 indicates the approximate rates of return for solar
 
water systems over a cost range which would probably be
 
achievable in Pakistan (assumed to be $10-$25 per square foot
 
of collector). The lower end of the cost range might be
 
achieved with simple thermosyphon units cotmonly used in
 
sunbelt countries for residential hot water heating while the
 
higher end would be associated with larger pumped systems

for low temperature industrial heat or for institutional buildingi
 

Table 9
 

SOLAR HEATING ECONOMICS - PAKISTAN
 

Annual Energy Collected A' - 240,000 Btu per ft2 of collector 

Assumed life of Collector * 20 years 
Fuel Displaced (oil equiv) p/- 2.4 gallons per ft2 of collector 

Value of Displaced Fuel Kerosene at $1.20/gal- $2.88 per 
ft2 per year 0/ 

Kerosene at $0.25/gal. or equiv. 
$0.60 per ft2 per year 

CASE A: System Cost -. $10/ft2 

Rate of Return - 41 percent at $1.20/gallon
 
Rate of Return 11 percent at $0.25/gallon
 

CASE B: System Cost - $25/ft 2 

Rate of Return - 12 percent at $1.20/gallon
 
Rate of Return - negative at $0.25/gallon
 
(uneconomical investment)
 

all Solar availability is abproxinately 600,000 Btu/ft 2 per
 
year and system efficiency is assumed to be 0.40
 

b/ Assumed oil (or gas) used at 70 percent efficiency.
 

c/ Approximate price of natural gas having a cost of Rs 45
 
per 1,000 ft3.
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These costs assume local manufacture based on straightforward
 
flat plate collector technology. As indicated, returns of
 
from 12 percent to 41 percent could be achieved assuming the
 
cost of displaced fuel is equivalent to $1.20/gallon oil. The
 
return when displacing low priced natural gas is 1 percent or
 
less which indicates the .importance of commercial fuel pricing
 
in determining the aconomics of alternative energy systems.
 
These rates of return (relative to oil or higher priced gas)
 
are attractive. With increasing gas prices and decreasing
 
gas availability for new users, solar heating systems should
 
become an attractive option for a wide range of domestic,
 
commercial, and industrial applications.
 

ii. Photovoltaics
 

Photovoltaics are currently very high cost
 
energy systems with panea coesting about $10,000 per peak
 
kilowatt and the rest of the sy (battery storage, controls,
 
and the like) costing from $20,00 to !'3V000per kilowatt.
 
The cost of electric energy from systetL- In this cost range
 
is well in excess of $1 per kwh which is sz-ial times that
 
from diesel generators for moat fuel cost asLm.tions of
 
practical interest.
 

The great interest in photovoltaic power is due to the projectioni
 
of industry and government PAD sponsors that the costs can be
 
greatly reduced from prasent levels so that they often become
 
lower in cost than alternative approaches (grid extensions or
 
diesel generators) in rural areas. If the cost of panels can
 
be reduced to the $2-$4 per peak watt range, the economics of
 
photovoltaic power will become attractive in rural, non-grid
 
connected areas fcr such critical functions as water pumping,
 
.cold storage, and minimal village power.
 

Table 10 compares the cost of energy from a small generator
 
and a photovoltaic power system where the cost of panels
 
approaches $2.50 per peak watt. As shown in Lhe Table, the
 
cost of power from the photovoltaic power unit would be aigni
ficantly lower than that frbm the engine generator system
 
under most conditions. This is why many large firms in the
 
U.S., Japan, and Europe are directing substantial resources
 
to develop photovoltaic panels with costs lower than $2-$3
 
per peak watt.
 

Given the rapidly changing technology cf photovoltaics, the
 
object!.ve of technical asaistance activities at this tine will
 
be to develop a capability to assess the technical and economic
 
performance of specific applications of interest and to develop
 
a base of practical field experience with carefully selected
 
demonstrations so that both the private sector and the govern
ment are positioned to expand the areas of practical applica
tions as syotem costs decrease.
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ECONOMIC ANALYSIS OF PHOTOVOLTAIC POWER SYSTEMS FOR REMOTE APPLICATIONS
 

t1990 INSTALLATION'
 

Energy Source Fuel Levelii- Cost of Energy /KWH S/ 
Escalation r = .04 r = .10 r = .16 

Zyr. 
Gasoline Engine/Generator a/ 

(For-1 capacity) 

inicial installed cost: $825 0 .97 1.00 1.04 
Annual O&M cost: $311 
Annual fuel usage: 300 gal 
Fuel cost: $1.20/gal 5 1.20 1.22 1.26 
Construction period: 0 yrs 
Useful life: 3 yrs- ' 
Annual net energy output: 1000 kwh 10 1.54 1.58 1.61 

Photovoltaic Power Syste-. for Remote Applications-
initial installei cost: $5,185 .70 .96 1.27 
Equipment: 

PU modules, 65 wt pk: $1,625 
Batteries, $300/kwh: $2,160 
Controls and wizing: $ 200 

Shipping: $1,000 
Installatien: $ 200 

Annual O&M cost: $100 
Construction period: 0 yrs 
Usefui life: 15 yrs 
Anyval net energy output: 807 kwh 

a/ Source: Informal quotes from Honda, Ohan, and Kohler Technical Representatives and NASA 
estimates (NASA CR - 165286). 

b/ Source: NASA estimates. 
_ r = discount rate 
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iii. Small Scale Hydro
 

Small scale hydro systems cover a range of
 
options from micro systems of 5 K capacity to serve lighting
 
and communications needs in small settlements of the N-WFP to
 
50 MW systems which might be installed on large streams or
 
on the irrigation barrages. The economics of these options
 
vary greatly, depending on such factors as the use of power
 
generated and the cost of alternative approaches for supply
ing the power.
 

The project design team focused on micro hydro systems for
 
use in the mountainous regions of the NWFP. The primary
 
benefit resulting from the introduction of minimal power in
 
these remote regions was assumed to be reduced use of kerosene
 
in lighting. Table 11 indicates the rate of return estimates
 
for such applications for a ntmber of assumptions relative
 
to system capacity and the level of local participation in
 
system installation and operation. The economics are very
 
favorable for those systems where local participation reduces
 
the installed system cost even where the only economic benefits
 
would be for lighting. System economics would improve further
 
in those locations where the power would also have some pro
ductive uses, such as grinding grain or wood-working.
 

The economics of larger systems depend on such factors as
 
how the power is used, the degree to which they replace the need
 
for costly grid extensions, and the value of displaced conven
tional generating capacity. The installed cost of multi-mega
watt (1-50) small-scale systems are typically in the $800
$2,000/KW range depending on site conditions and head. These
 
capital cost requirements are lower than most of the grid

connected conventional systems likely to be constructed in
 
Pakistan in the future (for example, large scale hydro or
 
coal-fired thermal) so that small-scale hydro would have both
 
favorable capital cost scructures and fuel savings which would
 
make their use highly attractive in good locations. For example,
 
favorable economics of small hydro units on the larger barrages
 
(25 MW capacity) have been'projected as the result of studies
 
by a German technical team. There seems little doubt, therefore,
 
that well-selected small-scale hydro systems can be economically
 
implemented over a wide range of capacities serving diverse
 
populations and power needs.
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Table 11
 

ECONOMIC INTERNAL RATES OF RETURN FOR
 
VARIOUS SYA LL HYDRO SC-ENMIS
 

(in %) 

PAC .... SIZE 7 SCHEMED'," 
_...... 5W T5 kw 200 

A. Parti apto (civil vorks
 

conistructed y users)
 

1. Residential Load 30 46
 

2. Residential + Industrial Load 35 57
 

B. Conventional (civil works ccnstmcted
 
by contractor)
 

1. Residential 12 29 4
 

2. Residential + Industrial Load 15 35 9
 

SOURCE: USAID/Pakistan and project design consultants.
 

iv. Wood Stoves
 

Very little work has been done in Pakistan in
 
the field of high efficiency wood stoves. This, is itself,
 
complicates the task of assessing their potential economics.
 
In addition, there are a nuDfbez of national benefits deriving
 
from the introduction of high efficiency wood stoves which
 
are difficult to factor quantitatively into economic analysis.
 
These include decreased deforestation, improved health as a
 
result of less smoke being p'esent in the household (most
 
high efficiency wood stoves vent smoke to the outside), and
 
decreased time spent collecting firewood and crop wastes.
 

One approach for issessing in a preliminary way the economics
 
of efficient wood stoves is to estirate the value of the wood
 
saved for those users who ecttally purchase rheir wood on a 
conmnercial basis. If it is as.3mumed that: 

(i) the cesc oi flre;ood Is Rs 20 per 40 kg 
(about in the middle of tie price range for firewood); 
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(2) stove efficiency is doubled (a reasonable
 
expectation based on studies done on this subject in several
 
countrii
 

(3) present wood consumption for a family of
 
five is 1500 kg per year,
 

then, the annual savings would be $29 per year, which would
 
readily justify incremental costs of stoves considered suit
able for Pakistan. For example, modified clay Chula's designed

for use in Bangladesh are estimated to have an incremental
 
cost of about $1-$2 (for a metal grate to improve air circu
lation patterns), and a stove designed by the University of
 
Peshawar in Pakistan had an incremental cost estimated to be
 
about $10- $20 for additional metal piping for venting and
 
a variable damper for air control. The price of these stoves
 
would thus be recovered in from two weeks to 8 months. The
 
economic advantages of efficient wood stoves (at least for
 
those who purchase firewood) are easily demonstrated. The
 
project is designed, therefore, to determine what designs
 
fo wood stoves are likely to be accepted by consumers, and
 
to assist in field testing to accelerate commercial introduc
tion.
 

v. Biogas Economics
 

The economics of biogas digester systems depend
 
on costs, the value of displaced energy, and the costs of
 
operation and maintenance. Several atudies have shown that
 
biogas digesters can be economically attractive in larger sizes
 
to serve (for example feedlots) where no value is attached to
 
the feedstock. The large number of individual units in China
 
and India suggest that, under some conditions, even small
 
systems can be economically and socially attractive. In 
Pakistan the cost of individual systems currently ranges from 
Rs 4,000 - Rs 10,000 ($308 to $769). These systems produce 
about 75 cubic feet per dAy of biogas. Table 12 indicates 
that the payback period for,a $400 system would be on the order 
of 4 years (a rate of return of about 40 percent if the 
digester lasts 10 years), assuming the biogas displaces a 
commercial fuel such as kerosene or bottled gas. This level 
of economic performance could be quite attractive for home
owners with enough cattle to provide dung to the unit. If 
the system costs $760, it would not be an economical investment. 
The economics of larger systems which could serve several
families or operate engine generators are usually better than
 
those of smaller, individual units. This is due to the
 
economics of fabricating the digester systems. It appears,

therefore, that biogas digesters could be economically viable
 
in some markets in Pakistan if operational reliability can be
 
established.
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Table 12 

BIOGAS DIGESTER ECONOMICS
 

System Cost: $300 - $800
 

Annual Output: a! 27,370 fti-


Kerosene Displaced: 98 gallons
 

Value of Displaced $118
 
Kerosene c/
 

Rate of return 40 percent for a $300 system
 
(10 year life) 4 percent for a $800 system
 

a/ Average daily output of 75 ft3.
 

b/ Average heating value of biogas of 500 Btu/fts
 

_l At $1.20 per gallon
 

The above discussions indicate that renewable energy resources 
show good potentil.0 fc~r economic applications in Pakistan. In 
addition, all of these technologies are consistent with manu
facture in ?akistan amd operation by local personnel. There
fore, these techno.ogies have a number of added benefits relative 
to employment oppartunities and foreign exchange savings not 
explicitly accounted for in the economic discussions. As indi
cated previously, the economics of renewable energy technologies 
tends to be very site and application-specific so that care 
must be taken to ensure that program resources are directed
 
toward those applications diowing particularly favorable
 
economics and having efficiently large market potentials to
 
have measurable regional or national impacts.
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D. Social Soundness Anlsis 

1. Socio-Cultural Feasibiltv
 

All. three components of t~ia project have been 
designed with Pakistan's value syst.a and social structures 
in mind and, hence, project activities Are considered 
feasible from a social and cultural point of vie%. The Energy

And Menpmer .ySR was deliged to'c nentmeah with the larger econo mic imd t'ecbiL< ,n context 
in Pakistan, As described earlier, both Provincial and
 
Federal, Government personael are fnwilirr with art I medit=
 
term and five-year planning cycle, . L-::eted1 c:r foe,

that the proposed planning and manpoer atri'ities
MewnDOWtO 
under this project will not *ncounter &np. r cial 
or cultural difficultlioa. 
The socio-cultural fea sibilit ,,poof the $oJ must be 

-
considered both twji',h regpect to th ei ib i: y ifact of 
the electricity si.,np-lied risprtet to th, iand vith .... 
and. impact of the mining 4nd b%, ing of coal, 1The x L and 
cultural aspects of supplying elecpxicity arc,, h.. course, 
significan as electricity will cinak possible, to;, A least 
some of the population, perhaio the fir ,:i<t dern tclogiea
(lighting, , television) to le used i. lo. hinr While 
this impact will be significant, it has been treated wtu.ny 
times before in t g eeral literature and in othee analyses
for energy projects 11,n Pakitan. (See, for exmmk.!.e , the Social 
Soundness Analy-sia for thn Rural Electrifi ation ProJe¢.t, 
391-0472). Thi topic was a , the subject of a 1978 A.I.D.
financed survey of the impact o,7 previous electrification 
efforts in twenty-five villages lted in five regions of
 
the Pt.njab, Sind and the N4.. The survey found that 
electricity is compatible with existing village social patterns 
and is a familiar and desired service in rural areas. 

Mining and using coal are also expected to be socially and 
culturally acceptable in,Pakiantn. Mining activities under 
this project Lre designed to greatly improve safety and other 
working conditions in Pakistan's existing mines. Development 
of major coal mining facilities at Lakhra, which could be 
triggered by this project, will require new connunities to 
be developed at Lakhra for the miners and perhaps their 
families. As was noted in the Project Description, a major 
assessment of the barriers to the development of an. indigenous 
mining industry will be -supported as part of this project.
Social a~td cultural aspects of new mining comnmunities will 
be included as issues in this assessment. 

The cultural feasibility of coal briquetting and the
 
residentially oriented renewable energy technology activities
 
will be a major issue in the successful development of the
 
technologies. As discussed in the Technical Analysis, the
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technical aspects of the Ieozoicj!cs a-e rel-itivejy well 
understood and pose no serictu ,, Hc. -Ca. briquettes,

and fvlc.L-ioncefficient wood stoves .,tr f .2 into the daily 
patterns of life and into tL.e ic of che hosehoid or 
small cormercial estab'_islimanca, however, are not -well under
stood and pose a formnidable oet of taks r roject1 
implementation. For this reason, a resi ntial and smal. 
commercial energy end use survey has b&.in uilt into the 
project to precede any actual techology d t. , 

As nooted in the Projec Pcriptimn t"i"Ie e,'Tlphasis Of 
the demonstration activities will b,, 'ot on the engineering 
feasibility if the techt.ologiez, but rn the feas!iility of 
marketing and 3ther de.livery mechani, s to aca.eve their 
wide-scale adoption. "Me demons tra:ions wiil be used to 
assess potential consiuer acceptance of these new ways of 
cooking, heating and lig"ting and to devise measures which 
may be taken to encourage and satisfy consumer demand for 
these energy products. The end-us- eRy surveys will include 
the gathering of socio-econ !rc baseline information on 
target groups surveyed. Informat!.on will be collected on the
 
the role of women and children in gatherin, wood and in 
cooking, cooking pattes .. types of other houzehoid energy 
needs, and energy use patterns ii small c zmercial establishmen' 
Because of the project's reliaca on p-rivate sector mechanisms 
wherever pos3ible to dissenii.aite these technologies, small 
business activity will be analyzed in conJunction with market 
analyses to detmnine the potential for entrepreneurs to 
market briquetteg, r:tove. I-rd ¢tf Ir inrovative technologies. 
Loxd government b examined to help ensurest 'ucture,,; be 
compataility of project activities with local conditions. 
Consideration will *e giv4xn to aelecting a small number of 
target villages or rnighborhood, to ;erve as c3ae studies 
for the demon4t.ratian rroJectA. 

2. Spread The f Innovation7h e, Di ffusion 

Compor.ents of the project in which it is important 
to achteve diffusion of inncvative technologies are the 
demonstrations in coal -iniL g, ,.ncrgy ccnse:varion, coal 
briquettes and reiewable energy technolo-ies. Diffusion of 
coal mining and energy ccnservation technolcFies will involve 
economic and political ccnzidratLens rather than social or 
cultural ones. Accordir'-ly, cniy .ttg and reriewables 
will be addressed in this ,3ectior. 

As discueced ir the *aject: Ceacription Sectic., energy 
survey results ,,i'l be us-ed t.: idertify liksely sites to test 
consumer acccptance an4 m:-ret potential for briquettes and 
stoves. Given test market rerulut, A.I.D. will 
assist the GOP in encouraging private entrepreneurs to 
manufacture and market the energy products. The expectation 
of profit will roti ' init!.l'r as limited number of 
tradesmen whose examp,.( in turn will nxtivate -others to 
enter the business. 

Best Avail bl" Ocu z 
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Consideration will be given during project implementation to 
targeting small urban and semi-urban conercial establishments 
as an appropriate group with which to begin test marketing 
activities. These small businessmen are careful about their 
fuel. budgets, and they are probably less fettered by 
traditional customs than are their rural counterparts. Also, 
they are visited and observed by a large number of customers 
and passeraby from both the city and the country. 

The first .ct-tvity to be undertaken on small hydro, solar 
and biogna toclanologies will be an in-depth assessment of 
present ex:perience with each of these technologies in Pakistan 
and en analysisof private sector possibilities in cheir 
mnufacture and owketing. Each of these technologies has 
been deoonttated to be technically feasible in Pakistan, but 
their potential for wide scale adoption is not clear. Since
 
achieving wide scale use is beyond the capability of either
 
A.T.D. or the GOP, the private sector will have to be
 
mobilized if renewable technologies are to play a significant
 
role in the country's national energy scheme. The private
 
sector has been active in each technology, but a systematic
 
COP program has to be developed to encourage private activity
 
on a larger scale. Development of such a program is a majcr
 
objective of this project, A significant part of this program
 
development activity will addrese the social and cultural
 
acceptability of each technology by its potential users.
 

3. Social Consequences and Benefit Incidence
 

Stimulating more analysis of expensive energy
 
options and assisting to develop necessary skill bases will
 
save taxpayers money directly and will benefit them indirectly
 
by making more energy available for development uses. Coal-

related activities will benefit more those who currently use
 
commercial energy. Approximately five-sixths of the population
 
currently heae o"access to electricity, and these individuals
 
will benefit from the increased coal energy stimulated by this
 
project. The number of people who will be able to receive
 
electrification,in part because of project activities cannot
 
be quantified, nor could chey be attributed to this specific
 
project, but the use of coal will certainly ease Pakistan's
 
serious shortage of fuel for electrical generation and will
 
thereby allow the continued spread of rural. electrification.
 
Completion of Just the Lakhra plant would increase the
 
contry's electrical generation capacity by almost one-tenth.
 

Those individuals in remote areas who have no access to
 
electricity will receive special attention under the Renewable
 
Energy component. Small hydro activities will focus on the
 
NWFP, and solar and biomass activities will pay special
 
attention to rural villagers nationwide. These activities wILl
 
directly assess the needs of rural villagers and the
 
appropriateness of specific technologies to satisfy end us.
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needs identified. It will assist the GOP in its programs to
 
meet those needs. The needs of the rural poor and unemployed
 
will be a special focus of the energy survey activity. With
 
these survey results, further implementation activities will
 
be designed to pay special attention to the needs of this
 
group.
 

Women will receive special attention under the coal briquetting 
and wood stove activities.. They do the major part of wood 
gathering and most of the household cooking and so use most 
of the wood. In order to obtain fuel for the household, they 
must expend their own energy. As fuelwood shortages increase, 
their situation will be aggravated since more energy is require. 
to travel greater distances to col'cect fuel or generate cash 
income to purchase fuel. More efficient wood stoves or the 
substitution of cheaper, more efficient coal briquettes will 
redw-e the time and energy women spend for obtaining fuel, 
thus freeing them for other productive activities. Women,
 
therefore, have a large stake in greater household fuel
 
efficiency and in substitution of cheaper, more convenient
 
energy forms. In addition, more efficient household energy
 
use and substitution of smokeless briquettes for wood will
 
reduce household smoke, thus producing a healthier household
 
envirrinment for women and small children who spend much of
 
their time at home.
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E. Financial Anly s 

1. General
 

As shown in Table 13, the estimated cost of the 
project over the five-year period is $36,295,000, consisting
of an ESF grant by A.I.D. of $30,000,000 and the equivalent 
of $6,295,000 by the GOP. 'Vae former amount does not 
include an estimmted $80,000 nder the Mission's Develop
ment Support Trainirg Prcjeat end the AID/Washington
centrally-funde2 CoEventei r1:gy Tr&ining Project.to
finance a port-1n. of the t -inin& activities under this 
project. Similarly, the GOP's contribution does not take 
into account the GOP's outlay for energy sector activities 
in general whiCh is anticipated to equal about 25 percent 
of the GOP's Sixth Five-Year Plan total budget,.which will 
be implemented during the same time period as this project. 

Three summary tables are provided on the follow:ing pages: 
Table 13 summarizes project costs by fiscal year and 
source of funding; Table 14 describes project costs by 
expense category and source of funding; and Table 15 depicts 
project costs by project component, expense category, and 
source of funding. Additional data are provided in the 
Financial Analysis Annex (Annex L). Project costs are 
defined as anticipated sub-obligations or commitments of 
funding through, for example, PIO's, contracts, or purchase 
orders. Inflation was calculated on the basis of 10 percent 
per year for U.S. consultant salaries, 15 percent for all 
other foreign exchange costs, and 20 percent for local costs, 
all compounded annually. A contingency factor of about 
7 percent was applied to all costs. Local costs, where 
shown, are expreased as dollar equivalents at the exchonge 
rate of U.S. $1.00 - Rs 13.00. 

2. Summary Cost 'Etimates 'and Financial Plan 

a. A.I.D. ContribUtion
 

Approximately 82 percent of the A.I.D. dollar 
grant of $30 million will finance foreign exchange costs
 
under the project with the remaining 18 percent for local
 
costs. Of the total $30 million grant, 60 percent will
 
finance U.S. short and long-term technical assistance;
 
24 percent for vehicles and other commodities; 8 percent
 
for U.S. short-term and long-term training; 1 percent for
 
evaluation; and, the remaining 7 percent for contingency.
 
A.I.D. will finance the international travel costs of
 
participants enrolled in troining programs under one year
 
in duration. A participant training travel waiver, which
 
exempts the GOP from having to cover these costs, has been
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TABLE 13
 

SUMMARY OF PROJECT COSTS 
BY FISCAL YEAR AND SURCEOFFUNDING 

(in$000)
 

SOURCE OF FUNDING FY 1983 FY 1984 FY 1985 FY 1986 FY 1987 TOTAL
 

A.I.D. b/ 	 13,000 5,000 6,000 6,000 - 30,000 

GOP 	 1,075 1,700 1,245 1,020 1,255 6,295
 

TOTAL 	 14;075 6,700 7,245 7,020 1,255 36,295
 

'a/	Project costs are defined as anticipated sub-obligations or commitments
 
of funding through, e.g., P!Os, contracts, purchase orders, and the like.
 

b/	Does not include any funding for the Lakhra.Project beyond Phase I as
 
described in this project paper, nor an estimated $800,000 under the
 
Mission's Development Support Training Project and AID/Washington
 
Centrally-funded Conventional Energy Training Project to finance a
 
portion of the training activities under this project.
 

c/Expressed Is dollar equivalents at the exchange rate of US $1.00 - Rs 13.00,
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SIByAWRY OF PROJECT COSTS
 
BY ESPENSE CATEGoRT AND 'UWf"M-bFUNDING

(in$000)
 

I ..... .LT E of- rojec Fu-'r
 
EXPENSE CATEGORY A.I.D. GTrint 
 GO - Crn 

1.Technical Assistance
 

a. Long-Term 	 5,266 1,795 7,061 202 7,263
 
b. Short-Term 
 8.446 2,472 10.910 183 11.101
 

Sub-Total 13.712 4.267 17,979 335 18.364
 

2. Training
 

a. U.S. Long-Term 184 	 184 10 194
 

b. U.S. "hort-Tirini , II 116 - 2.29L 
c. In-country -	 375 375 
d. Third Country Short-term 35 6 41 

Sub-Total 2,330 191 2,521 385 2,1.O6 

3'.Coanodlties
 

a. Vehicles 	 160 78 230 - 238 
b. Other 6,305 477 6,702 235 7,017
 

Sub-Total 6o466 555 7,C20 235 7.255
 

4, Other Costs
 

a. Evaluation 	 340 60 400 400
 
b.Operating Expenses - - 5.290 5,290 

Sub-Total 340 60 400 5,290 5,0O 

TOTAL 22,847 5.073 27,920 6,295 34,215 

Contingency 1,680 400 2.080 - 2,080 

GRAND TOTAL 24,527 5,473 3-",00 6,295 36,295 

a/ 	 Project costs are defined as anticipated sub-obligations or conmitments of funding 
throughe.g. PIO's, contracts, purchase orders, and the like.
 

b/ 	Inflation - 10% of FX salaries, 15 of all other FX costs, and 20% of local costs,
 
all compounded annually.
 

c/	Does not include any funding for the Lakhra project beyond Phase 1 as described
 
in this project paper, nor an estimated $SUO.0U0 under the Mission's Development

Support Training Project and the AID/Washington Centrally-funded Conventional
 
Energy Training Project to tinance a portion of the training activities under
 
this project.
 

d/ Expressed as dollar equivalents at the exchanqe rate of*U.S. $1.00 - Rs 13.00.
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TABLE 15 

SUMMARY OF PROJECT COSTS BY' PROJECT COMPONENT,
 

Life of Project Funding
 

PROJECT COMPONENT A.L U. aimntc/ d/ •GRAAD 
I*r LC I'oia 	 TOTAL
 

1,	Energy Analysis and Manpower
 
Development
 

a. Commodities 	 125 23 148 - 148 
b. Technical Assistance 	 3,525 1,260 4,785 so 4,835
 
c.Training 	 277 90 367 385 752
 
d. Operating Expenses 	 - - - 425 425 

Sub-Total 	 3,927. 1,373. 5,300 860 6,160
 

2. Coal Resources Assessment 
and Development 

a. 	Coal Resources Assessment 
i.Comodities 	 2,620 - 2,620 - 2,620
ii.Technical Assistance 1,938 646 2,584 78 2,657

iii.' Training 318 78 396 - 401 
iv.Operating Expenses F............ .2,915. 2,915 

Sub-Total 	 4.876. 724.. .5,600'. 2,993 8,593 

b.Coal Mine and Coal Fired
 
Power Generation Develop
ment (Phase 1)
 
1.Comnodities 	 2s092 34 2,146 235 2,381

ii.Technical Assistance 4,504 1,216 5,720 90 5,810.


iii. Training 	 1,68 166 1,234 - 1,364 
iv.Operating Expenses 	 . . . " -. 700 700 

Sub-Total 	 7,664 1,436 9,100 .1,025. 10,125
 

c. Processed Coal Briquettes
 
for Residential Use
 
i.Coriodities 	 520 74 594 - 594 
ii.Technical Assistance 796 85 881 10 881 

iii, Training 22 3 25 - 25 
iv.Operating Expenses - - 140 140 

Sub-Total 	 1,338 162.. 1,500 150 1,650
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(Table 15Cbttinued) 

SUMMARY OF PROJECT COSTS BY PROJECT COMPONENT, 
TXPFNSEM r7___________CAfh-t=RU 

Life of Project Funding 
PROJECT COMPONENT b Spat 2d/ GRAND
 

-tC-f- GIO TOTAL
'r 


3, Energy Conservation and 
Renewable Energy Technologies 

a. Energy Conservation 

i.Commodities 889 I5 904 - 904 
ii.Technical Assistance 1,721 520 2,341 88 2,429 

iii. Training 1 
tv. Operating Expenses 

98 
. -

28 126 -
280 

126 
280 

Sub-Total 2,708 663 3,371 368 3,739 

b. Renewable Energy Technalos

i. Comuiodities 453 155 608 - 608 
ii.Technical Assistance 1,228 440 1,668 61 1,737
 
iii. Training 313 60 373 - 373
 
iv.Operating Expenses ..-. ... - 1830 830
 

Sub-Total 1,994. 655 2,649 899. 3,548
 

4. Evaluation 340 60 400 400
 

TOTAL 22,847 5,073 27,920 6,295 34,215
 

Contingency 1,680 400 2,080. - 2,080
 

GRAND TOTAL 24,527 5,473 30,000 6,295 36,295
 

a/ Project costs are defined as anticipated sub-obligations or commitments of
 
- funding through, e.g. PIO's, contracts, purchase orders, and the like.
 

b/ Inflation = 10% of FX salaries, 15% of all other FX costs, and 20% of local
"" 
costs, all corresponded annually. .
 

c/ Does not include any funding for the Lakhra project beyond Phase 1 as described
 
- in this project paper, nor an estimated $800,000 under the Mission's Development
 

Support Training Project and the AID/Washington Centrally-funded Conventional
 
Energy Training Project to finance a portion of the training activities under
 
this project.
 

d/ Expressed as dollar equivalent at the exchange rate of US $1.00 - Rs 13.00.
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signed by the USAID/Pakistan Mission Director and is included
 
as Annex G. 

Allocation of the A.I.D. contribution by project component
 
is as follows: 18 percent for Energy Analysis and Manpower 
Development; 54 percent for Coal Resource Assessment and 
Development; 20 percent for Conservation and Renewable 
Energy Technologiesi 1 percent for evaluation; and, the 
remaining 7 percent for contingency. 

b. GOP Contribution
 

The COP contribution to this project will
 
consist of office upace for U.S. advisors, local per diem
 
for in-country seminar participants, half of the cost of th8 I
 
mining camp, the water truck for the Coal Min -and CoaloFired Paiwer 
Generation sub-component, and the salaries and other costs 
for professional and non-professional staff working on the 
proj ect. The GOP contribution as shown in the preceding
 
tables does not reflect the costs associated with: (W) local
 
contractors who will have to be hired by the DGER to assist
 
in the design and inetallation of renewable energy demons
trations; (ii) local consultants who will have to be hired,
 
most likely by the DGER, to undertake the energy audits under
 
the Energy Conservation sub-component; (iii) the recurrent
 
costs of all renewable energy demonstrations and the pilot
 
coal briquetting plant; and, (iv) land on which renewable
 
energy demonstrations, the pilot coal briquetting plant, and
 
the mining camp and coal exploratory work will be \.indertaken.
 
All of these costs are difficult to estimate at this stage
 
of the project, but they will be determined as the project
 
is implemented and incorporated accordingly in the GOP's
 
PC-I documents to ensure that adequate funds are available
 
for these activities.
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F. iEnvronmental Analyeis
 

The PID for this project included an Initial Environ
mental Examination (IE) of the foreseeable environmental 
effects of proposed project activities. The 1EE concluded 
that the analysis and assessment components of the project 
were categorically :xciuded from envirozuental impact assess
ment requirements at.d that the remaining components would 
not have a significant effect on the environment. A Negative
Determination was, therefore, recommended with the provision 
that, if the use of coal was expanded after project approval 
and the enviroimiental effects of this use appeared signifi
cant, additional environmental atudies would be carried out. 
AID/Wauhington concurred with the Mission's recommendation 
for a Negative Determination for the project but requested 
some discussion in the project paper on the potential environ
mental impact of small scale hydro development, particularly 
possible destabilization of watercourse banks and detrimental 
effects on the habitat of fish (See Annx A.) 

After the PID was approved, A.I.D. responded to a GOP request
 
to review all the data and studies that had been completed on
 
the Lakhra coal mining and power generation project. AID/
 
Washington retained the Stone & Webster Engineering Corp.
 
(SWEC) to undertake this review in cooperation with a Pakistani
 
counterpart team from WAPDA and P4DC. Based on the favorable
 
preliminary results presented by the WAPDA-PMDC-SWEC team in
 
January 1983, the GOP requested A.I.D. to provide support to
 
help develop a Coal Projects Department in WAPDA, to undertake
 
additional feasibility studies and other preparatory work,
 
and to finance the front-end engineering work necessary to
 
develop a 300 MW power plant and associated mines in the
 
Lakhra/Jamshoro area. The PID was subsequently amended to
 
include this work except for the front-end engineering which
 
may be financed by A.IoD. through an amendment to this project
 
in FY 1984. In accordance with A.I.D. guidelines (Regulation

216.1-8), an Environmental Assessment was prepared for the
 
Lakhra project and is contained in Annex M.
 

The environmental analysis of the Lakhra project concluded
 
that the project is environmentally sound. While the power
 
plant may have some negative air pollution effects, it would
 
not cause ambient air quality levels to exceed standards
 
deemed adequately protective of public health by the World
 
Bank. Moreoever, suitable mitigation measures would be taken
 
to minimize air quality impacts. The environmental analysis
 
of the small hydro sub-component found that negative environ
mental effects would be insignificant and would be outweighed
 
by environmental benefits.
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1. Small Hydro Sub-Component
 

An environmental expert assisted the Mission in
 
examining small hydro environmental concerns in the context
 
of conditions in the NWFP. In addition, A.I.D.'s Regional
 
Environmental Advisor visited typical hydro field sites in
 
Pakistan. From their reperts, the Mission concluded that
 
the possible negative environmental impact of small hydro
 
installations, namely erosion and negative effects on fish,
 
will not be significant.
 

Erosion along watercourse banks can increase due to diversion
 
and impoundment especially in steep terrain. However, Pakis
tan's hydro schemes are run-of-river and do not impound any
 
water. Water channels which feed water to the penstock and
 
turbines are masonry lined, thereby eliminating erosion there.
 
Erosion of stream banks is thus not a problem. Fish habitats
 
may be adversely affected in the imediate vicinity of the
 
hydro installations, but the very limited number of installa-

tions.(A.I.D. will finance fewer than 10) and their very small
 
size would reduce this impact to negligible levels. Impacts
 
downstream of the installations are unlikely to be significant
 
because of the relatively high sediment levels already present
 
in NWFP streams and because the installations will not affect
 
those sediment levels to any measurable extent. The largest
 
impact of small hydro plant activity would probably be felt
 
during construction. Engineering and construction procedures
 
which will minimize these impacts will, therefore, be employed
 
in installing plants and their associated civil works.
 

In summary, the possible negative environmental impacts of
 
small hydro units installed under this project will be minor.
 
A.I.D.'s Regional Environmental Advisor concurs with this
 
conclusion. What negative impacts result will be more than
 
outweighed by the positive environmental impacts of using

electricity generated by the small hydro units. This elec
tricity will be used primarily for lighting, replacing kerosene
 
and thereby reducing indoor smoke and emissions of carbon
 
monoxide and hydrocarbons in village homes. Furthermore, by
 
reducing the need for large fossil or nuclear power plants,
 
the adverse environmental impacts associated with those plants
 
would be avoided.
 

2. The Lakhra Coal Project
 

Annex M contains an environmental assessment of the
 
Lakhra Coal project. Its main conclusion is that the project
 
is environmentally sound. The assessment addresses five
 
potential environmental problems which the plant and its mines
 
could present, (a) air pollution; (b) water pollution;
 
(c) solid waste; (d) noise and worker safetyl and, (e) seccndary effects. 
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Air pollution will be produced by the plant
 
and by dust from surface mines. Tho environmental assessment
 
shows that sulfur oxides and particulates from the first 300
 
MW unit will fall well below World Bank ambient air quality
 
standards. Flue gas desulfurization (FGD) technology will
 
not be needed on this unit. During Phase I activities under
 
this project, an environmental monitoring and analysis program
 
will be established to determine if FGD equipment is needed
 
on the second 300 MW unit. By the time that decisions must
 
be made about FGD for the second unit, sufficient data and
 
analysis will have been completed to allow a well-informed
 
decision.
 

Dust from surface mines will add to dust already present in
 
the area from natural wind erosion. The environmental moni
toring program wilL analyze these dust levels ao that estimates
 
can be made of how much the dust from the mines will contribute.
 
Dust from the mines alone will not cause World Bank standards
 
to be exceeded. Mitigation measures and reclamation applied
 
to the mines will minimize additional dust productivn. Water
 
pollution is not expected to be a problem. The main concern
 
is possible heating of irrigation canal water by waste cooling
 
water from the power plant. Since the cooling towers will use
 
a closed-cycle water system, the problem should not be signi
ficant.
 

3. Other Coal ActiVities
 
i. 

As discussed in the Project Descripticn, the project will pro
vide funds to assess Pakistan's coal resources and to under
take a series of assessment and planning activities in coal 
mining and coal use. These activities are primarily analyti
cal studies and assessments including technical and economic 
feasibility studies of various coal projects and conceptual 
design studies and assessments of coal technologies for
 
future use in Pakistan. As such, they will have nQ direct impact
 
on the environment.
 

These studies will assist the GOP in developing a national
 
coal policy to tap the country's significant coal reserves.
 
Development of coal on a national scale could have major eD
vironmental impacts, primarily air and water pollution and
 
land despoliation. For this reason, environmental analysis
 
will be undertaken during Phase 1 to provide the information
 
necessary to eliminate or reduce potential negative impacts.
 
These analyses include the monitoring mf baseline environ
mental conditions in the area of the power plant using Lakhra
 
coal and an analysis of the capital and operating costs of
 
air pollution control technologies required to meet appro
priate ambient air and emission standards. Additional studies
 
may focus on environmental controls necessary to prevent
 
destructive impacts from surface mining in the Lakhra ai.'.d
 
other coal fields which are expected to be mined.
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At the present time,Pakistan is developing an environmental
 
policy. GOP energy officials, therefore, have no existing
 
guidance to follow to incorporate environmental protection
 
measures in the development of Pakistan's coal resources.
 
By means of the analyses and assessments noted above, A.I.D.
 
will make a significant contribution to the formulation of
 
Pakistan's environmental policy.
 

The coal briquetting market assessment will provide informa
tion on the present distribution of stoves and may include
 
development of a small pilot plant to produce briquettes.
 
These assessment activities will have insignificant environ
mental impacts in themselves but may lead to larger projects
 
later which could affect the environment. Environmental
 
analyses will be incorporated into all briquetting activities
 
such that if larger scale activity is indertaken beyond this
 
project, measures may be taken to mitigate negative environ
mental impacts.
 

G. Narcotics Impact Statement
 

None of the proposed project activities can be meaning
fully connected to the U.S. Government's continued efforts,
 
in conjunction with the GOP, to curtail opium poppy cultiva
tion and the processing of opium into heroin in Pakistan. The
 
Lakhra area, where the only significant construction may take
 
place as a result: of this project,is not a poppy-growing or
 
heroin-processing area. Site selection for demonstration
 
projects, such as small hydro electric generators, will ex
clude poppy-growing and heroin-processing areas. In addition,
 
the following poppy clause will be included in the Project
 
-Agreement:
 

"The Government of Pakistan (COP) agrees to undertake
 
appropriate measures to prohibit cultivation of opium
 
poppy and/or processing of opium into heroin or morphine
 
base within any area benefiting from this Project. In
 
the event that a determination is made that the culti
vation of opium poppy and/or processing of opium into
 
heroin is occurring in an area programmed to benefit
 
or benefiting from this Project, no assistance under
 
this Project directly benafiting that area shall coinence,
 
and, if cormenced, such assistance shall be suspended
 
until the prohibited activity is eliminated. This sus
pension of assistance may, at the option of the United
 
States Government, and in accordance with applicable
 
law, include removal of any services or facilities in
 
the area until the prohibited activity is fully eliminated.
 
If the prohibited activity fotd tomcdst isnot fullv eliminated 
within a specified period of time to be agreed upon by
 
the United States Government and the GOP, all assistance
 
under this Project directly benefiting that area may be
 
terminated.
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If, prior to the Project Assistance Completion Date
 
(PACD) established by A.I.D. for this Project as it
 
may be from time to time amended, it is determined
 
that the prohibited activity is occurring in an area
 
which has benefited from this Project and the prohibi
ted activity is not eliminated within a period of time
 
to be agreed upon by the United States Government and
 
the GOP, the GOP shall reimburse A.I.D. for all assis
tance that the GOP has received from A.I.D. under this
 
Project, which has resulted in direct benefits to that
 
area in which the prohibited activity is occurring.
 
Such reimbursement shall be treated as a refund under
 
the relevant provisions of the Project Agreement."
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VI. CONDITIONS, COVENANTS AND NEGOTILkTING STATUS
 

A. Conditions Precedent to Dislrsement 

1. Condition Precedent to Fi-st Disbursement
 

Except as A.I.Do may otherwise agree in writing,
prior to any disbursement under this Project or to the
 
issuance by AoI.D. of documentation pursuant to which
 
disbursement will be made, the Grantee shall furnish or
 
have futnished to A.I.D., in form and substance satisfactory
 
to A.I.D., within sixty (60) days after the signing of
 
the Project Agreement: 

a. a written opinion of Counsel acceptable to
 
A.I.D. that the Project Agreement has been duly authorized
 
and/or ratified by and executed on behalf of the Grantee
 
and that it constitutes a valid and legally binding

obligation of the Grantee in accordance with all of its
 
terms; and,
 

b. a written statement setting forth the names
 
and titles of persons holding or acting in the Office of
 
the Grantee and representing that the named person or
 
persons have the authority to act as the representative
 
or representatives of the Grantee, together with a specimen

signature of each ouch person certified as to its
 
authenticity.
 

2. Condition Precedent to the Selected Disbursement
 
-or- F er the E e'y sy n- An ss an ower 

Except as A.I.D. may otherwise agree in writing,

prior to the disbursement under this Project or to the
 
issuance by A.I.D. of documentation pursuant to which such
 
disbursement will be made for the long-term general

technical assistance contract, participant training and
 
special studies under the Energy Analysis and Manpower

Development Component of this Project, the Grantee, acting

through its Planning and Development Division, Ministry of
 
Planning and Development, shall furnish to A.I.D.,
 
in form and substance satisfactory to A.I.D. evidence that:
 

a. an administrative unit within the Planning and 
Development Division has been authorized "mdet~btishab oLassune 
responsibility for Energy Analysis and Manpower Development 
activities and is being organized, staffed, and equipped;
 
and,
 

b. a Participating Agency Project Implementation

Coordinating Committee has been authorized and established,
 
its duties and responsibilities have been defined, and the
 
Committee is being organized, staffed, and equipped.
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3. Condition Precedent to the Selected Disbursement
 
oM Fund . t-1ivities under the Coal Mine and 
Coal r T ovrenerat on evero 
oiff,0 t.eoalTResource Assessment an 

- ent om...ent 

Except as A.I.D. may otherwise agree in writing, 
prior to the disbursement under this Project or to the 
issuance by A.I.D. of documentation pursuant to which 
diabursement will be made for the Coal Mine and Coal-Fired 
Power Generation Development Technical Assistance Contract 
under the Coal Resource Assesament and Development Component of 
this Proj ect, the Grantee, acting through its Planning
and: Development Division, Ministry of P anning and Development, 
shall furnish to A.I.D., in form and substance satisfactory 
to A.I.D., evidence that; 

a. &.6bal Projects Department has been
 
authorized and established to promote, plan, and manage
 
the developrent and implementation of coal mine and coal-

fired power generation projects within WAPDA and adequate
 
funds have been made available for its operation;
 

b. the authority, duties and responsibilities of
 
the overall manager and the coal mine and power section 
managers of the Departnent have been adequately
 
definediInd,
 

c. an adequately trained and experienced overall 
manager of the Department has been appointed and 
persons to fill the other tvo managerial positions have 
een identified.
 

4. Condition Precedent to the Selected Disbursement
 
~Ti~xi~er ensvtt~fineane a e 

Except as A.I.D. may otherwise agree in writing,
 
prior to the disbursement under this Project or to the 
issuance by A.I.D. of documentation pursuant to which such 
disbursement will be made under the Conservation and 
Renewable Energy Technologies Component of ,tiz roject, except fcr 
vehicles and household/office furniture and equipment, 
the Grantee, acting through its Directorate General for 
Energy Resources (DGER) of the Ministry of Petroleum and 
Natural Resources and Lts Planning and Development Division 
of the Ministry of ?lanning and Development shall 
furnish to A.I.D., in form and substance satisfactory to 
A.I.D., evidence that: 
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a. an adequately staffed administrative unit has
 
been authorized and established within the DGER to manage
 
all Component activities; the authorities, duties and
 
responsibilities of the overall manager and the conservation
 
and renewable energy managers in the administrative unit
 
have been adequately defined; and an adequately trained
 
and experienced overall manager of the administrative
 
unit has been appointedi and,
 

b. a National Renewable Energy Activities
 
Coordinating Committee has been authorized and established
 
and its duties and responsibilities as well as those of
 
both its public and private sector members have been
 
adequately defined.
 

B. Covenants
 

1. The Grantee, acting through its Planning and
 
Development Division, Ministry of Planning and Development, and
 
each of the Participating Ag~nciez in the Project, shall
 
make every reasonable effort to require that each person

trained under this Project works in energy sector activities
 
in Pakistan for not less than three times the length of time
 
of his or her training program. provided, however, that in
 
no event shall the individual be allowed to work in eaergy
 
sector activities for less 'han one year nor be required
 
to work in energy sector activities for more than five
 
years from the date of the individual's completion of
 
training.
 

2. The Grantee shall furnish to A.I.D., in form and
 
substance satisfactory to A.I.D., periodic activity reports,
 
the requirements of which shall be, from time to titue, set
 
forth by A.I.D. in Project Implementation Letters. The
 
requirements may include, but shall not be limited to providing
 
information concerning:
 

a. progress of each of the implementing agencies

in organization, staffing and training;
 

b. progress of each of the long-term technical
 
assistance contractor teams with respect to meeting
 
established targets in the schedules and workpiane of
 
individual advisors; effecting commodity procurements;
 
scheduling, implementing aad evaluating training programs
 
and demonstrations; and, preparing required reports and
 
other project documents; and,
 

c. a combined summary report for the entire project.
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3. The Grantee shall particip&te in periodic external
 
project evaluations by assigning senior representatives of
 
participating ministries and agencies to joint A.I.D.
Grantee Evaluation Teams. Participants in project
 
evaluations are to be indiiduals who are familiar with
 
the project but who are not directly involved in its
 
implementation.
 

C. Negotiating Status
 

The above Conditions Precedent and Covenants have
 
been discussed with and agreed to by the Government of
 
Pakistan. During Project Agreement negotiations, USAID/

Pakistan will incorporate into the Agreement appropriate
 
language to cover these terms and conditions.
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FM SECSTATE WASHDC 
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E.O. 1i0 -r5: N/A 
TAGS: 
SUIJICT: ENF1RGY 
APAC GUIDANCE 

PLANNING AND IEVELOPMENT (391-0478) 

•1. APAC REVIEWED SUBJECT PID JUNE 1?. FD WAS APPROVED 
AND MISSION IS AUTHORIZED TO PROCeeD WITH DESIGN OF PP 
FOR AID/W REVIEW AND AUTHORIZATION. FOLLOWING ISSUES 
SHOULD BE ADDRESSED. 

2. MISSION WOR'TLOAD: APAC WAS CONCERNED WITF THE 
MANAGEMENT REQUIREMENTS INVOLVED WItIH IMPLEMEN'TING THE 
FIVE DISTINCT PROJECT COMPONENTS, ESPECIALLY ,IVVN 
MISSION STAFFING CONSTRAINTS. PP SHOULD INCLUDE 
DETAILED ANALfSIS OF HOW PROJICT WILL PE MANAGFD. 
ANALYSIS SHOULr DISCUSS ESTIMATED AMCUNT OF STAFF TIME 
1ACH OF THE FIVE ACTIVITIES WILL REQUIRE, HOW CONTRACTORS 
WilL BF UTILIZED, AND OPTIONS CONSIDERD BY IM&SSION FOR 
REDUCING REQUIRED STAFF TIME. ONE SUGGESTION TO SIMPLIFf 
IMFLErENTATION WHICH MISSION SHOULD EXPLORE DURING PP 
DESIGN WOULr P1 TO IMPLEM.NT PROJECT IN DISCRETE PHASES, 
DEVOTINC, FIRST PHASE TO RESOURCE .SSESSMENTS, THiE SECOND 
PHA$E TO POLICY PIANNINO, AND THE THIRD PHASE TO THE 
DEVONSTRATION AND CONSTRUCTION OF APPROPRIATE ENERGY
GENIRATING MECHANISMS. APPROPRIATE TRAINING COULL BE 
INCLUrED IN EACH PHASE. 

3. AEMINISTRATIVE ARRANGEMENTS: NUMEROUS GOP AGENCIES 
INVOLVED IN PRCJECT ACTIVITIES WILL ALSO COMPLICATE 
IMPLEIvINTATION. PP SHOULD IDENTIFY THE CHANGES NECESSARY 
WIIHIN THE GOP TC ACHIEVY FROJEC'I GOALS AND SHOULD 
'DELINEATE RELATICNSHIPS BETWEEN RELEVANT GOP AGENCIES AND 
EETWEfN THE AGENCIES AND THE MISSION. IF, IN ORDER TO 
ENSURE COORDINATION EETWEEN THE PARTICIPATING AGENCIES, 
THE MISSION CBGOSES TO UTILIZE AN INTER-MINISTERIAL 
COt'tIITEE AFFRCACR, THE APAC BELIEVIS IT WOULD BE USEFUL 
TO HAVF A COVENANT THAT A LEAD ORGANIZATION BE 
IDENTIFIED. TIE IEAD ORGANIZATION SHOULD BE GIVEN 
APPROPRIATE AUTHORITT TO ENSURE THAT THE COMMITTEE IS 
ABLE TO REACH DECISIONS IN A TIMELY MANNER. 

4. RENIWABLE ENERGY: TH3E RENEWABLE ENERGY COMPONENT OF 
THE PROJECT SHOULD PROMOTE AN INTEGRATED PROGRAM WHICH 

UNCLASSIFIED STATE ,P4749 



S/Q . NCLASS IIED 

INCLUrES THE DEVFLOPMENti OF SNAL, HYDRO, 19OMASS, AND 
3JIAR OPTIONS, AS APPROPRIATE. -IN ORDER TO SIMPLIFY AgEX A 
IMILEIENTATION, COtOPONENT ACTIVITIES SHOULD BE Page 2 
CONCENTRATED IN THE NORTEWEST FRONTIER PROVINCE. 

r. OTHIR DONORS: COORDINATION AMONG THE INTERNATIONAL
 
DONORS ACTIVE IN THT ; ENERGY SECTOR IS CRITICAL. TYE
 
MISSICN SHOULD IDENTIFY rY AREAS FCR IMPROVED
 
COCRDINATION, IXYLOPI VARIOUS COORDINATING MYCI-ANISMS
 
WITH THE OTHER DONOR1S AND THE GOP, AND PRESENT A WORKABLE
 
APPROACH TO COORDINATION IN THE PP.
 

6. PROJECT OUTPUTS, PID WAS NOT CLEAR AS TC WHAT ENV
O1-PROJECT STATUS WILL BE. IN ADDITION TO DETAILED
 
LOGCRArl, PF SHOULD THOROUGHLY rISCUSS PROJECT OUTPUTS
 
AND PIOVIDE FORi A COLLFCTION OF BASELINE DATA AND FOR THE
 
ESTABLISHMENT OF BENCHMARKS OR TARGETS AGAINST WriCH
 
PROJECT PROGRISS WILL BE MEASbRED.
 

7. RELATIONSHIP TO rISSION STRATEGY: SINCE M7.SSfOh IS
 
NO R;QUtREiL TO PREPARE CDSS rN THE TRADITIONAL SENSE, PP
 
SHOULD F)OVIDE OVERVIEW OF MISSION ENERaY ST}IAT Y AND
 
LISCUSS HOW ThIS PROJECT FITS INTO THE CONTEX.T 0.7 TIAT
 
ST TA 7EGY.
 

S. TICHNICAL ISSUES: SPECIFIC TECHNICAL ISSUES WHICB PP
 
SHOULL ArDRESS ARE:
 

A. CURRENT SUPPLY/DEMANL FOR ENGINERRING 02ADUATIS IN 

KEY FIELDS; 

B. THE NEE. FOR A COAL ANALYTICAL LAB 1N PA!(ITAN; 

C. THE ROLl AhD CAPABIlITIES OF THE USGS IN IMPLEMENTING
 
THI COAL RESOURCE SURVEY COMPONENT;
 

D. NIASIBILITY., OF A COAL BRIQUETTE PLANT; 

E. THE PCTENTIAL FOR COAL SUBSTITUTION IN KE' INDUSTRIES;
 

F. THE POTENTIAl YOR PRIVATE BUSINESS INVOLVEMENT IN
 
MINIHYDBO AND RMNEWABLE ENERGY TECHNOLOGT MANUFACTURING;
 
AND
 

G,. THE POSSIBILITY OF IMPORTING SEVERAL U.S. SMALL HYDRO 
UNITS FOR DEMONSTRATION PURPOSIS. 

?. ENVIRCNMENTAL CONCERNS: APAC CONCURRED WITH PID'S
 
3-'CUMP'NDATION FCR NEGATIVE ENVIRONMENTAL DETERMINATION.
 
,W 1
EVER, SOME CONCERN WAS FXPRFSSED REGARDING THE 
-;,IRCNMXNTAL IMPACT OF MI NTYDRO AND THE CUMULATIVE 
:iIRCNIWNTAL IMPACT OF MICROHYDRO. POTINTIAL PROPLEMS 

UNCLASS IFIED STATE .8A4749 
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MAY INCLUDE INCREASING INSTABILITY OF BANkS ALONG 
"WATIRCCURSES DUE TO DIVERSION AND IMPOUNDMENT 
ACTIVITIES, AND INTRODUCING DETRIMENTAL EFFECTS ON THE 
NATURAL RABITAT OF FRESHWATER FISH. PP SHOULD DISCUSS 
ENVIRCNMEN"AL IMPACT OY SMALL-SCALF HYDRO AND IDENTIFY
 
MITIGATION PEASURES FORl ANT ADVEIISE IMPACT THAT IS 
ANTICIEATED AS A RESULT OF THE HYDRO PROGRAM. 

10. PROJECT AFPROVAL: ALTHOUGH PI'rDITNG LEVELS ARE
 
WITHIN AUTHORITY RIDELEGATED TO THE FIELD, APAC DICIDED
 
THAT'PP SHOULD BE REVIEWED AND AUTHORIZED IN AID/W. THIS
 
IS PRIMARILY FECAUSE ISSUES IDENTIFIED DURING APAC
 
ME17ING TRANSCINr SCOPE OF THIS PROJECT AND ARE CY
 
BUFFAU/AGINCY-WID1 CONCERN, AND SECONDARILY BECAUSE OF
 
INHIRENT COMPLEXITY OF PROJECT AS PROPOSED IN PIZ. STOESSEL
 
BT
 
#4749 

2/2 UNCLAS STATE 184749 

1A
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5C(2) PROJECT CHECKLIST
 

Listed below are statutory
 
criteria applicable to projects.
 
This section is divided into two
 
parts. Part A. includes criteria
 
applicable to all projects, Part
 
B. applies to projects funded
 
from specific source.s only: B.I.
 

applies to all ptojects funded
 
with Development Assistance
 
Funds, B.2. applies to projects
 
funded with Development
 
Assistance loans, and B.3.
 
applies to prcject3 funded from
 
ESP. 

CROSS REFEENCES: IS COUNTRY 
CHECKLIST UP 
TO DATE? HAS Yes. 
STAODARD ITEM 
CHECKLIST BEEN 
REVIEWED FOR 
THIS PROJECT? Yes. 

1. 	FY 1982 Apropriation Act
 

(a) Describe bow 	 (a)Congressional Notification 
authorizio g and appro- and Congressional Presentation. 
priations committes of 
Senate and Hou4se have 
been or will be notified 
concerning tte project; 
(b) 	is assistance within (b) Yes, assistance iswithin the 

FY 1983 operational year
(Operational Year Budget) 

country or international budget.
 

organization allocation
 
reported to Congress (or
 
not 	more than $1 million
 
over that amount)?
 

2. 	FAA Sec. 611(a)(1). Prior
 
to obligation in excess
 
of $100,00, will there be
 



(a) 	engineering, linan-

cial or other plans
 
necessary to carry out
 
the assistance and (b) a
 
reasonably firm estimate 
of the cost to the U.S. 
of the assistance? 

3. 	FAA Sec._611(a)i?.. If 
futher le 'i1t A 
action is required within 
recipient country, what 
is basis for tnasonable 
expectation that such 
action will be completed
in time to permit orderly
accomplishment of purpose
of the asistance? 

4. 	 FAA Sec. 6 1 .b)_FY 1982LA 
Pr-7' ~ t 35 Act sec. 
50E fFi 0,0er or 

water-related land
 
resource construction, 
has project met th" 
standards and criteria as 
set forth ia the
 
Principles and Standards
 
for 	Planning Water and 
Related Land Resources, 
dated Octuber 25, 1973?
 
(See AID Handbook 3 for 
new 	 guidelines.) 

5. 	F Se. - , . I 
proJect s capitaI 
assistance (e.g.,
construction), and all 
U.S. assistance for it
 
will exceed $1 million,
 
has Mission Director
 
certified and Regional
 
Assistant Administrator
 
taken into conoideration
 
th'& 	country's capability
 
effectively to maintain
 
and 	utilize the project?
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(a) Yes. 

(b) Yes. 

No firther legislative action
 
is raquired,
 

Yos, a Mission Director's 611(e)
certification is Included Inthe 
Project Paper. 
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FAA Sec. 209. Is project Project is not susceptible to 
susceptible to execution execution as part of a regional 
as part of regional or 
multilateral project? if 
so, why is project not so 
executed? Information 

or multilateral project nor will 
it encourage regional development 
programs. The project is very 
Pakistan-specific. 

and conclusion whether 
assistance will encourage 
regional development 
programs. 

7. FAA Sec. 6O1,.a (a)The project will assist Pakistan 
information a to develop and substitute indigenous 
conclusions whether energy resources for imported oil. 
project will encourage The foreign exchange thus saved would 
efLort= L,-u'i. ountry be available for the importation of 
to: (a) increase the other conmodities. 
flow of international 
tae (b) fosterpinvolvement 

initiative and 
competiticn and (c) 

(b)The project will promote the increased 
of thePakistani private 

sector in coal rriing, coal briquette
manufacture and marketing, and in 

encourage development and the manufacture of renewable 
use of cooperatives, and 
credit unions, and 

energy devices. 

,savings and loan " 
associations; (d) 
discourage monopolistic 

(C) No 
(d)No 

practices; (e) improve (e)The project will improve the energy 
technical efficiency of efficiency of industrial plants and 
industry, agricultuze and residential fuel users. 
commerce; and (f) f) No 
sttengthen fra labor 
unions. 

8FA Se.. 603(b',, U.S. privste enterprises will 

conclusions on how participate as suppliers of both goods 
ProJect will encourage and services under the project. 
U.S. private trade and 
investent abroad and 
encourage private U.S. 
participation in foreign 
assistance programs
(including use of private 
trade channels and the 
services of U.S. private 
enterprise). 
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This project is financed by ESF funds.
 
Nevertheless, the GOP and the Provincial
 

9. 	FAA Sec. 612(b), 636(h); Governments will contribute the equivalent 
FY 1982 Appropriation of $6,295,000 over the life of the project 
Act Sec. 507. De8cribe to help finance the local costs of the 
steFs taken to assure project. The Mission Director has certified 
that, to the maximum the disbursement of U.S. dollars in lieu 
extent possible, the of U.S. Treasury-owned excess rupees to 
country is contributing cover some of the local costs under this 
local currencies to meet project. This action Is consistent with 
the cost of contractual one of the major objectives of the 
and other servicea, and renewed economic assistance program to 
foreign currencies owned Pakistan which is to maximize the 
by the U.S. are utilized balance of payments impact of the 
in lieu of dollars. program. 

10. 	 FAA Sec._ 6)_1d). Does Yes. The U.S.-owned excess Pakistani
 
the U.S. own excess rupees known as Mondale rMpees have been
 
foreign currency of the fully programmed in support of other
 
country and, if so, what projects.
 
arrangements have been
 
made for its release?
 

11. 	 FAA Sec. 601(e). Will Yes.
 
the project=Uilize
 
competitive selection
 
procedures for the..
 
awarding of contracts,
 
except where applicable
 
procurement rules allow
 
otherwise?
 

12. 	 FY 1982 Appropriation Act N.A.
 

is ~f-ohe production of
 
any 	con,:':odity for export,
 
is the commodity likely
 
to be in surplus on world
 
markets at the time the
 
resulting prod'ictivn
 
capacity becomes
 
operative, and is such
 
assistance likely to
 
cause substantial injury
 
to U.S. producers of the
 
same, &imilar or
 
competing commodity?
 

". 	 FAA 118 c and d. Yes. An Environmental Analysis is 
Does the project comply included in the Project Paper.
 
with the environmental
 
procedures set fo th in
 
AID Regulation 16? Does
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the project or program N.A.
 
take into consideration
 
the problem of the des
truction of tropical
 
forests?
 

14. 	 FAA 121(d). If a Sahel N.A.
 
proct, has a determina
tion been made that the
 

an
host government has 

edequate system for
 
accounting for and
 
controlling receipt and
 
expenditure of project
 
funds (dollars or local
 
currency qenerated
 
therefrom)?
 

B. FUNDING CRITERIA FOR PROJECT
 

This Isan ESF-funded Project.
'1. 	Developmfnt Assistance 

LL62ect cTMiai
 

a. FAA Sec. LIU2(b)' N.A.
 

w--)S tlvity Will (a)
 

effectively involve the
 
poor in development, by
 
extending access to
 
economy at local level,
 
increasing labor-inten
sive production and the
 
use of appropriate
 
technology, spreading
 
investment out from
 
cities to small towns and
 
rural areas, and insuring
 
wide participation of the
 
poor in the benefits of
 
development on a sus
tained basis, using the
 
appropriate U.S. insti
tutions; (b) helD develop
 
cooperatives, especially
 
by technical assistance,
 
to assist rural and urban
 
poor 	to help themselves
 
toward better life, and
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otherwise encourage

democratic private and 
local governmental
institutions; (c) support
the self-help efforts of 
developing countries; (d)
promote the participation
of women in the national 
economies of developing
countries and the 
improvement cff women's 
status; and (e) utilize 
and encourage regional
cooperation by developing 
countlr ies? 

b. FAA Sec. 103, 103A, 
0 10 (L. Doles he 


project it t:he criteria
 
for the type of funds
 
(functional account)
being used? 

C. FAA Sec. 107. Is 
emiphisis on use of-.appro-
priate technology(reliitively smaller, 
cost-saving, labor-using
teChl-1ologies thai: are 
generally mont appro
priate for the small 
farms, small businesses,
and small inconmes of the 
poor)?
 

d.th FAA-- Sec.- -110(a . W.ill 
the 7;ecJpxent7 country 
provide at least 251 of
 
the costs of the program,

project, or activitiy
with respect to which the
 
assistance iv to be 
furnished (oz is the 
latter cost-zharing
requirement being waived 
for a Orelatively least 
developed" ccuntry)? 

N.A.
 

N*Ao
 

N.A.. 

N.A. 
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e. FAA Sec. 0(b).NA
 
Will grant capital
 
assistance be disbursed
 
for project over more
 
than 3 years? If so, has
 
justification satis
factory to Congress been
 
made, and efforts for
 
other financing, or is
 
the recipient country
 
Orelatively least
 
developedu? (M.O. 1232.1
 
defined a capital p.roject
 
as 'the construction,
 
expansion, equipping or
 
alteration of a physical

facility lr aC-,'litiva 

financed by AID do.lar
 
assistance of not less
 
than $i00OOo, including,
 
related advisory,
 
managerial and training
 
services,.and not under
taken as part of a..
 
project of a predom
inantly technical
 
assistance character.
 

f., FAA Sec, 122(b). Does Yes. The project is intended to make 
the activity give Oakistan more efficient in Its use of 
reasonable promise of energy and to develop and substitute 
contributing to the indigenous sources of energy for imported 
development of economic oil. This should result in a significant 
resources, or to the savings of foreign exchange and the 
increase of productive provision of a reliable energy supply to 
capacities and self-sus- the population, thereby contributing
taining economic growth? directly to the development of economicresources and an increase in productive 

g. FAA Sec. 281(b). capacities. 
Describe extent to which The project will provide assistance to
programirecognizes the three existing Ministries involved intheparticular needs, ee
dertie, ands tenergyap sector. Staff of these Ministriesdesires, and capacities as well as other Fakistanis will benefit
of the people of the from the considerable amount of overseas 
country; utilizes the and in-country training planned under 
country's intellectual the project. In addition, project funds 
resources to encourage will be used to finance an energy eod 

use survey to determine the special reeds, 
and capacities of residential and small 
commercial consumers with respect to energy. 
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institutional development; 
and supports civil 
education and training in 
skilla required for 
effective pafr.icipatio" in 
governmental proceasev 
esential to self-government. 

2. Deel 
2. ei 
Criteria 

n Assisetance Pro ject 

L:otin&Only 
This is an ESF-funded project. 

a. FAA Sec. 122(b). 
itun oTa-a- conclusion 
on capacity of the country 
to repay the loan, at a 
reasonable rate of interest. 

N.A. 

i1. FAA,';e,. 620(d). If 
Tassiata- ei tor any 
productive enterprise which 
will compete with U.S. 
enterpri ;ez, is there an 
agreement by the recipient 
country to prevent ,export 
to the U.S. of more than 
20% of the entrprise's 
annual production during
the life of the loan? 

N.A. 

c. ISDCA of 198j Sec. 724 N.A. 

Nicaragua, dogs the loan 
agreement require that the 
fund3 be ased to the 
maximum extent possible for 
the private sector? Does 
the project provide for 
monitoring under FAA Sec. 
624(g)? 

Ecnomic Support Fund 
Fieci Criteria 

a. FAA Sec. 531J,. Will 
this assistance promote 
economic or political 

The project focuses on making the 
country more fuel efficient in 
Industries and inthe home, and on 
providing more and better energy 
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stability? To the extent 
possible, does it reflect 
the policy directions of 

FAA Section 102? 


b. 	FAA Sec. 531(c). Will
 
assistance under this 

chapter be used for
 
military, or paramilitary
 
activities?
 

C. 	FAA Sec. 534. Will ESF 

?uZisi used to finance
 
the construction of the
 
operation or maintenance
 
of, or the supplying of
 
fuel for, a nuclear
 
facility? if so, has the
 
President certified that
 
such use of funds is
 
indispensable to
 
nonproliferation
 
objectives?
 

d. 	FAA Sec. 609. If . 

commodities are to be 
granted so that sale 
proceeds will accrue to 
the recipient country, 
have Special Account 
(counterpart)
 

.arrangements been made?
 

to the home. The poor will benefit to 
the extent home energy is more plentiful 
and cheaper. This significant favorable 
impact on the poor should contribute to 
economic and political stability. 

No
 

No
 

N.A.
 



ANNEX C.1
 

UNITED STATES A8IllY FOR INTERNATIONAL DEVELOPMENT 
MISSION TO PAKISTAN 

Cable I UCAIDPAK HIAQUIRTIRI O"IC'I 
ISLAHAUAD 

Office of the Director 

ENERGY PLANNING AND DEVELOPMENT PROJECT 391-0478 

FAA *SECTION '611 JaCE~1FCAT10N 

I, Donor M. Lion, the principal officer of the Agency 
for International Development in the Islamic Republic 
of Pakistan, having taking into account, among other 
things, the maintenance wid utilization of projects in 
the Islamic Republic of Pakistan previously financed or 
assisted by the United States, do hereby certify, pursuant 
to Section 611 (e) of the Foreign A3sistance Act of 1961, 
as amendelr, that, in my Judgement, the Ilamic Republic 
of Pakis ,,,ihas both the financial capability and the
 
human resources capability to effectively implement,
 
utilize, and maintain the proposed Energy Planning and
 
Development Project 391-0478.
 

This judgement is based upon the project analyses as
 
detailed in the Energy Planning and Development Project
 
Paper and is subject to the conditions imposed therein.
 

Director
 
USAID /Pakis tan
 

-Date
 



__ _ 

ANNEX C.2 
Page 1 

UNITEN STATES AlUCY FOR INTERNATIONAL DEVELOPMENT 
qpgi MISION TO PAKISTAN 

Cable aUIASPAW I NUAOSURTIRS O iC 

OFfice of the Director I3LAMD 

ENERGY PLANNING AND DEVELOPMENT PROJECT 391-0478 

FAA SECTION 612 (h)CERTIFICATION
 

A major purpose of the $1.625 billion economic assistance program
 
negotiated between the Governments of the United States of Anerica
 
and Pakistan, acknowledged by both governments and a primary
 
reason for both governments having decided to develop an economic
 
assistance package, is to provide balance of payments assistance
 
to Pakistan.
 

I have carefully reviewed the advisability of disbursing United
 
States dollars in lieu'of United States-owned excess foreign currency
 
to pay for locdl costs of projects being implemented in Pakistan. In
 
light of the United States Government's objectives concerning the
 
program, I have determined that it would be prejudicial to U.S.
 
interests and goals to pay for all local currency costs with United
 
States-owned rupees. Such a procedure would prevent the U.S. from
 
providing the maximum amount of balance of payments support under the
 
economic assistarce package, and would consequently undercut one of
 
the basic objectives of the program. The objective of providing
 
balance of payments assistance to Pakistan can best be achieved by
 
disbursing United States dollars to pay for local costs of the program.
 
Section 612 (b)of the Foreign Assistance Act of 1961, as amended,
 
authorizes ths administrative official approving the voucher to 
detennine that local costs will be funded with direct payment of dollars 
for the program. Pursuant to this provision, Handbook 19 requires that 
the Mission Director (or his designee) make a determination as to the 
reason in any instance where United States dollars are !-,d (disbursed)
when United States-owned foreign currency is available. Where dollars
 
are used for local cost financing, USAID/Pakistan will, therefore,
 
make disbursements to the Government of Pakistan in U.S. currency.
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FAA SECTION 612 (b)CERTIFICATION (Continued)
 

Inview of the above rationale, I, Donor M. Lion, Principal 
officer of the Agency for International Development in 
Pakistan, pursuant to Section 612 (b) of tha Foreign 
Assistance Act of 1961, as amnded, do hereby certify the 
need to disburse United States dollars to cover local
 
currency costs inlieu of using United States-owned
 
excess rupees under the Energy Planning and Developmnt 
Project. 

Donor M. Lion
 
Director 
USAID/Pakistan 

Date
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Nto, 'C l)i'A.1TI/b2 

AMRYOF i-iNANCE ANO 
ECQNOW. AFARS 

(EcONOMIC' 

laiabad,theF-~th JuieC 1W3~ 
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Dear Mr. Lion, 

As part of the agrouniont between iior two 

govternmiunts on a 41x-yceaF -' .1125 billion teconoinic 

i-,iit,u progr~aa, L1.wt~Ovornmnt of Pul. i . taii In itt 1 '. 

ruij.,10LS fromt A.! .1). thirty tuIilliUridi;l ~ U :So 0,0,(n0) 

in JUited Ztatas a iis Laincu to lunid an M1irv P] miint Wi"d 

wiJvlopisient Projoct . Th~ui IU~liiW ftiid LkJV(2 l(WMPmoL V iv i !iof 

in thu MiniN try of P'lunairig and iDuvnlonnoJI~; Will httVu 

primary responsibiliLy for tho ini()lein(Sitat ion (it Lhii -

project. 

Fund,., providud by A.1 . . unor 

usud , ainung.st oLhor thine.si , Lo zovnure 

truinii und teoiitiiiod itius ruqu itri-d to: 

Clio projcJC 

teclinicul 

will he* 

(1) eoLublishl a purlainoet G~OP Enorr~~AnalvsI8s 

roroup capablu oif carry ainl uut, int2! ,'LU(I 

witrgy ailLlysuii and -iuctorul undt :,jiocia I 

(2) 

(3) 

(4) 

estLablish .11 optiruaLI nul LEnuricv DittLa ?alr,s

menlt 9ystom, includingx current anti historietil 

supply and dumnd informaLt in by tuol &andr 

by suctor; 

carry LouL a burIri of IPCiWl onoltjv il 

tO b.. .. ,%u at; rvporL.s fo ~: r dL in Lho 

rortiula.LIion Of erieL'! )pl iCY anti if% 1Iit.

propar"Llt IOuf Auuiua I, 5-your, aiid loitv turi' 

unergy duvulopinant plani; 

carry Out a coinprehirnsivot coal rusmuret.s 

assosniont which will gtrovI Iido it t tatit 

undo r.-i LndtIitg, of coil ru.tl Pvvs alI l~i khirtu.nii 
rhat. La * Iiit tl 0101 (N~tta eLu id.4i~i I tI 

Bast Avalable DOCUAn"'et"1
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(5) improve coal aaalVsis facilities at GP,
 

PMC and PCSIR;
 

10) establish a Coal Projects Department within
 

WA.DA to promote, plan and van-we the
 

development and mnplementaTion oi creja rnpne 

and coal-fired power ge e:ataon r r.'ocrs; 

(7) 	 carry out an ansessint of
 

barriers tacin. tha rrivate ccl rinn -g
 

industry and options avtltble to thnt sector
 

and the GOP to eliminrxe or xsdu.-e those
 

barriers and to $4timulatO privu.tv Invostmont 

in 	coal development;
 

(8) prepare for tho implimentatton of Pakistan's 

first large.,&cale coal mine urid coal-fired 

power generation plazt (Lo.khra), 

(9) 	 select and demonstrate improved njining
 

technologies appropriate to PAki~ran's coal
 

industry;
 

(10) 	carry,out a feasibility study and market 

analyea's and design and build a pilot plaut 

for prazl ,g coal Ibriquettes for reitdonttal 

use; 

(11) 	perform industrisl enermy us. audits and 

establim an t trta1 Lnor T Use Date Sy ;tem: 

(12) 	 tmplement 4 to 8 industrial energy con.erva

tion dernonstration projecte; 

(13) 	 assizz in the devb!op'.Jm"t of a onf.r-etisve. 

rational Jndtstrial energy conservation 

programn; 

(14) 	 carry out a nAticmsa] energy needs survey which 

will describe the user market for renewable 

energy technologies; and, 
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(15) aeassm renewal.-e energv techno!ogie.S Rnd
 

natioral rxnewablv enerRy prora. m and 

dentons trate selecte.d reno-.at.ie eno:r 5y 

fust efficlent woodstovya, un.i ior., 

dige.Le rs. 

I also ,.dorgstaod that limited auditional fuil.ns for-

Scme of tt.i trainttg tctv1ier planned urickr the Enerq, 

Planoini. and Devel.,pment project ;i.ay be provid.d under 

other A,I,D. financed projectn Ruch as thi Devel;muent 

Support Training Project sd a ce~trai AI.D. ,nerg. 

training project.
 

Tho Governrnent of Pr~kiptan rGs, res tho United
 

States of its full c~opcration in uarrylng out the Energv 

Planning and Developmont 'Project. The peionmil,financial 

and other Inputu required of us will le provided in an 

expeditious maAner. Once the Project Agreempnt Is signed, 

A.I.D. is hereby muthor ztd to proceed with the implemen-

Lation of the project in accordance with the terms aied
 

conditions as set forth in that Ahroement.
 

We look forvard to a continued, com!>ined effort by 

both our goverernts to produce a productive and hene.ici'l. 

program for the people of Pakistan.
 

Yours sincorely, 

(EJAZ AM!iAD NAIK 

Dr. Donor Mb. Lion,
 
Director,
 

USAID Mission to Pakistan,
 
ISLAIABAD
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DPIAFT VEHICLE WA1VEE fl',ST 

ACTIlON MIM DU MR M ASSISTANT 

Froam ASLIA/PD- G.R. Van .aaIte 

Subjset:Sourie/Origin Vehicle Procurent Waiver for Energy 
PlannIng and Development Project(391-0478) - Pakistan 

1.i 	 PROJ5&Ea4 

You are roqueste, to waiv Section 636 (4) of the 17oreigyi 
Assistance Act and to waive th ource/origin requirpment 
from A.I.D. Geographic Code 000 to A.I.D. geographLc Code 935. 

JI' BAC~KGROUND 

A. Cooperating Country tPakistan 

B. Authorizing Document Project Grant Agement 
No-391-0478 dated July 1983 

C. Project i Energy Planning &nd Developmen. 
Prcjact 391-0478 

D. Geopraphic.Code of t 000 and Pakistan 
Project 

E. Importer of C~oodity t USAID/Pakistan cn b~half of 
the Min~itries of Planning
and Devtlopm n, Water and 
Power, a.nd Ptroeum and 
Natural Reso,r es 

F. Descriptcon of Camodity Ton (10) Land Cruisar Station 
Wag=#, I with 6-cylinders, 
9 w1th 4-.ylUnders, diesel, 
rihthand drive, 4-wheel 
drive, aid-emditionin , at 
estimatd comt of $12,000
each 

Total Value: $120,000
 

0. Nature of Funding 	 ESF Grant 

H. 	Probable Source and : Japan 
Origin 



AIMX F 
Page 2 

Ill. DISCUSSION
 

Activities undar the Energy Planning and Development

Project require that expatriate and Pakistani technical
 
advisors, GOP Component Project Managers and their staffs 
travel throughout Pakistan to supervise and monitor work on 
coal field eyploration field surveying, market testing and 
oetting up demonstraticons. During the life of the project, 
approximately 150 short-term U.S. advisors will W* in-coautr 
in addition to eight long-term team leaders and managers.
Much of their travel, together with their rAkistani cotter
ptnts, will be to remote areas. Two to three of the vehicles 
will be stationed at the Lakhra mine site, 30 miles frca tho 
nearest town where roads are very bad to non-existant. 

Project implementation requirments are such that $roups of 
eight or nine will be scheduled to undertaka overnight tW.pm
in remote areas. On such accasionas a vehicle with adequate 
capacity for eight or nine persons with overmight luggage 
and field equipment is required. These larger groups of eight 
or nine will have to travel in areas where road conditions 
necessitate four wheel drive vehicles. These field viiits 
can be expected to occur throughout the year including eummer 
months when temperatures may well exceed, on the average, one 
hundred degrees farenheit. USAID therefore considers it 
essential to the-health and well being of U.S. advisors and 
their counterparts that the vehicles be air-conditioned. These 
vehicles must also be righthnd drive. In Pakistan, traffic 
moves on the left side of the road, and much of the travel 
can be expecte to be of lo g duration in rural areas where 
road conditiono are less than optimal. Paosing situations 
on the roads of Pakistan can be quite dangerous, and
 
maximum visibility is critical to ensure the eafety of both
 
the driver and passengers.
 

The Mission is aware that the American Motors Corporation
 
manufactures a station wagon (CJ-8)with ritht-hand drive and
 
that this model, or comparable model, is also assembled
 
locally in Pakistan, After examination of the suitability 
of this model, USAID has determined that this model does 
not meet the required specifications. The CJ-8 is primarily 
a utility vehicle which has a max~man seating capacity for 
only five passengers and does not, in the Mission's judgment,
provide passenger comfort for long distance driving. Australian 
made vans, somewhat similar to Land Cruiser Suation Wagons, 
were also considered, but these vehicles provide neither 
adequate seating/lulgage space nor do they haWe four Oheel 
drive. One vehicle found suitable for projet requirements

is the Toyota Land Cruiser Station Wagon. 



AM= F
 
Page 3
 

Another important consideration in vehirc1 procuraemt

relates, to the mainmtofnce and rapair capability and the 
availability of spare partz for vehlclov in Pakiatmn. This
 
consideration is especially relevnt to thia project because 
much of the transport will be in =al areas whare vehicles
 
break down easily but where oniy the mOct widely available
 
spare parts can be obtained. Due to cotsiderable imports of 
Japanese-made vehicle@ into Pakistan, an extenaive service
 
and repair network and an adequate spare psrs inventor7 
exist for Japeanese vehicles thrmgm the emm r.+This 
capabilit7 and :Lwentory- jr- toomtia tz =sure (4dquat6
Maintanace, especially in rawos ram$,i e and to facilitate 
timely project iplrmentatic by makin it possible for 
training sessicma, inspections, and ot or activities to be
coaWlsed &ccording to mchedtils.. 

Setion 636 Mi) of the Foreign Assistance Act of 1961, 
MD amamdtd, reuires A.I.D. to prTacura U.S. ua~facturad
vehielos but also provides for special eiremseness that 
may jlustify wraiving thix rquireient. The. upecisl cirarmstances,
which are dirictly applicabla in thia case are the inabilit: 
of U.S. rmnufacturars to prowida a partizlr typo of needed 
vehicle, such as right-hand drive, (A.I.D. Handbook 1,
Supplemant B, Chapter 4C2d()(a)), and the lack of adequiate
service facilities and supplies of @par* parta for U.S. 
mmnufactured vahicles (A.I.D. Handbook 1, Supplement B,
Chapter 4C2d()(b)). HMudbook 1, Supplment B. Chapter
4C2d.(3)and Delegation of Authority No. 40 authorize 
Ascistant Administrators to waive source/ori in requirements
in thio instnca., 

For the above reamons, it is recovemaded that you: 

A. Waive the source/origin requiroants set forth in 
Handbook 1, Supplement B, to pennit the procurwment of the 
above-mentioned vehicles from coumtrieas inluded in A.I.D.
 
Geographic Code 9351 and,
 

B. Certify y ignatur below that, pursuant to Section 5B4c 
of A.I.D. Handbook I, Supplement B, exclusion of procurement
of these project vehicles from Free World countries other than 
the Cooperating Country and Countries included in A.I.D.
 
Geographic Code 941 would seriously impede the attainment
 
of U.S. foreign policy obj*ctives and. the objectives of the
 
foreign assistance program.
 

Approved__
 

Disapproved_
 

Date 
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UiTD STATES AOENCY FOR INTERNATIONAL UEVILSPMENT 
MISSON TO PAKISTAN 

C6ble i UIA|DPAK 	 MIADUAiTUR OICu 

ISLANABA) 

THE DIRECTOR 

USIDP1STAN MISCN D!RECTOR'S WAIVER FOR A.I.D. 
PAYMENT OF INTER14ATIONAL PARTICIPANT TRA7VEL COSTS 

A.I.D. Handbook 10, Chapter 15BI, provides that the cost
 
of international travel, including incidental costs
 
en route as well as the cost of travel between the
 
participant'o city and the points of departure and
 
return in the participant's home country, shall 	be paid
 
by the host government or other sponsor unleas, in the
 
case of Hission-funded programs, the Mission Director
 
has justified and authorized full or partial waivers
 
and has so notified S&T/IT.
 

Training and institution-building are important components
 
of the $1.625 billion economic assistance program

negotiated between the Governments of the U.S. and
 
Pakistan. USAID/Pakistan's experience, however, has
 
been that the Government of Pakistan (GOP), due to
 
serious foreign exchange and budgetary constraints, has
 
been historically unable to fund international travel
 
costs for short-term training programs. The consequence
 
has been that Pakiatani participants have, on numercus
 
occasions, been denied worthwhile and much needed training,
 
inhibiting the achievement of project targets.
 

I have carefully reviewed the advisability of requiring
 
full GOP funding for travel costs for participant training
 
of one year or Tess and the alternative of funding such
 
travel with grant and loan funds provided through
 
USAID/Pakistan to the GOP. Recognizin. the objectives
 
of many of our projects and the fact that project success
 
will be enhanced by encouraging opportunities for short-
term training, I have determined that it would be 
prejudicial to U.S. interests to require that the GOP
 
pay the entire international participant travel 	costs
 
for training programs of one year or less.
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Therefore, on all Hission-funded training programs up to 
and including one year, USAID/Pakiatan shall be responsible 
for-the entire coet of the round-trip economy class a.ir
ticket and other necessary incidental costs en route. 
Whore a PIO/P has been originally written for a program
of one year or lose, but, after the participant has 
initiated his or her.program, the program is extended 
so that it exceeds one year in total, USAID/Pakistan *hall 
also fund the rou .d-txip ticket. The Justification for 
funding prograws that are extanded is to minimize
 
administrative prob m& which are otherwise likely to
 
occur.
 

On the basis of tihe above Justification and pursuant
 
to Handbook 10, Chapter 15Bla, I, Donor M. Lion, principal
 
officer of the Agency for International Development in
 
Pakistan, do hereby waive the requirement that the host
 
Sovernment fully fund international travel for training
 
-courses of one year or less and authorize payment with
 
USAID/Pakistan loan and grant funds for travel costs as
 
specifiqd above.
 

Donor M. Lion 
Director
 
USAID/Pakia tan
 

Date
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DRAFT PROJECT AUTHORIZATION 

Name of Project: Energy Planning and
 
Development
 

Number of Proiect: 391-0478
 

Pakia tan
 

1. Pursuant to Section 531 of the Foreign Assistance Act 
of 1961, as amended, I he'roby authorize the Energy Planning 
and Development Project for the Islamic Republic of 
Pakistan involving ,lanned obligations of not to exceed 
U.S. dollars thirty mi!lln ($30,000,000) in grant funds 
over a four (4) year p r.od from the dato of authorization, 
subject to the availability of funds in accordance with 
the A.I.D. OYBallotme; process, to help in financing 
foreign exchange and loeA currncy ..os 'a for the Project. 

2. The Project is designed to increase Pakistan's energy 
self-sufficiency by mosistng the Government of Pakistan 
(GOP) to formulate and impleui nt plans and programs to 
assess, develop and use Pakistan's indigenous energy
 
resources and to incroase the efficiency of energy use.
 
This will be nccmpliduad by, &arngother thngs,_ thrag th capability
 
of the GOP to: (a) undcrtake effective integrated and
 
sectoral analyses of energy development strategies in
 
order to sipport financially sound GOP energy policy and 
development planning; (M) develop programs in coal assess
ment, mining, and utili;ation; and, (c) adopt energy 
conservation and renewable energy technologies. 

3. The Project Agreement(s) which may be negotiated and
 
executed by the officer(s) to whom such authority is
 
delegated in accordance with A.I.D. regulations and
 
Delegations of Athority shall be subject to the following
 
essential terms and covenants and major conditions, together
 
with such other terms and conditions as AoI.D. may deem
 
appropriate.
 

a. Source and Qdjgn of Goodu &nd Services 

Goods and services financed by A.I.D. under this
 
Project shall have their source and origin in the Cooperating
 
Country or in the United States, except as A.I.D. may
 
otherwise agree in writing. Ocean shipping financed by
 
A.I.D. under the Project shall, except as AoI.D. may
 
otherwise agree in writing, be financed only on flag
 
vessels of the United States and the Cooperating Country.
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b. 	 Condition Precedent t the 'SeletedDisbursement 

Except as A,7oD. ry otharwioe agree in writin, 
prior to the disbux mtx u.dte.r thir. Proj-ct or to the 
issuance by A. I * -f d : t tion pursuant co which ouch 
disbursemei t will b'.r.e for zhc long-term generral tech
nical assstunca contract, participant training end special
studies under the Energy taa'lyimi8 and Manpower Development
Component of thiu Proj(,ct, ths- Grantee, acting through its 
Planning and DavelKpyznt Divicion, Mt iit-r of Planning 
and D :velopme-at, aball turnish in form andto 	A.I.D,, 
substnce satisfactory to A.I.D. evidence that:
 

i. an adminipt rative ,nit within the Planning and 
Development Division has been authorized and established 
to assu ne tesponibiit.y for Energy Analysis and Manpower
Develolpment activ , .suis being organizaed, staffed, 
and equipped; and, 

ii. a Participating, AgrFry ojeci Implementation
Coordinating Coc=ttee ha bastY. established,bo n and 
its duties and re pen~i1i~itla. hxva L.en defined, and the 
Committea is being or ,d a ftfed and equipped. 

c. 	 Condition Precedent to the Selected .bursenet
 
ot Tunds for TIMet -C
 

Component Cc ~ 	 ssnenttiit 

Except as A.ID. mey otheriwis agree in writing,
 
prior to the disburevent under this Project or to the
 
issuance by A.I.D. of documentation pursuant to which
 
disbursement will be made for the Coal Mine and Coal-Fired
 
Power Generation Development Technical Assistance Contract
 
under the Coal Resource Assessment and Development Component
 
of this Project, the Grantee, acting through its Planning
 
and Development Division, Ministry of Planning and Develop
ment, shall furnish to A.I.D., in form and substance
 
satisfactory to A.I.D., evidence that:
 

i. 	a Coal Projects Department has been authorized
 
and established to promote, plan, and manage the development
 
and implementation of coal mine and coal-fired power
 
generation projects within WAPDA and adequate funds have
 
been made available for its operation;
 

(t,)
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ii. the authority, duties and responsibilities of
 
the overall manager and the coal mine and power section
 
managers of the Department have been adequately defined.;
 
and,
 

iii. an adequately trained and e'_?ezienced overall
 
manager of the Department has bern appointed and persons
 
to fill the other two managerial -isitinns have been
 
identified.
 

d. Condition Precedent to 'the Selected Disbursement
 

Except as A.I.D. may otherwise agree in writing, 
prior to the disbursement under this Project or to the 
issuan~ce by AJT.D. of docira'tation pursuant to which such 
disbursement will be made under the Conservation and 
Renewable Energy Tecbnologies Component of this project, 
except for vehicles and household/office furniture and 
equipment, the Grantee, acting through its Directorate 
General for Energy Resources (DGER) of the Ministry of 
Petroleum and Natural Res3ources and its Planning and 
Development Division of the Ministry of Planning and 
Development shall furnish to A.I.D., in form and substance 
satisfactory to A.I.D., e-idence that: 

J. an adequately staffed aidministrative unit has
 
been authorized and established within the DGER to manage 
all componei-.t activities; the Ruthorl-ties, duties and 
responsibilties of the overall manager and the conservation 
and renewable energy managers in the administrative unit
 
have been adequately definedt end, an adequately trained
 
and experienced overall manager of the administrative unit
 
hae been appointed; and,
 

ii. a National Renewable Energy Activities Coordinating
 
Comittee has been authorized and established and its
 
dut:'as and responsibilities as well as those of both its
 
public and private sector members have been adequately
 
defined.
 

e. Covenant as -o Pa-tic4ant Trainin 

The Grantee, acting through its Planning and
 
Development Division, Ministry of Planning and Development,
 
and each of the Participating Agencies in the Project, shall
 
make every reasonable effort to require that each person
 
trained under this Project works in energy sector
 
activities in Pakistan for not less than th'ree times
 



ANNEX H 
Page 4 

the length of time of his or her training program provided,
 
however, that in uio event shall the individual be allowed
 
to work in energy sector activities for less than one year
 
nor be required to work in energy sector activities for more
 
than five years from the date of the individual's
 
completion of training.
 

f. Covenant as to A-tyviI-y Reports 

The Grantee shall furnish to A.I.D-, in form and 
substance satisfactory to A.I.D., periodic activity reports,
 
the requirements of which shall be, from time to time, set
 
forth by A.I.D. in Project Iwtplementation Letters. The
 
requirements may include, but thall not be limited to
 
provid-ing information concerning: 

i. progress of each of the implementing agencies
 
in organization, staffing and training;
 

ii. progress of each of the long-term technical
 
assistance contractor teams with respect to meeting established
 
targets in the achedules and workplans of individual advisors;
 
effecting conmcdity procurements; scheduling, implementing
 
and evaluating 'raining programs and demonstrations; and,
 
preparing required reports and other project documents;
 
and,
 

iii. a combined summary report for the entire Project. 

g. Covenant as to External Evaluation
 

The Grantee shall participate in periodic external
 
project evaluations by assigning senior representatives

of participatine ministries and agencies to joint A.I.D.
Grantee Evaluation Teams. Pirticipants in project
 
evaluations are to be individuals who are familiar with the
 
project but who are not directly involved in its implementation.
 

4. The following waiver to A.I.D. remulations is hereby
 
approved: a source/crigin waiver from A.I.D. Geographic
 
Code 000 to A.I.D. Geographic Code 935 to permit the purchase
 
of ten (10) right-hand drive vehicles.
 

APPROVED:
 

M. Peter McPherson
 
Administrator
 

DATE:
 

2)
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CONGRESSIONAL NOTFICATION
 

PLADPROJECT SNAA(Y HEET
 

Country : 

Project Title i Mergy PFrlanng and Development 

Project No. 3 9 10478 

Appropriation Category 0ucppoprt Funds 

Life of Project FY 1963 - FY 1988 

Intended Obligation FY 1983t $13.0 million E!F Grant 

This is to advise that AoI.D. inends to obligate $13.0 
million of Economic Support F'uds Ut rF 1983 Zor the 
Pakistan Energy Planning tnd Dv.elopzent Froject, The 
Energy Planwiing and Development Project !s desired 
to assist the Government of Pakiitan to fnmualate 8nd 
implement plans and rogrs. te asss, dovslop and 
use Pakistan's indigenoug energy resources and to 
improve the efficiency of energy use. 

ANNEXt Activity Data Sheet
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DRAFT PROJECT. DZUCRIPTION FOR 

A. 

T'he gcal of the .ery Planning ond Developrent Project 
is t:o i-'*rase Pakistau 6 energy self-suffLciency and 
'hereby improve t'he quality of life for its people. The 

purpose of the project LA to assi.t the Ccverramcnt of 
Pakistan (GOP) to formiate anJ i.pleatent plans and 
progra= to assea, develop and vse Pakistan's indigenous 
energy resources and increase the efficiency of energy 
use. This will be achieved by strengthering the capability
Of the WY1I to; (1) undertake effective integrated and 
sect-ial analyzes of energy developmnt strat(gieo in 
order to aupport financially aound GOP energy policy and 
development planning; (2) develop programe in coal assess
ment, mining, and utilizatong and, (3) adopt energy 
conservation and renewable energy technologies° 

B. .I 

The project is divided into three izjor components:
(1) Energy Analysis and Manpawer Development; (2) Coal 
Resource kasesasent and Development; and, (3) Conservation
 
and Renewable E~iergy Technologies, 

The purpose of the Energy Analysis and Manpower Development
 
coraponent is to strengthen the capability of the GOP to 
collect and analyze data on energy resources, Sectoral 
demand, and economic and social factors so that the 
financial implications of energy deivelopment options are 
made available to and can be clearxl understood by policy-
making bodies, in Pakistan. Technical assistance, training 
and commoditien will be provided to tbe GOP Planning and 
Development Division in the Ministry of Plaiting and Develop
ment to support the development and management of an Energy 
Data System, the development of an Energy Analysis Group
 
(EAG), and the implementation of a aeries of special energy 
studies and of a manpower easessmant and development program.
 
Assistance will be provided to enable the Energy Analysis 
Group to undertake integrated analyses in support of the 
GOP's annual, five-year and long-term planning cycles and 
to provide information required for investment planning 
and manpower development in the energy sector. 

The Coal Resource Assessment and Development component will
 
support GOP and private sector efforts to develop Pakistan's
 
coal resources as an alternative to natural gas, imported
 
oil and firewood. Under this component, technical assistance,
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training, ard coaoditiea will be provided to assist the 
GOP tt (a) assev& and plan for the development of nitonal 
coal reserves, (b) prepare for the Iplemetaton of the 

first larga-ecale coal mine and powr generation
cou vary's 
project (Lskhra), (c) defina tha privtAte eactor's role in coal 
mining, a&rd (d) introduce ,rocess4 coal briq mtes aa an 
alternative to i.creAsingly ecarce and expensive fuelwood. 
A f'stazntinl tmount of train!hg o pakitani professional 
personnel both on-tbe-Job and in the U.S. &nd third countries 
i* included under all rhzee pcmpnt d-4scribed 
belcw: 

Assemienro ca&I2 rcetvesis plmd to be ce by tur,Geological 
Survey cf Pakistan (GSP) with the assistance of the U.S. 
Geological Survey (USGS). Activities imder thin sub
comonent will include coal exploratory drilling, coal
 
analysL' and testing, data management and geological
 
studies3. 

A high priority of the GOP as expressed in its Sixth Five-
Year PIzn is to substantially increase the use of indigenous 
coal by consty-ucting a 300 MW coal-fired power generation 
station and developing a mine at Lakhra to provide the 
coal. This A.ZD. project will includt assistaice W the Water aid Power 
Development Authority (WAPDA) to undertake final exploratory 
and survey work at the Lakhra deposit so that engineering 
work, procurement and construction can proceed rapidly 
ae soon as capital financing is available. 

A third important area of development for Pakistan's coal
 
industry is the introduction of the use of processed coal
 
for household use as a substitute for firewood. Under
 
this project, a market,.survey and t~ests will be conducted,
 
a pilot coal briquetting plant will be built, and a
 
marketing system will be establiahed to sell the briquettes
 
to selected markets.
 

The Conservation and Renewable Energy Technologies component
 
consists of two sub-components; an energy conservation
 
program to increase the efficiency of industrial energy
 
use; and, a program to assess and develop renewable energy
 
technologies. Energy conservation is the most promising
 
option available to Pakistan to deal with its near-term
 
energy supply and demand imbalance. This project
 
sub-component will include the following activities:
 
energy audits of specific industrial plants, industrial
 
energy use data systems, training, and demonstrations.
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The overall objective is to develop a national industrial
 
energy conservation program.
 
'his project sub-ccmponent inn.iudes assistance to identify
 

industrial sectors and specific facilities within those 
sectors for the energy audit program. Funds are included
 
to implement several demonstration c(nservation projects. 
Data compiled as a result of these and ether energy audits
 
will be used to establish an industrial energy use daca
 
system.
 

Under the renewable e)xergy assessment and development sub
component, assistance will be provided to develop a
 
comprehensive national renewable energy assessment and 
development program which will delineate the long-te.m
 
role and accelerate implementation of promising renewable
 
energy technologies. Pilot ,projectswill be designed and
 
carried out to demonstrato the feasibility and usefulness
 
of the promising technologies. 
C. I ementatioan Plan 

1. llumtive~i ~msntin.Schedule 

All project activities are scheduled to take place
 
over a period of five (5) years from the date of signing
 
of this Project Grant Agreement. As soon as possible after
 
the Agreement is signed, A.I.D. will, amongst other things: 

a, execute a contract with an individual to serve 
as the long-term General Advisor; 

b. procure household and office furnishings for all
 

long-term advisors under the projecti
 

c. procure project vehicles;
 

d. negotiate and execute a Participating Agency
 
Services Agreement (PASA) with the U.S. Geological Survey
 
(USGS) to provide assistance under the Coal Resources
 
Assessment sub-component;
 

e. award a contract for Consulting Engineering 
Services under the Coal Mine and Coal-Fired Power 
Generation sub-component; 

f. award a contract to a U.S. firm or association
 
to assist the GOP to implement the remaining activities
 
under this project; 
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g. procure selected equipment for the Coal Mine
 
and Coal Fired Power Generation component; and,
 

h. develop prelimi.nary training plans for each of
 
the project components, identify suitable candidates, and
 
make arrangements to enroll these individuals in appropriate
 
programs.
 

A.I.D. will also procure the services of short-term 
contractors to undertake feasibility studies and other 
activities as appropriate including assiotance tot 
(a) implement the coal mining industry workshops 
(b) organize and staff the Energy Analysis Group in the
 
Planning and Development Division, the Coal Projects 
Department in the Water and Power Development Authority
 
(WAPDA), the Geological Survey of Pakistan (GSP), and the
 
Directorate General of Energy Resources (DGER); and,
 
(c) prepare preliminary training plans and arrange for
 
training of key GOP project implementation staff.
 

A.ID. has already begun to prepare the necessary contract
 
documentation in order to facilitate the early signing

of a contract for t coal developmmt wv-ca~nt. WAPDA 
has made significant progress to date in establishing 
its Coal Projects Department such that the long-term 
advisors will be able to begin immediately to assist the 
Department to organize it3 staff, develop a training plan
and a work plan, and procure required commodities. 

2. A.I.D. Responsibilities 

A.I.D. will be responsible for: (a) contracting with 
all expatriate technical consultants; and, in specificed cases, 
Pakistani consultants; (b) purchasing directly all project
vehicles, all household and office equipment and supDlies 
for long-term consultants, and several priority items for 
the Coal Development sub-component as well as atranging 
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for the procurement of the retaining commoditiee; c) arranging 
for long-term and short-tezm training of Pakistanis outside 
cf Pakistan; (d) providing sufficient staff to participate 
in the acheduled project evaluations and to liaise with 
host country staff in the itplenentation of this prrject;
and, (e) inspecting and certifying for paymnent %onstruction 
installations. 

The major GOP Implitmntir4 agency for the project 
will be the Planning and Development Division of the 
Ministry of Planning and Development,. A Fuli-time Project 
Director shall be appointed in the Planning and Development 
Division to be in charge of the overall project. This 
individual may a'so be the head of the Energy Analysie 
Group which will be established under the project and will 
be responsible for implementing the Energy Analysis and 
Manpower Development Component of this project. Within the 
Ministry of Water and Power, the Water and Power Development 
Authority (WA.DA) will take the lead for all Coal Development
activitice under this project through its Coal Projects 
Departmont. The Pakistan Council for Scientific and
 
Industrial Research (PCSIR) in the Ministry of Science 
and Technology will be responsible for the implementation

of the CQal Briquetting sub-component. The lead agency
 
for implementing the energy conservation and renewable 
energy technologies activities &nd the coal resource 
assessment work will be the Minist'ry of Petroletun and 
Natural Resources. Within this Ministry, the Geological 
Survey of Pakistan (GSP) will bg responsile for the Coal 
Resource Assessment sub-component, and the Pakistnn Mineral 
Development Corporation GPMDC) will work closely with 
WAPDA to implement the Coal Development sub-component. 
The Directorate General of Energy Resources (DGER) in this 
Ministry will assume overall responsibility for the Energy 
Conservation and Renewable Energy Technologies Component 
of this project. All of these agencies shall appoint 
and delegate authority to full-time Project Component 
Managers and assign to tham adequate staff to implement, 
with the assistance of expatriate advisors, their respective
 
components of the project.
 

To provide effective overall leadership, establish policy
 
and program guidelines, review and solve major project
 
implementation problems, and serve as a continuing forum
 
for all "relevntPakistani mdrdstries and agetivea to mointor 
project progress, a high level c.ommittee made up of members
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and arranging for the hiring of local consultants to
 
design and install renewable anergy demonstrations and
 
undertake energy audits; and, (i) providing A.I.D. with
 
timely approvals of reports, commodity purchases, training
 
programs, expatriate contract personrel, and construction
 
installations, as may be required from time to time during
 
the life of the project.
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(In 00's) 

Expense Category 	 FY 1983 Life of Project Funding a/
A. .. Grant_ GOP A..D. Grant b/ GOP
 
.. (In J (In Rs) (In $) (iIpRs)
 

1. Technical Assistance
 

a. Short-Term 	 4,940 1,200 10,918 2,400
 
b. Long-Term 4,400 1,300 7,061 2,600
 

... . .... .Sub-Total 9,340 ---E 17979 5,00O
2,500 


2. Training. 

a. U.S. Long-Yerm 	 90 184
 
b. 	U.S. Short-Term 610 - 2,296 
c. In-Country 	 1,000 - 5,000
 
d. Third Country Short-Term - 41 

Sub-Total _ IN_......_. 1 005 2,521 5,000 

3. Comwodities
 

a. Vehicles 	 160 - 238 
b. Other 2,800 3,050 6.382 3,050 

Sub-Total Z ________._____ 7,020 3,05. 
4. Other Costs
 

a. valuation 	 400 
b. Operating Expenses 7,425 - 68,770 

Sub-Total - 1,425 400 ________ 

Total 	 1 3,000 13,975 27,920 81,820
 

Contingency 	 - - 2,00 

Grand Total 	 13,000 13,975 30,000 81,8 

a/ 	Does not include funding under the A.I.D.-financed Development Support Training Project (391-0474) and the AID/

Washington centrally-fUnded Conventional Energy Training Project which may be used to finance some of the training
 
activities under this project, subject to the availability of funds to A.I.D. for this purpose.
 

b/ 	Subject to the availability of funds to A.I.D. for thls purpose and to the mutual agrewient of the parties to 

proceed at the time of each subsequent increment. z
 

l 
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SECTION 1
 

EXECUTIVE SU MHY
 

1.1 INTRODUCTION
 

Pakistan's growing demand for electricity is rapidly outpacing its
 
electric generation capacity. This power short-fall is rapidly
 
approaching serious, if not critical, proportions. Load shedding of up
 
to 500 MW was required in 1981/82 and is expected to reach 1,000 MW by
 
1.83/84. A primary reason lies in the uneven electric generation of
 
installed hydroelectric capacity since rainfall and glacial melt are 
seasonal and the priority on water use is in irrigation. Shortages of 
natural gas for indusitry have lead to a national policy prohibiting 
further use of this resource for power genaration. Fuel oil is an 
imported fuel with a large foreign exchange demand and one that could be 
the subject of future supply disruptions. 

Hence, the use of indigenous coal resources is a primary option as a
 
fuel for thermal electric power plants in Pakistan. Preliminary
 
geological investigations of a 26-square kilometer section of the Lakhra
 
Coal Field, located 45 kilometers northwest of Hyderabad (Figure 1.1-1),
 
indicate that this section alone contains Bufficient economically
 
recoverable coal to fuel seaveral hundred gawatte of electric power
 
generation capacity. In addition to the Lakhre raserve, there are other
 
coal deposits in Pakistan and efforts are currently underway, with
 
support from the World Bank and others, to better define the entent,
 
quality, and development prospects of Pakistan's coal resources.
 

Over tha past 15 years, several studies have been conducted by the
 
Government of Pakistiui (GOP), with some assistance from foreign
 
governments, to exiimine the technical febsibility and costs of
 
generating electric p'iwer using Lakhra Coal. The results of these
 
studies were not sufficiently conclusive to convince the GOP that a
 
Lakhra coal mine supplying coal to a steam-electric power plant was a
 
technically sound and economically attractive investment.
 

In rtsponse to a formal request from the.GOP, the United States Agency
 
for International Development (USAID) agreed to support a thorough
 
reexamination of the tachnical feasibility and costs of such a project.
 
USAID designed the study to be a collaborative effort of a U.S.
 
contractor working with two Pakistan organizations, Pakistan's Water and
 
Power Development Authority (WAPDA), and the Pakistan Mineral
 
Development Corporation (PMDC). The intent was to involve these
 
Pakistan organizations thoroughly i1, the examination of key
 
technological and economic issues and the formulation of the study
 
results. The participants would also be exposed to modern large-scale
 
coal production and power generation technology currently being used in
 
the U.S. and would gain first hand knowledge of the coal technology that
 
can be applied in a Lakhra Coal Facility. In view of the potential
 
national importance of such a project, USAID also arranged for senior
 
GOP officials to review the results of this study. In this fashion, a
 
well informed decision could be made on the advisability of implementing
 
a Lakhra Coal Facility p:roject.
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Study activities began in the fall of 1982. Stone .Webster Engineering 
Corporation (SW-C) was rotained by USAID to provide axperti!e in coal 
mining, coal handling, and pawer generation technology. A joint WIPOA, 
PMDC, SWEC analytical temt wes ftrmed in October 1981. Data collection 
and field visits in Pakistan followed iomediately. Analytical
activities iA SPEhC .Dton headquarters were combined vith visits to U.S. 
coal mines az! p-owL- qnerntios planto in December and January. Initial 
findinas w.'i roeviedae with senior GOP and USAID officials in January 
1983. Th-e findinga were sufficiently pocitive, so that WAPDA 
management dmciderl to propose to the Pakistan Pla&2ning Co mission th&t a 
Lakhra I'oa1 fa-.!ity project be included in Pakistan's Sixth Five-Year 
Ecomm" .1 Pl'n. Accordingly, the study activities were 
extendcd throuq. April 19V3 in order to expand certain analyses, plan in 
more de.pth the poject's implementation and provide technical and other 
support t the authoitation of the project. 



ANNEX K 
Page 3 of 21
 

~C~1 

COAL NINE SITE 

H-..AKSTGANh ED., 5VkhRftuDitp 

(ReE04111)Akf 

•~a no 1 w 

AFGHANISTANI 

PAKISTAN /
~'t~'INDIA 

1 . o, VLkl[TR 

4AAIA SffA 6 &L IS& qY '-4,PRRPOSED N 
UTT 

PROPOSED 
JANSHORO/

0 50 500 SITE 
-MILTA-CL 

Ek-KILOMETERSKC, C,,.L. 

UDUT WDICAL OMUAW4 

1IW Univ 

c~orr
0,%j,0 2 4 6Hyead 

SCALE -MILES 
4 12
 

SCALE - kIL0METERS
 

FIGURE 1.1 -1 
LAKNRA PROJECT-SITE LOCATION 
LAKI4RA COAL STUDY 



1NEX K 
Page 4 of 21 

1.2 STUDY APPROACH
 

The ground rules established by USAID required that key officials from 
WAPDA and PMDC work with SWEC counterparts participating %n every phase 
of the study. Following a three-week trip to Pakistan by SWEC mining 
and power vngine rs to gather data and refine the scope of tI study, 
WAPDA's nireutor of Fuels and Efficiency, PMDC's Chief Mining Engineer 
and PMDC's Deputy Chief Geologist came to the U,. and spent 
approxiai-1Iy two months particip.ting in Lhe tnalysls tnd preparation 
of the written report. Two wetkv before the presentaticn of the draft 
report, WAPDA' CYef Enginear - Thermal, and Resident Engineer at 
Quetta 9owel Stationr camn to review and comment on the study before 
final pI:actin. n ? dition, the WAPDA officials visited several 
coal-fired power station,, whi,4e the I1MDC officials viited numrerous 
surface and underground rining optrations. 

The study teen usad the geological data developed by previous 
investigators to indepandently asss the quality and extent of the 
Lakhra Coal Rlerve. No new field exploration or core drilling 
activities Were to be cnuztedo 

Following the study team's presentation of preliminary findings
 
concerning a 300-IW facili.ty to senior GOP offic.als and to USAID in 
January of 1983, SIWC was asked to develop planning and scheduling 
swmmary networks and cash ependiture schedules for both the 300-MW 
facility and a 600-W facility incorporating two identical 300-MW power 
plants, In addition, the teum was asked to assist WAPDA and PMDC in 
preparing in Pakistan the PC-I Report to be submitted to the GOP for 
inclusion of the Lakhra Project in the Sixth Five-year Economic 
Development Plan. 

The study team took a pragmatic approach in the design of the Lakhra
 
Facility, emphasizing the fact that this would be the first application
 
in Pakistan of large-scale coal production and power generation
 
technology, Only proven and reliable technology with extensive
 
operating experience would be recommended for Lakhra. Designs that
 
improved system reliability, maintainability, and operability were
 
generally favored to those that reduced plant costs. Moreover, designs
 
were Zelected to comply with the Pakistan Govermnien's policy of
 
encouraging domestic economic growth while minimizing foreign exchange
 
commitments. Consequently, designs which allowed equipment manufacture
 
in Pakistan were selected whenever possible and labor-intensive designs
 
were generally favored to capital-intensive ones.
 

The specific issues addressed in this study follow:
 

1. Extent of coal reserves in the delineated area
 

2. Acceptability of coal quality
 

3. Type of mining methods
 

4. Beneficiation of Lakhra Coal
 

5. Environmental pcotection
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6. Power plant sitinq 

7. Power plant design parameters
 

8. Minimum impleraentation schtdule
 

9. Capital costs
 

10. Unit costs. of delivered coal and busbar electricity
 

11. Comparison of power generation alternativeS
 

12, Tran,-fer ot techr-ology and training nee
 

The examiination of each issue rosulted in the findings described in the
 
following section.
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1.3 DETAILED FINDINGS
 

1.3.1 Coal Reserves
 

As shown in Figure 1.i-1, the Lakhra Area is 45 km north northwest of 
lyderqbad (1.;kistnn's third largest city), 20 km west of the Indus River 
and 112 meters above the InduE flood plain. The area consists of flat-
topped hills and is barren with a few shrubs &nd bush,%3 but no trees. 
The population is sparse consisting mainly of nm-ads who g'raze their 
herds during the wet saason. 

The present estimate of prc;en, recoverable reserves based on field data 
reported by previous consultants* n the delineated area of the Lakhra 
coal field is 64.4 million metric tons. This tstimate will be increased 
substantially if suhsequent mining experience indicates that stripping 
ratios exceeding 1,15 can be justified. Increasing the max.Inum r.atio to 
1:20 will increase recoverAble coals within the dtlineated area by 
thirty to forty percent, The present esti!eate! are therefore suicient 
to support a coal production rate of 2 million raetric tons per year for 
the schtduled 30 year :..fe 0f the power generring statin. A 300-MW 
unit, burning coal of the quality indicated in Section 1.3Z would 
consaume 1.4 million metric tons per year. 

The prospects for finding further reserves of recoveriable coal in areas 
adjacent to the delineated area are considered favorable. In 
particular, an e.xten5icn oi tht western boundary of the delineated area, 
where stratigraphical. conditions appear least disturbed and where mining 
conditions are most favorable, appears to offer good prospects that 
substantil additions to the present estimate4 will be proven. This 
could also eliminate the need for an underground mine, at least for the 
first 3,O-KW facility. It is, therefore, desirable that field drilling 
be undertaken as noon as possible because a finding of substantial 
additional reserves will have a major impact on the present plana for 
designing mining operations. 

1.3.2 Coal Quality
 

An average analysis of coal in the delineated area, based on borehole 
analyses data reported by prevIous consultants*, follows: 

As-Received Basis
 

Moisture 25.0 percent by weight
 

Ash 19.3 percent
 

Volatile Matter 28.8 percent
 

Fixed Carbon 26.9 percent
 

100 percent
 

*See "Feasibility Report for Lakhra Coal Mining Power Station,"
 
February, 1981; Japan Ircernational Cooperation Agency.
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Total Sulfur 5.95 percent 

Calorific Value (HHv) 15,890(6,830 KJ/KgBtu/Ib) 

ASTM standards rank this coal as Lignite A, bordering on Sub
bituminous C.
 

The quality parameters are subject to considerable variation both within 
and between the coal seams. Thus, total sulfur is reported to vary in 
the range 3.3 to 9A percent and contains a substantial proportion in 
pyritic form. Iron oxides, present in substantial quantity in the coal 
ash, vary from 17 to 71 percent. Other minerals present include varying 
quathities of gypsum, which is visible as intercalated bands in the coal 
seams. 

The combined perence of high iron, and pyritic and inorganic sulfur
 
contents raises problems relating to slagging and corrosion in steam
 
generators which will require special attention in boiler design.
 

The coal is readily subject 2o spontaneous combustion. This finding is 
based on the direct cuperience of private coal producers mining coal 
from the same seems in adjacent least areas and by laboratory tests 
carried out by previous consultamt. These observations confirm the 
well-known propensity of low rank coals to spontaneous combustion which 
i usually enhanced by the presence of iron pyrites. Particular 
attention will need to be given to this sehavlor of the coal in all 
aspects of mine design and operation, coal hndling, and storage. 

The study team and experts at SWCC met with several major U.S. boiler
 
manufacturers to discuss problems arising out of the juality of the
 
Lakhra coal. The conclusions from these discussions were that if
 
(1) representative samples of Lakhra coal are made available for
 
detailed investigation, (2)boiler designs appropriate to the slagging
 
corrosion and erosion prepensitie, of the coal are employed and,
 
(3)proper boiler operating and maintenance procedures are followed, a
 
Lakhra ccal-fired steam gvnerator can be designed and operated without
 
experiencing abnormal outages. The discussions emphasized the
 
importance of obtaining representative samples so that these preliminary
 
conclusions can be confirmed by additional data specifically oriented to
 
the problems identified.
 

1.3.3 Mining Methods
 

A review of the available geological and geotechnical data confirmed
 
that mining factors such as seam continuity, faulting, depth of cover,
 
seam thicknesses and interseam separations divided the delineated area
 
into three blocks! One western block and one larger eastern block
 
having stripping ratios favorable for surface mining; and a small
 
central block suitable only for underground mining. Further
 
investigation of mining methods applicable to the surface minable blocks
 
indicated that truck and shovel or combination dragline with truck and
 
shovel operations, were feasible. The strata are not suitable for
 
mining by bucketwheel excavators. Cost, delivery times and job creation
 
are issues that favor the truck and shovel method at the present time.
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Present underground mining plans are based on a combination of 
handloading and mechanized longwall operations empleying retreating 
sequences. A principal factor controlling the design of an underground 
mine is the propensity to spontaneous combustion of the coal in situ. 
This requires that exposed faces and ribs of ths coal seams 1nactive 
and passive areas of the mine, and in abandoned and sealed areas, be 
minimized. An additional factor is th@ need to maximize coal recoveries 
because of the limited reaerve base available Then% factors tend to 
favor longall.miinq I ethod4 over pillar and stall operations. 

1.3.4 Coal Beneficiation
 

A review of all the available data indicate that beneficiation of the
 
coal by washing is not juitified and that cleaning should be limited to
 
removal of visible rock dilution by hand-picking. Previous 
investigator s* reported washability data deterT~ined by laboratory 
testing of ten borehole core samples taken from representative areas of 
the delineated acea. Yt recoamended that further work be done 'rho 
washability data uere obtained under conditions much more favorable than 
can be provided in practical operations. Even so th, results show that 
the coal is extremely difficult to wash by available commercial 
processes. Indicated yielos are low and improvements in ash and sulfur
 
contents arc marcinal for the resulting losses. Disposal of a refuse
 
still containing substantial thermal values would al&o pose a serious
 
problem from spontaneous combustion.
 

1.3.5 Environmental Protection
 

In the absence of Pakistan environmental protection criteria, the study
 
team found that qgidelines issued by the World Bank offered the most
 
practicable environnental protection criteria available for the Lakhra
 
Facility. The degree of protection was found to be consistent with
 
Pakistan's level of e-onomic development.
 

The highest uncontrolled 24-hour ambient air concentration of SO2
 
produced by a 300-MW facility burning Lakhra coal containing 6 percent
 
sulfur, as-received by the steam generator was estimated to be
 
226 micrograms per cubic miter (ug/m2). The corresponding maximum
 
concentration of SO2 allowed by the World ank guidelines is 500 ug/m3 .
 
Thus, flue gas desulfurization (FGD) is not required on the first 300-MW
 
unit. The need for FGD on subsequent units should be assessed prior to
 
the consideration of more units at Jamshoro.
 

Based on the particulate stack emission limit of 150 milligrams per
 
cubic meter (ug/m3 ) and the maximum 24-hour ambient air particulate
 
concentration of 500 ug/m3 specified by the World Bank Guidelines, the
 
required removal efficiency for the electrostatic precipitator at the
 
Lakhra power plant burning Lakhra coal containing 20 percent ash on an
 
as-received basis iF 99.3 oercent. This is a practical level to achieve
 
with conventional equipment.
 

*See "Feasibility Report for Lakhra Coal Mining Power Station,"A
 
February, 1981; Japan International Cooperation Agency.
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1.3.6 Power Plant Siting
 

Jamshoro is the preferred site (see Figure 1.1-1) for the power plant(s)
 
out of four sites examined by the previous investigatorn.* Table 1.3-1
 
indicates the factors included in the site selection study and
 
comparative capital and operating cost effects.
 

An evaporative heat rejection system employing mechanical draft cooling
 
towers incurs a slightly lower lifetime cost and a significantly lower
 
initial capital cost than the once-through system proposed by previous
 
investigators.
 

A dedicated railway and unit train is the preferred coal transport mode
 
from the mines at Lakhna to the Janshoro site. The railway will be
 
about 50 km long. The rolling stock consiets of one diesel locomotive
 
and approximately fifty 40ometric ton railcars manufactured in Pakistan.
 
The possibility of convevting from diesel to electric drive should be
 
considered at an early stage of project implementation.
 

As long as cooling towers are uNed, sufficient space and cooling water
 
are available at Jamshoro to support Lakhra coal-fired generation
 
capacity expansion in excess of 2,000 NW.
 

1.3.7 Power Plant Design Parameters
 

The net capacity of the first coal-fired power plant at Jamshoro should
 
be 300 W. This size fits well into WLPfDA's system with a maximum
 
system capacity of 3,225 W (inearly 1982) and a maximu unit caacity
 
of 210 MW (Unit 3 at Guddu). The coal reserves in the delineated mine
 
area appear to be sufficient to support 500 MW of Lakhra coal-fired
 
generation capacity for 30 years. Moreover, the coal production

potential of the Lakhra field is likely to be an order of magnitude
 
higher than that for th% delineated area. Thus, the prospect of adding
 
two 300-.' units at Jarshoro appear's favorable pending detailed
 
geological investigations two determine the adequacy of the coal
 
reserves.
 

Turbine throttle steam conditions at the maximum guaranteed load should 
be 12,515 kPa (1,800 paig) and 538 0C (!0009F). These conditions are 
consistent with U.S. steam Sentrator design practice for accommodating 
the expected slagging and corrosion characteristics of Lakhra coal. 
Moreover, these conditions are typical of the larger thermal units in 
WAPD&'s current system. Thus, operating and maintenance personnel are 
already experienced to manage a power plant operating at these steam 
conditions. 

Net station heat rate is estimated to be 11,510 kJ/kWh (10,900 Btu/kWh) 
based on a wet bulb temperature of 7 boiler efficiency of 
82,3 percent, and an auxiliary power of 10 percent of gross 
turbine-generata- output. 

The four sites are Lakhra (mine mouth), Khanot, Petaro, and Jamshoro.
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Physical layout of the power plant will allow for multiple duplication
 
of the first 300-MW unit and the ability to retrofit flue gas
 
desulfurization equipment.
 

1.3.8 Implementation Schedule
 

A 54-month implementation schedule is practical. The realization of
 
this schedule is contingent upon,
 

* 	 Present market conditions prevail for equipment supply
 

* 	 Technology transfer and training do not become critical patis
 

* 	 Pakistan inrtitutional structure is orgdnized to accormodate
 
multifaceted project implementation
 

* 	 Financing of equipment and services doea not become the
 

critical path
 

1.3.9 Capital Costs
 

The total capital cost of the 300-MW Lakhra Coal Facility excluding
 
import duty, escalation, and interest during construction, expressed in
 
millions of January 1983 dollars, is the followingi
 

Foreign Local
 

Exchange CSurren_ Total
 

300-MW Facility 260.8 218.2 479.0
 

Details of the capital costs estimates are provided in Tables 1.3-2 and
 
1.3-3. All costs were determined for a facility producing, handling,
 
and burning the Lakhra Coal specified in Section 1.3.2. "o enhance the
 
reliability of the estimate, manufacturers of major equipment were asked
 
to quote a present day (January !983) price for their equipment. These
 
prices were comptred to SWEC-in-house cost data and modified as required
 
to provide the most realistic estimate of an actual price quoted in a
 
competitive bidding situation, The price of labor and material provided
 
locally were estimated in rupees. All prices on foreign materials &nd
 
labor were estimated in dollars. The exchange rate used was
 
Rs.12.75 - one dollar. This cost estimate inclu~des indirect costs, such
 
as WAPDA and PMDC administrative costs, engineering services, housing
 
and cormunity related facilities for the mining and power plant labor
 
forces, and infrastructural facilities such as telecommunications, water
 
supply, and roads.
 

The savings in capital cost obtainable with a second duplicate unit of
 
identical design is:
 

Foreign Local
 
Excha Currency Total
 

Savings on duplicate
 
300-MW facility 58.0 72.5 130.5
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These estimated savings assume a decision to install a second duplicate
 
unit is made no later than 12 months after project start date.
 

On the basis of two units, authorized sequentially, the capital cost of
 
the two unit 600-MW facility is (in millions of January 1983 dollars),
 

Foreign Local
 

Exchange Currency Total 

600-MW Facility 463.6 363.9 827.5
 

Import duty is charged by GOP at 40 percent of the delivered price of
 
foreign equipment. Tctal capital expenditures including import duty
 
increase and are shown as a column item in the summary of capital cost
 
estimates shown in Table 1.3-4.
 

1.3.10 Unit Costs of Delivered Coal and Busbar Zlectricity
 

The 	 cost of coal delivered to the 300-1M power plint in January 1983
 
dollars is estimated to be $34/metric ton ($31/short ton). The butbar
 
cost of electricity delivered to the WAPDA grid by a 300-MW power plant
 
in January 1983 dollars is estimated to be 4.6¢/kWh. These cost
 
estimates do not include escalation and interest during construction.
 

If a second 300-MW unit is constructed, the estimated cost of delivered
 
coal will be reduced by approximately 10 percent, while the cost of
 
electricity will be reduced by roughly 15 percent.
 

If import duty is levied on foreign equipment, the cost of coal for the 
first 300-MW facility incraases by 7 percent and the cost of electricity 
rises by 15 percent. 

1.3.1 Conparizon of Power Generation Alternativcs
 

The cost of generating electricity with Lakhra coal is 30 percent less 
expensive than that obtainable uaisg imported oil at $2Sfbbl. While the 
generation costo using Lakhra coal or imported coal are comparable, use 
of imported coal 1ill consume an additions! $34 million dollars of 
foreign exchaae etach year of plant operation. Furthermore, generating 
electricity with the Lakhra coal would employ an additional 
1,900 Pakistanids and initiate the development of a modern large-scale 
coul industry in Pakistan. Details of these costs are shown in 
Table 1.3-5. 

1.3.12 Transfer of Technology and Training Needs
 

The transfer of technology begun during the cooperative study efforts
 
should be continued and significantly expanded. The needs are&
 

1. 	 Training of Pakistan personnel to gain experience in the use of
 
technologies to be applied in the Lakhra Coal Facility,
 
especially those with which they are not yet familiar.
 

t 
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2. 	Organizational capabilities of Pakistan institutimns to ;rovide
 
effective project management and reliable operiAtions of the
 
operating facilities.
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TABLE 1.3-1 

ECNOOMIC COMPARISON OF POWIR PLANT SITES 

All conts are %etlpressed in millions of January 1983 dollars.
 
Escalatin, intrest. dur. ig construction and import duty are not 
include li.
 

Alternative Alternative Alternative Alternative
 
Is Once- 2a Cooling 3: Cooling 41 Air-


Evaluated Through/ Tower/ Tower/ Cooled/
 
capitaL costs .Imashora Jdmshoro Hinemouth Minemouth
 

Condenser 3.0 3.0 3.0 25.3 

Cooling Towers NA 4.0 4.0 NA
 

Circulating! Water 
Piping & Pumps 36.0 2.0 2.0 NA
 

Cooling Towor
 
Makeup Syztem NA 13.0 67.0 NA
 

Railway &Car* 11.0 11.0 NA NA 

Traam;szion Line NA NA 6.3 6.3
 

Total. Evaluated
 
Capitll Cost 50.0 33.0 82.3 31.6
 

Eval .imted Life
time Operating
 
Costs
 

Coal 'rans- 3.0 3.0 NA NA
 
portal:ion 

Auxili.ary Power 6.1 9.1 11.6 17.4
 
Penalty
 

Back Pressure Base 9.3 9.3 55.8
 
Penalty
 

Total Evaluated 9.1 21.4 20.9 73.2
 
Lifetime Opzrat
ing Costs
 

Total Evaluated
 
Lifetime Costs 59.1 54.4 103.2 104.8
 

Difference 4.7 Bae 48.8 50.4
 

;h; 
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TABLE 1.3-2 

CAPITAL COST ESTIMATE FOR 300 MW
 
COAL PRODUCTION FACILITY
 

All costs are expressed in thousands of January 1983 dollars.
 
Escalation, interest durinxg conatzuction and import duty are not
 
included.
 

Foreig Local
 
Item Component Component Total
 

East Open Pit 16,339 21,656 37,995
 

West Open Pit 1.6,256 25,028 41,284
 

Underground Mine 7,630 13,661 21,291
 

Coal Prep/Handling 2,072 4,988 7,060
 

Surface Facilities 487 1,816 2,203
 

Railway 6n Cars 825 1O,04-G 10,865
 

Colony 0 15,686 15,686
 

Engineering 12,500 2,196 14,696
 

Subtotal 56,009 95,071 151,080
 

Contingency 8,401 14,261 22,662
 

Total Capital Cost, 1/83 64,410 109,332 173,742
 

NOTEr
 

1. Equipment cost includes the cost of erection, spare parts,
 
shipping, inland transport, and insurance.
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TABLE 1.3-3
 

CAPITAL COST ESTIMATE FOR 
FIRST 300 MV POWER PLANT 

All costs are expressed in thousands of January 1983 dollars.
 
Escalation, interest during construction, and import duty are not
 
included.
 

Foreign Local 
Item oMponent component Total 

Land and Site Prep. 0 455 455 

Coal Handling 7,437 510 7,947 
Ash Handling 10,269 660 10,929 
Cooling System 6,356 9,660 16,016 

Turbine and Aux. 26,754 715 27,469 
Boiler and Aux. 60,817 3,160 63,977 
Precipitator and Aux. 10,682 840 11,522 
Chimney 323 2,553 2,876 

Boiler and Turbine Bldg. 2,698 9,694 12,392 
Yard and Civil Work 4,728 6,600 11,328 
Office Bldg. 3,128 1,948 5,076 
Spare Parts 6,690 60 6,750 
Erection Charges 9,438 17,715 27,153 
Supv./Haint. for 1 Yr. 300 200 500 
Lease of Equipment 0 12,50C 12C500 
Colony 0 8,518 8,518 

Subtotal 149,620 75,788 225,408 

Engineering and Consult. 31,800 3,400 35,200 
WAPDA Adain. 0 11,253 11,253 
Contingencies 14,963 7,578 22,541 
Forward Handlg. & Trans. 0 7,000 7,000 
Insurance During Constr. 0 3,900 3,900 

Total Capital Cost, 1/83 196,383 108,919 305,302 

NOTE:
 

1. Estimate was itemized according to WAPDA format for PC-i
 
Report.
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SUWIARY OF CAPITAL COST ESTIMATES
 

Capital Cost Estimates 


Expressed in Hill ions of Dollars 

o 300 MW (Net) Power Plant 


a 	300 W Coal Production Facility 


Total 300 14W Facility 


o 	First 300 MW (Net) Pcwer Plant 


o Second 300 MW (Net) Power Plant 


o 600 KW Coal Production Facility 


Total 600 M1W Facility 


Capital Cost Estimates
 

Expressed in Hillions of Rupees
 

o 300 W I (Net) Power Plant 

o 	 300 ,MWCoal Production Facility 

Totel 300 NW Facility 

o First 300 MW (Net) Power Plant 


o Second 300 MW (Net) Power Plant 

o 600 MW Coal Production Facility 


Total 600 MW Fecility 


NOTES:
 

Foreign Local Total Excluding Import Total Including 

Coponent Component import Duty Duty Import Duty 

196.4 108.9 305.3 61.5 366.6 

.4 102.3 173.7 . 191.1 

260.0 218.2 479.0 78.9 557.9 

196.4 108.9 305.3 61.5 366.8 

149.2 78.5 227.7 53.5 231.2 

118.0 1 2 26.2 320.7 

463.6 363.9 827.5 141.2 96.7 

2504.1 1388.5 3892.6 Ue4.1 4676.7 

821.1 1393.6 2214.7 

3325.2 2782.1 6107.3 1006.0 7113.3 

2504.1 1388.5 3892.6 764.1 "76.7 

1902.3 1000.9 2903.2 682.1 3585.3 

1504.5 2250.41 3754.9 _1 

5910.9 1639.8 10550.7 1800.3 12351.0 

1. Capital cost estimates include direct costs, Irdirect costs, and en alioance for indeterminate costs based on
 
prices quoted for Jauawry 1983. Escalation and Interest during construction are not included in these estimates. 
Exchange rate: Rs. 12.75 = 1.00 Dollar. 

2. 	 Coal Production Facilities Include coal trsnsportation facilities.
 

3. 	 The 300 M4 and 600 KW coal Production Facilities Incorporata different designs. Thus_ the total cost of each 
facility is provided separately.
 

Ia. 	 The two 300 PM paver plants employ Identical designs. Thus, the Increeental cost of the second 300 MW power plant 
is provided. 
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TABLE 1.3-5 

ECONOMIC COMPARISON OF ALTERNATIVES 

All costs are txpressed inmillions of January, 1983 
dollars. Import duty, interest during construction, and 
escalation are not included. 

Cost@ 	 Lakhra Coal Imported Oil Imported Coal 

1.Annual Fixed
 
Capita2 Charges'
 
Domestic 14.5 10.5 13.1
 
Foreiqa 20.8 15.0 18.7
 

Tot&~ls 35.3 	 31.8NE
 

2.Annual pUej CostZ 3 
Domestic 36.4 0.0 0.0 
ForeiTn 6.8 84.6 42.8 

TotCal? 	 4. 84.6 42.8
 

3. Annual Operation & 
Maintenance Cost 
Domestic 4.1 2.7 4.1 
Foreign 4.0 2.7 4.0 

Total, 	 8.1 =.4 8.1
 

4. Total.Annual
 
Generation Cost
 
Domestic 57.0 13.2 17.2
 
Foreign 31.6 102.3 65.5
 

Totals 	 88.6 l~. 82.7Y 

5.Unit Generation 4.8€/kwH 6.3¢/kwH 4.5¢/kwH
 
Costa
 

NOTES,
 

Includes interest and sinking fund depreciation costs for a
 
capital recovery period of 30 years. Annual interest rates
 
used are 13 percent for domestic debt, and 10 percent for
 
foreign debt.
 

2 	 Based an the output from a 300 MW power plant, operated in 
1983 at full load for 70 percent of the year (i.e., 
6,132 houc't per year). 

The 	1983 .uel prices used in this comparison are,
 

Lakhra Coal $2 .37/l06 kJ ($34/metric ton) 
Imported Coal $2.46/106 kJ ($70/metric ton) 
Imported Oil $4.91/10 kJ ($28/bb!) 
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1.4 	CONCLUSIONS
 

1. The Ll,,hra Facilit
 

The initial 300-MW Lakhra Coal Facility should consist of the followings
 

* 	 A three-section miie within the delineated mine area in the
 
Lakhra coal field; the east and west sections - open pit minesl
 
tht central section - undarground:
 

" 	 Surface coal preparation facilities; 

* 	 A colony for miners and mint support personnel;
 

" 	 A new dedicated railway for coal transport about 35 kilometers
 
in length between Lakhra and Jamshoro;
 

* 	 Coal receiving, storage and handling facilities and a 300-MW 
net capacity coal-fired, steam turbine power plant located at 
WAPDA's Jamahoro site, 

" 	 Electrical connection facilities to WAPDA's existing
 
transmission networks
 

* 	 An intake water system located at the Kotri Barrage on the
 
Indus River and a makeup water line to the Jamshoro site of a
 
size sufficient for evaporative cooling towers; and
 

A colony at the Jamshoro site for plant construction and plant
 
operation and maintenance personnel.
 

2. Technical Feaibit
 

The design, construction, and operation of the Lakhra Facility is
 

technically feasible. Proven technologies and methods can be supplied
 
in the mining, coal tronsport and power plant elements of the facility.
 
Extensive experience exists in the application and use of these
 

technologies and methods.
 

3. Economic Feaaibiit 

The Lakhra Facility is economically competitive with other power
 
generation alternatives for meeting Pakistan's growing requirements for
 
electricity. Electricity generation costs would be significantly less
 
with Lakhra coal than with imported oil and comparable to imported coal.
 
Exploiting dcnestic Lakhra coal will save millions of dollars in foreign
 
exchange each year, thousands of Pakistanis will be employed, and a
 
modern coal industry will emerge.
 

4. Environmental Feasibility
 

The Lakhra project can be implemented so that its emissions will meet
 
World Bank guidelines and have a minimum impact on the environment.
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5. Institutional Or anization
 

The institutional structure to efficiently support the implementation 
and operation of the Lakhra Facility does not currently exist in 
Pakistan. Mk institutional organization is required that has the 
authority to effectively manage the design, construction, and operation 
of the facility. 

6. Ilementation Schedule
 

A 54-month implementation schedule is practical to adopt. Thus, the
 
Lakhra Facility can help satisfy Pakistan's urgent nred for poer
 
generation capacity as early as 1983.
 

7, Technology Transfer 

The implementation of the Lakhra Coal project requires a substantial 
amount of large-scale, coal-based techno .*q transfar and adaptation. 
New related industrial activities in Pokistan, having the potential to 
impact significant2ly on national economic growth, would soon follow. 

8. Pakistan Coal Industry Growth and Modernization
 

The demonstration by the Lakhra Facility of large tcale coal field
 
development and production, the building of a coal mining
 
infrastructure, and the generation of a large scale demand for domestic
 
coal can lend tot
 

" 	 Development of other Pakistan coal fields;
 

* 	 The availability and use of lower cost coal for other energy
 
applications;
 

" 	 Future expanded use of coal fuels for electricity generation.
 

Such a program provides, a solid foundation on which the nation can
 
enlist the many resources and capabilities of its private sector.
 

9. Second 300-MW Unit
 

Cost considerations clearly support the construction of a second 
identical coal-fired unit at the Jamshoro site. The initial operation 
date of a second unit should be scheduled 1 to 3 years after the initial 
operation date of tho first Lakhra unit pending the proof of sufficient 
coal reserves by additional geological investigations. Achievement of 
the associated cost savings requires a decision to install a second unit 
within W months of project start date. 

7/ 

,A
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1.5 	 RECOLATXCN
 

WAPDA has recoimended to the Government of Pakistan (GOP) that the 
LaiLhra Coal Facility be included ai a project in Paistenls Sixth 
Economic Development Plan covering the period 1983-1988. The following 
recommendations are directed at the inplementation of a project to 
design, construct, and coimission the Lakhr* Facility 

Institutional
 

1. 	Establish a Lakhra Project Imzplemintation Organization* within
 
the GOP. This organization ahould be responsible for the
 
complete implementation and eventual operation of the Lakhra
 
Facility, it 1hould also be capable of planninq, implementing
 
and ovzrs~e nt the cperation of all future coal-fired power
 
generation projecta in Fxkistgn.
 

2. 	 Staff the La .hra Pkroject Impletntatio Organization with 
highly-qualified, xprisnced personn-al. Specialized training 
foe the staff should be defined and carried out according tr 
individual needs &nI responzbilitiAs. provide appropriate 
professional and financiAl incentives to &sure long-term 
commitments by the peranne! reciving the traitirp. 

3. 	Review manpower development, tr94ninq, and other technology 
transfer programs underway or plaamed in Pakistan to determine 
the extent to which thesi programs can be used to meet the 
training and technology transfer requirements of the Lakhra 
project. Take mtasures to ensure that Pakistan private sector 
corporations have the opportunity to participate inthese human 
resource development and technology transfer programs. 
Consider the appropriate components of the USAID Energy 
Planning and Development Project as a source for this training 
need. 

4. 	 Begin at the earliest practical date the coordination of the
 
Lakhra project with other activities at the Jamshoro site.
 

S. 	Provide supplementary support for the Lakhra Project
 
Implementation Organization to enhance ita capabilities in the
 
specialized functions listed belowe
 

" 	 project manegement dnd planning 

* engineering and design 

" equipment procurement, inspeciton, expediting, and 
transportation 

" construction management 

" acceptance testing and start-up
 

* Commonly referred to as the "Coal Cell" within the GOP. 
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* 	 operations planning and management 

Technical
 

The follcwing technical activities need to be undertcken am soon as
 
practicals
 

6. 	 Obtain a representative large acale coal sampIr from the Lakhra 
Field for analysis and use in tie design of the Lakhra Steam 
Generator,
 

7. 	 Conduct detailed geological invent3.gations required to
 
establish the final mine area and nine daign.
 

8. 	 install environmental monitoring equipmant at the Jamshoro site
 
and collect data to acquire the baseline d&ta needed to
 
determine subseqoent requirements for plant ef luent control. 

9. 	Survey route(s) for railway, road, water and powtr line to the 
Lakhra Mining Area. 

10. 	 Establish area ccntour lines and obtain preliminary coils data 
from the area of the Jamshor* site for use as input to 
foundation design and plant layout. 

11. 	 Develop equipment specifications for the steam generator, steam
 
turbine, and electric ahovels.
 

12. 	 Prepare project and purchasing procedures and specifications to
 
be used inprocuring services and in purchasing the major
 
equipment as quickly as practical.
 

13. 	 Prepare schedule networks of all major project activities soon
 
after project authorization and make the requirements for
 
maintaining these schedules known to all management and
 
approval authorities.
 

S4~ 
14. 	 Decide within nine months after project m whether a
 

second 30OMW power plant will be included in the project, and
 
plan the production capacity of the mine accordingly.
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FINANCIAL ANALYSIS ANNEX 


. Long Tenn Technical Advisors 

a/
 
A. 1983 dollar costs of long term consultants as follows:
 

PSC Private Firm PASA
 

Annual Recurrent Cost $ 87,500 $ 247,100 $ 145,200
 

1/2 one time $ moving costs 8,700 9,570 8,700
 

1/5 one time $ furniture costs 3,960 3,960 3,960
 

1983 Average Annual $ Cost $1"0,60 $ 260,630 $ 157,860
 

Escalate at 10% per year.
 

1"984 Average Annual $ Cost $110,176 $ 286,693 $ 173,646
 

1985 -do- 121,194 315,362 191,011
 

1986 -do- 133,313 346,899 210,112
 

1987 -do- 146,644 381,588 231,123
 

1988 -do- 161,309 419,747 254,235
 

8. 1983 Pakistani rupee costs basis Rs13.00 per $1.00
 

PSC Private Firm PASA
 

Annual In-Country Travel Rs. 98,040 Rs. 98,040 Rs. 98,040
 

" Home Office Backstopp-
 44,676 44,876
 
ing.
 

Annual Housing Cost 233,000 233,000 233,000
 

,' See memos July 2, 1981 from G.R. Van Rgalte, ASIA/PD 
Subject: A/AID Request for Project Papers and
 
February 21. 1983 from USAID/PDM - Linda N. Lion
 
Subject Preparation of Project Financial Plans and Budgets
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PSC Private Firm PASA 

Annual Secretary, Driver, Rs 118,000 Rs 118,000 Rs 118,000
 
Telephone etc.
 

1/2 one time travel and 265,627 265,627 265,627 
moving costs 

1/5 one tim housing and 89,460 89,460 89,460 
office costs 

1983 Average Annual Cost Rs 804.,127 Rs 849,003 Rs 849,003 

Escalate at 10% per year. 

1984 Average Annual Rupee Rs 884,540 Rs 933,903 Rs 933,903 

Cost 

1985 -do- 972,994 1,027,294 1,027,294 

1986 -do- 1,070, 293 1,130,023 1,130,023 

1987 -do- 191779322 1,243,025 1,243,025 

1988 -do- 1,295,055 1,307,328 1,307,328 

C. Program Assistants
 

Assume Pakistan FSN Grade 12 Step 12 and add 15% for payroll costs. 

Rs 1'61,255 Per Year X 1.15 - Rs. 185,443 

Escalate at 10% per year. 

1984 Annual Cost Rs. 203,987 

1985 -do- 224,386 

1986 -do- 246,824 

1987 -do- 271,506 

1988 -do- 298,657 
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D. Cost Per Long Tem Advisor
 

1. Consultant/General Advisor
 
57 Months from July 1,1983
 
Assume 8A Contract at 33% above
 
PSC for dollar cost.
 

Dollar Rupu Program Total
 
Cost Cost . Asstt.Rs. $ Egu~v.
 

1983 1 year x 1.33 for $ 68380 402.063 92,721 106,440 

1984 1.33 x $ 146,530 884,994 203,987 ?.30,300 

1985 1.33 x $ 161,190 972.P94 224,386 253,300 

1986 1.33 x $ 177,306 1,070,293 246,824 278,620 

1987 1.33 x $ 195,036 11,177,322 271,506 306,480 

1988 1/4 yesr x 1.33 x $ 53,634 323,763 74,664 84,280 

802,076 4,831,428 1,114,088 1,259,420 

2. Advisors to Energy Analysis Group. U.S. Firm
 

a. Team Leader 36 months fron Jan. 1.1984
 

1984 $ 286,693 Rs 933,903 Rs 203,987 $ 374,223
 

1985 315,362 1,027,294 224,386 411,645
 

1986 346,899 1,130,023 246,824 452,810
 

$ 948,954 Rs 3,091,220 Rs 675,197 $1,238,678
 

b. Manpowers Needs Assessment Advisor 12 Months
 

Say for 1985 - $315,362 + Rs 1,027,294 - $394,385 Equivalent
 

•1'
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3. Long Term USGS Advisor - Team Leader PASA 

45 months from Jan. 1, 1984 

Dollar Cost Rupee Cost Total E uiv. 

1984 $173,646 Rs. 933,903 245,500
 

1985 191,011 1.:027,294 270,000
 

1986 210,012 1,130,023 297,000
 

1987 x .75 173,342 932,270 245,100
 

$748,111 Rs 4,023,490 $1,057,600 

4; Long Ter Coal Development Project Advisor - U.S. Firm 

a. 24 months frzm Jan. 1, 1984 

1984 $286,693 Rs. 933,903 $358,500 

1985 315,362 1,027,294 394,400 

$602,065 Rs 1,961,197 $752,900
 

b. Mine and Power Plant Managers 

18 months each from Jan. 1, 1984 

Per each, 1984 $286,693 Rs. 933,903 $358,500 

Per each, 1985 157,681 513,647 197,200 

.$444,374 Rs 1,447,550 $ 555,700 

2 x 555,724 = $ 1,111,400 

5. Energy Conservation and Renewable Energy Advisor - U.S. F'rm 
36 Months from Jan. 1, 1984 

Same as 2.a. $ 1,238,678 
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!1. Short Tern,Technical Advisors
 

A. 	1983 dollar costs of short term advisors as follows
 

PSC Private Firm PASA
 

Monthly Cost $ 7,200 S 18,800 $ 10,700
 

630 630 630 a/
Post Differential 


International Per Diem 133 133 133
 

Total- $ 7,963 $ 19,563 $ 11,463
 

1983 Rupee costs 

Monthly Cost Rs 32.500 Rs 32,500 Rs 32,500 

International Travwl 11,000 11,000 11,000 

Rs 43,500 Rs 43,5C0 Rs 43,500 

Total Monthly $ Equivalent $ tl,3t0 $ 22,910 $ 14.810 

Escalate 0% per year.
 

1984 $ Equivalent, 5 12,440 $ 25,200 $ 16,290
 

1985 $ Equivalent 13,685 27,720 17,920
 

1986 $ Equivalent 15,053 30,493 19,712
 

B. 	Cost per Subcomponent
 

1. 	 Advisors to Ener(,-Y Analysis Group 

75 FN with U.S., Firm Assume 1985 

75 	x 27,720 - $ 2,079,000
 

114 	 P11 P$C Assume 1985 

114 	x 13,685 = $'1,560,090 

Assume Average 809 of these costs (2,079,00041,560,090)x 0.8= 

2,885,000 

Assume average tour is 3 months so average post
ifferential - 10% 
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2. Coal Resource Assessment Advisors. PASA
 

87 PM Assume 1986 Costs
 

87 x 19,712 - 1,714,944
 

Assume Average of 80% of these costs
 

$ 1,714,944 x 0.8 - $ 1,344,000 

3. Coal Mine and Coal-Fired Power Generation. U.S. Firm 

Phase 1 163 PM in Pakistan. Assume 1984 costs 

163 x 25,200 - $ 4,107,600 

Assume Average of 800 of these costs
 

$ 4,107,600 x 0.84 = $3,452,000
 

Phase 1! 188 PM in U.S. Assume 1984 costs
 

188 x 20,680 $ 3,887.340 

Assume Average of 80% of these costs
 

$ 3,887,840 x 0.82 $ 3,200,003
 

4. Coal Briquatting. U.S. Firm
 

37 PM in Pakistan Assume 1985 costs
 

37 x 27,720 - $ 1,025,640
 

Assume Average of 80% of these costs
 

$ 1,025,640 x 0.8 = $ 820,000 

5. Energy Conservation Advisors
 

U.S. Firm 55 PM Assuye 1985 costs. 

55 x 27,720 z $ 1,52.,'500
 
PSC 31 PM
 

31 x 13,685 424,235 

Assume Average of 804 of these costs
 

($ 1,524,600 * $ 424,235) x 0.8 u $ 1,537,J00
 



6. Renewable Energy Advisors
 

U.S. Firm 23 PM Assume 1985 costs
 

23 x 27,720 = $ 637,560 

PSC 39 PM 

39 x 13,685 - $ 533,715 

Assume Average of 80% of these costs
 

( $ 637,560 + $ 533,715 ) x 0.0 - $931,000 

III. Summary TA Costs
 

1. Energy Planning and Manpower Development
 

Long Term Advisors (1,238,678 + 394,385) - $ 


Short Term Advisors and PSC's 


Consultant/General Advisor (prorate) 


$ 


2. Coal Assessment
 

Long Term Advisors $ 


Short Term Advisors 


Consultant/General Advisor (Prorate) 


$ 


3. Coal Mining and Coal-Fired Power
 

Phase I
 

Long Term Advisors $ 


Short Term Advisors 


Cbnsultant/General Advisor (Prorate) 


$ 
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1,633,000
 

2,885,000
 

267,000
 

4,785,000
 

1,058,000
 

I,344,000
 

182,000
 

2,584,000
 

1,864,000
 

3,452,000
 

404,000
 

5,720,000'
 } 
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Phase II 

Short Term Advisors $ 3,200,000 

4. Coal Briquettes 

Short Term Advisors 

Consultant/General Advisor (Prorate) 

$ 820,000 

61,000 

$ 881,000 

5. Energy Conservation 

Long Term Advisor (Prorate) 

Short Term Advisors and PSC's 

Consultan.t/General Advisor (Prorate) 

619,000 

1,587,000 

165,000 

2,341,000 

6. Renewable Energy 

Long Term Advisor (Prorate) 

Short Term Advisors and PSC's 

Consultant/General Advisor (Prorate) 

$ 

$ 

619,000 

931,000 

118,000 

1,668,000 



F -

Component Commodities 

FY 1983 

TA 
Long Terma- Short Term Training 

FY 1984 

Com TA Train 

FY 1985 

Con. TA Train Coat 

FY 1986 

TA Train 

1 

2 a 

b 

c 

3 a 

b 

32 

1,300 

1,546 

16 

32 

16 

900 

570 

2,070 

-

430 

430 

600 

788 

2,930 

-

320 

320 

100 

10) 

400 

-

50 

50 

,15 

1,000 

-

100 

100 

900 

400 

485 

100 

400 

400 

200 

200 

500 

-

Q 

50 

101 

200 

600 
578 

5 

282 

975 

500 

235 

366 

500 

200 

67 

96 

234 

25 

26 

150 

-

120 

-

-

507 

210 

1,410 

326 

-

415 

691 

318 

-

-

100 
-

-

123 

Sub-Total 2,942 4,400 4,958 700 1,215 2?,685 1,000 2,026 2,776 598 837 3,160 223 

Fiscal Year 
Sub-Total 13,000 4,900 5,400 4220 

Evaluation - - 100 300 

Contingency - 0 500 1,480 

Fiscal Year 
Total 1 

_ 

13,000 
_ 

Long term advisors budgeted 2 years in FY 1983 

5,000 6,000 6,000 

o r



$ & RS. COST OF COMMOPITIES FOR ENERGY PLANNING 
AND DEVELOPMENT PROJECT (391-0478) 

Contract 0 1: Cometonent-1
 

Description of Commodity 	 Year of Source/ $ Cost Rs. Cost Total $ 
Purchased Place ... . . + $ Equiv. 

(1) Vehicles 2 	 FY-83 U.S. 31,000 202,000 46,538 

(2) Others
 

- 3 mini-corputers with disc storagV line FY-OS U.S. 69,000 - 69,000
printer. CRT display A graphic capability 

- Energy analysis, data analysis and other FY-85 U.S. 10,000 10,000 
relevynt software 

- Training seminar materials FY 84-85 U.S. & PAK 15,000 100,000 22,692 

Total: -1251200 	 --2.....-02 1481230 

Contract 0 3 Component-3:(a) Conservatio Renewble 

(1) Vehicles 2 	 FY-83 U.S. 36,000 202,000 51,538 

(2) 	 Oth'ers 
- Industrial energy auditing equipent |100,000 100,000 
- Educational m~aterials for auditor training 	 3100,000 -100,000 

- Dcmonstration equipmwt, high efficiency 	 652,000 652,000 
ri-vaturs, boiler controls, foam finishing 
equipment
 

9WtM 

I
 
Cf.
 

( / -I 



$ .. .S. COSJT 0' COMMODITIES FOR £NEGY PLANNING 
AND {FVEIOPMENT PROJECT (394-10478) 

Description of Commodity Year of 
Purchased 

Source/ 
Place 

$ Cost Rs. Cost Total $ 
.+-$ EAuiv. 

(b) Renewable Energy Technology: 

(1) Others 

- Solar radiation monitoring equipment -

6 systems 

- Photovoltaic eq'ipment and instrumentation 
system 

- Smali Hydro monitoring equipment, micro-
computer 

- Hydro Test Facility 

- Turbine Unit (4) 

- Conbtu",sion Test equipment for wood stoves 

- Biogas wonitoring equipment 

- Demonstration equi. ,ient for renewables j 

FY-84 

FY 85-86 

FY 84-86 

U 

U.S. 

" 

1 

j 

90,000 

180,000 

50,000 

100,000 

40,000 

34,000 

211,000 

422,000 

-

-

-

-

90,000 

180,000 

50,000 

10,'wO 

40,000 

34,000 

20,000 

422,000 

(2) Vehicles I FY-83 18,000 101,000 25,769 

- Wood Stoves for test mirketting purpose, 
Small Hydro, Biogas and Solar etc. 

FY 84-86 PAK - --- 1,9071,000 146,692 

---------------

Total: 1,842,000 2,210,000 2,012,000 

--------------------------------------I------
I I



$ & RS. COST OF COKMODITIES FOR [NERGY PLANNING 
AND DEVELOPMENT PROJECT (391-O47) 

Contract # 2 USGS PASA 

Description of Commodity Year ofPurchased Source/Place $ Cost Rs. Cost Total S+ S Equiv. _ 

Coal Resource Assessment & Development (Component #2) 

- Equipment to Augment Core drill capability FY-84 U.S. 300,000 - 300,000 

- Geophysical Logging 1100,000 - 100,000 

- 2 Core Drills j ",000,000 - 1,000,000 

- Analytical Lab equipment U 495,000 - 495,000 

- Coal petrography a 95,000 - 95,000 

- Geodata centre equipment a 50,000 - 50,000 

- Photogrammetric equipment 100,000 - i00,000 

- Publicatinn Support equipment 100,000 - 100,000 

- Aerial photography equipment U 220,000 - 220,000 

- Geophysical Survey equipement a a 130,000 - 130,000 

- Rapid Surveying Equipment a 25,000 - 25,000 

- Text Book and manuals FY 84-88 a 5,000 - 5,000 

Total: 2,620,000 - 2,620,000 

---------------------------------------------------------------- ----------------

9D 

0 M 

co 
-' 

€C 
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A') L)VL.OPPFNTh.JJCT (31 I-04/8) 

Contract # 3: Lakhra Coal Project 

Description of Commodity Year of Source/ $ Cost 
Purchased Place 

Phase-1 

FY-83 Japan/Pak 73,000
(1) Vehicles 4 


(2) Others
 
U.$. 400,000- Environmental Sampling 

600,000
- Demonstration mining equipment FY-85 6 

- Coal Analysis and rock'& coal testing FY-83 " 166,700 

- Aerials photographs & raps Pakistan 

- Trutk mounted drill & accessories U.S./Pak 460,243 

a 143,000- Geophysict] lagging truck 

FY 83-84 250,000- Mine camp equipge.t, Generator, 

Coo.utnications equipment, Household,
 
Shop and first aid equipment. 


PAK 
- 4000 gal. tank Tvjck FY-84 


Total: 2,092,9-3 


Rs. Cost 


404,000 


-
-

-

1,000,000 


224,000 


124,000 


a/4,000 .000 


b/,,000


I 
J 3,752,000 

Total $ 
+ $ Equiv. 

104,076
 

400,000
 

600,000
 

166,700
 

76,923
 

477,474
 

152,538
 

403,846
 

2,381,557
 

Note: a/ 50% of the Rs. cost i .e.%.2,000,000) will be provided by COP and. 50% from project. 

b/ The total cost for tank truck will be provided by GOP 

So a/ & bi are not included in the total Rs. cost~funded by proect. -



b .& 4;rOST -")I ,,fi! C ":.,ii. CL.. IiL ,.,',t.i,G 
A';D DVELJPVIENT PRO iLCT (39134 7b) 

Description of Commodity Year of 
Purchased 

Source/ 
Place 

$ Cost Rs. Cost ITetal $ 
I+ $ Equiv. 

Coal Briquettes 

(1) Vehicle 1 (4wheel drive vehicle) FY 85-" U.S./Pak 18,000 ,01,690 25,769 

(2) Components for a 25 ton per day coal FY-166 U.S./Pak 502,000 q2,000 568,307 

brequetting plant 

Total: 52o o 963,000 594,077 

41
 
0 

I o 
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Cwtract Mi S & Is (S equivalent) 	 Cost for Trai ing wder Energy Planning sqmd
 
Developm nt Project (391-0475)
 

1.e nalys I Phpower 2!Xftopu~nt( 

Dr f o.q Tot'al stf/ 

Type of CaJrsa Pla - Total Po.oI Proof f ztZi P!.ect os Total Total Cost
Toa .If s.- s So-MUJ,i - r-Girscs vi pi Cos. p"VI!S Cost $*Sequivalent 

wwIn Each) F.-I-ti	 j 
Short Te i U.S. 25 0 FY a# K5- 2vo 0i2 N%. 3,4, 266.755 338 663 

1.n-caL-try Ric-t Vems P"t FTOPA-8 I'saL 20 Pee NOiA %A,89V1.35V - - f.4,890 357 
Training 	 "d ay0 

Pa. . ,t, per 
cwIise .n, 

Short Tem Training 1 U.. 24 	 FY M-87 j aNt's fzr 32 500 .I0l7?3,40{ 496,950 S 577,209 

Participan~ts II 

Short Term T-a-t!ing h 
iO 	 600I________________ a s ~2actec {Rs.86.TS5 j794e SHIM1S ~ ~ ~ ~ ~ wh________each 13,120__ 



S & Rs (S equivalent) cost for Training under Energy Planning and
 
¢cntract # 2 Ovz1opont Project (311-0478)
 

Coal Rescur Assesment a Dmalmmt
 

of t1it S.C TOt COt/ Total CostType of Courses Place Total No.of Total Wo.of Prcqosed M-ration eI st/ ft. Totl S 
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PRELIMIN&RY ENVIRONMENTAL ANALYSIS OF 

1. Poluio Cn rol Uiementm 

Economic growth in Pakistan will require increased
 
energy production for industrial facilities and tranaportation.
 
The increased use of coal will require appropriate
 
environmental planning and environmottal controls to 
mitigate ucccptable environmental impacts. Some
 
potentially deleterious impacts associated with increased
 
coal use are disruption of traditional land uses (such as
 
agricultural areas appropriated for mine development),
 
high localized concentrations of air pollutants such as
 
sulfur dioxide, dust, and nitrogen oxides, and cooling
 
water impacts on fisheries and the like.
 

The extent of control systems that Pakistan can Lfford
 
is an important issue since adequate attention must
 
be given to matters of public health, national economy,
 
and worker safety. It should not be assumed that Pakistan
 
needs aontrol programs analagous to those utilized in
 
highly industrial countries. Nevertheless, adequate
 
enivironmental protection as a design consideration in
 
new industrial facilities will be beneficial in the long-

term to Pakistan.
 

In Pakistan, no environmental standards have been
 
established to protect the health of the people and to
 
ensure clean air or water. The greatest pollutant today
 
is vehicular exhaust, particularly in congested areas.
 
Some pollution is also generated by cement and scattered 
chemical plants, but there are no programs to check 
emission levels or ground level considerations. 

An Environmental Protection Division recently set up within
 
the Go rrniment of Pakistan has circulated draft legislation
 
for conments to those agencies in the country which are
 
nroducing -r using energy. This draft legislation will
 
receive careful scrutiny by the GOP before it is passed.
 

The Asian Development Bank advised the project design
 
team that it does not require an environmental assessment
 
or specific emisaion/effluent guidelines as criteria for
 
project funding. However, the ADB recommends incorporation 
of World Bank emissionf'effluent guidelines into facility 
design to mitigate potential environmental impacts caused 
by the project. 
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The World Bank's Office of.Environmental Affairs (OEA)
 
evaluates the adequacy and effectiveness of pollution
 
control measures taken by developers of industrial
 
projects seeking World Bank funds. Both environmental
 
effects and worker health and safety are considered. 
The OEA's Environmental Guidelines (March 1981) provide 
an overview of specific pollutants and/or industries.
 
They are intended to be flexible enough to allow site-

specific application. The guidelines describe permissible
 
pollutant levels but allow for some deviation from these
 
levels if local conditions warrant.
 

No environmental guidelines have been developed by the
 
World Bank specifically for steam electric generating
 
plants although cpecific occupational health and nafety
 
guidelines do exist. In pollutant-specific guidelines,
 
one set of standards is usually provided which does not
 
vary depending on the industry producing the pollutant.
 
Therefore, judgement must be used in applying the standazds
 
to a particular project. Finally, there are many
 
environmental considerations which are noted, but for
 
which no numerical standards have been developed. Such
 
factors will guide design and construction efforts and
 
will result in some additional cost to the project. In
 
general, however, they represent small costs relative to
 
total project cost.
 

Environmental guidelines which are relevant to the Lakhra
 
project include: Dust Emissions; Effluents, Disposal of
 
Industrial Wastes; Effluents, Liquid, Land Disposal, and
 
Treatment; Electrostatic Precipitatorst Mining - Strip
 
(Surface)i Mining - Undrerground (Coal); Noise; Secondary
Environmental Effects; and, Sulfur Dioxide Emissions 
General Pollution by SO2 . 

In accordance with requirements of the Foreign Assistance
 
Act, A.I.D. established procedures to ensure the integration
 
of environmental fdctors into the decision-making process.
 
These procedure (22CFR216) also are consistent with
 
Executive Order 12114 and implement the requirements of
 
the National Environmental Policy Act. It is important
 
to note that these procedures are for A.I.D. use ane,
 
therefore, not directly applicable to a developai. They
 
do, however, indicate the kind of environmental information
 
to be conoidered by A.I.D. for activities which it
 
finances.
 

No design criteria or performance standards are established
 
under A.I.D. procedures. A.I.D. projects must incorporate
 
environmental review and assessment into the facility
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planning, siting, and design process. Environmental
 
considerations have been integrated into project planning.
 
This meets the intent of A.I.D. procedures. World Bank
 
Guidelines alone result in the proposed design of
 
environmental controls and will more than conform with
 
A.I.D. guidelines.
 

2. Environmental Criteria
 

Since the Government of Pakistan has not yet established
 
environmental standards, and the possibility exists of
 
project funding (in part) by the World Bank, World Bank
 
emission/effluent and impact guide''ines have been used
 
to the extent possible to identify principal environmental
 
control items and their cost. In a few cao, more 
stringent EPA and other guidelines have also been applied.
 
The following sections briefly discuss the environmental
 
standards or design criteria applied to the conceptual

designa of vhe -in- and power plant for the Lathra/Jamshoro
 
proj ect.
 

a. Power Generation 

Environmental guidelines for power plants cover all 
significant environmental impacts. Potential impacts can 
result from air ernissiorke, liquid affluents, solid wasce, 
noise, and secondary factors such as population influx, 
social service demands, and additional water consumption. 

i. Air Emissions
 

Air contaminants are formed by thermal oxidation
 
of fuel impurities, such as sulfur and nitrogen, and through
 
incomplete combustion of the fuel source's carbonaceous
 
matter. Other fuel impurities, for example trace metals,
 
are additional sources of atmospheric pollution. Emissions
 
of particulate matter from coal-fired generating stations
 
also occurs as a result of handling of the fuel and from
 
wind erosion of the storage piles.
 

The primary direct emissions from a thermal power station
 
include sulfur and nitrogen oxides and particulate matter.
 
As the plume from the smoke stack disperses, chemical
 
transformations of many of the stack contaminants take
 
place, lesding, for example, to formation of secondary

pollutants such aa sulfates, nitrates, and so-called acid
 
rain.
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Two types of air quality standards apply to power plant or
 
coal mine facilities: emission and ambient standards.
 
Emission standards apply to allowable concentrations at
 
a source of the emission whereas ambient standarda apply
 
to the allowable concentrations of the poll'tant at ground
 
level, 'orld Bank GCidplinas heve been established for
 
only two pollutants: dust (particulates) and sulfur
 
dioxide (SO.). No criteria have been suggested by the
 
World Bak Eor oxides or nitrogen emissions. Consequently,
 
NO2 emissioni and impact were not addressed as part of
 
this study. Both particulate and sulfur dioxide standards
 
are considered to be achievable at reasonable costs by
 
readily available control procedures.
 

Ambient standards reconmended by the World Bank for dust
 
(particulates) are presented in Table 1. Bank recommendations
 
are baded on the estimate that adverse human health effects
 
begin when dust concentrations exceed 80 micrograms per
 
cubic meter (ug/m3) annually. Adverse effects on materials
 
and vegetation can begin at annual levels of 60 ug/m 3 .
 

TABLE 1
 

WORLD BANK AIR POLLUTION GUIDELINE STANDARDS
 

Stack Ambient Air
 
Emission QualityStandards
 
Standard -2WrA V
 

Pollutant 	 Source (m/ms) (u2/n110) (ugm 3) 

Dust Stack 100 500 100
 
(Particulates) Outside Plant Fence 150 500 260
 

SO, 	 Inside Plant Fence - 1000 100 
Outside Plant Fence - 500 100 

Dust Coal Preparation Plant - 260 75
 
(Outside Mine Fence
 
at Ground Level)
 

To meet the guidelines, pollution controls such as electro
static precipitators (ESP) are suggested. The required
 
control. efficiency of such a device is determined tbrough an
 
atmospheric dispersion modeling analysis to relate the
 
facility's emissions to resultant ground level impacts.
 
World Bank requirements also limit these emissions to
 
100 mg/m3. However, a stack emission concentration of
 
150 mg/m is acceptable under the guidelines if the plant
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is located in a rural area such as Jamshoro, where the
 
dust concentraticn at grotuad level'inside the plant fence
 
is within World Bank Guidelines, anT0 e maximum annual
 
concentration outside the plant is less than 260 ug/m3.
 
The former (150 mg/= 3) was eelacted as the design basis.
 
Compliance with sulfur dioxide is also determined through
 
an atmospheric dispersion modeling analysis.
 

Included as a factor in the dispersion modeling analysis
 
is the height of the facility's stack. The EPA's regulations
 
require that this height should correspond to Good Engineering
 
Practice defined according to Section 123 of the Clean
 
Air Act Amendments of 1977 as, "The height necessary to
 
insure that emissions from the stack do not result in
 
excessive concentrations of any air pollutant in the
 
immediate vicinity of the source as a result of atmospheric
 
downwash, eddies, and wakes which may be created by the
 
source itself, nearby structures or nearby terrain
 
obstacles." This definition identifien the minimm stack
 
height at which significant adverne aerodynamic effects
 
are avoided, This criterion was adopted in this project
 
to establish the minimum height of the stack.
 

Required SO2 emission reductions can be achieved by control 
techniques such as flue gas desulfurization and coal
 
washing. Increasing stack height raises the pollutant
 
discharge point and, in turn, reduces ground level
 
concentrations.
 

ii. Liquid Effluents
 

The use of coal for generation of electricity 
will produce waste water associated with the disposal of 
ash and other solid wastes. Waste waters vary in quan~i.ty, 
quality, and the amount of treatment required for either 
reuse or discharge. 

The World Bank effluent cziteria along with U.S. standards
 
are shown in Table 2. These standards represent limits
 
which, in the judgement of the project design team,
 
provide reasonable protection of ground, surface, and
 
drinking water supplies in the project area. In each
 
case, effluents can be collected and treated by a
 
variety of available methods to achieve the stated limits.
 

In addition to chemical characteristics of liquid effluents,
 
waste heat generated by the operation of various water-

cooled equipment must also be considered. The general
 
guidelines for World Bank projects will be conditionally
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TABLE 2
 

RECOMMENDED 'EFFLUENT'LIMITS: 'POWER:GENERATION
 

1. Rainfall runoff from the coal pile and
 

the solid waste disposal area:
 

Total Suspended Solids (mg/1) 


pH 	 6-9
 

2. Equipment leaks, demineralizer regenerations,
 
system blowdowns (boiler and bottom ash),
 
and floor drainage:
 

Oil and grease (mg/i) 	 20
 
pH 6-9
 

Total Suspended Solids (mg/i) 30 avg
 
100 max
 

3. Equipment cleaning wastes (air preheater,
 
boiler, chemical cleaning, etc.):
 

Total Suspended Solids (mg/l) 	 30 avg
 
100 max
 

Total Iron (mg/i) 1.0
 

Total Copper (mg/i) 1.0
 

pH 6.9
 

adopted wherein the temperature of the diluted effluent
 
should not be more than 3C higher than that of the
 
receiving waters except within a mixing zone defined on
 
a case-by-case basis. However, if the receiving water
 
temperatures are determined to be 28'C or less, the
 
guideline allows the diluted effluent temperature to be
 
a maximum of 5*C above that of the receiving waters except
 
within a mixing zonae, also defined on a case-by-case basis.
 
This guideline would apply to the use of water from the
 
Indus River. An alternative procedure is offered in the
 
guidelines whereby a maximum allowable stream temperature
 
is calculated from the optimum and lethal temperatures

for potentially affected species. However, absence of
 
any data on authentic currently occuring species in the
 
Indus River and their thermal tolerances precludes the
 
use of this option.
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iii. Solid Wastes
 

Solid wastes which will be produced from the
 
combustion of coal include furnace bottnm ah, economizer
 
hopper and fly ash, and a small amount of raw water and
 
waste water treatment: sludges consiating priwariiy of
 
chemical precipitants. Assuming an ash distribution of
 
70 percent fly ash and 30 percent furnace bottom ash,
 
the annual ash production from a 600 W plant has been
 
estimated to be 395,000 tons/year of fly ash and 170,000
 
tons/year of bottom and economizer ash vhen 2.8 million
 
tons of coal is burned per year. These wastes require
 
proper disposal to avoid contaminating nearby watercourses,
 
groindwater, and the air.
 

The design and operation of the ash and sludge landfill
 
should minimize environmental effects. In gunzal, a land
fill (or ash deposit yard) will be located above the
 
100-year flood plain, if possible, and constructed so that
 
runoff of rain water from uncontaminated areas cannot
 
occur. The active areas of the landfill will be kept as
 
small as possible to reduce the amount of contaminated
 
runoff. Temporarily and permanently finished areas of 
the landfill will be covered with soil suitable for 
growth of vegetation to both minimize contaminated runoff 
and fugitive dust emissions. Runoff from active portioris 
will be collected via ditches in a runoff collection pond
sized for at least a 10 year-24 hour storm event. Runoff 
will be treated for suspended solids and pH, if required, 
before it. is discharged. he landfill may require a 
bricklining or an alternative liner, depe.nding on the 
quality and location of groundwater. 

iv. Noise
 

Acouctical noise controls are recommended in
 
order to minimize annoyance to people living in the area
 
(property line sound level) and to minimize employee
 
hearing loss (occupational noise exposure). Noise
 
criteria were developed through consideration of the
 
World Bank Guidelines, the engineering feasibility
 
of meeting the criteria, and the occupational noise
 
exposure criteria of the U.S. and European countries.
 

A noise criterion of 55 decibels (dBA) is recommended for
 
the nearest residential area in accordance with the World
 
Bank Guidelines. This level will protect against outdoor
 
speech interference and will minimize, although not
 
necessarily eliminate, annoyance. Since uncontrolled
 
sound levels from the coal-fired plant could be 65 dBA
 
at 300 meters, either a considerable distance betweeti
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the plant and residential property llne (which can be 
determined through noise propagation modela) or exterior
 
noise controls will be necessary to achieve the noise
 
criterion.
 

An occupational noise exposure c'eiteria goal of 85 dBA with 
a maxinum level of 90 diA is recomended to minimize the 
potential loss of emple'yse hearing. This level represents 
a compromIse et,eern Wol Bank recomaendation of 
75 dBA for an 8-hour work da[ which protects employees

from all hearing foes, nad the engineering feasibility 
of achieving these level . The sound levels in power
plants are typically 90-100 dBA without noise mitigation.
These levels can be reduced to 85-90 dBA with a moderate 
amount of noise con:rol eierugo The 85 dBA criteria 
level is used by many 5urvpean ountrie.a Although the 
United States Occupjtional 'S°fety =nd Health Administration 
standard allows cont i.uuouG exposure to 90 dBA for an 8-hour 
period, the 85 dBA riri offers vignificantly better 
protection. The co: of noise contrcl engineering would 
be expected to be approxima_,ly, 1 peoccent of the cost 
of the plant. 

v. Secondary Effects
 

As a result of the infl, of construction and 
operating personnel and tho pfesence of the power plant,
significantly higher demands wi1 be made on local services 
such as water supply, powe"-r hokpitals, police, and food 
supply. Planning should take place early in project
development to anticipate and provide for these new 
der,ands. The actual means taken to mitigate potential
impacts will depend or local standarda. in general, urban 
areas tend to be less affected by these new demands than 
are rural, undeveloped regions of a country. 

b. 'oal Production 

Environmental guidelines for strip mines (open pit)
deal primarily with sediment and erosion control. In 
addition, noise, dust, and secondary effects should also 
be considered. For underground mines, dust, mine drainage, 
solid waste, and secondary effects can require control 
Similar factors are relevant to coal preparation plants 
if steps are taken to wash or treat coal before being 
used in a boiler. 

i. Air Emissions
 

Dust generated by construction arid operation of
 
the mine contributes to ambient levels of suspended

particulates and other constituents associated with the
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dust. The World Bank cites EPA guidelines for avoiding
 
effects of duot (260 ug/M3 maximum 24-hour concentration,
 
no more than once a year) and suggests ambient guidelines
 
of 100 ug/m 3 measures as an annual geometric mean and
 
500 ug/m3 as a maximum 24-hour concentration. The impact
 
of emissions from coal preparation plants should be limited
 

3
to 75 ug/m (annual geometric mean) and 260 ug/ms (24-hour 
maximum) outside the mine fence at ground level. No 
guideline is given for dust in the underground mine, but 
dust suppression by conventional methods (water sprays) 
is anticipated. Similarly, conventional, relatively 
inexpensive methods will be implemented to control 
fugitive dust from the coal transfer operation and the 
coal preparation plant. These methods include partial 
or full enclosure of the conveyors, water sprays, baghouses, 
oz other dust collection devices. Monitoring of dust 
concentrations is suggested by the Guidelines, but 
monitoring other than to ensure worker safety is probably
 
not warranted for the mine site, given its remote
 
location and the sparse population at Lakhra.
 

ii. Liquid Effluents
 

The World Bank has established effluent quality
 
limitations for both surface and underground mines. These
 
limitations for the quality of runoff and drainage from
 
surface mining operations are 30-100 mg/l per total
 
suspended solids, 4-7 mg/I for total iron, a pH of
 
from 6 to 9 and alkalinity greater than the acidity.
 
Monitoring of these effluents other than for use in
 
defining operating procedures is not anticipated as
 
effluents should.be limited in quantity and readily treat
able to achieve guideline values.
 

Acid mine drainage for underground mines and coal
 
preparation plant effluents are subject to similar
 
limitations and are 70 mg/i for total suspended solids,
 
4 mg/l for total magnesium, 6 mg/I for total iron, and
 
a pH range of from 6 to 9.
 

iii. Solid Waste
 

Overburden initially removed from surface mines
 
or the tunnels of underground mines and refuse from coal
 
preparation plants represent a volume of material to be
 
stored or permanently disposed of on land near the mine
 
site. The potential for leachate and surface runoff will
 
be monitored and care taken to avoid pollution of surface
 
or groundwater. Placement and design of the disposal
 
area provide opportunities to mitigate potential impacts.
 
Surface drainage will be treated, if required, according
 
to liquid effluent guidelines.
 

/ 
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iv. Noise
 

Given the nature of the proposed m.e site, noise
 
consicrations are related primarily to occupational noise
 
exposure. Residential exposure vill only become a
 
consideration if residential developments are established
 
for workers close to the mine boundary. Based on the
 
assumption that residences are not located close to the
 
mine, the criteria recormended for the plant, i.e., the
 
goal of 85 dBA for worker exposure, are recommeded.
 

v. Reclaftation
 

The extent of the reclamation effort will be
 
sufficient to permit further agricultural use at some
 
future time. Reclamation will include restoration of
 
basic contours and will be performed within 3 years of
 
mining as suggested in the World Bank Guidelines. In the
 
case of Lakhra, restoration of the disturbed land will be
 
analyzed carefully because the area is practically a desert
 
with few inhabitants.
 

vi. Secondary Idpacts
 

Consideration of secondary impacts involves
 
planning for people and their needs. Particularly in
 
remote areas within a significant socio-economic structure,
 
the area can be overwhelmed by the influx of workers,
 
their families, and associated personnel. Basic housing
 
and service needs are immediate and evolve over the
 
project life. Planning, based on the local society
 
standards, will be undertaken to satisfactorily deal
 
with the many potential concerns.
 

3. Recommended Air Pollution Control
 

As discussed above, the World Bank has established
 
Guidelines with respect to air pollution emissions and
 
air quality impact for projects it supports. A preliminary,
 
conservative atmospheric dispersion screening analysis
 
was performed to provide an estimate of t'le control
 
requirements necessary to comply with these guidelines.

The specific objective of the analysis was to determine
 
the necessary controls, if any, to preclude adverse
 
ambient particulate and sulfur dioxide impacts from thp
 
power plant stack. These two major pollutants are discussed
 
in some detail below.
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a. Particulates
 

Since the proposed plant is to be located in a rural
 
area, the emission limit of 150 mg/3 was used. An analysis
 
was made to determine whether this rate is adequate to
 
achieve compliance with the allowable ambient particulate
 
concentrations shown in Table 1. The EPA screening model
 
PTPLU was executed with hypothetical meteorological data
 
to estimate maximum 1-hour particulate concentrations 
in the vicinity of the project site. EPA reconmends
 
that a factor of 0.4 be applied to the 1-hour
 
concentrations to estimate 24-hour values. The dust
 
particles existing naturally in the area, whose
 
concentrations can vary widely during dust storms, have
 
been ignored in the calculations, Trhe PTPLU modeling
 
analysis indicated that the highest ground level
 
particulate concentration associated with the 150 mg/m 3
 

s
emission limit would be 22.5 ug/m (24-hour average),

which is well below the World Bank allowable ground
 
level concentration limit of 500 ug/m (outside the plant
 
boundaries).
 

b. Sulfur Dioxide
 

The World Bank Guidelines specify ambient standards
 
for sulfur dioxide; there is no emission rate requirement.

Uncontrolled sulfur dioxide emissions are estimated to be
 
17.2 poinids per million Btu, based on an average sulfur
 
concentration in the Lakhra woal of 5.88 percent. This
 
rate was used as an input to PTPLU to estimate the highest
 
1-hour sulfur dioxide impact from the plant in the
 
project area. The EPA factor of 0.4 was applied to
 
these predictions to estimate 24-hour concentrations.
 
The analysis excludes consideration of the variability

of sulfur in coal. A zero sulfur dioxide background was
 
assumed in the analysis, due to the undeveloped nature
 
of the site.
 

According to current EPA guidelines,'the highest
 
concentration predicted by PTPLU is used as the worst
 
case concentration. Thus, as shown in Table 3, stability
 
Class A at a hypothetical wind speed of 0.61 meters
 
per second, which is considered to be unusually low,
 
would suggest a maximum 24-hour ground level concentration
 
of 2,462 micrograms per cubic meter. If this condition
 
actually occurred, a stack gas cleanup system with an
 
80 percent removal efficiency would be required to
 
achieve compliance with the World Bank 500 ug/m3 guideline.
 
However, persistence of stability Class A, the most
 
unstable mixing class of the atmosphere, for a 24-hour
 
period is highly unlikely. Thus, a more representative
 

A 
rr 
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TABLE 3
 

UNCONTROLLED SO, ABIENT INPACT CONCETRATI0N '(PTPLU/SW C)
 

Stability Wind Speed 24 Hr Concentration Distance
 
(?n/) 4R/~')(kcm)
-

A 0.61 2462 1.68
 

D. 3.11 205 29.94
 

D 6.22 226 17.51
 

stability class, the so-called condition (D), was selected
 
as the basis for estimat.ig worst case 24-hour impacts.
 
The results of this analysis are also shown in Table 3
 
for wind speed conditions of approximately 3 meters per

second and 6 meters per second nd are well below the
 
World Bank's ambient guideline. Therefore, based on this
 
preliminary screening analysis, no sulfur removal systems

should be required for the Lakkra facility.
 

The study performed for WAPDA by JICA recommended use of
 
a flue gas desulfurization system with a 90 percent removal
 
efficiency to treat 50 percent of the flue gas. The
 
maximum ground level concentration in that analysis was
 
predicted to be 377 micrograms per cubic meter, only
 
slightly above the U.S. ambienL 24-hour standard of
 
365 micrograms per cubic meter, but well below the
 
World Bank Guideline of 500 micrograms per cubic meter.
 
The results of the JICA analysis are shown in Table 4.
 
The atmospheric stability class actually used was not
 
provided in the JICA report; however, the study was most
 
likely performed for the D stability case.
 

JICA design parameters were also included in the PTPLU
 
dispersion.model to determine whether any difference in
 
impact predictions would be achieved using this more
 
current atmospheric dispersion modeling procedure than
 
that employed by JICA. The maximum predicted concentration
 
for the facility using the PTPLU model with the Japanese
 
design parameters, is 155 micrograms per cubic meter
 
(see Table 4), which again is considerably lower than
 
the Japanese estimate of 377 micrograms per cubic meter.
 
Diffirences occur in the dispersion model predictions
 
because more current assumptions with regard to atmospheric

dispersion techniques are incorporated in the EPA model.
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,JICA"DESIGN PARAYMTERS: AI ITY 'IMPACT ANALYSES
 
JICA
 

Wind Speed 24 HT Concentration Distance.... ' ', 10 Y.. . .. 
SBtability 0kn 

3 210 29.6
 

6 377 13.9
 

SANALYSIS 

D 3 80.4 47.08
 

D 6 131.1 22.85
 

D 15.01 155,0 11.24
 

In summary, no flue gas deaulfurization is fotund to be
 
necessary at this time. However, space for such a system
 
will be set aside, pending a more tohorough and comprehensive
 
dispersion modeling analysis and field measurement program.
 
A scrubber would be required if the 3-hour U.S. ambient
 
air quality standard is used ae the design basis.
 
Consideratian for the ramiflicatione of operation of a
 
future flue gas desulfurization system will also be
 
considered in the design of the waste water treatment
 
and ash handling sys'tems and the waste dispogal area.
 

c. fmbient Motitorn System 

An ambient monitoring system will be established
 
to determine current background air quality levels at the
 
plant site. This baseline will be used to determine the
 
actual impact of the Lakhra facility. The recommended
 
network will consist of two to four fully equipped
 
ambient monitoring stations capable of continuous
 
measurement of sulfur dioxide, particulate matter and
 
oxides of nitrogen at predetermined places. A single

fully instrumented meteorological station will also be
 
established at the site to obtain site specific data for
 
use in future impact analyses.
 

2?Cl
 



AIR QUALITY ANALYSIS SUMMARY
 

World Bank Guidelines 

Site Emission Ambient Air Quality Stnd 


Pollutant Categorization Standard " 24 Hour Annual, 

1mg/rn3) PO7P) 


POWER PLANT
 

Particulates Urban 100 500 100 


Rural 150 500 260 


SOd Inside Plant Not 1000 100 

Fence applicable 


Outside Plant Not 500 100 


Fence applicable 


MINE
 

Particulates Outside Mine Not 250 75
 
Fence at ground applicable
 
Level
 

WAPDA/PNDC/SWEC JiCA
 
Highest Predicted Highesi-V-edicted
 

Emissions 24 Hr Ambient Conc 24 Hr Ambient Conc
 
(mg/nm3) (mg/m3 (mg/m)
 

Not Not Not available
 
applicable applicable
 

150 22.5 Not available
 

Not Not Not available
 
applicable applicable
 

Not 226 Without FGD 377
 

applicable With FGD 207
 

"Li 



ANNEX H
 

Page 15
 

TABLE 6
 

RECOMMENDED 'EFFLUENT LITS: SURFACE 'MINING 'OPERATIONS 

Total Suspended Solids (mg/i) 30-100
 

Total Iron (mg/i) 4-7
 

pH 	 6-9
 

Alkalinity 	 Greater than
 
the acidity
 

Soluble Toxicants 	 None
 

'TABLE 7
 

RECOMMENDED EFFLUENT LI.MITS: 'UNDERGROUNDMINING
 

OPERATIONS/COAL PREPARATION PLANT
 

Total Suspended Solids (mg/i) 70
 

Total Magnesium (mg/i) 4
 

Total Iron (mg/i) 6
 

pH 6-9
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DETAILED TECHNICAL ANALYSIS ANNEX
 

1. Energ nalyi nloand nt
 

National energy investment decisions should be based on a
 
comprehensive assessment of the costs tnd benefits of different invest
ment options. While the capacity to conduct such comprehensive energy
 
investment analyses is limited within the Pakistan Government, these
 
analyses have received considerable attention in the U.S. Techniques
 
used inthese analyses are ones inwhich U.S. public and private
 
organizations have many years of experionce. This component will thus
 
be using approaches known to be technically feasible.
 

The present energy analysis activity in Pakistan being undertaker= by
 
IEDC makes use of the Reference Energy Systtyi (RES) model which, in its 
most basic form, can be used as a hand-anipulated mathod of displaying
 
energy supply-demand balances. This model will be used as the starting 
point for developing a GOP analysis capability. More sophisticated
 
analytical methods may be used as both the experience of the Energy
 
Analysis Group increases and the data base becomes better established.
 
Enar-.Petrotech, an analysis group within the Ministry of Production, has
 
developed sophisticated energy models which will be used as well.
 

The Reference Energy System was developed in 1971 at Brookhaven National
 
Laboratory and isnow used widely inboth ineustrial and developing
 
countries. A Reference Energy System useL estimated energy demands for
 
each sector of the economy and works through energy conversion technolo
gies and fuel mixes to determine the energy resources required to satisfy
 
those demands. The graphical format for the Reference Energy System is
 
a network diagram which indicates energy flows and the associated
 
conversion efficiencies of the technologies used Invarious stages of the
 
energy production/transmission/distributon/er.d-use system. For eech
 
energy resource, the RES indicates the possible routes for the flow of
 
energy from that resource to a given demand category. Alternate paths

and branches show the possibility of substituting various resources and
 
technologies for one another. Both commercial and non-comnercial forms
 
of energy can be dealt with and centralized energy systems (such as
 
large scale electricity generation) are distinguished from decentralized
 
systems (such as small scale solar photovoltaic electricity production).
 

This model isnow well established and A,I.D. has sufficient experience
 
to use iteffectively. A major difficulty with any energy modeling
 
activity isthe tendency of analysts and policy makers to expect more
 
from the model than the quality of the data and uncertainty of future
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events sllow. InPakistan, considerable reliabledata iscollected
 
regularly by several agencies and wlli be available to the Energy
 
Analysis Group. However, the Energy Analysis Group staff as well as
 
U.S. contractors will have to exorcise caution inapplying model
 
results to actual policy making decisions.
 

A.I.D. has been involved inseveral enorgy policy analyses and invest
ment planning efforts over the past three years. This experience will
 
be applied in Pakistan to help make this component one of high techni
cal quality. In Indonesia, an A.I.D. project is supporting an energy

analysis unit within the Ministry of Mines and Energy which also serves
 
as the secretariat to the N6tional Energy Coordinating Body at the
 
Cabinet level. Work under this project has helpad to highlight the oil
 
export implications of continued high rates of growth Indomestic
 
petroleum consumption and spur a presldential decision to reduce large

subsidies and to increase petroleum product prices. A second-phase
 
project will develop regional energy supply and dewnd balances and will
 
link.these with economic growth mode s. An A.I.D. program inMorocco
 
isproviding software; hardware and training in investment planning using
 
a micro-computer. A.I.D. recently sponsored a workshop on energy plann
ing indeveloping countries that reviewed major experiences with these
 
kinds of programs. The p-oceedings of this meeting will be useful for
 
the implementation of this component.
 

The analysis techniques and decision making procedures to be used in
 
this project are, therefore, well developed and some have already been
 
used successfully in Pakistan and other developing countries. A major
 
neglected area of energy analysis isassessing the manpower implications
 
of energy programs and options. Despite the importance of good manage
ment and technical and engineering skills to the carrying out of large
 
national energy programs, this critical factor has received little
 
attention. The methodologiesvfor conducting cost-effective manpower
 
assessments are not woll-developed. Bochtel has developed a computerized
 
model that relates energy projectihns for various supply areas to catego
ries of manpower required to supply that energy. This model has been
 
applied in Egypt and Indonesia with mixed success. This project wili,
 
therefo~re, help develop and improve appropriate techniques for manpower
 
assessment.
 

As noted above, this component will finance short-term professional

development and training based on the manpower needs assessment. The
 
emphasis will be on practical training and internships with U.S.
 
industry. This approach istechnically well established. A.I.D.'s
 
Conventional Energy Training program has had considerable success in
 
arranging these kinds of programs.
 

1A
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2. Coal Resource Assessment and Development
 

a. Coal Resource Acsessmet
 

Techniques proposed under this sub-component for
 
conducting regional coal assessments are well established and are known
 
to be technically feasible. The U.S. Geological Survey has been active
 
in Pakistan since 1950 when the GSP and U.S.G.S. began a cooperative
 
program to intensify the mapping and approval of the geological resources
 
of Pakistan. Project Design Consultants from the U.S.G.S. have helped
 
design geological survey techniques for this sub-component which are not
 
only technically well establishei but which are also technically appro
priate for Pakistan. Both exploratory core drilling and geophysical
 
logging techniques are widely used in the U.S. Geochemical characteri
zation, photogrametry, and remoto sensing techniques are also well known
 
in the U.S. The project proposes sufficient technical assistance from
 
U.S. experts to ensure high technical quality for this sub-component.
 

b. Coal Development
 

i. Coal Power Generation
 

The Lakhra Coal "Study recommends designs for coal 
production and power generation facilities that substitute labor-inten
sive designs for capital-intensive ones and minimize foreign exchange 
requirements whenever practicable, These designs are technically
 
feasible and directly applicable to Pakistan. Training of operating
 
and maintenance personnel will be required to properly prepare Pakistani
 
coal production and power generation personnal to assume full responsi
bility for, and control of, the facility after a short (1-2 Yrs)
 
transition period. The Lakhra project consists of a mining complex to
 
produce an initial 1.4 million tons per year of Lakhra lignite, associated
 
infrastructure and a 300 MW power plant. The Lakhra Cool Mining and Power
 
Generation Project Review prepared by project consultants (summarized in
 
Annex K) documents the technical feasibility and elaborates on the
 
details of mining techniques and power plant technology used. Neither
 
the mining, the unit train nor the power plant technologies are currently
 
utilized in Pakistan, but are essential for developing this major domes
tic energy resource; the specific technologies selected are those which
 
are most suitable for the experience level in the country.
 

The current plan envisions Jamshoro as the site of a large Lakhra
 
lignite fired power complex beginning with one 300 MW unit. To support
 
the GOP goals of expanding thermal power generation, based on domestic
 
fuels and thus mitigating electric power shortages and balance of payments
 



ANNEX N 
Page 4 of 16 

problems due to imported fuels, a second 300 MW unit is planned to be
 
commissioned I to 3 years after commissioning of the first one. To
 
accommodate operator training, comon spare parts inventories and to
 
further dsrease costs, the second unit would be a duplicate of the
 
first unit, with the exception of the addition of some form of flue
 
gas scrubbing ifrequired by environmental observations. To accommo
date the second and future power units, the coal mining complex can
 
be expanded based on reserve drIlling results. It is also planned to
 
promote private mining in the Lakhra area by a mine demonstration and
 
encouragement program. The assured market of the Jamshcro Power Station
 
will assist in.this program.
 

The major technologies used for this power project and related techni
cal issues are discussed below.
 

(a) Coal Production
 

The major technical findings of the Lakhra review for 
coal production, preparation, and transportation facilities are as 
follows: (1) The Lakhra Review found 65 million tons of proven reserves 
recoverable by a mix of surface and under round mining methods. This 
coal could supply 510 MW for 30 Yrs; (2) Well proven reliable techno
logy isproposed for both the surface and underground mines. These 
mining methods have been used for years in the U.S. and can be adapted 
to the Lakhra area inPakistan with a minimum amount of difficulty 
(3)Current mining methods inPakistan were found to be inadequate to
 
meet the relatively large quantities tnd uniforn quality of coal required
 
by the power plant. A sufficient amount of mechanization can be
 
introduced in the new mines to meet dem&nd while employing as much labor
 
as practicable. The foll:,wing describes the coal production preparation

and transportation facilities required.
 

Coal production will come from two surface mines, located inthe east
 
and west blocks of the PMDC-investigated area, and an underground mine
 
in the central block. The surface mines can produce up to 2.5 million
 
tons per year of suitable quality coal at an average stripping ratio of
 
1:11 (stripping ratio describes how many cubic meters of rock overburden
 
which must be removed to recover one metric ton of coal, here 11 cubic
 
meters per ton of coal) or less, which was determined by the feasibility
 
study to be the acceptable economic ratio for Lakhra coal during the
 
first operations. The underground mine can produce 0.275 million tons
 
per year of suitable coal at an acceptable cost.
 

Surface mine operations will use trucks and electric shovels for over
burden removal and front end loaders and trucks for coal mining. The
 
majority of trucks employed will be manufactured inPakistan. By
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employing hybrid mining methods and by increasing the workable
 
stripping ratios from a maximum of 1:15 to 1:17 as mining experience
 
increases, the reserve base of recoverable coals increases to more
 
than 100 million tons which could supply 715 I for 30 years. The
 
underground mine will produce coal from a handloading longwall coal
 
face and a mechanized longwall face. Entry and headrift tunnels
 
will be dug partly by a continuous miner and partly by conventional
 
mining equipment.
 

The coal from the three mines will be cleaned by hand-picking. The
 
cleaned coal will be crushed to 2-inch diameter or less for transport
 
to the plant by a train over a dedicated railway 25 miles long. Rolling
 
stock will consist of one imported 2000 hp diesel locomotive and approxi
mately fifty-five 44 tG.i railcars manufactured in Pakistan. Coal will
 
be delivered in two trains per day, delivering an approximate total of
 
4000 tons.
 

(b) Power Plant
 

The major issues addressed inthe Lakhra Review
 
concerning the generation of power with Lakhra Coal are problems asso
ciated with burning the coal and the need for flue gas desulfurization
 
(FGO) equipment. The high levels of ash, moisture and low heating
 
value increase capital and operating costs of burning Lakhra coal but
 
should not directly force power plant outages. However, the high lovels
 
of sulfur in the coal and iron inthe ash can cause operating problems
 
inthe steam generator if it is not properly designed. The feasibility
 
study report concluded -chatwith-a properly designed boileroutage
 
rates would be acceptable. The potential operating problems of burning
 
Lakhra coal in a conventional steam generator can be minimized by a
 
series'of analyses and the test firing of several tons of coal by a
 
boiler manufacturer before final boiler design and manufacturing.
 
Arrangements will be made for these tests as part of Phase I of the
 
Coal Development portion of this project. The steam generator manufac
turer would use the results of those tests to develop a customized
 
design that would preclude operating problems, to the greatest extent
 
possible. Many power station boilers in the U.S. and elsewhere using
 
lower grade coals have customized designs.
 

A flue gas desulfurization (FGD) system isnot recommended initially,
 
for the following reasons:
 

(1.)The modeled smoke stack emmissions are projec
ted to be well below the World Bank established standards for SO,; and,
 

(2) The currently available FGD systems are very
 
costly, approximately $20 million and up for the proposed plant, and it
 

;V1
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isexpected, since poorer coal qualities but higher environmental
 
standards are used world wide, that new or improved FGD technologies
 
will become available with the next few years.
 

As part of this project, prior to construction of the first unit,
 
local air quality will be monitored to determine the mpact of mining
and burning Lakhra coal on the surrounding envirenant. Based on the 
analysis of the actual measurements, a decision will be made on future
 
FGD requirements of the first unit as well as of future units.
 

(c) Conclusion
 

The proposed coal mining aid power plant techno
logies are technically sound and feasible.
 

ii. Coal Briquettes
 

On a worldwida basis, millk,ns of tons of
 
briquettes are produced annually and the briquottes find a ready sale 
on the residential roarket. In Germany, the largest producer, 80% of 
the coal briquettes produced are sold to residential consumers and the 
rest is sold to Industry, InWest Britain, National Smokeless Fuels 
Ltd. produces over one million motric tons of smokeless briquettes 
per year. InQuetta, Pakistan, coal briquettos (non-smokeless) have 
been produced by PMDC since 1942; current production Isabout 10,000 
metric tons per yecr. Briquatting started inKorea in 1930 and about 
20 large briquatting plants are operating. A.I.D. has supported a 
briquetting project in India which also promotes the use of a stove 
which produces its own smokeless fuels fro(m coal. Project design
consultants visited and assessed theso briquetting activities and have 
participated directly inthe Indi&n project. The proposed briquetting 
activities will therefore build on exptrienc.e and will benefit from 
lessons learned inthese otioer countries. 

The object of briquetting is to convert a low grade fuel like Pakistani
 
lignite into one of superior quality. Lignite can be converted into a
 
hard compact fuel with a high heat value. Briquettes may also be
 
carbonized (heated inthe absence of air to drive off the coal's vola
tile gases) to yield smokeless char briquettes of still higher quality.
 
The process of briquetting consists of applying pressure to pulverized
 
coal to form a compact agglomerate. A binder material may or may not be
 
employed. Commonly used binders include coal tar pitch, asphalt,
 
starchy waste materials, molasses and cement. Briquetting of coal thus
 
involves grinding, drying, mixing with binder and pressing the coal,
 
and cooling the briquettes before loading into trucks or wagons. Project
 
design consultants estimate that a population of 10 million people
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constitutes the potential briquette market in Pakistan. This would
 
require approximately 500,000 metric tons of coal per year to serve
 
the residential and small commercial markets. This level of coal
 
production isfeasible with some improvements in current mining prac
tices and the coal briquetting plants would require an investment of
 
about $30 million. Col mining activities necessary to encourage greater
 
production are discussed under the mining subcomponent of the Lakhra Coal
 
Project. Based on experiences inother countries, the capabilities of
 
U.S. firms to design and operate briquetting plants, the large potential
 
market, and the programs developing in Pakistan to increase coal production,
 
this sub-compcnent isconsideredtechnically feasible and sound.
 

3. Conservation and Renewable Energy Technologies
 

a. Industrial Energy Conservation
 

Conservation refers to the efficiency with which energy
 
isused ina process - that is,how much energy isused to produce one
 
unit of output. This concept issometimes also called "energy intensity".
 
Itdoes not imply, inany way, a reduction inoutput. Rather, energy
 
conservation shouiJ allow higher levels of output for the same amount
 
of energy expende. The industrial sector inPakistan isan important
 
energy consuming sector, accounting for more than 50 percent of total
 
commercial energy consumption. During 1975/76 to 1980/81, industrial
 
energy consumption grew at an annual compound rate of 7.1 percent. The
 
major energy consuming industries inPakistan are textiles, cement,
 
steel, fertilizers, chemicals, brick, foods, and paper. Due to the
 
concentration of energy consumption in a few industries and even in a
 
few plants, significant potential exists for energy efficiency measures
 
to have a quantitative impact on national energy demand. (See Table I).
 

Approximately 50 percent of industrial gas consumption is in the cement
 
and fertilizer industries. Cement plants and boilers inmany factories
 
have the potential to convert to coalzandin most plants.,large amounts
 
of fuel can be saved by recycling, use of heat exchangers and more
 
efficient controls. Thus, conservation and fuel substitution measures
 
inthis sector are reasonable and practical solutions for the current
 
and projected shortage of natural gas. Energy supply-demand balances
 
prepared by the project design team indicate that improved energy
 
efficiency inthe industrial sector (both inexisting plants and innew
 
facilities) must be an important aspect of programs which address
 
future energy supply options and, in particular, to limit growth in
 
oil imports to acceptable levels.
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Table 1 

Industrial Energy Consumption
 

(Thousand Tons of Oil Equivalent - 1979/e0)
 

Energy Source Consumption 	 % of Total % of Total
 
Sector Fuel Use
 

Biomass I,322 23 16 

Coal b_/ 1,065 19 97 

0il 288 5 6 
Gas 2,640 46 51 

Electricity 393 7 42 

Inaddition, industrial energy conservation isone of the few energy
 
measures which can have measurable impacts on energy supply-demand in
 
a short (3-5 year) time frame, and mitigate the need to import oil to,
 
make up for inadequate supplies of natural gas. These observations
 
are consistent with the preliminary results of the energy planning
 
activity now underway inthe Planning Commission (with the assistance
 
of IEDC) and accordingly, the GOP isgiving increasing attention to
 
industrial energy conservation issues.
 

Energy efficiency measures can be grouped according to cost. Low cost
 
measures Include boiler efficiency testing and correction, regular clean
ing and lubrication of equipment to reduce frictional losses and careful
 
scheduling of operation to minimize idle time. Moderate levels of
 
capital expenditure are required to apply recuperators and high efficiency
 
boilers and lighting, automatic process controls and variable speed
 
electric motor drives. High cost changes include major switches in
 
processes, such as shifting from the wet process to modern dry process

kilns with preheaters and precalcining for cement making.
 

a/ Largely bagasse in sugar refining
 

b/ Principally in brick kiln industry
 

Source: A.I.D. analysis and Energy Year book 1981
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Many factors affect the feasibility and implementation of energy
 
efficiency measures. During project design the following were iden
tified as important: 1) pricing structure and energy supply;
 
2) knowledge of advanced techniques for raising energy use efficiency;
 
3) awareness of the needs for and potential benefits of industrial
 
energy conservation; 4) availability of indigenous engineering skills
 
and manufacturing capabilities; 5) capital requirements and availa
bility; and, 6) inconsistent supply of electricity. This project
 
concentrates particularly on obstacles'2,'3, and 4. In particular,
 
the project design calls for undertaking energy audits, training of
 
plant managers and planners in industrial energy conservation technology
 
and economics, and support of selected pilot plants to accelerate comn
ercial acceptance of newer technology options. These activities are
 
inten&d to support the efforts of the GOP and private sector industries
 
in accelerating the implementation of cost effective industrial energy
 
conservation measures.
 

Over the period 1971 to 1975, U.S. industry reduced its energy use by 
about 15 percent (per unit of production) by implementing improvements 
with low initial costs. Even greater savings have been achieved at 
many plants. In some cases, especially high-temperature processes like 
cement manufacture, thermal efFiciencies have dramatically increased 
from less than 20 percent to as high as 60 percent. Of particular 
importance for this project, much of the improvement in industrial 
energy efficiency has taken place over a relatively short period of 
time (about 4 years) using low capital cost measures with payback periods 
of less than 1 year. 

Japan has also made ,markable progress in reducing energy intensity
 
in industry through systematic approaches to energy management at the
 
plant and building level. In the developing world, the Philippines,
 
India, Tunisia, South Korea and other countries are carrying out indus
trial energy audits and developing tax, trade, and investment incentives
 
to improve efficiency. The Asian Development Bank has made two major
 
loans for industrial energy conservation - to South Korea and the
 
Philippines - and is considering a program in Pakistan. Prelimindry
 
results from the ADB funded program in the Philippines indicates energy
 
savings From low cost "houcekeeping" improvements might decrease energy
 
use in excess of 20 percent. This is similar to experience inother
 
developing countries.
 

In Pakistan, a wide variety of energy conservation pr&ctices are already
 
in use - from steam pipe insulation and maintenance to the addition of
 
heat exchangers to preheat feed streams as hot wastes are dumped. Plants
 
visited during project design maintained energy use records of various
 
kinds and sophistication. Substantial interest exists at these plants
 
in learning about state-of-the-art techniques and about the experience
 
of other plants in Pakistan as well as in other countries. Some
 
professional energy audits have already been made and recommendations
 



ANNEX N
 

Page 10 of 16
 

implemented. At least one private consulting firm has performed
 
energy audits. Insumary, the considerable potential for energy
 
efficiency improvements inPakistan coupled with a notable record
 
of success of relatively simple industrial conservation techniques
 
inthe U.S. and inother developed and developing countries,
 
suggests that this activity is technically feasible and sound.
 

b. Renewable Energy Technologies
 

Pakistan has a good resource base in most of the
 
renewable energy sources. Solar energy availability inmost parts of
 
the country iscomparable to the southern half of the United States,
 
The northern mountainous areas have extensive small scale hydro
 
resources which the design team estimated as being int:xcess of 90 MW
 
in one region alone. The irrigation system barrages located through
out the country have a potential for over 500 MW of small scale hydro
 
potential. Over 27 million head of cattle in the country could provide 
up to 35 million tons of cow dung for operation of digester systems.
 
Other scurces of biomass include rice husks and other agricultural
 
residues. Hoever, ,r'nd energy resources are rather limited so that 
its use would be only on a specialized local basis.
 

From a basic resources point of view, therefore, renewable energy systems
could make a significant contribution to energy balances in Pakistan, 
particularly in rural zras where cormercial fuels and electricity are 
either unavailable or very costly and triditional firewood resources 
are being rapidly depleted. Established technologies are ,vailable to 
tap these resources and the United States has considerablR expertise 
itcan apply to assist the GOP 'instrengthening its reneables programs.
 

i. Solar Heating
 

There are over 200 firms inthe United States 
manufacturing and installing solar heating systems for such varied 
applications as domestic water heating, space heating, industrial 
process heating, and commercial crop drying. Many other countries, 
notably Israel, France, Australia, Japan, artJ South Africa, also have 
extensive solar heating industries. InPakistan the DGER has already 
inoperation a 20 kilowatt solar installation and another out for bids. 
Research isunderway at the Silicon Technology Development Laboratories 
recently formed within the Ministry of Scier.ce and Tech nology. Inthe 
United States alane, over 12 million square feet of solar collectors 
were manufactured in 1902 and worldwide production exceeded iOO million 
square feet. Solar heating technology is,therefore, well-demonstrated 
on a worldwide basis and, technically, should be well-suited for use 
inPakistan.
 

,
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Most of the collectors now being manufactured are based on "flat Plate"
 
configurations. These collectors typically use a blackened sheet of
 
metal to absorb incident solar energy. Heat losses from the absorber
 
plate are reduced by placing a layer of glass (or transparent plastic)
 
over the plate and insulation behind the plate. This assembly is
 
placed in a box (usually sheet metal) to protect it from the environ
ment. Solar energy collected by the absorber istransferred either to
 
water contained intubes bonded to the plate or to air flowing behind
 
the plate. Such collectors basically use a refined form of "greenhouse"
 
effect to generate temperatures up to about 2000F, which are sufficient
 
for a wide range uf residential, commercial and industrial applications.
 
Flat plate collectors do not track the sun and, therefore, can be
 
placed in a fixed position (at a tilt of about 35OF in Pakistan) on a
 
roof or on the ground. This simple construction and operation make
 
them well suited for use inPakistan.
 

Most of the firms manufacturing solar collectors in the United States
 
are relatively small enterprises. Similarly, the relatively simple
 
solar heating technologies should-be well-suited for manufacture in
 
Pakistan by small to medium scale private sector enterprises.
 

ii. Photovoltaics
 

About six firms inthe United States fabricate solar
 
cell panels and an additional twelve firms package systems to serve
 
specialized applications. The worldwide sales of photovoltaics were
 
about 6000 kW in 1982. The United States isthe leader in this field
 
having about 80 percent of the market. The primary commercial applica
tions for photovoltaics are currently for remote communication and
 
safety equipment, cathodic protection and consumer products (watches,
 
calculators, etc.). Photovoltaic power units of I kW to 50 kW capacity
 
have been installed on a pilot plant basis to demonstrate their poten
tial for such vital functions as irrigation pumping, small scale
 
village power, and educational television. One of these pilot plants
 
is located in Pakistan (10 kW village pcwoi uit). Solar water pumps
 
are also being demonstrated.
 

A photovoltaic power system typically consists of:
 

(a) solar cell panels which currently utilize single
 
crystal silicon as the semi-conductor material which converts sunlight

into electricity (about 10 watts per square foot under clear sky

conditionS at noon);
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(b) a structure for mounting the panels and associa
ted wiring system;
 

(c) a battery storage unit to allow for limited
 
cloudy sky and night-time operation (may not be required in special
ized functions such as irrigation); and,
 

(d)-control systems to regulate solar cell array
 
voltages, battery charging rates, and dispatch to the loads.
 

Photovoltaic power units are well-suited for manufacture (at least
 
partial) and use inPakistan. System design and packaging iswell
 
within the capabilities of the Pakistani technical community. Many of
 
the subsystems such as controllers, batteries, and mounting structures
 
could currently be manufactured in Pakistan. Pakistani industrial
 
concerns can also be major participants in solar cell manufacture and/
 
or panel assenbly once the market develops to a significant levelland
 
three U.S. firms have recently announced they intend to establish
 
manufacturing operations in Pakistan. The systems are highly modular
 
and can be effectively utilized in units from 10 watts to hundreds of
 
kilowatts. This power range isof primary interest for application in
 
rural areas of Pakistan where grid extensions are very costly.
 
Photovoltaic panels use semiconductor technology to directly convert
 
solar energy into electricity with no moving parts. As a result the
 
systems are highly reliable and could be maintained by local personnel

after appropriate training inbasic operating and maintenance procedures.
 

iii. Small Scale Hydro
 

There are at least 3 firms inthe United States
 
manufacturin9 small hydro units with capacities from I kW to 100 kW.
 
Extensive commercial activity also exists inCanada, Germany, and France.
 
Inaddition, about half a dozen firms in the United States and Europe
 
offer small scale hydro units with capacities from 500 kW to 50 MW.
 
These units might be adapted for use on the irrigation system barrages.
 
Therefore, the tecnnology of both mini and small scale hydro power
 
systems iswell developed. Small scale hydro technologies have been
 
implemented on a limited scale ina number of developing countries
 
including Thailand, Peru and Nepal as well as the United States.
 

Pakistan (through the ATDO) has installed about 40 mini hydro units
 
having capacities of 5-20 kW. These units have used a design which is
 
well adapted for reliable opfration inthis small power range with
 
relatively low heads of wattr (20 feet). Inaddition, about six small
 



ANNEX N
 

Page 13 of 16
 

hydro plants with capacities from 50 to 500 kW are currently being
 
operated in the northern areas by the local development boards and
 
about a dozen others are inthe planning stage. The technology of
 
small scale hydro and micro hydro systems is,therefore, well-

developed and a substantial capability already exists inPakistan In
 
the design and use of these systems. The project includes strengthen
ing the existing technical capability in the design of small hydro
 
systems and providing assistance in developing the management infras
tructure for project implementation. All the firms inthe United
 
States making micro hydro units are sm&ll entrepreneurial organizations.

Activities in Pakistan could similarly be undertaken using the
 
machinery and assembly capabilities of local machine shops. These
 
systems could, therefore, readil.ybe largely manufactured inPakistan,
 
possibly incooperation with United States firms.
 

iv. Wood Stoves
 

Considerable expericnce has been developed in the
 
desigr of high efficiency wood stoves for use in a wide range of
 
developing countries including Senegal, India, rnd Indonesia. In
 
Pakistan, Peshawar Univertity, working with the Forestry Reserve has
 
developed a prototype wood stove. These stoves, fabricated from
 
locally available mud, brick and stone, could be adapted for wide
 
use inPakistan. Experience indicates that wood consumption used for
 
basic cooking and space heating functions (such as required in
 
northern Pakistan) could be reduced by factors of 2 to 4 by better
 
stove design. These very large potential reductions inwood consump
tion provide a strong incentive to pursue those technologies inPakistan
 
where firewood resources are being rapidly depleted.
 

The technical merits (and poteantial favorable impacts) of high efficiency
 
wood stoves have been well demonstrated. Despite these advantages,

efficient wood stoves have not in general been widely utilized in any
 
of the developing covntries where they have been developed. Common
 
reasons cited are a lack of appreciation of stove advantages by potential
 
users, a lack of private or public sector organizations with a strong

interest inpromoting stove use,. and excessive incremental costs for
 
poor rural populations. The above reasons are why this program empha
sizes market testing and private sector participation inorder to
 
accelerate the use of stove designs appropriate for use inboth urban
 
and rural areas of Pakista,,.
 

v. Other Biomass
 

Aside from firewood, the most important bio-resources
 
inPakistan are cow dung and various crop wastes such as rice husks.
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Many of these biomass resources are now used as cooking fuels via
 
common direct combustion processes (to 3upplement or replace fire
wood). Most of the interest InPakistan to increase the use of
 
biomass as a fuel centers an using cow dung as n feedsWk for anaero
bic digestion systems. The output of digesters isa low Btu gas

(about 500 Btu/ft3 ) and a stelle ludge wvkh can be use- as a soil 
conditioner. The gas can be used for cooking, lighting, and as a fuel
 
for modified internal combustion engines. Advantages of digester
 
system. over direct combustion of dried cow dung cakes include having 
a clean burning fuel for use inhouseholds with associated health and
 
comfort improvements, and maintairing or even improvIrg the soil 
conditioning capability of the cow dung (which istotally lost ina
 
direct combustion process).
 

For basic cooking and lighting functions, about i2-15 zubic feet of
 
biomass is required par day per person. A ftmily of 5, therefore,
 
might require approximately the dung produrtion frcm 3-5 cows. Many

rural families hAve this num .r of cattle so that digesters could, in
 
principle, have widespread use. Biogasdigesters are being used in a 
number of countries including India, China, Taiwan, and Korea. Several
 
hundred units with capacities of about 120 ft3 have been installed in
 
Pakistan by ATDO and the DGER. The largest base of experience exists
 
inChina where over I !wfllion family size units have been installed.
 
This experience verifies the technical potential of biogas digesters.
 
It should be noted, however, that the effective operation of digesters

requires daily attention'by operators (to prepare feedstock and to 
check pH levels) and that many systems installed inthe countries 
mentioned above are no longer operating (including saoe of those in 
Pakistan) for a variety of technical and social reasons.
 

The project ceslgn has taken note of the mixed experience with digester
 
systems and emphasizes assessing the performance of systems already in 
place and identifying practical social and institutional issues asso
ciated with using digester systems in Pakistan. 

vi. Obstacles to Implementing Renewable
 
Energy Resource Systems.
 

As indicated above, renewable energy technologies 
are well understood and, inmost cases, a large ba e of experience is 
available in their design and performance on a worldoide basis. The 
primary issues are related to adapting technologies for use inPakistan 
and indeveloping programs which will accelerate both private and public 
sector participation inthe comercialization of economically viable 
systems. Each of the rene;able onergy system options has unique techni
cal,.social, and institutional problems which currently limit their use. 
During project design a number of issues which are common to most, if n< 
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not, all the system options were identified as follows: (a) low
 
pricing of gas and other conventional fuels reducing the economic
 
incentive to use alternative systems; (h)limited knowledge on the
 
part of private and public sector decision mwkers on systems'
 
benefits; (c) present programs which do not have sufficient
 
coordination and supporting economic/market rationales; (d)limited
 
availability of indigenous engineering and planning skills; and,
 
(e) lack of financial incent ivet or mactinisms to allow purchase of
 
relatively expensive equipmyent by potential consumers.
 

Present GOP policies will slowly miti gte the effects of low gas
 
prices so that the major barriers will increasingly be institutional,
 
marketing, and financial factors. This project seeks to directly
 
address items (b), (c), and (d). above by providing technical support
 
to public and private sector participants in renewable energy system
 
analysis, project planning, and market development. Itwill indirectly
 
impact on government policies and programs providing financial incentives
 
for system manufacture and purchase by providing information (national
 
impacts, economic bdnefits, and so fc.th) which will allow the GOP to
 
assess the national benefits of altern .tive policies to accelerate the
 
commercialization of systems which are eonomically viable.
 

vii. 	 Feasibility of the Approach o- this
 
Project to the Introduction of Renewable
 
Energy
 

A number of forms of renewable energy are clearly
 
feasible technically in specialized situations in many countries of the
 
world and there is now enough experience with equipment in operation
 
that ft is no longer considered experimental. In Pakistan, some situa
tions considered specialized in other countries are common and some of
 
them make renewable forms of energy especially attractive. For example:
 

(a) A very high percentage of cloudless days with
 
bright sunlight over most of the country.. This is ideal for solar energy;
 

(b) A large number of small high head streams in the
 
NWFP and of low head irrigation canals in Punjab. These are ideal cir
cumstances for mini and micro hydro generators;
 

(c) Large amounts of biomass very inefficiently used.
 
Biogas generators can efficiently use biomass currently wasted, s,".h as
 
dung, rice hulls and other refuse;
 

(d) A large part of the country not covered by the
 
electric power grid, many parts so remote they probably never will be
 
reached by the main grid; and,
 

V 
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(e) Limited resources and high real costs of conven
tional fuels such as oil, gas and coal.
 

A ve ry.rge expansion in use of renewable enz.rgy (now in the endyo
 
stage) issocially desirable and economically feasible. The approach
 
of this project, which will work tmard reduction of obstacles to
 
expansion of renewuble energy use and toward plans and programns which
 
will greatly enlarge its uze'is considgred technically feasible.
 



ANNEX 0 

LIST OF CONSULTANT REPORTS ON FILE
 

1. Breuer, T, "Coal UtilizEtion Issues and Prospects
 
in Pakistan", Nov. 1982
 

2. Englestad,O.,C. Hewett, J. Storey, and P. Weatherly,

"Pakistan Biomass Energy Reconnaissance", 
Nov. 1982, 33 pp. 

3. Fabuss, B.M. and J.W. Tatom, "Preliminary Feasibility
 
Study of Coal as a Domestic Fuel in
 
Pakistan", Nov. 1982, 63 pp & appendices
 

4. Fox, Lee, "Energy Conservation Opportunities in the 
Industrial Sector of Pakistan, Nov.1982, 33 pp. 

5. Hewett, J.K."Environmental Assessments for Coal and 
Small Hydro", Nov. 1982 

6. Lawrence, W.A., A. Inversin, and M. Gellerson,
 
"Small Hydro Report", September 1982 

7. Masica, W.J."Solar Energy Project Plan", Nov. 1982
 
83 pp & appendices
 

8. Reinemund, J.A., E.R. Landis, and F.O. Simon,
 
"Coal Resources Assessment", December 1982
 

9. Siddiqui, Masud, "Institutional Analsis, Energy

Planning and Development', December 1982
 

10. 	Teagan, P.J., "Energ7 Sector Overview and Issues",
 
Nov. 1982
 

11. 	 Water and 'ower Development Aurhority, Pakistan Mineral 
Development Corporation and Stone & Webster Engineering 
Corporation, "Lakhra Coal Mining and Power Development 

Project Review", April 1983 

12. Watson, W.I., "Assessment of the Current State and Future 
Development of the Coal Mining Industry
in Pakistan", Oct. :1982 



ANNEX P 

Page 1
 

ELECTRIC POWER GENERATION AND DISTRIBUTION INPAKISTAN
 

A. Ministry of Water and Power
 

This Ministry is responsible for two major subsectors of the
 
energy sector: water and electricity. It is responsible for the 1960
 
Indus Basin Treaty; Indus Basin Works at the ;national and international
 
level; the National Tubewell Constrvction Corporation, Ltd; the
 
N.ti-onal Power Construction Corporation, Ltd; the Water and Power
 
Development Authority (WAPDA); and, the Karachi Electric Supply Corpo
ration, Ltd. (K.E.S.C.).
 

The organization and delineation of responsibilities in the power sector
 
are governed Drimarily by tw aocuments. The Electricity Act of 1910, as
 
amended in 1964, governs the sector In general and enables the Government
 
to issue licenses for generation and distribution of electric 1power in
 
various areas of the country. Pursuant to this Act, K.E.S.C. iias granted
 
a license to qenerate and distribute oower in the Karachi and Lasbella
 
districts. ihe Water and Power Development Authority Act of 1958, as
 
amended in 1959, created WAPDA as a quasi- autonomous body by transferring
 
to it all electricity departments except K.E.S.C. WAPDA accounts for 75
 
percent of the total power sup0ly and K.E.S.C. for about 25 percent.
 

1. Water and Power Development Autnority (WAPDA)
 

WAPDA is headquartered in Lahore and is responsible for
 
ooordinating nationwide tvelopmat of water and power resources. In
 
these areas, it often'undertakes design, construction, and operational
 
activities for the federal and provincial governments.
 

WAPDA derives funds from the following sources: federal and provincial
 
government grants and loans, proceeds from bonds issued under GOP authority,
 
loans obtained with special or general sanction of the government, grants
 
and'loans from foreign donors, and sale of electricity.
 

WAPDA is organized into three "Wings", The Water Wing is responsible for:
 
water resources planning, use, and measures to combat waterlogging and
 
salinity and to reduce their effects; surface and ground water planning,
 
investigation, and design; flood control; inland navigation; and, the
 
Indus Basin settlement plan. This Wing constructs projects on behalf of
 
the federal and provincial governments and, upon completion, turns them
 
over to the sponsoring government body for operation. The Finance Wing is
 
responsible for financial administration and review of the power sector,
 
bOlanqe sheets, and personnel. The Power Wing is Pakistan's major

"electric utility" and is responsible for construction and operation of
 
power generation, transmission, and distribution facilities, including rural
 
distribution.
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WAPDA's governing body or board is called the "Authority". Itconsists
 
of a Chairman and the Managing Directors of the three wings known as "Member
 
"Member Power", and "Member Finance". All are government appointees.
 
According to the statute creating WAPDA, the Authority was to be a
 
policy-making institution. However, ithas become involved indaily

operations so that its members act more like senior managers making

decisions of less than major importance than as Managing Directors func
tioning as chief executives overseeing their respective divisions. The
 
Authority also has been characterized by w-apid turnover of Members and
 
by the absence of a reporting system to provide managers with reliable
 
and meaningful information needed to effectively execute their responsi
bilities.
 

2. The Power Wing of WAPDA
 

The Member Power isassisted by six general managers

responsible for different departments inthe Power Wing: General Manager

(Generation); General Manager(Transmission and Grid 

Station); General
 

Manager (Computer); General Manager (Finance); General Manager
 
(Distribution); and General Manager (Planning, Design and Protection). A
 
chief engineer responsible for material inspection and surveillance also
 
reports directly to the Member Power. Estimates of the personnel inthe
 
Power Wing range from 77,650 to 86,000. a
 

Since 1960, there has been a major shift inWAPDA's priorities. Initially,
 
the focus was on large capital projects such as the Indus Basin Project,

and the development of 1,200 MW in thermal gererating capacity, 300
 
transmission grid substations, 13,000 I(MS of high voltage transmission
 
lines, and a large number of other works. In 1958, when WAPDA took over
 
the electricity department of the GOP, its facilities totalled about
 
119 MW. InSeptember 1981, its generation capacity was 3225 MW. InPFY
 
1980/81, WAPDA's total energy generation was 13,206 GWH. At present,
 
there still isconsiderable development activity, with construction of over
 
1,200 MW of hydro-electric and thermal generation capacity, 1000 K1 of
 
high voltage transmission lines, and 200 transmission grid substations.
 

B. Power Generation
 

1. Current Power Generation Situation
 

The power section involves generation, transmission, and
 
distribution. Generation isthe harnessing of power for the creation of
 
electricity fro, hydro (water) or thermal (steam, gas turbines and diesel)
 
units. Generation isconcerned with the planning, design, construction,
 
operation, and maintenanca of a relativoly small number of large, highly
 
technical facilities required to generate at minimum cost the electric
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energy demanded. Since the 1960's, generating capacity has nearly
 
quadrupled, from just under 900 MW in 1955 to 3,225 MW in 1981, and
 
the hydro based share of this capacity has risen from 30 percent to
 
57 percent. Hydro energy iseven more important t)han these figures
 
indicate because hydro plants require no costly fuel and comparatively
 
little maintenance. Their major limitation is the varying availability
 
of water. Even with that limitation, however, hydro energy accounted
 
for 68.5 percent of the total units of electricity actually produced in
 
PFY 1980/81. It is anticipated that as fuel prices increase, hydro
 
sites which have not been developed will become increasingly attractive.
 
Accordingly, WAPDA is proceeding with plans for several major hydro
 
schemes.
 

As stated above, the bulk of hydro power is derived from the harnessing
 
of the large potential of the Indus and Jhelum Rivers in Norti Pakistan,
 
a process which began after the 1960 signing of the Indus Water Treaty
 
between India and Pakistan and loa undertaking of the $2.7 billion Indus
 
Basin Project. That project includes two of the largest earch-rockfill
 
storage dams in the world, one at Tarbela which in 1980 generated 45
 
percent of the nation's hydro power,'and one at Mangla which generated
 
38 percent in the same year. Four generating units totalling 1,050 MW
 
in capacity are currently being installed at Tarbela, and seven other
 
units totalling 2,842 MW are scheduled for installation between 1988 and
 
1992.
 

This hydro generation is characterized by several phenomena. One is the
 
seasonal variation in water flow with about 72 percent of the Indus flow
ing in the four months between June and September. During that time, the
 
Tarbela reservoir fills to the top of the dam, and each of the dam's eight
 
175 MW generation units achieves an output of 200 MWV. From October
 
through May, however, there is little rain and little run-off. By January,
 
irrigation demand reduces the level of water in the Tarbela reservoir so
 
much that the output of each of the 175 MW'generators is reduced to less
 
than 60 MW. That is the origin of the large seasonal differences between
 
generation capacity and capability and the resultant power generation
 
shortfall. Another factor is the relatively high siltation rates which
 
may limit the life of hydro plant reservoirs. Little is known about this
 
factor to date, but it is estimated that the Tarbela reservoir could lose
 
90 percent of its storage capacity within the next fifty years and Mangla
 
50 percent over the same period. These limitations notwithstanding, hvdro
 
electricity is a major source of commercial energy and offers promise
 
for further development at both existing and new sites.
 

Thermal electricity is generated at 22 power stations in central and
 
southern Pakistan. Since the early 1960's, indigenous natural gas has
 
been the main fuel. Before the petroleum price rise in 1973, reliance
 
on oil had been increasing, but the GOP took steps to halt this trend and
 
now natural gas is used almost exclusively.
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2. Additions to Generating Capacity
 

Pakistan currently faces an electrical supply crisis. One
 
aspect of this crisis relates to insufficient generation capacity, which
 
is a problem even though total installed generation capacity exceeds peak
 
demand. This discrepancy arises from-genorating facilities being unable
 
to perfom at rated capacity due to age, low water levels inreservoirs
 
(especially during February to May), and because they must be withdrawn
 
from service for routine maintenanco. To prevent overloading and damage
 
to gener~tors during periods when de~ndexceeds available capacity,
 
entire crcuil: must be disconnected, otherwise known as load shedding.
 
The power system generation shortfall and resultant load shedding is an
 
acute problem at present, and installation uf new generation capacity is
 
urgently needed.
 

The question of where large'amounts of electric power to feed Pakistan's
 
electric grid must come from is ansoered by the process of elimination.
 
Large amounts of new hydel, besides being a decade or more away even if
 
started soon, will exacerbate the present seasonal variations insupply
 
and cannot be considered for base load. The gas supply isdiminishing
 
and can be considered only for peaking and imported oil can be considered
 
as a last resort for peaking or stand-by only, because of iis high cost
 
inforeign exchange. The Pakistan electric grid at this stage isnot
 
large enough to sustain an economical size nuclear station (about 600 MW
 
minimum) because of the excessive disruptions created during shut downs.
 
The IEDC Consultant's study of energy for the Sixth Five Year Plan states
 
that after detailed analysis of all fuel prospects they concluded that
 
coal isat present the only domestic fuel which can be mobilized relatively
 
quickly, can make an important contribution to fuel substitution at
 
modest levels of public expenditure and can show !Mngible results by the
 
end of the Sixth Plan.
 

C. Power.Transmission
 

The transmission system conveys electricity at relatively high
 
voltages from the point of generation to substations where the voltage
 
isreduced for delivery of energy to.the distribution feeders. The trans
mission subsection plans, designs, constructs, operates, and maintains a
 
relatively small number of high voltage transmission lines and substations
 
required to transmit bulk energy from generating plants to grid substations.
 
Its work also involves expansion and rehabilitation of transmission
 
facilities to provide an efficient high voltage network. Neglect or
 
insufficient investment inupgrading existing lines results incostly losses
 
of energy.
 

In 1947, Pakistan had only 1190 kilometers of transmission lines comprised
 
of 66 KV, 33 KV and 11 KV lines. Today, the transmission network consists
 

I' 
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of 500 KV, 220 KV, 132 KV, and 66 KV lines which tQtalled 15,291 kilo
meters inJuly 1981. Currently, a major expansion program is underway
 
to add 2700 miles of single and double circuit transmission lines and
 
216 grid stations. These facilities will augment the existing power
 
system by an aggregate capacity of 4800 MVA.
 

The transmissicn subsector has in important role to play in ameliorating
 
the electrical supply problem. The lone distances over which electricity
 
must be transmitted from place of generation to place of consumption,
 
combined with inadequate distribution facilities, has produced high trans
mission and distributienlosses and reduced revenues. Several measures
 
must be taken to reduce these losses: higher voltage transmission lines
 
to transfer large blocks of power; conversion of existing 132 KV lines to
 
220 KV, and 66 KV lines to 132 KV; tnd, additional substations to reduce
 
the length of existing 11 KV circuits in order to increase their capability.
 
In this respect, the findings of a recent Extra Nigh Voltage (EHV) System
 
study justified a 500 KV tr3nsmission system or "bu!k power expressway"
 
being built from Tarbela to the Karachi/Hyderabad area. This system will
 
integrate the hydro electric sources in the north with the thermal plants
 
and major consuming markets Inthe center and south of tht country. Such
 
an "expressway" will permit full and more effiCient use of hydro capability
 
during the July-September high water period and will give thermal support
 
to the system from the center and south during the February-May low water
 
months. It also will reducp fuel expenses for spinning reserves (i.e.
 
running standby units) and generating capacity requirements.
 

D. Electric Power Distribution
 

The power distribution subsector is the interface of the power
 
sector with the users of electricity. During the year ending June 30,
 
1981, the Pakistan power sector, through its power distribution subsector 
sold about 11 billion KWh of electric energy to 3,839,165 customers
 
located in approximately 11,300 cities, towns and villages throughout
 
Pakistan for an estimated Rs.5.5 billion or the equivalent of $413 million.A2
 

I/ 	 These figures cover both WAPDA.which accounts for 75 percent of the
 
total power supply and the Karachi Electric Supply Corporation, Ltd.
 
(K.E.S.C.) which accounts for the remaining 25 percent.
 

2/ 	 At the exchange rate of $1.O0-Rsl3,00
 

,
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Despite an average annual customer growth rate of 11.8 percent during

the past five years, (19.6 percent last year alone), as of June 30,
 
1981, there was a backlog of over 180,000 applications for service.
 
Of that number, 9,765 and 9,627, respectively, were applications
 
to WAPDA for industrial and irrigation tubewell connections. With an
 
average connection rate of abou 550 connections per month for each
 
type of connection, the average new industrial and tubewell customer
 
would have to wait almost a year and a half from the time an application
 
isfiled until service isactually provided.
 

While new customers suffer long delays before they are connected, must
 
existing customers suffer prolonged scheduled interruptions (load
 
shedding) because demand isgrowing faster than new power generation
 
facilities can be placed inservice. During the six-month period ending
 
June 30, 1982, there was load shedding almost every day, often from
 
5:30 A.M. to 8:30 A.M. and from 5:30 P.M. to 9:00 P.M. The worst period
 
was from February 28, 1982 through March 2, 1982 when 750 MW (more than
 
25 percent of the peak load) had to be disconnected.
 

Growth statistics indicate that the power sector in Pakistan has had
 
difficulty keeping ahead of demand for service ever since WAPDA was formed
 
in 1958. The additional demand created by the accelerated village (rural)
 
electrification program that was started in 1972 and which was intensified
 
in 1977 has tended to aggravate the problem.
 




