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Definititions and Terms

Geographic/Political Divisions

• Thana Approximately 440 count:y-sized political
subdivisions of Bangladesh.

Government Agencies

BADC

BFIDC

BKB

BSCIC

IRDP

PBS

PDB

REB

Bangladesh Agricultural Development Corporation,
Government Corporation responsible for supplying
agricultural inputs.

Bangladesh Forest Industrial Development Corporation.
Government Corporation under the Ministry of Agriculture
responsible for wood product production.

Bangladesh Agricultural Bank. Responsible for
financing farmer purchases of agricultural inputs.

Bangladesh Small and Cottage Industries Corporation.
Government Corporation responsible for development of
small industries.

Integrated Rural Development Program. Government
agency charged with rural development, principally
directed through multipurpose cooperatives.

Palli Bidyut Samity, translated as Rural Electric Society,
which are being established in project areas to own,
operate and maintain electric distribution systems.

Bangladesh Power Development Board, responsible for
all electricity generation and transmission.

Bangladesh Rural Electrification Board, responsible for
all rural electrification distribution.

•

,

Other Organizations

NRECA/CAI National Rural Electric Cooperative Association and
Commonwealth Associates Inc. The U.S. based rural
electric cooperative association and the engineering
consulting firm which are jointly providing consulting
services for RE 1. Also referred to as the "Consultant".
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Local Consultants - Private Bangladeshi firms doing electrical
system construction.

.. GEM

GEC

ISGA

General Electric Manufacturing. BDG owned factory
producing electric transmission and distribution
equipment.

General Electric Corporation. Private factory producing
motors, transformers and sWitchgear.

Private firm whic~ distributes and installs power pumps,
engines and motors financed by BKB.

Bangladesh Taka, the assumed rate of exchange being
Taka 16 = US$l.OO

U.S. Dollar

All Aluminum Conductor
Aluminum Ca~le. Steel Reinforced
Ampere
Cubic feet per second
Deep tubewell
Foreign exchange
Horsepower
Hertz (cycles per second)
Kilovolt ampere
Kilovolt
Kilowatt hour
Local currency
Low lift pump
Megavolt ampere
Megawatt
Megawatt hour
National Electric Safety Code (USA)
Operations and Maintenance
Right of Way
Shallow tubewell
Volt
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BANGLADESH - PU&~ ELECTRIFICATION II
(388-0054)

A. Recomme~dation and Summary

It is recomnended that AID approve $58 million grant funding
to the Government of Bangladesh (BDG) for the rural electrification
project described in this Project Paper.

B. Project Funds

Project funding totals $68.898 million, $50 million AID financed
and $18.898 million BDG financed.

AID obligations will be in three tranches: FY 1981, $20 million~

FY 1983, $23 million and FY 1984~ $7 million. AID funds would finance
$47.464 oil1ion in foreign exchange costs mainly for technical services
procured in the U.S. and corr~odities procured from U.S. and Code 941
source/origin, and $2.536 million in local currency costs.

This project is part of Phase II of the national rural electri
fication progr~Ja. The total Phase II Program (FY 1981-87) has an
estimated cost of $188.831 million fh~ded by ~ID $50 ~iliion; Kuwait
$30 million; and the World Bank $50 million (scheduled for fourth
quarter CY 19&1)~ and the BDG ~58.83l million.

C. Summary Description of the Project

The project will construct electric distribution systems in
selected rural areas and develop the institutions to own and operate
them. Approxinately 3,590~leE of line and 14 substations will be con
structed under P£ II. Four new rural electric cooperatives will be
developed. AID will fund technical assistance for the entire Phase II
Program.

D. Grantee

The Grantee will be the Govern~ent of the Peopleis Republic of
Bangladesh (BDG). Responsibility fo= inple~enting the project haG been
assigned by the EDG to th~ Rural Electrification Board, an independent
agency under the Ministry of Power, Water Resources and Flood Coutrol.
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A. BACKGROUND

In FY 1978, AID approved a grant and loan of $50 million,
(Rural Electrification Project 388-0021) to financ~ development of
electrical distribution systems in selected rural areas. Prior to that
time, rural electrification was practically unknown in Bangladesh. By
1980, the demand for electrical service in the thirteen project areas
was exceeding expectations. The Rural Electrification Project (RE I)
was amended in late 1980 and AID funding increased to $69.3 million,
mainly to permit additional connections.

RE I is demonstrating the technical, socio-economic and
administrative soundness of rural electrification in Bangladesh. Ex
perience to date with RE I serves as the basis for design of the Rural
Electrification II Project (RE II). A major evaluation of RE I was
conducted between February and Hay 1981.. Evaluation findings are
presented as Annex A to this PP (under separate cover). Purpose of
RE I was to provide reliable electric service at reasonable rates to
existing and potential sources of rural employment, community service
facilities and rural households. Progress to date indicates that
the purpose can be achieved essentially as planned. Preliminary
indications of socio-economic impact tend to confirm the reasonableness
of the project justification. The opportunities for increasing
agricultural production through irrigation seem greater than expected.
Institutional performance has been noteworthy. The Rural Electrifi
cation Board (REB), the thirteen rural electric societies (PBS's) and
the private Bangladeshi firms are demonstrating good capability and
promise in planning, managing, engineering, constructing, operating
and maintaining the electrical distribution systems. There have been
a few weaknesses in RE I performance and the design of RE II has been
adjusted accordingly.

The RE II Project described herein comprises a portion of an
on-going national rural electrification program. The first implemen
tation stage was the RE I project, fully funded by AID and the BDG.
The next implementation stage consists of the development of 20 new
PBS's funded by AID ($50 million), the World Bank ($50 million tentative),
Kuwait ($30 million). and the BDG ($58.8 million). This PP Iyfers
to the second implementation stage as the :tPhase II Program"( as
contrasted with the "RE II Project" which is the AID supported portion
of the program. The attached map shows the thirteen original PBS
areas of RE I, and the 20 PBS's of the Phase II Program. The entire
Phase II Program will cover a new area of about 60 thanas with a pop
ulation of about 15,200,000. Approximately 10,000 miles of line will
be constructed and/or rehabilitated and 480,000 consumers connected.
Connections will include most of the irrigation pumps in the 60 thanas,
a large portion of the rural factories and businesses and approximately

;,, .,
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20% of the households over the life of the program. As AID's portion,
AID will finance development of four new PBS's and their electrical
distribution systems, limited expansion of the original 13 PBS systems,
technical assistance requirements for the entire Phase II Program,
and power use commodities. The World Bank will finance eight PBS
systems and Kuwait will finance another eight PBS systems .

In reexamining the energy environment in Bangladesh, USAID
has strengthened the conclusion that rural electrification comprises
an appropriate part of Bangladesh's medium term energy strategy--for
stimulating production and employment and reducing dependence on imported
fuels.

In late May 1981 the BDG revised its definitions of the rural
electrification program phases. The eight Kuwait financed PBS's will
be called Phase I.b. The original 13 RE I PBS's will be called
Phase I.a. The twelve new PBS's to be financed by AID (4) and the
World Bank (8) will be considered Phase II.a. Phase II.b. will include
another 12-16 PBS's for which other donor funding is being sought.

For PP purposes, the definitions of RE I, RE II and the
lIPhase II Programll will remain unchanged. For implementation planning
purposes, the 13 original PBS's constitute the first implementation
stage, the 20 new PBS's constitute the second stage, and subsequent
PBS's will constitute the third and subsequent stages .



..

- 3 -

B. PROJECT JUSTIFICATION

Success to Date

Rural electrification is one of USAID's most successful and
best known projects. Its basic administrative, technical, economic
and social soundness are well demonstrated. BDG commitment and
support are very high. Other donors, including the World Bank, the
Asia Development Bank, Kuwait and Finland have committed funds or
expressed intentions to support expansion of the program.

Energy and Development

The importance of energy to economic development has been
underscored in recent years. In Bangladesh, the average annual per
capita: energy consumption, roughly estimated at 6 x 10 BTU's, is one
of the lowest in the world, below so-called subsistence level of energy
consumption and less than 1/15th of that in Western European countries.
This level of energy consumption is characteristic of poverty at the
margin of physical existence.

Rural electrification in Bangladesh is p~obably unique among
similar programs elsewhere in the high proportion of electric load which
can be channelled almost immediately into economically productive uses.
Approximately 57% of all electric energy consumed will be for agricul
tural irrigation and rural industries, according to conservative
estimates. If the demand for electrified irrigation grows as hoped,
the energy used for productive purposes could rise to 80%.

Agricultural Development

The Second Five Year Plan (SFYP) calls for a doubling of food
grain production by 1985 as the basis for national developr·ent. In
creased food production is essential to feed and employ the rural
population and to stimulate rural agro-based industry for a second
round of production, employment and income. Food production increases
are to be achieved by more intensive cultivation using HYV seed,ferti
lizer and irrigation. Mnssive ir~igqtion by small power pumps is the
key. Irrigated area is to be increased from 3.16 million acres (1978)
to 7.2 million acres (1985). The number of power pumps will increase
from 56,200 to 205,000 ~nd will account for 78% of the increase in
irrigated area. An assured water supply will increase cropping
intensity and reduce cropping risks, thereby increasing the opportunities
for HYV cultiv~tion. This strategy is relatively energy intensive and
requires a rapid increase in commercial energy, mainly for fertilizer
producticn,and power for irrigation. Fortunately, Bangladesh is
relatively well endowed with natural gas which can be used to produce
fertilizer and electric power. The other IDp.in source of electric
generation is hydro.



- 4 -

The SFYP calls for a rapid increase in the number of electrified
pumps. Electricity is technically and economically suitable for power
ing irrigation pumps. Compared to diesel which is now used to power
nearly all ir.rigation pumps, electricity has significant "cost-savings"
and "production ll benefits and saves foreign exchange (II.B. Economic
Analysis).

Employment, Rural Industry and the Poor

Rural electrification is considered critical to the rural
employment strategy described in the CDSS(2) which is the most important
means of reaching the rural poor. With nearly one-third of the rural
population unemployed/underemployed and up to 50% functionally landless,
employment creation is necessary to increase national production and to
distribute income to the rural poor. The strategy relies on the agri
culturRl sector to absorb most of the rapidly increasing labor force
and rural small scale industries to employ a high proportion of the
rest.

Rural industry development is the necessary corollary to agri
cultural sector growth--to create employment, income and the demand for
agricultural products and to provide the gcods and services needed by a
modernizing agricultural sector. Rural industries in Bangladesh pro
vide about 12% of GDP and 11% of total rural employment. Much of the
labor force is comprised of poor and landless persons, and about one
third are women. A number of development programs, including USAID's
Rural Industries Project (scheduled for FY 1981 obligation) are planned
to stimulate rural industries.

Expansion of rural industries requires commercial energy.
Power must be supplied to rural areas if employment is not t~ be res
tricted to urban areas. Electricity is a preferred choice of energy
for many rural industries because of its flexibility in providing power,
light, heat and refrigeration as needed.

Besides the employment impact of irrigation and rural industry
development, rural electrification directly promotes rapid growth of
the electric supply and service industries, i.e. engineering and con
struction of electrical distribution systems; manufacture, supply and
service of basic electrical distribution system commodities (poles,
wire, switches, etc.); and of power use commodities (motors, pumps,
capital equipm~nt, refrigerators, sewing machines, light bulbs, etc.).

Lighting and Households

The dramatic impact of household electrification is widely
acknowledged. Electricity changes the perceptions and opportunities

(2) Ref, USAID/Bangladesh FY 1983 CDSS, pages 44-55
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of rural people. Light extends the working day by about five hours.
The impact may be difficult to measure but it is easy to see as small
rural industries, shops~ bazaars, community service facilities and
homes~ring to life in the evening hours. In homes, lights expand the
time for off-farm production, study and entertainment.

~~Lile the bulk of thQ eletric load will go to productive uses,
households will be hooked up in much greater numbers than other connec
tions. Sign ups to date in the 13 PBS's have averaged about 40% of
rural households. Under AID's portion of the RE II Program, about
145,000 households or 20% of total households will receive connections
by 1988. As rural electrification continues beyond the six year
project period, additional households will be connected as resources
permit. By year 17, an estimated 300,000 households will be connected,

Import Substitution

Without rural electrification, it is highly doubtful that
Bangladesh can afford the commercial energy needed for irrigation and
rural industry. Bangladesh has already experienced diesel shortages
in peak irrigation seasons which have forced curtailment of irrigated
areas. Bangladesh's present imports of petroleum products (POL)
amount to about two-thirds of total export earnings. With demand for
commercial energy rising 10% to 15% per annum, the country's demand
for imported POL will increase to unaffordable levels, unless natural
gas is effectively substituted for POL.

Alternatives

Alternative energy sources must be developed in Bangladesh,
but practical alternatives to electricity will not be available in
rural areas on a meaningful scale for the medium term. USAID is
presently examining the feasibility of increasing energy availability
from conventional and non-conventional sources as a part of a possible
alternative energy activity (Part II.A. Technical Analysis). Alter
native energy options appear particularly limited in Bangladesh in
view of the nation's dearth of natural resources and the extremely
heavy explcitation of traditional fuels--crcp residues, cow dung and

.
I·
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firewood.

Relation to CDSS

Rural electrification has maj or direct impact on t\>70 of the
Hission's primary objectives in Bangladesh, Le. "increasing food
grain production" and "expanding employment opportunities among the
rural poorli~ and an indir~ct but possibly significant i~~yt on another,
"reducing human fertility". A study in the Philippines has shown
high correlation between electrification in rural areas and accept
ance of family planning. This correlation is likely in Bangladesh
also were electric lines, perhaps more than any other recent development,
serve as a harbinger of new ideas into vill~ge life.

The project strongly supports important CDSS themes related
to the promotion of private enterprise, decentralization and local
participation. Under the RE II Program, engineering and construction
of the rural electrification systems will be performed by over 50
private firms under contract. These firms will receive a large amo~nt

of training, on-the-job guidance and supervision from REB and the
Consultant.

The rural electric systems are owned and operated by independent
PBS's. Despite initial skepticism about the capability of rural
people to operate these sophisticated management and physical systems,
PBS's are demonstrating good performance and outstanding potential.
Creating important independent rural organizations responsive to local
concerns has been a precedent setting achievement of RE I.

Relation to General AID Strategy

With respect to rural electrification programs, AID strategy(4)
calls for consideration of: 1) the implications of national rural
electric plans for energy supply; 2) evidence of benefits from rural
electrification; and 3) cost of electricity compared to decentralized
systems. To thiS, USAID/Bangladesh would add: 4) the availability
of alternatives.

Rural electrification is a top BDG priority. The SFYP
provides for rapid expansion of rural electrification to provide the
energy needed for rual development. In view of the excellent economic

(3) A.N. Herrin, "Rural Electrification and Fertility Change in the
Southern Philippines". Published paper supported by grants from
International Development Research Center and AID.

(4) "Energy Assistance Policy Paper" dated January 19 1981, from
AA/PPC, A Shakow.
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returns to rural electrification and the lack of available alternatives,
AID and BDG see a vital role for rural electrification over the medium
term.

C. DETAILED DES CRIPTION

1. Purpose

The project purpose is to provide electric power to rural areas
for production, employment creation, rural households and community
services in project areas. Emphasis will be on productive uses of
electricity, notably agricultural irrigation. Power and lighting will
be provided for rural industries including small scale agricultural pro
cessing and other village and cottage industries; and for shops, bazaars
and community service facilities. About 20%· of all rural households
in the project areas will be electrified with project resources.

2. Main Features

The project will be implemented over a six year period (FY 1981
to FY 1987) under the cirection of REB. Main project ~eatures include:

1) Construction of electrical distribution systems (11 kV and
less) in four new PBS areas; expansion of the electrical
distribution systems in the original thirteen PBS's, and
connection of about 149,000 consumers.

2) Expansion and development of the REB for overall rural
electrification program management and direction.

3) Establishment and development of four new PBS's to own,
operate and maintain the four new electrical distribution
systems.

4) Development of local private sector capacity to: a) engineer
and construct electrical distribution systems; and b) manu
facture and/or supply construction commodities, electrical
equipment, spare parts and services.

5) Power use programs to facilitate the productive use of power
for irrigation and rural industries.

6) Technical assistance and extensive training by non-local
consultants ill program planning and management; institutional
development, construction, operation and use.
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3. AID Financed Costs

AID's $50 million contribution will be used as follows:
construction commodities~ $29.706 million; technical assistance and
training t $l2.732 million; power use commodities t $4.8 million;
support commodities, $1.0 million; and contingency/inflation t

$1.762 million. The BDG will finance $18.898 million including con
struction materials t engineering/construction services t REB operations,
development loans to PBS's and consumer loans.

4. Policy Context

This PP contains policy changes:; some in the form of conditions
precedent and covenants to be negotiated with the BDG as part of Project
Agreement proceedings, notably: 1) productive versus domestic uses of
electric power; 2) reliability of power supply to the PBS's; 3) power
use programs and private sector supply of electric motors; 4) whole
sale and retail power rates; and 5) development of adequate electric
generating capacity. Other policies which have been successfully
incorporated into the RE I will be reinforced t including: 6) autonomy
of the PBS's; 7) development of private sector capability in the
electric supply and service industries; 8) development'of the REB
with authority over all rural electrification; and 9) standardization
of engineering design and commodity specifications.

4.1 Productive versus Domestic Use of Electricity

Policy has been evolving under the RE I project toward more
emphasis on productive uses of electricity. RE II formally acknow
ledges and accelerates this policy change. The rationale for empha
sizing more productive connections is based mainly on the rural
production/employment strategy discussed above in the "Project Justi
fication". Also, Bangladesh may not have the resources to contemplate
a major shift to commercial energy for rural domestic uses.

In the RE I project design, up to 75% of rural households in
the 13 PBS's were to be connected over a 17 year period t approximately
30% (460 t OOO households) within the six year project period. About
64% of energy use was planned for household consumption. Initial
sign ups for electricity in the thirteen RE I PBS's exceeded expectations,
for residential and productive uses. To date t 549,191 potential con
sumers have signed up as follows (11 of 13 PBS sign ups complete):
residential 486,427; irrigation 18,067; small industry 12,137; comm
ercial 20 t 449; education 2,449; mosque t clinic, hospital t church
718; others 8,944. Decisions were required about resource allocation,
i.e. who was to be connected. Economics favor more productive
connections since benefits are greater and the nature of the benefits
preferable--production rather than consumption. However t each produc
tive connection entails construction costs and electrical load which
displaces a number of residential consumers.
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The REB took a ~ajor step toward a productive use policy in
mid 1980 when ~ew line design criteria (staking criteria) was established
for deciding where lit~·~s within the villages will be constructed. Lines
were to be run to generate the most revenue. In practic~, this criteria
is favori~g productive connections. A deep tubewell (DTW) connection t

for example, costs roughly 30 times more than a household connection
but yields roughly 50 times more revenue.

Under the RE II project, about 57% of total energy is targeted
for productive uses. Efforts will be made over the life of RE II to
promote productive use of electricity and to increase the percentage of
energy used for productive uses to ~ore than the targeted 57%. To
implement this policy, RE II includes: 1) revised targets and line
design (staking) criteria; 2) review of electrical system engineering
design to ensure that electric distribution systems are technically
suitable for the planned useages and load; 3) power use programs
~ef. 4.3); and 4) a special review of actual staking practices to
determine if lines are being planned and constructed as needed to reach
irrigation pumps.

This policy change is a difficult onc for the BDG, which looks
at rural electrification in a political as well as economic context,
and thus is reluctant to reduce household connections.

4.2 Power Transmission

As part of the Project Agreement negotiations, the JDG will be
requested to rehabilitate the Power Development Board's (PDB) 33 kV
transmission systems which se~ice PBS substations under the rural
electrification progra~. Power reliability is critical for productive
uses. Studies by the Consultant have shown electric power reliability
is a serious problem in certain areas and that many of the problems
relate to inadequate maintenance and resulting poor physical condition
of the 33 kV transmission systems. The Consultant has formulated
short and long tern recommendations for upgrading the 33 kV systems.
Up to 3,000 miles of 33 kV line may be involved with costs borne by
the BDG apart from the rural electrification program. The RE consul
tant will provide limited technical services to advise on and monitor
the rehabilitation program. For negotiation with BDG, Annex D
prescribes a proposed rehabilitation progra~ with RE II disbursements
dependent on adequate rehabilitation progress.

In rehabilitating its 33 kV systems, the Ministry of Power,
Flood Control and ~ater Resources will be forced to improve PDB
physical and administrative systems with significant benefits for all
electric consumers. The PDB transmission system above 33 kV is to be
rehabilitated under a planned 1981 tillE project.
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4.3 Power Use Program

RE II will include an eA~anded ?ower use program to promote the
productive use of electricity~ especially for agricultural irrigation.
The on-going RE I power use program has ~ot been effectively designed
or implemented (RE I Evaluation Annex).

With pelicy emphasis shifting to productive use, a more effective
power US2 program has become necessary. Irrigation and other productive
uses of electricity are being constrained primarily by a very limited
supply and extremely inadequate distribution/sales/service of electric
motors and related equipment. This situation exists partly because:
1) customs barriers virtually prohibit the importation of electric
motors from 2 HP to 25 liP, a barrier instituted to protect a domestic
manufacturer who cannot meet the national need for these motors:
2) distribution of irrigation pumps and attached motors/engines has
been handled mainly through government institutions at subsidized prices;
there has been little private sector distribution.

Thus, the RE II power use program focuses on: 1) arranging
an adequate supply of motors and other equipment; 2) developing
private sector distribution sales/service; 3) providing loans for the
purchase of motors and related equipment; and 4) appraising power use
potentials and the means for promoting electrified irrigation and small
industry. To help accomplish this, the PP contains a CP that the BDG
will reduce customs barriers to permit importation of these motors in
necessary quantities. The PP also includes arrangements for the BDG
to fund a $5 million credit program for farmer purchasers of motors
and related irrigation equipment, and a covenant that the BDG permit
private distributors to import and distribute these motors.

4.4 Power Rates

To reflect true energy costs, thereby perrritting proper allo
cation of energy and other resources, power must be priced near its
economic cost. Also, true power rates will help the PBS's achieve
financial viability. Financial viability will enable the PBS's to
become autonomous rural institutions (ref. 4.6).

Determing true economic costs is difficult. USAID will
negotiate a condition precedent that the BDG approve a formula for
setting the wholesale power rates (which PBS's pay to the PDB) at levels
which cover justifiable costs. Project covenants also call for periodic
revision of PBS retail rates at levels which will permit PBS financial
viability.

4.5 Generating Capacity

The "Technical Analysis" in this PP indicates that Bangladesh
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is eh~ected to have sufficient generating capacity to meet the pro
jected demand for electric power. BDG plans for the development of
generating capacity are ambitious, however. and USAID is emphasizing
the need fer the BDG to pursue generating prografls on a priority
basis. A ~ovenant refers to this issue.

4.6 PBS Autonomy

As the o~~ers and operators of rural electric distribution
systems. PESls a=e unique in Bangladesh in being non-governmental
publicly o~~ed rural organizations with nultimillion dollar facilities
and operations. Local control and autonomy or PBS's is central to
the rural electrification strategy for providing efficient, reliable
rural electric service. PBS development has been carefully planned
to create local PBS's with the authority, means and incentives to be
responsive to local demands for good service (ref. Project Description).
Despite initial skepticism about the ability of these rural organiza
tions to own and operate these sophisticated physical and administrative
systems, progress to date with PBS development has been better than
satisfactory; the potential for long run viability remains excellent.

While the concept of PBS autonomy is strongly s~ported by
the REB, the PBS's are, in practice, financially dependent for many
years and necessarily subject to a multitude of controls. The policy
and practicecf autonomous and responsible PBSvs must be carefully
nurtured, Here the experience of t~RECA consultants, most of whom
have managed or been working ~embers of independent rural cooperatives
in the U.S., is invaluable.

4,7 Development of Private Electric Service Industries

To achieve rapid and cost-effective design and construction of
rural electric distribution systems, the project relies on private
local consultant firms (local consultants) and local private construc
tion cont=actcrs (contractors). Under RE I, a total of nine local
consultants and 35 contractors have been awarded contracts totalling
$4.5 ~~llion. The majority of firms have performed well and justified
the use of private contractors.

Growth of the rural electrification program directly and
indirectly promotes related growth of a number of electric manufacturing,
supply and service industries. REB has establish specifications for
rural electric housewiring needs and contr~cted with local manufacturers
to produce them. These commodities are being sold directly through
PBS's to consumers. As private sector distribution systems develop
in response to the demonstrated consumer demand, the REB is retiring
from direct procurement of these commodities and replacement parts.

Rural electrification has profited greatly from this decision
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to expand capability of the private sector. RE II will continue this
policy by awarding contracts for goods and services to private contractors,
establishing standards for RE commodities, demonstrating Dlarkets (e.g.
for electric motors), marketing motors through private distributors, and
by providing extensive classroom and field training in technical~dmini

strativc subjects to managers and staff of local engineering consultants,
construction contractors and supply/service firms.

4.8 Rural Electrification Board (REB)

The REB, responsible for planning and implementing rural elec
trification in Bangladesh, was newly created under RE I. The intent
was to install an organization suited for rural electrification and
undistracted by other objectives or outdated organizational structures,
policies, systems and practices. Special effort has been taken to
recruit qualified and motivated officers. The results have been very
good. REB perfo~ance is exceptionally good in comparison to staudards
of management of other development programs.

4.9 Uniform Specifications and Standards

To construct technically superior systems at low cost which can
be operated and maintained in Bangladesh. the Consultant and REB have
strongly supported a policy of strict specifications and standards for
engineering, construction and commodities. Uniformity and standard
ization is effected wherever possible. The Consultant will continue
to work with the REB to maintain appropriate specificationL and standards.

5. Differences between RE I and RE II

The project is a follow-on to the Rural Electrification I
Project (388-0021). -Besides the multidonor nature of the follow-on
program and the policy changes noted in 4.1 to 4.5 above, there are a
few other noteworthy project design differences between the proposed
RE II and RE I with respect to AID's role in providing technical assis
tance; the evolving emphasis of the technical assistance effort on
augmenting REB and PBS management and supervision capabilities; more
attention to the operation and maintenance of the electrical distribution
systems; and possible modifications of the distribution system design.

5.1 AID's Role in Funding Technical Assistance

To ensure sound technology transfer and institutional develop
ment, technical assistance is a most critical component of this RE II
extension project. Except for BDG contributions, the donors and the
BDG have agreed that AID will fully fund the technical assistance (TA)
and most of the training for the entire Phase II program, i.e. for all
20 PBS's.
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By providing the TAt AID can help assure continuity and
effectiveness of overall program direction and standards. The rural
electrification program embodies fundamental concepts and technologies,
adapted to Bangladesh, which are providing a solid foundation for
success, e.g. 8trea~lined management and administration, uniform
engineering and construction specifications and standards, maximized
role of the private sector and of the independent PBS's and emphasis
on human resources development. Continued success of rural electrifi
cation will depend on maintaining these features and minimizing the
proliferation and redundancy of policies, systems, specifications and
standards which frequently occur in large multidonor flmded sectors.
The danger of redundant policies and systems is amply illustrated by
the serious operational diffi~ulties of many programs in Bangladesh.

5.2 Technical Assistance and Training

The RE II project will continue the heavy RE I emphasis on
human resource development and training. The REB, PBS's and other
organizations have achieved remarkable progress in implementing RE I,
but human resources are stretched. Staff and skills must continue to
be augmented rapidly to meet the needs of p~ II. Managerial expertise
is weak at most levels and will require special attention (Ref.
Evaluation P~nex).

Technical assistance and training requirements comprise less
than 10% of donor funding for the Phase II Program, coopared to 17%
for RE I. but the $12.7 rrillion total for RE II TA and trai·~ing is a
critical project input, vital for program management and the transfer
of necessary skills and technologies. To maintain the effectivess of
TA as the program expands, the Consultant will provide less direct
training anj supervision and work more closely with REB and PBS managers
on management and supervision planning, training of trainers and
systematic monitoring of performance. Particularly with respect to
the design and construction of electrical distribution systems, the
REB will undertake with the Consultant to closely monitor local consul
tants' and contractors' performance.

5.3 Op~ration and Maintenance of Electr.ical Distribution Systems

Power reliability depends importantly on proper maintenance.
Transmission and distribution system maintenance has been neglected in
the past with predictable results. A critical period in the mainten
ance of PBS distribution systems is immediately after electrification
when the inexperienced PBS's take over responsibility for O&M. PBS
performance in this early stage will affect public perceptions about
rural electrification and will tend to set a standard for future PBS
performance. More technical assistance will be provided to guide
PBS's in operating and maintaining the electrical distribution system.
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5.4 Line Design

Engineering design of the RE I electrical distribution systems
reflected load projections at the time. With policy evolvin~ toward
more productive load, engineering design of PBS distribution systems
will be re-examined. Specifically, the Consultant and REB will review
the revised load forecasts to determine the impact, if any. on the
planned construction mix of three phase and single phase primary lines
(ref. II.A. "Technical Analysis").

6. Description of Main Features

6.1 Construction of Electrical Distribution Systems(5)

The project includes construction or rehabilitation of approx
imately 4,300 miles of electrical distribution line, including ls960
miles of high tension (HT)(ll kV/6.35 kV), 1,630 miles of low tension
(LT) (430/230 V), 710 mi.les of rehabilitated HT, lit substations (33 kV/
11 kV), and connection of 62,100 meters serving a~gyt 4,495 irrigation
pumps and rural industries and 145,000 households , comnercial
establishments and community facilities (schools, health clinics, etc.).
AID will contribute $29.7 million for construction commodities (U.S.
and 941 source/origin) for construction of four new PB&'s and expansion
of the 13 original RE I PBS systems.

New PBS's

hID will provide the donor financing for four new PBS's ten
tatively selected as follows: Chittagong I PBS; Bogra II PBS;
Jamalpur I PBS and Rnngpur II PBS. Approximately 600 miles of HT
and LT will be constructed in each PBS. Direct construction costs
average about $ 7.0 million per PBS of which AID will finance
$4.95 mainly for conductors, poles, transformers, prefabricated
substations and other commodities. The BDG will fin.ance the remain
ing $ 2.05 million for PBS headquarters site, PBS offices, warehouses
and other facilities and the rel~ted engineering and construction
services.

'.1 _

(5) This description pert~ins to the AID supported portion of the
overall ?hase II Program unless otherwise noted. Except for
specific targets, costs, etc., the description is equelly appli
cable to the entire Phase II Program.

(6) 62,100 meters based on an average of 2.5 household connections
per meter.
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Total population in the four P3S's is approximately 3 t 120,000
in 557,500 households. Planned connections coyer the bulk of the
irrigation pumps and small industries which can be economically reached
and about 20% of the total households. Continued expansion of the
PBS areas beyond the project period will permit additional connections
at relatively l~lw c':"!sts pl:r connection.

PBS's have been selected on the basis of a feasibility study
conducted by FEB ane the Consultant. Based on the study, 20 PBS
areas were identified and ranked; the top 12 were earmarked for AID
and World Bank funding. In selectin~ USAID's areas, USAID and REB
chose those with high feasibility rankinQ:s t with special consideration
to irrigation potential and power supply(7 J

Thirteen Originel PBS's

The distribution system in each of the original RE I PBS's
will be expanded from about 350 miles of HT each to about 400 miles,
especially to meet the demand for productive connections. An
additior.al 20,500 metered connections are targeted, including about
1,485 irrigation pumps and rural industries. The relatively modest
expansion in each PBS permits cost-effective connections because the
basic physical and organizational infrastructure is already in place.
AID will finance $9.9 million, or $761,500 per PBS for construction
commodities.

Means of Construction

Engineering design and layout of the backbone distribution
systems are done by the REB and the Consultant. These organizations
also oversee the detailed design and construction.

Detailed design and layout of the village distribution systems
is done by private Bangladeshi engineering firms (local consultants)
and actual construction of the distribution syste~£, including the
substations, is done by private Bangladeshi construction firms (con
tractors) under contract to the RE~. The BDG finances these contracts.
Normally, about four contractors are utilized for the construction
of one PBS.

(7) In June 1981, the World Bank appraisal ffiission in Dacca indicated
to USAID that it would prefer to make its final selection of PBS
areas later this summer when additional feasibility analysis is
available. Hence, USAIr proposes to retain some flexibility
in final selection of AID areas, to adjust for continui~g

detailed feasibility analysis and to accommodate the ilank.
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Detailed engineerin? Gcsiqn does not begin until the PBS's
are orpanized and functionin~. The PBS signs agreements with the REB
regarding organizatiJnal and financial responsibilities. A sign up
campaign must be conducted by the PBS prior to construction.

6.2 Rural Electrific8tion Board (REB)

The REB, responsible for planning and implementing rural elec
trification in Bangladesh, will be expanded to manage the expanded
Phase II program. Main REB duties include: planning new distribution

schemes; establishing and enforcing specifications and standards;
contracting for and supervising the cngineering and construction of the
distribution systems; organizing and developing the PBS's to manage
and operate the electric systems; promoting the electric supply and
service industry, procuring construction commodities, etc.

The REB has performed exceptionally well in implementing RE I,
but the Phase II Program will necessitate a quantum jump in REB's
work. To meet the challenges, the REB budget will be increased from
approximately $710,000 annually to $1,070,000 annually. Management
and staff will be increased from the present sanctioned level of 396
to about 453. The Consultant will continue to assist the REB to plan
and execute its numerous functions. Emphasis will be ~n management
and productivity--to enable the REB to handle a program more than
twice as large as RE I with only about 15% more staff.

6.3 PBS Development

A new PBS organization will be established in each of the 20
new PBS areas (including the four AID supported PBS's). PBS's o~~

and operate the rural electric distribution systQ~ in their area.
PBS primary responsibilities are: to manage, operate and maintain
the physical system including the 33/11 kV substations; to promote
and meter new consumers; bill and collect from consumers; enforce
safety and other standards; keep financial records and repay the
development and other loans froID the REB.

Local control and autonomy of PBS's is' central to the project
strategy. The PBS development program includes local election of
PBS leadership; extensive management and technical training; on-the
job technical assistance; streamlined organization and procedures;
and adequate budget and facilities.

Organization: Each PBS is governed by a local nine person
Board of Directors. Directors are initially selected, and then
elected on a rotating basis beginning 18 months after energization.
The Board appoints a General Manager with broad nanagerial jurisdic
tion. PBS organization is dtscussed further in IV.B. "Administrative
Arrangements".
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Developnent Loans: The REB wakes a capital development loan
in the form of a Tk 150 million (approximately $9.4 million) line of
credit to each PBS for the value of the electrical di8tribution system
construction and the PBS headquarters construction (offices, warehouses,
etc.). The development period is 35 years with a ten year grace
period. Interest rate is 2%. The eevelopmcnt loan agreement con~

tains standard provisions whereby the PBS agrees to fulfil its respon
sibilities and functions in accordance with program specifications,
procedures and standards. REB also makes operating loans to PBS's
until PBS revenues can cover administrative costs.

Training: REB, with the Consultant, conducts an extensive
training program for PBS directors, managers and staff. Training
covers responsibilities and functions of Board members and managers,
financial records and accounts, electrical system operations and
maintenance, logistics,and member service.

Technical Assistance to PBS's: P~B, with the Consultant,
provides written guidance and instructions with respect to all PBS
organizations, functions, standards and specifications. Following
classroom tr~ining for PBS staff, the REB and the Consultant provide
close on-the-job guidance to PBS's for each major phase of PES
responsibilities.

PBS Headquarters Construction: The REB contracts for andhelps
supervise construction of the PES's physical facilities. Construction
includes offices; warehouses for spare parts, storage spac~, etc.
PBS headquarters construction costs approximately $831,000 per PBS,
entirely financed by the BDG.

6.4 Power Use Program

Power use pro~rams will be developed to promote the use of
electricity for rural production, especially for irrigation and rural
industry. Main objectives will be to assure an adequate supply of
electric motors and an effective in-country distribution and service
system for motors and related equipment. The anticipated demand for
electricity ror productive uses is high but productive use is hampered
by insufficient supply of motors; inadequate distribution and service
networks for motors and related equipment; fu~d by in~dequate credit
to finance consumer purchases of motors and related equipment. The
RE I Evaluation (Annex A~ Attachment 4) concluded that RE I power use
programs were not effectively designed or implenented and that power
use prograns required revision in view of emerging power use issues
and priorities. Most importantly, the evaluation noted that pro
ductive connections in PBS areas ar'e being stymied by a near absence
of single phase (10) motors. These ~otors are urgently needed in
large volume because most villages are being provided 10 current
under the RE program. The motors are not available because:
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1) the market for the motors has not been demonstrated and distri
butors are not handling them; 2) customs duties are 125% on electric
motors between 2 HF and 25 HP; 3) private sector distribution/sales
systems have not developed because nearly all irrigation pumps and
motors/engines ~re marketed through government agencies at subsidized
prices; and 4) consumer credit for the procurement of pumps and motors
is available only through government banks which are meeting only a
small portion of the demand for loans. Fortunately, the SFYP provides
for a massive power pump irrigation program which will provide the
necessary pumps and other complemcntaD1 infrastructure required for
electric powered irrigation.

The RE II Power Use Program consists of:

1) $4.8 million AID financing for procurement of power use
commodities, mainly 10 motors and phase convertors (30 to 10).

2) Technical assistance by the Consultant to assist with power
use planning and implementation--approximately 112 work
months.

3) Power use planning by the REB Directorate for Member Service
and Power Use to: a) analyse the potential fo~ promJctive
uses of electricity, notably for irrigation~ ~nd the related
requirements for electric motors and equipment; b) estahli~h

targets for electrification of irrigation pumps and rural
industries, for each locality; c) evaluate field ;rogress in
connecting irrigation pumps and small industries. Recommend
policies and programs for achieving desired targets.
Note the need for any revisions in line design criteria or
practice; d) monitor the need for and effectiveness of credit
for different types of consumcrs--irrigation groups, rural
industries, households, etc. Formulate credit policy
recommendations related to the EDG loan program for electric
consumerS.

4) Coordination of the rural electrification project with irri
gation development projects and rural industry projects to
induce TIDG agencies and donors to procure and install ade
quate numbers of electric motors.

5) Stimulating private sector supply, distribution and service
of electric motors and related equipment. The RE I evalu
ation noted that BDG government agencies would continue to
be important distributors of pumps, motors and other agri
cultural inputs, but that these agencies were incapable of
efficiently meeting tctal mark~t demand. The SFYP calls
for the development of private sector distribution of agri
cultural inputs. Under RE II, REB will distribute as many
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of the imported motors as possible through private distri
butors. Distribution arrangements will be further detailed
in negotiations with private distributors. REE will sell
motors to private distributc!rs, probo'lbly with the distributors
providing bank guarantees of payment to the REB. REB may
institute special sales terms, e.g. guaranteect repurchase
by REB if motors cannot be seld. etc. 11 covenant in the
Project Agreement will require assurances from the BDG that
Ilwith respect to the supply s sale, distribution and service
of minor irrigation pumps and engines/motors, the BDG will
encourage rapid "privatization" as called for in the SFYP".

6) Reduction of customs b~rriers on electric motors. A con
dition precedent ~~ll r~quire that the BDG reduce duties on
the REB's imported motors to 15% ad valorum nr less and that
the BOO permit the importation of motors through government
and private channels in quantities large enough to meet the
motor requirements of rural electrification.

7) Demonstration and distribution of motors and phase convertors
through PBS's. To demonstrate the market for single phase
and other motors, each PES will demonstrate several common
pump/motor combinations including STW's and LLP's with 10
motors. Where demand is created, PBS's will sell motors
direct. Under RE I. PBS's are successfully selling a
n~ber of housewiring commoditia~. They are demonstrating
the market demand and inducing private distributor r to meet
it.

8) A $5 million BDG credit program to provide loans to consumers
for purchase of electric motors and related equipment for
irrigation, and possibly for other types of consumers.
rhe $5 million will be provided by the EDG, possibly from
proceeds generated by the USAID Title III program. Loans
to cc.nsumers will be disbursed l3rgely through the banking
system. Commercial supplier credits may be experimented
with. The present system of private distributor/public
bank financing will be er.~anded. Private distributors
will seli pump gore; to farmers and assist the farmers to
obtain financing from the ilalllo>~,,>.rlpsh Krishi :Sank which has
funds reserved for such loans.

9) Encouraging local manufacture of electric motors by putting
potential Bangladeshi investors in contact with American
firms which might be interested in investment or sale of
capital equipment or technology. Contacts can be arranged
through NRECA/CAI.

In some respects, the power use program is the most difficult
part of the project. IL necessitates involvements beyond the
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traditional scope of rural elect~ification programs, agencies and
Consultants. ~lso. the problems inherent in the supply and distri
bution of motors, pumps, credit and other agricultural inputs represent
entrenched problems exacerbated by layers of policies, programs and
practices. The RE program cannot be the sele vehicle for revamping
national input supply systems. The RE power use rrcgram must
?rioritize its interventions. Immediate priority will be importing
and distributing the roughly 4,000 5 HP. 7.5 HP and 10 HP single phase
electric motors which AID will finance. T~ the extent possible, this
will be done through the private sector. The problems involved in
developing private sector capacity cannot be underestimated however.
Despite SFYP plans to stimulate agricultural input supply through the
private sector, the private sector in practice is undeveloped and con
strained by prevalent economic philosophies and practices which favor
government controls, subsidies and price fixing. The planning
component of the power use rrogram is important for further defining
the scope and nature of the problems and possible approaches.

6.5 Development of Private Sector Capability to Design,
Construct and Service Electrical Systems

Engineering and Construction

The REB and the Consultant provide extensive classroom and on
the-job training for the local consultants and contractors which design
and construct the village distrihution systems (owners, managers,
workers), and careful supervision of contract performance. Under the
Phase II Program, the operations 8f existing firms will be expanded and
new firms will be trained and contracted with. Contract costs will be
entirely financed by the DDG. Three main types of contracts will be
awarded:

1) Design and Engineering: For detailed line design and con
struction supervision. The local design and engineering consultants
are responsible to: a) survey and map the entire PBS area showing all
potential electrical connections (irrigation, small industry, commer
cial, residential) and related loads; b) determine where lines are to
be constructed and what loads connected: c) do the final engineering
design (line capacity, transformer requirements, etc.) for the present
and future loads; and d) supervise the line construction by local
contractors.

2) Construction of Substations: To construct the 50-60 sub
stations planned for the Phase II Progr.am.

3)
will be
systems

Construction of PBS Electrical Distribution Systems: Contracts
signed with about 25 contractors to construct the 20 PBS
planned,
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Electric Supply and Service Industries

A number of electric manufacturing, supply and service industries
have develope2 under BE I.

Under RE II, P£B will continue to locally purchase line construc
tion commodities (poles, crossarms, etc.), housewiring materials and
equipment (switc~boxesJ etc.) And power use commodities (motors). As
private markets develop,especielly for housewiring, power use and
repair, private suppliers will increasingly sell direct to buyers. The
PBS inspects and approves the wiring of each household and industry
before final metering and connection. REE will continue to establish
specifications for local products, promote productive uses of power and
procure local commodities, when appropriate, to stimulate the private
sector.

6.6 Technical Assistance and Training

Technical Assistance

Managerial and technical assistance is a criticAl ingredient
of the project and of the overall rural electrification program. Pro
ductivity of the REB, PBS's and other organizations must rise on a
sustained upward curve to achieve construction and conn~ction targets
without compromising quality. The Phase II Program is planned to
achieve the desired balance of the most rapid development possible with
in existing institutional resources, consistent with RE pro~ram standards.

$12.732 million will be provided over the project period to
provide managerial and technical assistance for overall project planning
and implementation including distribution system design, construction,
operation and maintenance, REB development, PBS development, power use
and training. Table 7 shows technical asssistance requirements and
related costs.

Emphasis of the TA effort throughout is on developing the
capability of Bangladeshi organizations to c0nstruct, operate and main
tain electrical systems in an efficient manner. The program is essen
tially an on-the-job training program. Approximately $3.246 million
of the tetal TA represents costs of the formal training component,
including a $250,000 line item for third country training(ref. 6.6.2
"Training ll below).

AID's role in funding the total TA component of the project is
highly desirable for maintaining rural electrification progress and
standards. The design and implementation of rural electrification
involves not only the transfer of technologies and skills but also of
basic concepts and management approa~~es fundamental to the success of
the program. Continued success will depend on reinforcing these features.
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It is particularly important to avoid undue proliferation of
administrative systems and of specifications and standards which could
occur in response to the requirements and preferences of numerous
donors or consultants. For example~ if a new commodity type ~r speci
fication is introduced into the project which is not compatible or
interchangeable with other similar comm0dities, it causes many kinds
of duplication--in invent0ry, warehouse and logistic records; in
replacement parts stocks; in commodity inspection or testing methods
or equipment; an~ in training (consultants, contractors, repairmen
or other end users). Such du~lication must be minimized.

Another advantage of AID TA financing is the continuation of
an experienced and successful Consultant without breaks in service
caused by lengthy procurement process, or start-up periods. NRECA/CAI
are already in place and would remain so, with some expansion.

Training

__ A key element for the successful expansion and completion of
the project is an effective formal training program. Progress in
institution~lizing training within the REB has been excellent. An
REB Directorate of Training has been established and is engaged in
conducting a long range training program for management and staff.
Courses have been attended by REB, PBS, local consultant, contractor
and PDB personnel. As of March 31, 1981, curricula and manuals have
been developed for a total of 25 courses attended by over 3,200 persons.
The greatest difficulty to date has been staffing the Dire~torate with
capable trainers. Consequently, the Consultant advisors continue to
carry a large portion of the instruction load.

For the Phase II Program an immense amount of formal training
is required. There is a great need for on-the-job training oppor
tunities for the accelerated development of local consultants, local
contractors and PBS Management. RE II~ll establish a model engin
eering firm, a model construction firm and a model PBS by providing
special REB and Consultant assistance to the three organizations.
Each organization selected would agree to provide on-the-job training
for people from similar organizations. Thes€ "model" organizations
would be reimbursed by the REE as appropriate.

Third country tT:1ining will he carried out. Selected RE3 and
PBS officers will be sent to the Philippines for orientation in rural
electrification by the National Electrification Administration and the
Philippine electric cooperatives. REB officers also attend the
"Operations and Management of Rural Electric Distribution Systems in
Developing Countries" course which is sponsored annually by AID, NRECA
and USDA. The results of both have been 2xcellcnt and it is planned
to continue them. Consideration is also being given to selecting

i-
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some systems in both the Philippines and the U.S. to provide short
periods of on-the-job training for PBS managers and key employees.
Except for BDG contributions? most costs for formal project training
(in-country and third country) are financed out of the TA contract.
Table 13 presents training targets for RE II.

7. Other Donor Coordination

The Ministry of Finance, External Resources Division (ERD),
coordinates all donor funding. ERD directs donor contributions to
BDG development priorities and negotiates the related agreements.
ERD has proposed that AID finance this $50 million contribution to
rural electrification (Annex N). The REB, with the Consultant, is
responsible for preparing feasibility work and formulating subprojects
for presentation to various donors. The REB is highly conscious of
the need to avoid redundant policies, specifications, procedures, and
practices which would impede project administration. In dealing with
donors, REB has insisted that donor funded support be consistent with
established program tenets.

In May 1981, Kuwait approved a $29.6 million loan to the BDG for
eight new PBSs. The project is to commence in July 1981 and be com
pleted in June 1985. The loan is for 32 years, with a 7 year grace,
at 2% annual interest. Despite some initial reservations about the
PBS concept, Kuwait has agreed to finance the program without any changes,
except that Kuwait-financed commodities are to be purchased in accordance
with World Bank procurement procedures. U.S. commodities will remain
very competitive considering existing commodity specifications and the
competitive U.S. worldwide position in providing electrical system
commodities/equipment. Kuwait has agreed to use the present Consultant
(NRECA/CAI) to provide technical services for development of the
8 Kuwait PBSs.

The World Bank is proposing a credit of approximately $50 million
for the fourth quarter CY 1981. World Bank appraisal missions have
visited Bangladesh several times since Fall 1980, most recently in
May 1981. to collect data and to guide REB feasibility work and analysis
regarding newly proposed PBS areas. The Bank is. scheduled to finalize
its appraisal report for submission to the Bank Directors by November
1981.

Coordination between the Bank teams, ERD, REB, the Consultant
and AID has been close. The Bank teams have been well impressed with
project progress to date and have expreB3cd their intent to minimize
program changes. The team indicated basic concurrence vith project
specifications/standards and has agreed to have AID fund NRECA/CAI
technical services for the Bank's eight proposed PBSs. The team also
agreed in principle to the method for selecting the 4 new PBSs for
AID funding. The Bank's main concern about the design of rural electrifi
cation parallels AID's concern, reflected in this PP, i.e., to maximize
productive use of electric power for irrigation and rural industry.
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Other donors expressing serious interest in RE are Finland,~nd

the Asian DevclopDcnt Bank. The Finns contribute~ $1.9 million of
conductors to RE in 1980 and have expressed an interest in contributing
similar amounts over coming years. As considerable Finnish equipment
is not compatible with RE specifications, REB hns requested Finland to
contribute basic commodities which do not present compatibility pro
blems, e.g. conductors, poles. The Finns have tentatively concurred
with this approach.

The ADB is very involved in Bangladesh with power generation and
transmission; they have been sufficiently impressed with the RE program
and have tentatively earmarked $20 million for FY 1983.

Given the REBfs insistence on adherence by all donors to existing
project policies and specifications and the ease with which the RE
program can be apportioned into subprojects commensurate with anticipated
funding; USAID considers the presently projected level of donor support
to be a distinct plus. The BDG and the REB are telieved to have the
absorbtive and administrative capability to manage the level of donor
funding presently anticipated.
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P!~T II - FEASIBILITY

A. Technical Fe~sibility

1. General:

As noted earlier. USAID will finance all technical assistance and
cons~ruction of 4 new PBS's end limited expansion of the original 13.
In the construction of the 4 ne~ PBS's th2 same criteria apply as
noted in the RE I Project Paper (as Bmended); e.g. the total construc- \
tion requirewent for the 4 new PBS's includes the provision of both
an efficient initial operating system and a foundation for future expan
sion. Accordingly, substations and main circuits will be designed for
final load requirements. The major technical conronents for these new
4 PBS's include extension of the initial primary (high tension) circuit
to the bulk of potential consumers and the development of a solid insti
tutional base to provide the necessary technical expertise for both
initial and future operations. The on20ing projett, RE I, demonstrated
the validity of this approach. The expansion of the original thirteen
(RE I) PBS's will consist mainly of line construction with related
equipment such as distribution transformers and protective/sectionaliz
ing devices. These new lines will reach further into remote areas so
that mere of the potential consumers who siEned up under the initial
(RE I) PBS membership drive, may be supplied. Under the present (RE I)
line-mile allocation per PBS. about 50% of all domestic/commercial
members and only 20% of all irrigation loads can be electrified. This
RE II PP stresses the importance of electrified irrigation and related
cost savings, (sec RE I Evaluation) and the increase of line-miles per
PBS, with related higher revenue and more economic loading of substa
tions (decrease of loss to load ratio).

2. Technical Responsibilities:

The Rural Electrification Board (REB) is pr8viding assistance to
the Rural Electric Cooperatives (PBS) through management of construc
tion, setting cf construction and operating standards and specifications
and establishing trainins courses and systems.

The REB field inspection staff, with the American Consultant,
is supervising the local line design consultants and contractors to
ensure co!!!pliance with REB standards. This is working well and com
pleted construction reflects an acceptable workmanship as a result of
excellent cooperation between the Consultant and the responsible REB
supervising enp,in~crs. 80% 2f all lacnl controctorn, currently engased
in line construction, are now experienced and need less supervision
than one year ago. However, the role of the American advisors remains
as important as it was during the initial training stage in order to
ensure continuing quality control through on-site inspections and close
monitoring of all construction related activities.
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Five PES's hnve been energized under RE I and ~re now assuming
responsibilities such as inspecting consuoers i installations and
oakinr, service connections. After constructisn ccmpletion~ the local
PBSvs should be sufficiently experienced to assume full operation and
mafnten-::.nce respcr.sibilities) with REB providint; general guidance and
policies.

The PUS will purchase and take responsibility for bulk power from
the PDB at the PBS substation. Operation and maintenance of the 11 kV
distribution system emanating fro~ PilS substation will be the responsi
bility of the PBS. In 8eneral~ P£B will guide and supervise all FBS
efforts.

All interior wiring is the responsibility of the consumer. Prior
to energizCltion) hcwever. ?3S insp8ctors will certify consumer's instal
lations for conformance with P£B standarGs. This has been successfully
done under RE I.

To ensure a smc::>th transfer of technolop,y) local engineering and
surveying firms have been employed from the very beginning) with the
Consultant providing guidance and general supervision. This approach
has worked very well. There is confidence that these local consultants
will become the nuc18us for a sound electrical engineering/construction
industry in Bangladesh. Appropriate technical assistance is essential
for achieving this objective.

As in RE I the technical responsibilities of the local consultants
will include~

- prepare detailed line design (staking sheets)
- supervise riGht cf way (ROW) clearing
- prepare system maps
- provide general cngineering consulting services
- supervise csnstruction.

3. Power Systetl

The Power Development Board (PDB) is responsible for all power
generation and transmission in Bangladesh. Main transmission voltoge
is 132 kV. sub-trans~ssion voltages are 66 ene 33 kV. The latter
33 kV sub-transoission systcw is of primary concern to USAID and is
addressed in detail under Annex D. The unreliability of this 33 kV
system makes it mandatory that the Bangladesh Government cause PDB to
rehabilitate at least these 33 kV su~stations and lines feeding the PBS
substations. This project has earmarked funds for technical assistance
to guice and senerally supervise PDD efforts in this matter. Under the
ADDs ?roposed Power Rehabilitetion Project) other elements of PDBls

f:generation and transmission systeos are to be rehabilitated to accept
able standards.
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ReBarcing g~neratins capacity, present and future, there is evidence
to believe that once the ongoing construction of the east-west inter
connector is completed the power shortfall for the western grid noted
in the RE I Project Paper Amendment will be overcome.

Tables 1 s 2 and 3 show: (1) the estimated yearwise growth of
peak demand, including total planned rural electrification demand.
(2) a schedule of commissioning of power plants, including the peaktime
transfer fron east to west zone via the east-west interconnector, planned
to be operational by 1983 s and (3) a:summary of ongoing and new genera
tion projects of PDB to be impleme~ted during 1981-1985.

4. System Design

PDB po~ar (33 kV) will oe stopped down to 11/6.35 kV as the
primary distribution voltage. The primary system will have the Wye
configuration with Eulti-grounded neutral. Main feeders and branch
feeders are 4-wire 3phase, whereas primary tap circuits may be either
3 phase or single phase, according to loads encountered, existing or
potential. The appropriate mix of 3 phase and single phase primary
lines cannot be deteroined for the time being but field experience has
Shown that the originally conceived mix of 70% single phase and 30%
three phase primary lines will shift towards more three phase due to
higher irrigation consumer potential than expected -and the unavaila
bility in Bangladesh of single phase motors larger than fractional
horsepower. This project has funds ea~~rked for power use commodi
ties to alleviate the previously noted shortage of motors. Bangladesh
will have to revise it's import policy, i.e. current import duties on
electric motors rated under 25 HP are very high in order to protect
the locnl motor industry, which, however, is incapable o~ meeting
demand.

In some PBSs, existing PDB line has to be rehabilitated to fit
within the PBS system. Under RE I, initial difficulties have been
overcome and PDB line conversion/modification and rehabilitation is now
progressing.

PBS line routing criteria remain as under RE I, i.e. primary
main circuits (backbone lines) will run along existing roads, branch
lines will be staked according to load requirements determined by the
local consultant from sign up data and field verification. PBS sub
station& are located at sites accessible throughout the year.

Secondary distrihution voltage is either 400/230 Volt three phase
or 230 Volt single phase according to load requirement. Power frequency
is 50 Hertz (cycles per second) •

For more details on system design see Annex E.

I
I
I
I -

t
i,
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Table: 1 YEARWISE GROWTH OF PEAK I

I

V East Zone West Zone Wh<

j
---------~--------

_________l ________
___________________ 4

Year BPDB REB Total. BPDB REB Total. BPDB 0/0 of inc reas e

I over year

I 1 2 3 4 5 6 7 8 9

1978-79 331 331 105 105 436

1979-80 354 5 359 123* 4 127 477 9.4% ." 1.1,
~980-81 383 9 392 142 8 150 525 10% i ' ~

1981-82 421 17 438 167 14 181 588 12%
1982-83 460 33 493 193 27 225 658 12%
1983-84 503 61 564 234 51 285 737 12%
i 984-85 550 113 661 275 97 372 825 12%
1985-86 742 417
1986-87 831 467
1987-88 931 523

* Includes all demands which are now supressed (about 20 MW)

\

Note: - The average growth of peak demand during 1980-81 to 1984-85 period ~

has been projected as, 13%.24% J16. 3% per annum respectively. L-uri
assumed to grow at the rate of 12% per annum.
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Table 2 Schedule of Commissioning of Power P1anl

(Assuming Khu1na 110 MW Plant to be Commissioned in June~ 198~ and the Interconne~

Peak Peak Additional Additional Retirement Total
Demand in demand in Generation generation of Plants available av~

Year West Zone East Zone capacity in in East in MW capacity cal
West Zone Zone in West El

Zone
1 2 3 4 5 6 7

••J .•

1

---1
302

577

452

352...

1979-80 127 359 146
1980:'8i .------ . '150" --.-... 392-" '--" ·····.f6--······ ----·-·50---·-·-~-::---···-·-----25r---- -.,

(Khu1na B-M) (Kaptai) .1981=-82- '--: .. ' '''lsI''- .. ·---·430· - .-. -..-. -25----------~·6t:f-----·-·---3----------273----·----·~

(Barisa1) (West Zo~e)

. _.. .. . .-.J!;C!!:&~._c~t!~~~~_(~!!ta~b~E~>.__~
19~2-83 225 493 110-56* 56* 25

(Khu1na) (West Zone)
198-3:'8-4- -. ----285-----564·-----·--··-·--·---------200**--·----- --'----:302----

(Ashuganj &
...__ . ..._. __.__ ... .. (Ghorasf\L.G. T...!..J..) _

1984-85 372 663 **50 100~c*

__._. . ._. __ .. ._..1!!!l~_!~m~.0 __ ST) (A~_h~&~n~j,..,...:::.ST=-)L---_

1985-66 417 742 100 100~*

(West Zone) (Ghorasa1 ST)
Ffa-6-87------- -46-7----331 ------.------ 100+100---·-.--:-;--------452-----j

(Chittagong,
_____. .. . ._. .. ~apt~!.L_ _

532 931 125 100
(Rooppur) (Ashuganj

Ghorasal)

1987'-08

* Transfer of Khulna Barge-Mounted Plants to eastern grid.

** Combined Cycle.

Note- reak-time transfer of power from East Zone to West Zone is calculated on the'
be always out of op~ration in East Zone for Schedule of forced naintenance.

. ,
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Table: 3 ON-GOINING & NEW GENERATION PROJECTS OF BPDB
TO BE IMPLEMENTED.cURING 1981-85

Name of the Capacity Year of
Project (MW) Commissioning Remarks

A. Cn-Going:

1. Karnafuli 3rd lx50 1981-82 DSAID financed
Un it (Kaptai)

2. Chittagong SPS lx60 June, 1982
(,sh ika1baha )

3. Khulna SPS lx110 Dec. '1982

4. East-Zone Emergency
Rehabilitation 50 1981-82 To be financed
Programme by ADB.

5. West-Zone Emer- 39 1981-82 Partly financed
gency Rehabilitation by KFW & the
Programme rest to be finan-

ced by ADB

B. New:

1. Ashuganj Extension

a) Gas Turbine 90 July, 1982 Under U. K.
Credit, Contract
signed between
PDB & Mis.
John Brown
(Supplier)

b) Steam Turbine 100 June, 1983

2. Ghorashal Extension

a) Steam Turbine 210 Dec. '1984 Financed by
DSSR.

3. Bar isal Diesel 25 Dec. '1982 Not yet
Financed.
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5. Procurement;

The ability to effectively procure substantial quantities of
materials in a short period of time has be~n a most significant accom
plis~ent in the initial stages of the RE I Project. This is especially
apparent when compared to similar projects in other countries as well as
other general international procurement experience in Bangladesh.
International procurement funded via this project (RE II) will be carried
out along established procedures and it is anticipated that timely
procurement will be achieved crY.A.Procurement Planning).

In the same regard, we anticipate transshipment from entry points
will be effectively carried out. Additionally, as original PDB ware
housing facilities were insufficient for the magnitude of imported
materials required, REB owned and operated warehouses have since been
built and are now operating at the ports of Chittagong and Khulna.

6. Local Product Development:

A key element related to procurement is the development of a local
product capability to complement the material requirements of the project.
The RE I PP assumed all materials except cement, concrete aggregates
reinforcing steel, brick and some miscellaneous items'needed to be
imported. At the same time, it recognized that development of a local
product capability was essential if current electrification efforts and
subsequent system expansion were to avoid excessive reliance on foreign
products and the attendant heavy foreign exchange requirements. During
the first two years of the RE I Project, the REB has made significant
pro~essin helping to develop certain local product capability.

For example, during pole procurement, the Bangladesh Forests
Industries Development Corporation (BFIDC) won a competitive international
tender for the supply of 5,000 poles and 30.000 cross-arms valued at
US$1,058.000. This was in part the result of a sustained REB effort to
upgrade the quality of BFIDC production facilities. The REB recruited
and trained two wood products inspectors in the U.S. to insure that
international quality control standards for Bangladesh-produced pro-
ducts would be maintained. Pole requirements under this project paper
are anticipated to be supplied in sizeable part through domestic
procurement. Over the long term. this should be especially cost effec
tive for the project. given the heavy freight costs associated with
international pole procurement.

There has also been substantial progress in developing products
of relatively simple componentry. To date over US$l million of wir.e,
mounting boards plugs, grounding rods, and switch boxes have been ~anu

factured and purchased in Bangladesh. As the system expands, it is
expected those types of industries will be increasingly developed and
dispersed inte the rural areas.
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7. Gener~l Plant:

Estab1ishrrlent of the PBSs in the rural areas has required REB
financed construction of a headquarters for the administration, ware
hoasing 9 Qainten~nce and opcrati0n of the rural electrification systems.
As in the case of the first 13 (RE I) PBSs~ adequate facilities cannot
be purchased or leased. New canntruction will be undertaken.

REB has to date ccmp1eted all buildings of the first 12 PBSs.
Furthermore REB has completed twe

mein warehouses in the port cities of C1~ttagong and Khu1na. The Khu1na
facility is being used primarily as the initial receiving and storage
point for the bulk of imported materials such as substations, conductors,.
etc. In addition~ to assist in off-loading of imported items at Khu1na,
a temporary jetty is operational while a permanent one is under
construction.

8. Technical Assistance:

The Consultants for RE I, NRECA/CAI~ have perfcrned well in
fostering an independent REB operating capability. REB has decided
to retain the s~e Consultant and the Mission agrees.

All iu all, given the importance of developing viable institu
tions at the central and local level t and the need for a large increase
in the peo1 of skilled rural distribution. deve10pnent and operations
personnel. technical assistance will remain a most L~portant factor in
this RE II extension project.

9. Rural Electrification and Alternative Energy:

The relationship of rural electrification to alternative energy
strategy is complementary. Electrification represents the most pervasive
means of providing industrial power f8r ir=igation and rural industry in
Bangladesh. The use of electric power generates cost-savings compared
to diesel fuel. Electricity is generated largely by domestic resources
while diesel is entirely imported.

While elcctrif1cation will remain the primary power source for
urban and rural industrial deve1opcent 9 projected resources of hydro
power and natural gas make it highly unlikely that electrification will
be able to provide all of the future energy de~and requirements. This
is especially apparent when one considers that the government looks
to Bangladeshis natural gas reserves for many diversified uses. Thus t

while e1eetrification , will remain the pri~ary power source for
rural irrigation and industrial devc10pmcnt J it will have to be comple
mented by an increase in alternative energy sources if other in-country
deL~nds are to be oet.

Because of the abovc t it is the }~ssion's strategy to support
both rural electrification and the development of other energy sources
which would fulfill primary energy neeJs. The Mission's CDSS has
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energy as on8 of the four key sectors for attention. While development
of the energy sector is still very much in the ~lannins stages the ~lission

is now in the ?rcccss of contractins for a num~~r of surveys, training
efforts, a~d fOBsibility studies that w~uld be the basis for the develop
ment of an energy progr~. A survey of all local agencies and private
voluntary agencies involved in rural energy developrr.ent will soon begin.
At the sace timet an extensive review of rural energy needs and current
rural energy consumption patterns will be dene. Fro~ these two basic
surveys it is hopcG that enough information will be obtained so that a
follow-on alternative energy program might be developed. At the same
timet the }tission is studying the possibility of maximizing hydro sources
of electrical generation to insure that th~ rural electrification program
h3s sufficient ?Gwer generation to meet all needs. at lowest cost. A
study is now underway to detercine the feasibility of rehabilit3tin~

ane upgrading Units 1 and 2 at the Karnaphuli power station. If positive,
additional me8aw~tt generation capacity ~ight be availe~lc at relatively
little cost. The Mission expects to begin soon a prefeasitility analysis
of the potential for mini-hydro in Bangladesh. Construction of only a
few of these sites c)uld have significant effect cn energy generation
needs. Other jenors are also seeking alternative en~rgy activities.

While all of the abdve are essential if Bangladesh is to ~aximize

its resources forpower t it must be recosnized that rural clectrificatio~

remains the lynchpin of th~ goverOl~ents energy strategy. The gcvernment
is cocmitted to expanding the electrification network; USAID/Dacca's
coomitoent is to do it in such a way that the maximun productive benefit
will accrue froo such expansion. At the sane time, this effort will not
be sufficient to meet all latent cenones for energy usage in the country
and therefore development in other alternative energy sectors must
continue.

10. Conclusion:

JudginG the past and present ?erformance of the REB, this RE II
extension project is technically sounds has· reasonably fire cost estimates
and reflects .the.necessary ?lanniog needed in Goth the.tinins of project
components and in the institutional structure requi.red to carry it out.
On this basis the project meets the requirements of the Foreign Assistance
Act t Section 611 (a).
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B. Economic Feasibility

1. Introduction

The approach employed by the feasibility study for this
project is essentially the same as that in the Rural Electrification
I Project. Only quantifiable economic benefits from the project are
measured. Social benefits, and non-quantifiable economic benefits
are not included. Benefits shown are therefore conservative.

The feasibility analysis here departs, however, in
ways from that in the Rural Electrification I Project Paper.
data generated by the feasibility study was used to compile a
tical profile for a typical Phase II PBS rather than for each
individual PBS under consideration. Second, an evaluation of the
long run marginal cost for wholesale electricity was made and a
sensitivity analysis of project feasibility carried out. Third, to
show the economic feasibility of expanding the electrical system in
the original 13 PBS's, an analysis is provided for a Phase I PBS
froD the 6th year.

2. Phase II PBS1s

The costs and benefits for a Phase II PBS are calculated
on the basis of a 17 year period with energization and the first
connections occurring in the third year. Benefits occurring in
later years are ignored. The real rate of return is calculated at
15.8% (under the present wholesale price for purchased power of
Tk O.266/kWH).

The data sources for the feasibility analysis are the
Consultant's (NRECA/CAI) load and financial forecasts. However,
financial data were adjusted where necessary to calculate economic
shadow costs for a PBS system. Additional data sources are refer
enced in the Tables in Annex F.

Project benefits are computed for seven consumer group
ings: residential, commercial~ DTW's, STW's, LLP's, small industry
and medium industry. The benefits understate the value of electri
city in consumption and should be viewed as minimum calculations.
Benefits include: 1) total purchases of electric power by all
consumers (total revenue to the PBS); 2) cost savings present as a
result of the shift from alternative energy source to electricity;
3) increased agricultural income due to increased operating hours/
day in irrigation resulting frcm the use of electric motors; and
4) increased employment both through the labor requirements of new
irrigation wells, commercial firms and small industry, and the
staffing requirements of contractors, PBS's and REB.
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Costs are calculated as the total of plant investment,
operation and maintenance expenditures and wholesale power purchases
from PDB.

The benefit-cost calculations are shown in Annex F. While
it is impossible to quantify the social benefits from rural electri
fication t these benefits are discussed in the Social Analysis.

3. Expansion of a Phase I PBS

The costs and benefits for the expansion of a Phase I
PBS are calculated assuming expansion begins in the sixth year and
continues through the seventeenth year. System costs include the
plant costs for this expansion and a certain prorated allocation of
the Itbackbone" system costs. Expansion would not be possible with
out the previous backbone construction. Purchase power costs are
determined assuming a wholesale rate from the PDB of Tk O.266/k~m.

Benefits are calculated to include total expenditure or
total revenue from the connections developed through the seventeenth
year. The primary data sources are described in Annex F. The real
internal rate of return for expansion is 24%.

4. Bangladesh Balance of Payments Position

Bangladesh~s balance of payments is characterized by a
large and growing trade deficit, almost entirely financed by
foreign aid. Export prospects are not good t at least in the near
term t given the largely stagnant world demand for jute and jute
goods which account for some 70% of export earnings. Rapidly
rising world prices--especially prices of petroleum and petroleum
products--are exerting the same sort of pressures on Bangladesh as
on non-oil producing LDC's in general.

The following table shows the balance of payments for
FY's 1979, 1980 (estimated) and 1981 (projected).
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BALANCE OF PAYMENTS IT 79-81
(in millions of US dollars)

FY 79 FY 80(e) FY 8l(P)

Merchandise exports, fob 610 719 750

Merchandise imports, cif -1;556 -2,352 -2,550

Trade Balance 946 -1,633 -1,800

Services (net) 5 7 52

Private transfers 140 163 234

Current Account balance 811 -1,477 -1,618

Amortization of MLT debt 57 50 57

IMF (net) 16 118 230

Other capital (net) 24 37 85

Disbursement of External Aid 1,032 1,232 1,310

Food Aid 179 375 180

Commodity Aid 482 388 510

Project Aid 371 469 620

Changes in reserves
(--ir!crease) 124 140 50

Reserve level
(end of year) 393 251 201

(e) = estimated actuals; (p) = projected

The balance of trade deficit in FY 81 is expected to reach a
record of about $1,800 million. Exports have been adversely affected
by declining prices, especially prices of raw jute, and will rise by
only 4% over the FY 80 level to about $750 million. Imports will
rise by some 8% to about $2,550 million. Net of foodgrains, imports
of which have declined to $220 million from $630 million in FY 80,
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the increase in imports will be one of 22.5 percent. Imports of
petroleum and petroleuw products will reach about $500 million in
FY 81, up from $390 million in FY 80, to account for two thirds of
the country's export earnings. Although the country is striving to
develop sizeable reserves of natural gas, petro1euo imports will
continue to increas~ in the foreseeable future.

In November 1980 Bangladesh completed negotiations for a three
year SDR 800 million (approximately SUS 1 billion) IMF credit, The
effect of this assistance has been offset by reduced aid comcitments
in the recessionary economic c1ioate characterizing most of the
traditional donor countries. The critical commodity aid pipeline
will be reduced to $260 million by the end of FY 81. which virtually
assures sharply reduced commodity aid disbursements in FY 82 and
perhaps beyond. Meanwhile, foreign exchange reserves will be reduced
by another $50-55 million in FY 81 to an irreducible minimum of about
$200 million (one month's imports at the FY 81 rate).

Thus, the large import increase and accompanying high rate of
economic growth in FY 81 was accompanied by--and in part helped
cause--a sharply deteriorating balance of payments positions.
Prospects for FY 82 are bleak, and will remain poor pending an
upturn in aid commitments. Under these circumstances grant aid
projects, especially those with commodity aid components, are
especially crucial for Bangladesh. Under the circumstances, and
even apart from the technical assistance requirements, it is
unlikely that Bangladesh could undertake the proposed project on
the basis of its own resource availabilities. Further, to the
extent the project substitutes electric power for the less econo
mical diesel fuel now used as the main source for irrigation
pumps, it will provide a vital foreign exchange saving.

Debt Service Requirements

Bangladesh's outstanding foreign debt obligations, both as to
principal and interest, were estimated (by the World Bank) at $3,194
million as of June 30, 1980. If comoitted but undisbursed aid is
included in the reckoning, the figure is $4,897 million. Debt
service paycents will be about $109 million in FY 81, or 14.5% of
projected export earnings. They are projected, on the basis of
current obligations, to peak at $221 million in FY 90. Most of
Bangladesh's aid is on grant or highly concessional terms. In
addition, a growing number of countries have cancelled outstanding
debt obligations in recent years. Cancellations totalled $221
million through FY 79, with $142 million in FY 79 alone. The most
significant cancellations have been effected by (in order of
amount cancelled) the Netherlands, FRG~ U.K. and Canada. AID's
own assistance is either on grant or concessional loan terms. The
PL 480 Title III program provides loan forgiveness upon attribu
tion of foodsrain sales proceeds to approved development projects.
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C. SOCIAL SOlnn)~~SS ASSESS}ffiNT

1. Introduction

Nine out of ten of the 90 million people of Bangladesh
live in rural areas in the most densely settled rural country in
the world. Population density is 619 per sq. km. in an area approx
ioately that of Iowa. Nearly helf the population is under 15;
estimated per capita incone is $92 per year~ and only about one
person in five can read his native language. The population of the
country is growing at 2.8% a year, and will double within 26 years
at present rates.

Travel, trar.sport, and communications within the country
are affected by extre~es of climate seasonal monsoons, and by the
numerous rivers which traverse the country, and are often difficult.
Most goods move by water, and the road network is poor. A high
percentage of enerbY use is based on the use of wood, animal, and
agricultural residues for domestic and productive purposes. Over
70% of the existing electricity supply is used in the three cities
of Dacca, Chittagong, and Khulna. Electricity in the countryside,
before the initiation of the Rural Electrification Project, was
virtually non-existent and is still in its initial Stages.

Danbladesh is linguistically and ethnically honogeneou~.

Nearly all its population speaks nangla as a mother tongue.
English is used widely 8Oon2 the ruling and economic elites.
Bangladesh is the second-largest Muslim country in the world,
after Indonesia; eighty-five percent of its population is Muslim,
with Hindus making up a majority of the remainder.

Eighty percent of all Bangladeshis derive their liveli
hood, directly or indirectlys from agriculture. Nearly two-thirds
of all land is under cultivation. Rice constitutes 97% of food-crop
production; the major export cash crop is jute--amounting to nearly
half the world's supply of this material. Social organization and
cultural traditions are based on its rice-cultivating agrarian
sy~tem~ operating in a difficult environment under conditions of
resource scarcity and incr~asin£ly severe population pressure.

2. Social Organization

The family household, and the homestead consisting of a
cluster of such households, fo~ the basic units of rural life. The
homestead (bari)~ composed of households centered on a group of men
related through patrilineal ties, provides a symbolic as well as an
economic foundation fer an individual's existence. Homesteads, in
turn? are linked into para, usually based on a core of kindred and
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associated with a defined area. Para are the settings for most of
the important activities of village life. They are centers for
economic exchange, political competition, socialization of children,
and ritual interaction. ~eyon~ its constituent para, the village
tends to be functionally aQorphous, with little community-level
cohesion.

Rural areas, though isolated in many ways, are linked hori
zontally to other sireilar conmunities through economic and kinship
ties, and vertically to administrative units such as the thana,
district, and nation. Most vertical ties, however, are infrequent,
and are controlled by local elites. The Land Occupancy Surveys
(LOS) sponsored by AID in 1977 and 1978 pointed out serious inequa
lity in land control and effective access to productive resources
in rural Bangladesh. A number of other studies have noted that
population pressure, land scarcity, social and economic inequality,
and ineffective administration appear to be accelerating relative
disparities of income and social class. The BDG is now attempting
to address the problems of equity in the rural sector through
implementation of deve10pQent programs such as the Rurn1 Electri
fication program, which seeks to increase access to an important
source of energy while also increasing productivity and employment
opportunity in rural areas.

3. Beneficiaries of the Rural Electrification Project

Inforcation on participating individuals and groups, and on
the beneficiaries for the rural electrification pro8ram, is based
upon the initial feasibility studies carried out in 1977; a number
of quick-studies on various topics which have been executed in
connection with preparation of the RE I Project Paper Amendment in
Sprins 1980; the evaluation of RE I in Spring 1981; and preliminary
data and observations froD the first round of baseline studies.
This information has been fed into the process of planning
activities of REB, NRECA, and the Mission. As rural electrification
expands under RE II and consumer connections begin to rise rapidly,
the socio-economic impact evaluation will constitute a significant
element in R.EB and Mission management of the project.

Ultimate beneficiaries of this project will be residents of
the P3S areas which have been or will be established in Bangladesh.
The initial 13 PBS areas contain approximately 9.2 million people
in 1.6 million households. Plans are underway for the establish
ment of an additional 20 PBS's covering 15.2 million people--a total
coverage of roughly 25% of the population. Of these, 10%-20% will
receive electric service within the first 6 years of the project.
A large number of the rest will benefit indirectly from employment,
goods, or services made possible, or more accessible, by
electricity.
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Electric connections are highly desired, as evidenced by the
fact that in the PBS areas so far selected, over 40% of all house
holds have signed up for service--a number far in excess of
projected targets. REB files, the studies of sign-ups and the
quick-study examination of inpect in one PBS area all indicate that
in this project~ as in all other electrification projects for which
data are available here, most connections are for domestic service.
FollowinS a policy detercination to maximize more productive uses of
electricity rather than concentrating on domestic connections, the
Mission and REB have sought to encourage agricultural, industrial,
and comoercial sign-ups. Whereas those who initially receive
domestic service tend to come fron higher income groups in rural
areas, the thrust of production-oriented connections is somewhat
different. Agricultural connections for tubewells are to be made
available to a wider range of farmers, utilizing s simpler and more
reliable form of motor. Discussions with farmers in Dacca I PBS,
the first energized, revealed a strong interest in and desire for
both conversion of diesel-powered tubewells to electricity, and
acquisition of new electric tubewells.

Tubewells are a familiar iten of agricultural technology, and
one whose benefits are well known, since they allow winter crop
production with greater reliability. However, diesel enp,ines
require greater outlays of funds for acquisition an9 maintenance,
and are frequently beyond the means of small farmers. With greater
availebility of electric motors, command areas for wells will also
increase, allowing more farmers to participate in tubewell groups.

Provision of electricity to rural areas, coupled with BDG
policies encouraging establishment of industries outside major urban
centres, is already showing favorable results for both increasing
productivity and increasing employment. In Dacca I PBS, an aluminum
plant~ a carpet factory, a jute processing industry, and a number
of smaller enterprises have been established since the founding of
the PBS. The jute factory will use the products of an estimated
thousand farmers or more. These industries will also provide regular
cash income to local unskilled and semi-skilled laborers. And, in
turn, such income will not only improve standards of living for low
income groups but alse will help.. to improve the local economies of
the PBS areas. '

As in virtually all electrification projects for which data
are available, electric connections in the energized areas in
Bangladesh have gone initially to higher-income households,
especially those with a significant cash income. While domestic
connections are to be given lower priority under the Phase II
project, the benefits from domestic household connections are
appreciable, spread beyond the connected household itself. and
should be noted. The cost of electric lightin£ is appreciably less
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than that of alternative fuels. According to comparative studies> a
year's supply of kerosene for domestic lighting costs Tk 199 (=$11.70).
Electric lighting provides the same acou~t of illumination more
efficiently and safely for approxioate1y 30~ less than the cost of
kerosene. Further, electric appliances such as radios s TVs and fans s
are actually used not only by the household owner, but by other
members of the homestead.

beyond do~estic une a1one~ illumination of the homestead and of
public places is reported to reduce the incidence of theft anG robbery
in rural ~reas. In the quick-study of electrification impact in
Decca I PBS, and in interviews with sign-ups in other PBS areas,
enchanced security for self, family, and property is centioned as a
significant benefit for all income groups.

An additional benefit of rural electrification, which is yet to
be realized in significant measure, is the opportunity fer rural
people to participate in the PBS. Although most people who have
signed-up or received service know their PBS Director, few are yet
familiar with his functions and their relationship to the PBS through
hin. Directors have yet to be elected in any PBS; they are nominated
by REB from "prominent citizens." Elections of the Board of
Directors ~~11 begin 18 months after energization. Efforts will be
made in each PilS to involve its membership in a wide range of
activities during the life of the project, and will increase the
experience of rural Bangladeshis with participation in institutions
which have i~portant effects on their lives.

4. Equity Issues: Distribution of Project Benefits

Higher income households, bigger farmers, and those who can
invest in the new technology benefit first and, at least initially,
most from electrification of their areas. They have more access to
influential officials. They can obtain relatively scarce items
such as tubewells and other agricultural inputs. In a society such
as that of rural Bang1adesh,programs to develop rural ar~as and
improve the overall life-chances of low income villagers must
recognize and deal with the inequalities 'built into the social
organization and cultural traditions of the region for ·'thousands o,f
years.

Design of this project has attempted in several ways to cope
with the question of unequal access. Most important is the policy
shift to productive use of electricity and the impact this will
have on employment opportunity for the rural poor. The concept of
the PBS itself is a novel one in ~angladesh. Participation in
voluntary associations, in rural areas, is not very familiar.
Access to decision-making is strongly linked to socio-economic
status. Lower income individuals and faoi1ies are limited by social
constraints from direct participation, and usually seek to find a
hi8her-status interoediary to cope with problems on their behalf.
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The PBS is located relatively close to its clientele and includes a
considerable number of local people in its workforce and in its manage
ment~ in addition to a set of participating Directors drawn from defined
geographic areas of the PBS. While still in its formative phase, this
novel organization viII allow far more effective and widespread partici
pation in formal management than other organizations in Bangladesh. It
remains to be seen how well it will work out over time, and how widely
the model set by the PBS will diffuse into other rural development agencies.

The costs of signing up for service in PBS area is low--only Tk 5.
Billing and payment procedures have eliminated much red tape and are
reccgni~ed by users to be convenient. Loans are to be arranged for
electric motors for pump groups and small industries, and possibly for
housew~ring. It is expected that during the life of this Project~ as the
established PBS's become more imbedded in the life of rural areas and as
the PBS concept becomes more familiar, that these measures will increase
participation by lower income rural people in rural electrification.

With provision of reliable and inexpensive energy to rural areas,
expansion of existing bazaars such as those examined in the evaluation
qv~ck-study will continue. As these local growth centres become
established, employment opportunities for lower-income, unskilled labor
may be c~nerated by the location of industries in PBS areas. Signs of
this change we~e noted in the Dacca-I quick-study; and there are reports
of similar activities in several other recently energized PBS's.

A final issue which is to be mentioned is ,the question of non-users
in electrified areas. During earlier quick-studies done for the Project
Paper Amsndment for Rural Electrification I, a consistent theme in si8O
up interview responses was that having electricity would enhance their
social prestige. In Bangladesh's status-conscious society, this is an
important cultural goal. Those without access to electrification,
consequently, may be relatively deprived socially. However, investigation
of electrified households indicates that, due to the household-homestead
settlement pattern described above, actual users of electric lights and
appliances are often many more in number than members of a single house
hold. Electrified areas of the homestead compound provide illuminated
work-space, and space as well for sjcialization after dark. Where TVs
are Bvnilcble, tt~j beC0~~ focal points for neighborhood gatherings--
much as in the early days of television in rural America. In the Dacca-I
PBS, nearly 10 percent of the small household sample had already purchased
TV's, and others intended to do so.

The REB has established an Evaluation Cell, with several professional
social science and support personnel. With the experience they have
gained in monitoring ba.seline studies and in assisting on small quick- -'-,
studies, they are now in a position to operate independently and to
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execute good-quality small scale research activities. One major task for
this unit will be to examine. on a continuous basis. equity aspects of
access to electric service.. This information will allow REB and the Mission
to make changes as required to improve service while reducing inequalities.

5. Spread Effects of the Project

The indirect effects of providing electric power through the mechanisms
of the REB and PBS organizations are expected to be far-reaching. and can
only be outlined briefly here. Bangladesh is short of energy resources in
its rural areas; and its rural villagers are extremely aware that they need
energy to enhance the productivity of agriculture and rural industry. They
are familiar with elec "ricity ~ and know what it can mean to their lives and
work. In a quick-study comparison of diesel and electric tubewells, it was
found tgat acreage under irrigation increased significantly with replace
ment of diesel with electric pumps. In addition, the number of farmers
able to make use of pump water for their lands, and the overall yield of
winter crops, also increased. Provision of electric power to a PBS stimu
lates local investment in industry, in both the traditional rice and oil
mills and new businesses as well. In Dacca I PBS, an ice cream factory
has ~ecently been started; in other PBS areas, new cimema halls~ machine
shopsj'and welding shops are reported.

Electricity allows a general increase in working hours, in both
businesses and homes. The Dacca I PBS quick study of bazaar shopkeepers
found that there was s significant increase in business. Customers were
attracted to the lights and music of the shop, and shops could remain open
for longer hours. Provision of electricity to bazaar villages will promote
growth of local trading centres, increasingly supplementing and replacing
the present patterns of low-volume cyclical village markets, and drawing
more villagers into participation in the cash economy. At the same time,
it may reduce the rate of migration to major urban centres, in favor of
more restricted migration to these local growth centres.

Domestic, agricultural, commercial, and industrial fuel costs are
reduced with electricity; and the reliability of electric power over
diesel was reiterated over and over by quick-study respondents.

In the households and homesteads of rural PBS areas, effects other
than income enhancement are also likely. Appliances such as fans, hot
plates~ and TV's are purchased. Studies in electrified villages of
Pakistan found that the level of statsfaction with life, and perceived
enhancement of the quality of life, were found more in households which
were electrified and which possessed domestic appliances. Media exposure.
and information about the wider world, is likely to increase in PBS vs.
non-PBS areas of the country. Electrification of mosques~ shrines, and
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temples, likely in PBS areas, will provide better quality facilities for
worshippers and pilgrims. Electrification of community facilities such
as health centres and schools will enhance the quality of medical care
and education in PBS areas.

The establishment of PBS's in the first phase of this project has
already created a significant demand, expressed through political leaders,
for a rapid expansion of this program throughout the country. Developing
the program and responding to these demands while not exceeding management
resources, will be a major challenge to the Mission and REB in the execu
tion of the project's second phase.

6. Impact of the Project on Women.

The society of rural Bangladesh is sexually segregated; women from all
but the very poorest households keep purdah, and confine themselves to
their homestead areas. So far, over 95 percent of all signups have been
for domestic service. Electrification of households, therefore, will have
a direct and immediate effect upon rural women, ~hose work and leisure
activities are centered in the home. The extent and nature of this impact
is not easily quantifiable, but women interviewed in evaluation quick
studi~s in energized PBS's are quick to mention thes~ changes as improve
ments in their work and leisure.

Women must rise early to prepare meals for their families, as well as
for their own prayers and ablutions. As well, they must often work long
hours after dark, especially during peak agricultural periods. Electri
city facilitates their work, replacing smelly, inefficient, and sometimes
dangerous kerosene or wood.

Electricity seems to increase the frequency of inter-homestead
visiting by women. Respondents report that, with electrification, their
childrem may study more at home. Maternal and child health care is
improved with electrification of health centres.

A major issue which has been the subject of much scrutiny by the
Mission and by REB is that of potential displacement of rural women from
rice-husking jobs because of the spread of rice mills. Critics of the
rice mills recognize that the spread of mills is inevitable--the vast
majority of mills are diesel powered, in non-electrified areas. The
question is rather how to soften the impact of this innovation with
respect to low-income, working women. Attempts are being made to
determine the dimensions of the issue more carefully, through studies
being initiated by the REB Evaluation Cell.
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D; EnviroIQentnl Analysis

Th~ p~ II PID (388-0054) approved by AID/Won October l7~1979

contained an Initinl Environmental Examination (lEE) with a Negative
Determination.

TIle RE I Project Paper Amendment (388-0021) approved by AID/W
on August 19; 1930~ including an Environmental Analysis and relatad
annex which discussed environmental issues in depth and reinforced
the lEE's negative determination.

USAID has reviewed those documents and found them still valid.
Principal findings of those documents with respect to RE I experience
are commented below.

1. Effects of Electric Pumps on Water Resources

Concern was voiced about the possible draw-down of groundwater
aquifers as a result of the rapid increase in pumping capacity due to
electrification.

1.1. Low-lift pumps (LLP's) and shallow tubewells (STW's) which
comprise approxi~~tely 80% of all irrigation power pumps in Bangladesh
should have no significant effect on water tables, i.e. STW's take
their w~ter from shallow aquifers and LLP's lift water from canals and
rivers, both of which are fully recharged each year by heavy rains and
floods.

1.2. Deeptubewells (DTW's) take their water from deeper aquifers,
often located below an impervious clay stratum encountered at about
60 ft. in many parts of the country. The principal recharge of these
aquifers is probably not local r~ins and floods but other sources,
presumably in the Chittagong Hill Tracts~ Assam and the foothills of the
Himalayas. None of the approximately 15,000 existing DTw's have ever
run dry, indicating adequate recharging of the deep aquifers.

2. Right of Way for Line Construction and Operation

Careful line design, avoiding tree lines and bamboo groves as much
as possible will minimize changing of the landscape through tree cutting
or trimming. RE I zxperience has shown that people are willing to pro
Vide right of way for electric lines through their agricultural farm land.
Rural inhabitants now accept the concept that the electrical system is
owned by everyone within the PBS boundaries. To date, no unsurmountable
right of way problems have surfaced with about 500 Diles of lines presently
energized.
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3. Miscellaneous

O~her issues were pole location~ line crossings, possible
deplction of for~sts for service poles and loss of ar~ble land. The
former two relate to proper engineering design and have not become a
problem. Forest depletion is negligible. i.e. yearly requirements
for poles represent only 0.01% of the total wood scheduled for extrac
tion. The loss of 2.25 square feet of arable Innd per pole is by far
outweighed by the increase in cropping intensity due to more efficient
and reliable irrigation.
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PART III - FINANCIAL ANALYSIS AND PLAN

A. FINANCIAL ANALYSIS

1. Project Participation

For irrigation pumps and small industries the financial benefits
of electric power use are sufficient to induce strong demand for conver
sion to electric service. Economic analysis of the benefits of electric
powered irrigation show about a 30 percent cost-savings annuallY (Annex
G). Econo~ic savings and benefits result from fuel cost-savings,
lower capital costs (electric motors are cheaper than diesel engines),
lower maintenance costs, greater motor 'and pump efficiency and longer
hours of operation at lower risk. The "Quick Study" 8/ demonstrated a
strong preference among irrigation pump groups for conversion to electric
power. The study also revealed that a significant number of diesel
powered DTWts discontinued operation completely in the 1980-81 irrigation
season because of what farmers perceived to be insufficient returns under
diesel pump conditions. The financial advantages of electric power over
diesel should continue over coming years--as diesel costs in Bangladesh
will rise at least as fast as the costs of electricity.

For residential consumers, the financial questions are whether they
can afford the initial costs of housewiring and the monthly electric bills.
The answers depend on family income, how the family values household
electric service, and on the cost savings incurred by substituting electric
light for kerosene illumination. RE I sign ups for household connections
have been greater than expected. Field experience has also revealed that
bost households seem willing to finance their own housewiring. It is
already clear that up to 50 percent of families perceive sufficient
benefits from rural electrification and want it.

The quick study indicated that the average family with an electric
connection in Dacca I PBS spends about the same per month for electric
lighting as they previously spent for illumination with kerosene. Bill
collection records in Dacca I PBS show good collection -- 97 percent of
electric bills paid within 60 days of the due date.

§/ "Quick Study" of the Socio-Economic Impact of RE I (Ref. Evaluation
Annex) •
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2. REB Budget

The BDG has maintained its budget commitments to RE 1. EDG
direct contribution to RE I is budgeted at $28.016 million~ of which

.$12.686 million has been expended to date by REB. Direct EDG contribu
tions to RE II through REB is estimated at $18.898 million, which will
be allocated in annual increments. REB has submitted the necessary
budget request to the BDG for FY 81-82 and no difficulty is anticipated.

3. PBS Financial Viability

The financial viability of the project depends on the ability
of the PBS systems to generate sufficient revenues to cover exp·nses
for power, operations and maintenance, debt service and depreciation.
To examine the financial viability of PBS's, -a 17 year financial fore
cast was prepared for a typical PBS, based on the characteristics of the
12 new AID and World Bank PBS's as determined by the Feasibility Study.
The forecast anticipates that the PBS will begin generating sufficient .
revenue by the third year of operations to cover administrative costs.
By the eighth year, the PBS will have a positive margin on operation
with sufficient cash for debt repayment. By the twelth year of opera
tion, the PBS will be able to finance its own expansion. Annex I sets,
forth a projected PBS "Operations Statement" (Table 1) "Source and
Application of Funds" (Table 2) and "Balance Sheet" (Table 3).

The two cost variables which greatly affect PBS financial perfor
mance are the wholesale power cost and the consumer rates. These rates
should cover costs of generation, fuel, transmission; be fair to consumers,
and allow PBS's to be self financing. The wholesale power rates are
periodically set by the BDG. At present, PBS's are paying TkO.266/
KWH for wholesale power. This rate is based on an electric rate study
by Coopers and Lybrand9/ which projected costs through 1985. This rate
appears to meet the objectives stated. The PBS financial forecasts
are based on the Tk 0.266/KWH rate and on the retail rates which
average approximately: Tk .85/KWH for household connections; Tk .70/KWH
for irrigation; and Tk .BO/KWH for rural industries.

As generation and fuel costs increase, the wholesale rate must also
increase. The REB has submitted to the BDG a suggested formula which
accounts for all "true" costs of generation and transmission but does
not cover all the PDB administrative costs. ThisPP includes a condition
precedent that the BDG establish a formula for calculating wholesale

9/ Bangladesh Power Development Board, Tariff Study, Coopers and Lybrand
Associates Ltd., November 1979.
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rates, so that PBS's are not penalized by having to pay rates to cover
excessive PDB administrative costs.

To augment the PBS financial analysis discussed above, and other
analysis of the PBS's, the REB and the Consultant will undertake a
detailed feasibility study of each of the 12 Bank and AID-financed
PBS's during the first few months of RE II. The study will be used as
the basis for detailed financial,eccnomic, engineering, organizational
analysis and implementation plans for each PBS individually. On the
basis of previous feasibility work, these organizations have demonstrated
their competence to perform the detailed studies, analysis and plans
needed.

B. Project Financial Plan

Total project costs are estimated at $68.898 million; $50 million AID
financed and $18.898 million BOG financed. AID funds will finance
construction commodities, technical assistance, power use commodities,
(mainly electric motors) and others as shown in Table 4. AID financed
local costs are for local support to the Consultant. Commodity costs,
which'comprise about 60 percent of the AID's contribution, are detailed
in Tables 5 and 6. Technical Assistance costs, which comprise 25 per
cent of AID's contribution are detailed in Table 7. Estimated annual
expenditures are shown in Table 8.

Total costs for the Phase II Program, of which RE II is one portion,
are estimated at $188.8 million. Total estimated costs and sources of
funds are shown in Table 9.
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TABLE 4. SUMMARY COST ESTIMA TE AND FINANCE PLAN
($1000·s)

1. . Construction Commodities AID Funds BDG Funds

LC

349

48

A. Base System (4 new PBSs)

1. Lines

2. Line Rehabilitation

3. Transformers

4. Line Protection

5. Connections

6. Street Lighting

7. Substations

8. Spares

9. General Plant

10. Adjustment to 1981 Prices

Subtotal

B. System Expansion (13 original
PBSs)

FX
9,683

265

1,955

225

1,997

22

3,265

144

107

2, 135

19,798

LC Total

10,032

313

1,955

225

1,997

22

3,265

144

2, 016 ~2, 123

2, 135

2,413 22,211

1. Lines

2. Transformers

3. Line Protection

4. Connections

5. Adjustment to 1981 Prices

Subtotal

5,305

1,970

97

1,460

1,076

9,908

191

. -

191

5,496

1,970

97

1,460

1,076

10,099

II. Technical As sistance

1. Local consultants 1/

2. Non-local Consultant-

3. Training

4. Evaluation

6,900 2,536

3,246

50

6,789 6, 789

9,436

1,391 4.,637

50

Subtotal

III. Power Use Commodities

10, 196

4,800

2,536 8, 180 20,912

4,800

1./ Excludes technical services related to formal training which are casted
in line item II. 3.
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TABLE 4 (Cant)

AID Funds BDG Funds

FX LC LC Total

IV. Support Commodities

I. Consultants 661 165 826

2. REB Office 70 256 326

3. Vehicles 263 641 904

4. Training 6 60 66

Subtotal 1,000 1, 122 2,122

V. Contingency 1,762 632 2,394

VI. Proj ect Loans 5,000 5,000

VII. Landing Charges &: Insurance 1,360 1,360

Total 47,464 2,536 18, 898 68,898

50,000
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Table 5 Estimates of Construction Commodity Quantity
ind Costs -- Base Systems (4 New PBSs)

UNIT COST
ITEM UNIT PRICE QTY ($1000)

LINES

l. 11KV /6. 35KV t Phase 4/0 ACSR
Neutral 1/0 ACSR Mile 9,829 128 1,258

2. 11KV/6.35KV, Phase 1/0 ACSR,
Neutral # 3 ACSR Mile 6,457 180 1, 162

3. 11KV /6. 35KV, Phase 11 3 ACSR, 1 /
Neutral # 3 ACSR Mile 5,417 244 1,322 .-

4. 6.35KV, Phase 1/0 ACSR,
Neutral 1/0 ACSR Mile 4,758 64 305

5. 6.35KV, Phase # 3 ACSR,
1 /

Neutral # 3 ACSR Mile 3,921 364 1,427

6. 230V, Phase 1/0 ACSR,
Neutral 1/0 ACSR Mile 5, 119 136 696

. 7. 230V, Phase # 3 ACSR,
Neutral # 3 ACSR Mile 3,847 380 1,462

8. 230V, 3 Duplex Mile 5,470 8 44

9. 230V, 6 Duplex Mile 4,953 424 2, 100

10. 400V /230V, 3 Quadruplex Mile 6,805 12 82

11. 400V/Z30V, 1/0 Quadruplex Mile 9,045 4 36

12. 230V, U. B. # 3 ACSR Mile 882 156 138

2, 100 10,032

Line Rehabilitation

Mile 440 712 313
Transformers

Single Phase KVA 40 44,200 1,768

Voltage Regulators Each 3,520 53 187

Lite Protection 1,955

Oil Circuit Rec10sers Each 772 200 154

Tie Switches Each 1,600 20 32

Fused Sectionalizers Each 51 760 39
225

1 I Subject to technical analysis, conductor size rr,ay be reduced to # 6 ACSR
for a portion of the line.
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Table S (Cant)

UNIT COST
UNIT PRICE QTY ($1000)

Connections

Residential/Cornrnercial Each 35 50,564 1,770

Shallow Tube Well/Low
Lift Pump Each 50 828 41

Deep Tube Well/Industrial Each 290 640 186
52,032 1,997

Street Lighting

Each 55 400 22

Substations

Each 233,200 14 3,265

Spares Lot 36,000 4 144

~:".
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Estimates of Construction Commodity Quantity and
Costs - - Expansion of 13 PBSs

UNIT COST
ITEM UNIT PRICE QTY ($1000)

Lines

l. llKY /6. 35KY, Phase
# 3 ACSR, Neutral #3

!.IACSR Mile 5,417 130 704

2. 6. 35KY, Phase # 3
ACSR, Neutral # 3 1/
ACSR Mile 3,921 850 3,334

3. 230Y, Phase # 3 ACSR
Neutral # 3 ACSR Mile 3,847 340 1,308

4. 230Y, U. B., # 3 ACSR Mile 882 170 150
1, ~90 5,496

Transformers

Substation KVA 12. 5 20,000 250

Single Phase KVA 40.0 41,250 1,650

Voltage Regulators Each 3,520 20 70
1,970

Line Protection

Oil Circuit Reclosers Each· 772 90 69

Tie Switches Each 1,600 5 8

Fused Sectionalizers Each 51 400 20
97

Connections

Residential/ Conunercial Each 35 34,320 1,201

Shallow Tube Well/Low
Lift Pump Each 50 2,028 101

Deep Tube Well/
Industry Each 290 546 158

36,894 1,460

1/ Subject to technical analysis. ("'On.nllctor size n~ay be reduced to '.6 ACSR
for a portio'1 of the line.
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Table .7 TECHNICAL ASSISTANCE

Position
Phase II Supplemental 81-83 Ba1.Req.Phase II 84-87

Man Months Est. Amount Man Months Est. Amount
Total Requirement Phase II
Man Months Est. Amount

Te8lD Leader

Engineer Advisor

Finance Advisor - REB

Finance Advisor - PBS (1)

Material Mgt. Advisor

lnst. Training Advisor

Tech. Training Advisor

System Opere Advisor (2)

Management Advisor (3)

Distribution Engineer

Construction Supt.

Construction Advisor (4)

Power Use Advisor (1)

Model PBS Advisor

Model Eng. Firm Advisor

Model Contr. Advisor

Transmission Engineer

Short Term Specialists
TOTAL FIELD

Home Office
Logistic Support

TOTAL

o
o
4

24

24

o
18

24

18

18

16

72

40

24

24

24

H3

°348
00

°
o

48,000

28S",000

288,000

o
216,000

288,000

216,000

216,000

192,000

864,000

480,000

288,000

208,000

280,000

216,000

o
4,176,000

240,000
75,000

4,491,000

36

36

36

72

12

36

36

72

108

18

20

72

48

o
o
()

°24
626
170

432,000

432,000

432,000

864,000

144,000

432,000

432,000

864,000

1,296,000

216,000

240,000

864,000

576,000

o

°
°
°288,000

7,512,000
510,000
169,000

0,191,000

36

36

40

96

36

36

54

96

126

~36

36

144

88

°
°
o

18

24
974
250

432,000

432,000

480,000

1,152,000

432,000

432,000

648,000

1,152,OC'O

1,512,000

432,000

1+32,000

1,728,000

1,056,000

238,000

208,000

230,OOf)

216,000

200,000
11,688,000

750,000
244,000

12,682,000
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TABLE 8 ESTIMATED ANNUAL EXPENDITURES
($1000s)

FY1982 1983 1984 1985 1986 1987 TOTAL
gQ

Construction Commodities

Base Systems (4 PBSs) 2970 4950 5939 4950 989 19,798
Expansion (13 PBSs) 1651 1651 1651 1651 1651 1651 9.908

4621 6601 7590 6601 2640 1651 29,706

Technical Assistance 1850 1850 2610 2610 2610 1202 12,732
Power Uae Commodities 3600 1200 4,800
Support Commodities 177 177 215 215 215 1,000

Contingency 274 392 450 392 157 -..!1l- 1.762

TOTAL: 10,522 10,220 10 ,865 9818 5622 2950 50,000

BDG

Construction Commodities

Base Systems (4 PBSs) 362 603 724 603 121 2,413
Expansion (13 PBSs) --ll --ll -2£ --.ll. --1I 21 191

394 635 756 635 153 31 2,604

Technical Assistance 1226 1977 2354 1977 476 98 8,108
Support Commodities 199 200 241 241 241 1,122
Contingency 98 141 161 141 56 35 632
Project Loans 1000 1000 1000 1000 1000 5,000
Landing Charges 6< Insurance ..ill. 303 ....lil ..1.Ql 121 -l.'J. 1.360·

TOTAL; 2128 4256 4859 4297 2047 1239 18,898
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Table :9 Phase II Program: SUMMARY COST ESTIMATE AND FINANCIAL PLAN
($000)

WORLD
TOTAL AID BANK KUWAIT BOG

1. Construction Commodities 108 p282 29,706 39,596 25,200 13,780

A - 12 New PBS's 66,633. 19,798(1) 39,596 (2) 7,239

B - Expansion - 1st 13 PBS's 10,099 9,908 191

C - Phase I Ext. 8 New PBS's 31,550 251/200 6,350

II. Technical Assistance 40,543 12,732 27,811

III. Power Use Commodities 6,204 4,800 1,404

IV. Support Commodities 10,649 1,000 41/000 1,800 31/849

V. Contingency/Inflation 13,762 1,762 5,000 3,000 4,000

VI. Project Loans 5,000 5,000

VII. Landing Charges &Insurance 41/080 4,080

TOTAL 1881/520 50,000 50,000 30,000 58. 520

(1) 4 PBS I S

(2) 8 PBS's
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IV. IMPLEMENTATION

A. SU!DID~ry Plan
1. Implementation Schedule

Imrlementat~onwill follow proven procedures developed under
RE I. The REB is the main implementing agency responsi~le for over
all project management including: 1) program planning and evaluation;
2) project engineering, design, construction and system operation;
3) procurement and logistics; 4) financial systems, records and
accounts; 5) PBS development; and 6) training.

REB, with the Consultant, will carry out project implementation
according to the schedule in Table 10, procuring commodities and services
as required.

The AID project officer will monitor overall project performance
and the institutional development aspects of the project. Similarly,
the USAID electrical engineer will have the main monitoring role for
technical aspects of the project. The controller, regional legal
advisor, research/evaluation officer, and members of the project committee
will be called on for specialized assistance when appropriate.

The implementation schedule applies to all 20 PBS'~ in the
Phase II Program. AID funding will be approved some months ahead of
World Bank funding, and the detailed planning, procurement and imple
mentation related to the AID supported PBS's will proceed immediately
upon obligation or funds.

Detailed Feasibility Studies: Final implementation plans and schedules
for each PBS are formulated on the basis of detailed PBS feasibility
studies conducted by the REB and the Consultant. These studies will
commence in the third quarter of CY 1981 and continue in phases for
about 18 months. The detailed feasibility studies include detailed
estimates of power requirements, local employment potential, economic
benefits, information for engineering line design, and projections of
the financial viability of the PBS service area. The studies are the
basis for identifying future needs of the individual PBS organizations
and how those needs will be met and objectives attained.

PBS: Development and organization of the Phase II PBS's is scheduled
to begin in the third quarter CY 1981. The REB Directorate for PBS
development now has three years of eh~erience and training in the
development and organization of PBS's. They have achieved very satis
factory results in organizing PBS's.

Procurement: The first international tender for materials and equip
ment will be issued during the fourth quarter 1981. The first ship
ment of commodities will arrive in the country during the fourth
quarter 1982.
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Land Acguisition: Will co~ence during the third quarter 1981 for PBS
headquarters sites. The first construction contract will be awarded
during the fourth quarter 1981. Construction will include warehouse
facilities, office and housing facilities.

Engineering Design: Based on the detailed feasibility study report
and individual PBS membership drives, system engineering design will
commence during the first quarter 1982.

Line Construction: Line construction will commence at the end of 1982.
Approximately 500 miles of line will b~ constructed in 1983 under RE II
while completing the balance of RE Phase I line construction. By 1983
there will ~e twenty-five experienced line contractors capable of con
structing 120 miles of line per year each for a total of 3,000 miles
of line construction per year (see construction targets, Table 11).

Training: Institutional and technical training for the PBS operational
staff and Boards of Directors of p~ Phase II will commence third quarter
1981. The training programs will double in size. 20 new PBS's must
be developed and training must continue for the original 13 PBS's.
Over 30,000 persons will receive training as targeted in Table 12.

Encrgization: Electrical energization of PBS's will commence during
the second quarter of CY 1983.

Connections: Consumer connections for RE Phase II will commence in
the PBS's during the second quarter 1983 (see connection targets,
Table 11).

2. Procurement Planning

2.1 Commodities

The project calls for AID funded procurement of construction
commodities and other commodities estimated at approY~mately $36 million.
The entire Phase II Program involves commodity procurement estimated
at approximately $108 million. This is an enormous amount of complex
procurement, involving dozens of different commodities, each with
related specifications and procurement schedules. Abou~ 90% of
these commodities will be procured through international competitive
bidding. The estimated cost and timing of AID financed commodity
procurement is shown in Table 8.

Detailed commodity requirements are calculated by the REB
Engineering Department based on system design. The Director for
Procurement anc the Director for Equipment and Materials, also in the
Engineering Department, are responsible for the international tendering,
purchase, receipt and handling of these commodities. Detailed
commodity requirements for the four supported PBS's and the thirteen
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Bangladesh - Int'l

5 Material Tendering
Local

6 Material Delivery
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9 Organize PBS

10 Membership Drive PBS

11 Line Design - PBS
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13 Line Staking and R.D.W. I
Clearing - PBS I

14 Line Construction - PBS I

15 Training Program for
Operational Staff - PBS

16 Energize Consumer
Connections

17 Technical Assistance
Contract Signed f- -
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TABLE 11 OUTPUT TARGETS SCHEDULE

ACTIVITY DATE OF ACHIEVEMENT

1.
2.

3.

PBS Headquarters complete (4)
REB Warehouse Expansion

Complete (Khulna)
Line Construction:

December 1983

September 1982

Miles

500
1500
2500
3500
4300

Designed & Staked

January 1982
December 1982
June 1983
December 1984
December 1985

Construction Complete

December 1982
December 1983
December 1984
December 1985
December 1986,.

4. Substation. Construction Complete First 7 June 1983
I

Second 7 June 1984
5. Consumer Connections

EXPANSION OF ORIGrnAL 13 PBSs

HOUSEHOLDS ffiRIGATION INDUSTRIAL TOTAL METm
CONN ECTIONS

655 17 5 281 January 1983
3,930 98 30 1,700 June 1983
7,905 188 60 .3·,410 December 1983

11,840 .285 90 5,110 June 1984
15,815 375 120 6,820 December 1984
19.760 465 150 8,520 June 1985
23,680 570 180 10,220 December 1985
27,650 660 210 11,930 June 1986
31,600 750 240 13,630 December 1986
35,570 840 270 15,340 June 1987
39,490 945 300 17,040 December 1987
43,500 1,020 320 18,740 June 1988
47,507 1,125 360 20,488 December 1988
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TABLE 11
PAGE 2 of 2

FOUR NEW PBSs

HOUSEHOLDS IRRIGATION INDUSTRIAL TOTAL METER
CONN ECTIONS

1,690 41 12 730 March 1983
5,070 120 40 2,190 June 1983

10,160 240 70 4,370 December 1983
20,340 400 150 8,680 June 1984
30,110 720 230 13,605 December 1984
42, 740 1,005 320 18,420 June 1985
55,240 1,320 420 23, 830 December 1985
61,660 1,470 460 26,600 June 1986
69,070 1,635 520 29, 780 December 1986
76,520 1,815 580 33,000 June 1987
81,350 1,935 610 35,090 December 1987
88,760 2,115 670 38,290 June 1988
96,420 2,280 730 41,580 December 1988

ACTIVITY SCHEDULE

6. J3illing procedures detailed and being
carried out in all 4 PBSs. December 1982

7 ~ All posiHons of REB sanctioned and 90
95% filled per Consultant's recommenda-
tions December 1982

8. Industrial/Irrigation Loan Program

10% Utiliz ed by
35% Utilized by
75% Utilized by

100% Utilized by

1/
9. Hous ewiring Loan Program=--

10. Completion of REB Annual Audit

11.. Training (Table I2)

January 1983
January 1985
January 1987
December 1988

August(Annually}

!/ Targets to be determined by June 1982 based on special examina
tion of credit needs for a) housewiring, b) irrigation connections,
and c) rural indus try.
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Table 12 - TRAINING TARGETS FOR PHASE-II

RURAL ELECTRIFICATION PROJECT
1981 - 1987

CATEGORY OF TRAINEE

NUMBER OF
TRAINING
PROGRAMS

TRAINEES
PER
PROGRAM

TOTAL
TRAINEES

L REB Officers (New)
Orientation

8 49 392

6.

5.

4.

2.

3.

480

120

300

3120

4680

20

50

20

260

240

6

6

24

13

18

Engineering Consulting Firms

Construction Contractors --
Linemen & Foremen.

PBS Directors and Women Advisors
3 per year/PBS.

General Managers
4 per year

Financ~ Department
12 employees per PBS

7. Construction, Operation & Maintenance
Department

AGM-CO&M Line Supervisors
Storekeepers & Stores Assistants
Linemen

18
6
4

60

400

1040

1600

8. Mecber Services Department
AGM-Member Services 18
Power. Use Advisor 12
Wiring Coordinators & Inspectors 6

9. General Services Departcent 18

TOTAL (20 pnss - Phase-II) 157

10. Continuing Training for 13 PBSs 106
of Phase-I Project

11. Additional New Trainees from Turnover in 9
PBS & REB (300 per year)

TOTAL (33 PESs Phase-I&II) 272

12. Village Electricians
Number in training Progr~s (12 classes per PBS).
Number Certified to do Housewiring 3000
Number of Functional Electricians in PBSs 1500

13. Job Training and Safety Program

Phase II - Number of Participants each 460
year

Phase I Number of participants each
year 300

20
20
80

20

1279

888

300

2467

360
240
480

360

13412

6019

2700

22131

6000
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expanded PBS's are shown on Tables 5 and 6.

Based on the REB's procurement record to date, REB appears to
have the capability to handle the planned procurement. During 1980,
REB received and distributed to PBS sites 29,000 long tons of purchased
material and equipment with a total C&F value of approximately $30
million from U.S. and 941 sources. Specifications and tender docu
ments already·exist for most of the commodities AID will fund. Ware
housing, logistical and inventory systems developed under RE I are in
place and, with some planned expansion, are sufficient to handle the
Phase II Program requirements. To the extent that the World Bank and
Kuwait require separate procurement procedures or records, the REB's
procurement job will be made more difficult. Some changes are
expected but REB and the Consultant will attempt to minimize dupli
cation.

AID funded commodity procurement will be U.S., Bangladesh
and/or 941 source/origin.

2.2 Technical Services

Technical assistance will be procured by the REB under AID
financed host country contract arrangements. The REB is very satis
fied with the program approach and performance of NRECA/CAI and
proposes to retain the same Consultant for the Phase II Program.

USAID proposes to fund technical assistance in two or more
tranches by committing $3 million in FY 81 for immediate TA requirements,
another $7 million in FY 83 and the remaining $2.732 million in FY 84.
TA funding requirements would be relatively low from FY 81 to 83 because
TA is also being funded by RE I during that period. From January
1984, REU would have to fully fund the TA requirements. Table 7
shows TA cost estimates by FY.

To continue NRECA/CAI services, REB will sign a new contract
under negotiated procurement procedures. The draft Project Author
ization (Annex C) provides for the AID Administrator's approval of the
procurement. The scope of work under the present contract will be
expanded to cover the new PBS areas and responsibilities. One Contract,
plus two amendments will be needed in December 1981, March 1983, and
December 1984. Prior to the March 1983 amendment, REB and AID ~~ll

reappraise project performance and TA requirements.

n. Administrative Arrangements

Under RE I, project administration has been very good at most
levels, in contrast to the managerial and administrative deficiencies
which typify most development programs. Management remains thinly
spread at most levels however.
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Success to date has resulted from strong BDG support, excellent
REB leadership and staff, and soundness of the design of RE I. Admini
strative concepts being demonstrated represent some fairly radical
departures from normal practice in Bangladesh, particularly with
respect to PBS autonomy, uniform standards and specifications, explicit
delineation of responsibilities and authorities, reliance on private
sector, and emphasis on training. Continued project success depends
on expanding the capability and performance of the REB, the PBS's and
the other participating organizations. This project contains REB
budget and staff increases, technical assistance and other arrangements
designed to develop institutional capacity as needed.

REB

REB responsibilities are listed under Project Description.
REB budget is being increased from $710,000 annually to $1,070,000
annually and staff increased from 381 to 456. These staffing increases
were jointly planned with the Consultant to achieve expanded REB field
capability as the number of PBS's grows from 13 under RE I to a new
total of 33. Further discussion on REB organization, responsibilides
and staff are presented in Annex J. REB has experienced some diffi
culties in recruiting qualified staff~ carrying out power use programs;
maintaining quality control of engineering design and construction;
and in a few cases, developing PBS's.

PBS Development

As the organizations which actually own, operate, maintain,
and finance the electrical systems and service consumers, PBS's are
critical to project success. To date, PBS's have generally displayed
good performance and excellent potential (ref. RE I Evaluation).
Performance is not uniform from PBS to PBS, however, and some PBS's
have developed more slowly than planned. The REB Member for PBS and
Training and the Consultant will continue an intensive PBS development
projram (ref. Project Description, I.C.6). The training program will
be expanded to establish a "model PBS" where PBS managers and staff
will receive on-the-job training under close supervision. PBS
organization is shown in Annex K.

PBS· Autonomy and Authority

The concept of local PBS autonomy is central to the strategy
for providing reliable electric service in rural areas. This con
cept must, of course, be very carefully weighed against the REB's
needs to sufficiently guide, monitor and control new PBS's under the
terms of the development loans. Treading the fine line between too
much REB control and too little will be a difficult aspect of project
administration. Too much control could stifle local PBS autonomy
and development and too little could result in inadequate PBS
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capability to properly institute critical management and financial
~ystems. In some rural areas, it has been difficult to obtain man~

agement and key staff employees with the needed experience and skills.
Therefore, close monitoring and training of PBS staff is necessary.
The relationship between the REB and the PBS's will have to be pat
ernal in character in the initial years. The REB~ll scrutinize
PBS development very closely, and monitor and advise at every step
during the first few operating years. The REB will monitor PBS
performance in achieving fair treatment of PBS employees, adherence to
cooperative principles and practices, genuine membership control.
As the PBS's develop with experience and achieve financial viability,
the monitoring and assistance from the REB will be reduced accordingly.

PBS Boards

The PBS Boards of Directors represent the best interests of
the membership in making policy,hiring and holding accountable a
general manager and accepting responsibility for the success or failure
of the PBS. There is one director from each district (Elaka).
Monthly meetings are held by each PBS board. Committee memberships
are rotated on an annual basis to allow board members and women advisors
to serve on each committee, thereby accelerating their knowledge of
PBS functions and procedures. Women are presently serving as directors
on seven PBS's. In addition, to introduce more women to the PBS
management process, up to five women advisors are appointed to each
PBS Board. Women advisors participate in all board discussions.
They have the same powers as directors on Board Standing Committees
where much of the PBS business is transacted. Advisors do not have
a vote at the full Board meetings. Of 183 Directors and Advisors,
36 are women. A ~tudy of the 13 Boards of Directors by the REB
Evaluation Cell(lOJ Shows that PBS Boards are much more representative
of the rural population than might be expected. 40% are farmers,
12% businessmen and 48% from various white collar professions. 29%
are from the relatively low income group with average family income
below $1,000 per year; 36% are from a middle income bracket with
annual income less than $1,300; and 35% from the high bracket with
an average annual income of $3,000.

Construction Scheduling

Achieving the implementation schedule depends greatly on
whether construction targets can be achieved and standards maintained.
The RE I Evaluation discussed construction performance to date.
Construction is about six months behind schedule, but the rate of

no "An Analytic Report on Board of Directors of 13 Registered
PBS'Sll, REB Evaluation Cell, September 1980.

- ,
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construction is increasing. RE I end-of-project construction targets
are expected to be achieved on schedule.

Maintaining necessary construction quality is more difficult
than obtaining quantity. RE II will put emphasis on monitoring the
Bangladeshi consultancy firms and contractors. The level of American
construction advisors will not be reduced as much as originally expected
during the 1981-83 period. To increase their effectiveness in covering
large geographic areas, they will provide less direct on-the-job
training to contractors and will work more closely with REB supervisory
engineers and local consultants to ensure effective construction super
vision and corrective action.

The timely completion of the PBS headquarters is essential.
Under RE I, 12 of the 13 PBS headquarters sites are complete and con
struction under way on the thirteenth. REB performance has been very
good in this respect. The four RE II PBS headquarters are scheduled
for completion by December 1983.

Substation construction must be completed in order to feed the
PBS distribution networks. Performance in constructing the substations
to date under RE I has been similarly good and on schedule.

Generally, the construction effort will be structured as follows:
The REB superintending engineer will delegate construction monitoring
in each of the project areas to individual REB executive engineers.
They will be a~sisted by the Consultant's construction superintendent
advisors. Local contractors will receive classroom and field training
in system construction. Contracts for actual PBS system detailed
design and construction are awarded and financed by the REB.

C. Evaluation

Substantial Mission attention has been given to defining
evaluation strategy and conducting evaluations appropriate to the level
of RE I project development. Three eva1uations have taken place
including the latest in May 1981. The findings from these evaluations
have been incorporated into the present project design.

1981 Evaluation

The May 1981 evaluation is presented in Annex A. Findin8s
were quite favorable. Evaluation methods included an assessment by
the Consultant of progress in achieving inputs and outputs, a Quick
Study of socio-economic impacts by REB and USAID, a direct assessment
of selected issues by the AID project officer and the AID engineer,
reference to baseline surveys conducted by the University of Dacca,
and reference to the feasibility studies conducted in 1981 by REB and
the Consultant for the Phase II Program. Future evaluations of RE I
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and RE II will continue to employ some of these methods.

Evaluation Objectives

Evaluation will continue to concentrate on areas of project
implementation and socio-economic impact. Emphasis will be given to
assessing the potential for electrification of irrigation and rural
industries, RE progress and problems in achieving these potentials and
the related socio-economic results. The logical framework for RE II
has been amplified to better illustrate RE objectives, end-of-project
conditions, output magnitudes and schedules as the basis for future
evaluation. Log frame targets are further detailed and scheduled in
Annex B and Tables 11 and 12.

REB Evaluation Cell

The RE I PP Amendment in August 1980 provided for the
creation of an REB Evaluaticn Cell, assisted directly by the Consultant.
The Evaluation Cell has been created with a Director trained in stat
istics, two evaluation analysts, one tabulator and supporting staff.
It is responsible to design surveys and other studies, execute them
either directly or through contracts, write or supervise studies,
ensure the validity of results and disseminate findings'to the REB and
other bodies. To facilitate establishment and operation of this unit,
RE I allocated $250,000 in AID funding for baseline studies and
Evaluation Cell support. In early 1981, the Evaluation Cell was
active in supervising baseline studies and assisting with the Quick Study.

To enhance the effectiveness of the Evaluation Cell, it was
recently merged with REB's Program Planning Unit (responsible for
feasibility work and planning for future RE areas) into a newly created
Program Planning and Evaluation Directorate. This reorganization will
increase the impact of evaluation by providing a direct means for
feeding evaluation results into program planning.

Full time technical assistance is provided by the Consultant's
feasibility advisor to the REB's Program Planning and Evaluation
Directorate in defining study topics, survey techniques and data-pro
cessing and analysis.

Baseline Surveys

The Institute of Statistical Research and Training (ISRT),
University of Dacca, under direct contract to USAID, has completed
baseline data collection and tabulation in four RE I PBS areas and
is beginning· data collection in four more. Baseline surveys will be
completed in all 13 RE I PBS's. The Baseline surveys are compre
hensive compilations of socia-economic information which will provide
the base for measuring social or economic changes in the PBS's.
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Baseline studies collect data on: a) agricultural production; b)
~ommunity life; c) employment; d) commerce and industry; and,
e) quality of n.omestic life. Research instruments are designed to
ensure adequate sam?les of households, communities, and commercial,
industrial and agricultural operators.

Feasibility Studies

To provide sufficient information for selection and planning
of ne\J PES's, the REB Planning and Feasibility Unit, \Jith Consultant
assistance, completed a general feasibility study for a large geographic
area in May 1981. The top ranked 12 areas were proposed for AID and
World Bank Funding under the Phase II program. Beginning by August,
1981, the REB and the Consultant \Jill conduct "detailed feasibility
studies" in the 12 areas as the basis for detailed project design of
each PBS area--engineering design, construction schedule, organizational
requirements, etc. These detailed feasibility studies are also being
designed to collect the information normally collected by the baseline
surveys. Thus, for new PBS's, special baseline studies will not be
needed. This will free the Evaluation Unit to plan and conduct
"priJgress" and "issue" related evaluation studies.

Progress Studies

These studies, also referred to as updated baseline surveys,
will be conducted by the REB Evaluation Cell beginning 18 months
after energization of PBS's.

Quick Studies

To appraise preliminary indicators of the socio-economic
impact of rural electrification in early 1981, the REB Evaluation Cell
and USAID staff conducted a Quick Study under the direct supervision
of USAID's social anthropologist. This exercise, which involved
about six field interviewers over several weeks, provided some find
ings of importance for project implementation and provided excellent
on-the-job training for the REB Evaluation Cell staff. The Evalu
ation Cell intends to continue this technique for examination of
special topics.

Consultant Evaluations and AID Monitoring

The Consultant will monitor project progress on a day-to-day
basis, submitting monthly and quarterly progress reports and annual
evaluations, especially of input-output-purpose level achievement
and administrative progress/problems. Through the project officer,
AID will continuously monitor the project and contribute to the
regular annual evaluations.
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Evaluation Funding

Of the $250,000 alloc~ted for baseline studies and other eval
uation work under RE I, about $70,000 has been committed and $180,000
remains available through December 1983. For evaluation purposes in
1984-87, RE II contains an additional $100,000 in AID funding.

D. Conditions, Covenants and Negotiating Status

1. Conditions Precedent to Disbursement beyond US$5 million

US$5 million will be provided to the REB upon signing the Project
Agreement. The remaining US$45 million will be made available after
achievement of the following conditions precedent:

1.1 The Government of Bangladesh (EDG) will undertake a program
to rehabilitate and maintain 33 kv substations and transmission lines
which feed rural electrification substations. Objective of the pro
gram is to increase power transmission reliability and reduce frequency
and duration of outages of power in RE substations to an acceptable
level, i.e. not more than 50 outages amounting to no more than 35 hours
per substation per year. The program will include:

1) A survey of 33 kV substations and line feeding present and
planned PBS substations under the rural electrification
program.

2) A short term rehabilitation plan including specific
objectives and resources.

3) An 18 month program to physically rehabilitate the 33 kV
substations and line.

4) A longer term plan to redesign and reconstruct 33 kV sub
stations and lines with records of excessive outages.

5) An upgraded maintenance program to keep rehabilitated
substations and lines in proper condition.

To this end, the nDG will undertake the planning required, and
allocate the manpower, commodities and budget needed to carry out the
activities presented in Annex D. Failure to adhere to the Annex
schedule or provisions at critical points specifi~d~below and in thz
Annex may halt AID disbursements for this projectU~.

(ll Approximately 24 man months of non-local technical services will
be provided by the RE II Project to assist the Ministry of Power,
Flood Control and Water Resources with the necessary planning and
implementation ~f surveys, studies and rehabilitation/mainten
ance activities.
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11) Submission to and approval by the Ministry of Power, Flood
Control and Water Resources and AID of a "survey plan"
as described in Annex D within three (3) months af Project
Agreement signing.

b) Submission to and approval by the Ministry and AID of an
"Interim Rehabilitation Plan", as described in Annex D
within eight (8) months of the Project Agreement.

c) Progress in conducting the rehabilitation progrl1m reason
ably in line with targets established in the "Interim
Rehabilitation Plan".

d) Submission to and approval by the Ministry and AID of a
"study of 33 kV substation and line maintenance", as described
in Annex D within ten (10) months of the Agreement.

1.2 Reduction of customs duty on small electric motors (25 HP and
below) to 15% ad valorum or less and arrangements to permit the import
ation of said motors through official and commercial channels in
quantities large enough to meet the motor requirements of the Rural
Electrification Programs, Phase I and II, as determined by the REB.

1. 3 Satisfactory progress in carrying out the "Action Decisions" in
the "Project Evalul1tion Summary" for the May 1981 Evaluation of the
Rural Electrification I.

1.4 Establishment, by the BDG, of an approved REB budget at
required funding levels for the first yearU98l/82) of the project.

2. Conditions Precedent to Additional Disbursement (beyond the
dates inpicated)

2.1 Within twelve (12) months of AgreemeDtsigning, establishment
by the BDG of a formula for determining wholesale power rates (which
the PBS's pay the PDB) , such formula derived so as to set rates at the
national average cost for production and transmission of electricity>
except that rate's should iIllClude only "essential" costs of transoission
and not include costs attributable to unnecessary administrative over
head or power losses.

2.2 Within twelve (12) months of Agreement signing, commencement
• of loans under a new three year BDG financed $5 million loan program

for financin8 purchases by farmers of electric motors and other equip
ment for irrigation, such loan program to be designed and targeted,
insofar as is reasonable, according to the procedures to be recommended
by the REB following an REB study of RE related credit needs.



- 71 -

3. Covenants

3.1 The nDG shall diligently plan and carry out programs to ~nsure

adequate power generating and transmission capacity to meet the el~ctric

power needs of the areas electrified under the rural electrification
program.

3.2 The BDG shall diligently plan and make arrangements to ensure
an adequate supply of proper type and size electric motors for pro
ductive uses in Bangladesh; such arrangements to include importation
of such motors under the nation's various DTW, LLP and STW irrigation
development programs.

3.3 With respect to the supply, sale~ distribution and service of
minor irrigation pumps and engines/motors, the BDG will encourage
rapid "privatization" as called for in the SFYP.

3.4 The BDG shall undertake to direct adequate loans from all
sources to finance purchases of electric motors and related pumps and
equipment to permit rapid adoption of electrified means of production,
especially for irrigation.

3.5 The BDG shall cause the PDB to supply electric power to the
PBS systems as demand requires and at a rate equal to the national
average cost for production of electricity as defined in 2.1 above.

3.6 The 3DG shall review annually the consumer rates approved for
the PBS areas and adjust such rates as necessary to ensure the
financial self-sufficiency of the PBS organization9.

3.7 The BDG shall cause REB to carry out the project with
diligence and efficiency, and in conformity with sound administrative,
financial and engineering practices applicable to electric power
distribution, and shall not take or permit any actions which would
interfere with REB's obligations under the Project Agreement.

3.8 The DDG shall make available or cause to be made available to
RED, promptly as needed, the funds, facilities, services and personnel
required for carrying out the project. t

3.9 The BDG shall cause all BDG agencies and corporations located
or working in the PBS electrification areas to cooperate and assist
in all means possi~le in the development of the PBS organizations,
distribution systems and power use programs.

4. Negotiating Status

During Project Agreement negotiations, USAID will negotiate
the above CP's and covenants with the BDG and seek to incorporate
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into the ~greement the necessary terms and conditions for achieving
the desired objectives.
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(INSTRUCTION, THIS IS AN OPTIONAL
FORM WHICH CAN 8E USEO AS AN AIO
TO ORGAHIZING DATA fOR THE PAR
REPORT. IT NeeD NOT 8E RETAINED
OR SU8MlTHO.1
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TOlol u.s. Funding ;50 million
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PAGE'
IMPORTANT ASSUMPTIONS

Program 0< S.ct"" Goal: Th. bo'ooder objecti",. 10 Moolur.. of Goal Achi.........nl: (A.2) I (A·J)

which Ihi I proio" conlribulu; (A. I)

A..umpliona 10< ochi .... i"llll"gi ""g.": (A·4)

Improved rural standards
of living.

1. Agricultural, small 1. Evaluation surveys.
industrial and household
jobs created per project-
tions (Ref. "Economic
Analysis").

1. GOB follows rational
investment policies for small
industries and irrigation
pumps.

2. As below:

2~3 Special power pump
quick studies.

Power consumption
records.
Special power pump
quick studies.

3. Total number of power
pump sets is increased per
Second Five Year Plan (SFYP).

2. Farmgate prices prOVide
incentives for irrigati~n.

2. Annual increase in
second and third crop
production.

2.1 Per projected irriga
tion power usage.

2.2 Average electric pump
command area greater
than diesel, 25% or
more.

2.3 Electric pumps demon
strate cost savings
of approx. 30%.

3. Indirect socio- 3. As below:
economic benefits created.

3.1 Increase in home 3.1 Evaluation surveys
study.

3.2 Increased avai1abi- 3.2 Evaluation surveys
lity and utilization
of community services 3.3 Evaluation surveys--
--schools, health cen calculations of savings
tres, pharmacies, etc compared to use of

3.3 Illumination quality kerosene.
increased and costs
reduced .. .

-,- .-
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L de of P,ole":
f,om FY _' ,uf" __..__ . .

TOlal U,S.Funaing ...:-__
Dato P,opaled: '" .__

PAGE 2
IMPORTANT ASSUMPTJ5I-'~'-- ---

A••umplion. fa, achieving purpo .. : (B ..1)

Provision of reliable
electric service at reasonabl
rates to existing and poten
tial sources of rural employ
ment, to irrigation pumps,
rural industries and busi
nesses, comnlunity service
facilities and rural
households.

1. 276,500 MWH sold by 11.
PBSs to consumers by
Dec. 1986, including:
1.1. 97,800 MWH for 1.1

'irrigation
1.2. 59,100 MWH for rural 1.2

industries.

2. Outages and downtime 2.
have no significant nega
tive impact on the produc
tion plans of farmers and
other rural producers.

Power consumption
records.

Ibid.

Ibid.

Evaluation surveys.
'~.

1.

2.

PDB power supply to
PBS substations improves;
PDB upgrades 44 KV sub
stations and lines feeding
PBS substations.

PBSs succeed in creating
community-wid~ responsive
organizations.

3. PBS electrical sys
tems maintenance stan
dards enforced.

4. Appropriate percen- .
tage of irrigation pumps
connected per staking
criteria.

5. PBS financial posi
tion sound: Operations
financed by revenues
5 years after energiza
tion; loan repayment
begun .

3. REB/Consultant reports.

4. REB/Consultant review
of staking sheets, targets
and actual connections of
pumps.

5. PBS financial records;
loan repayment records.

1/

•" . I ..

Output targets are sched ed over time in

I
-I

Table_l!.1 "Targets".
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Lilc of Proiccr:
From FY 10 FY _

lorol U. S. Funding _
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PAGE 3 (b)
NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS

Mognitudo of Outp"ll: (C-2) (C-3)

MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS

Auumprioni for achieving oUlpU": (C·4)

4. PBSls established, 4.1 Managers, key staff in '4.1 Staffing plans and
staffed and functioning place. reports.

4.2 Board of Directors' 4.2 REB/Consultant
functioning per in- appraisal.

1 4. 3
struction manuals. I
Financial records in 4.3 REB appraisal of PBS
order. financial records.

4.4 Revenue collection 4.4 PBS financial records.
sound: as compared to
substation output and
bills.

5. Power use program 5. Plans for adequate 5. Power use plan.
established national supply and

distribution of motors

5.1 Public agencies 5.1 Appraisal by REB/
(BADC, BKB etc.) Consultant
supplying electric
motors per plan.

5.2 Private suppliers pro- 5.2 Appraisal by REB/

I
ducing or importing, consultant .
installing irrigation
pumps and motors per
plan.

5.3 Dollar 5 million loaRs 5.3 Bank credit records;
to farmers for elec-
tric motors; related REB survey of private
equipment. dealers •

..i;· . j "
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PAGE 3 (C)

HARRATIVE SUMMARY

P,oject Outputs: (C·l)

OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION

Magnitud. 01 Ou'puh; (C.2) (c.)

IMPORTANT ASSUMPTIONS

I A..umptionl 101 achioving ou.pufO: ((·4)

5.4 Local investors in
troduced to American
firms for manufac
ture of motors etc.

5.4 u.s. Emb commercial/
economic records.

6. Self training capacity 6.1 REB training insti- 6.1 Training records.
established tute conducting pro-

gram per plan.
, 6.2 PBS's train 6,000

electricians. ii
t '., I

I ••7. Private sector mobilized 7.1 4 contracts signed 7.1 Contract records;
to provide engineering, with local 2 engi- appraisal by supervis-
construction, supply neering consultants. ing engineers and REB.
services and commodities. Consultants, perform

per contract specs,
schedules and
stap.dards.

7.2 31 contracts signed 7.2 Contract records;
with 10 construction appraisal by super-
firms. Contractors vising engineers and
perform per contract REB.
specs, schedules and
standards.

7.3 Construction commodi- 7.3 Procurement records,
ties supplied by I

local firms (poles,
switches, wire etc.)
per REB specs/
standards.
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Dale Propared: May ~n., 19 In

PAGE 4
NARRATIVE SUMMARY

Project Inputs: (0.1)

OBJECTIVELY VERIFIABLE INDICATORS

ImplemontationTarget (Type ond Quantity)
(0-2)

(0·3)

MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS

Auumplion, for providing inpUII: (0·4)

Reference PP
Tables 4 I 5, 6 & 7.

Reference PP
Table 8

1. AID financial record s
on commodity and
T.A. procurement.

2. REB record s on
(a) commodity procure-
ment, .
(b) staffing ,.
(c) contracts w:local
consultants.

BDG will supply REB with
needed staff and budget.
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Rural Electrification n
Project No. 388-0054

DRAFT PROJECT AUTHORIZATION

BANGLADESH

Goods and services including ocean shipping £inane eel by
A.I.D. under the grant shall have their source and origin in the
United States. the Coop'Srating Country or in the other countries
included inA.I.D. Geographic Code 941, except as A.I.D. may
otherwis e agree in writing.

The Cooperating Country is to agree to plan and to carry
out diligently programs that will ensure that adequate power
generating and transmission capacity is available to satisfy
electric power demands of the areas electrified under the rural
electrification program.

3. I hereby authorize the initiation of negotiations of the
Project Agreement and its execution by the officer to whom such
a'l:'\:hority has been delegated in accordance with A. I. D. regulations
and delegations of authority. The Project Agreement that may be
negotia.ted and executed shall be subject to the following essential
terms and major conditions. as well as such other terms and
cond.itions as A.I. D. may deem appropriate.

2. The purpose of the project is to provide electric power in
rural areas for economic. domestic, and community purposes.

1. Pursuant to Part I. Chapter 1. Section 103 of the Foreign
A ssistance Act of 1961. as amended, I hereby authorize the Rural
Electrification n Project. I also authorize planned obligations of
not to exceed Fifty Million United States DoUt.rs (U.S. $50.000.000)
in grant funds over a three year period (fiscal years 19S1, 1983 and
1984) from date of authorization, subject to the A. I. D. OYB /allot
ment process. to help in financing foreign exchange and local
currency costs for the project.
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6. Procurement of Technical Services

Pursuant to Paragraph 2..4.2.. of A. I. D. Handbook n,
authority is hereby granted to procure services noncompetitively
from the National Rural Electric Cooperative Association and
Commonwealth Associates Inc.

"

•

•
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DRAFT PROJECT .AGREEMENT ANNEX
Regarding Rehabilitation and Maintenance

of 33 kV Substations and Lines

As provided in Project Agreement section , the
Government of the Peoples Republic of Bangladesh (BDG) through the
lvllnistry of Power, Flood Control and Water Resources (the Ministry)
will carry out the program specified herein to rehabilitate and main
tain 33 kV substations and line which feed present and planned PBS
subst~tions indicated by the REB. The program is conducted accor
dinG to the implementation schedule and provisions of this Annex.
AID reserves approval rights, indicated below and in Project Agree-
ment Section , related to certain critical planning
and implementation phas es of this rehabilitation and maintenanc e
program•.

1. Survey of 33 kV Substations and Lines

Conduct extensive survey of all PDB substations and 33 kV
line fCf'ding pres ent and planned PBS substations under the Phas e I
and P~se II rural electrification programs. Maps showing PBS
st::.bstatbn locations will be supplied by REB. The survey will detail
conditior.. of PDB substations and lines and needed rehabilitation, and
provide a basis for planning and carrying out the related rehabilitation
pr6E~~. Up to 3,000 miles of line may have to be surveyed. The
survey will detail inadequacies with respect to:

1) Tree clearance; 2) Fusing of 33- 0.4 kV substations;
3) Protective device serviceability and calibration;
4) Splicings and taps; 5) Serviceability and location of

sectionalizing devices; 6) Substation and line mainte
nance arrangements.

The PDB or other agency as signed to conduct the survey will
submi'. a brief survey plan to the Ministry, with a copy of AID, within
three I':lonths of Project Agreement signing. The plan is to contain:
(1) Identification of substations and lines to be surveyed, and related
time schedule for each phase of the survey; (2) Principal survey
instruments - - check sheets Iquestionnaires, etc.; (3) Manpower
requirements and arrangements.

..
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Submission of this plan and approval by the Ministry and by
AID will be a condition precedent to disburs ement beyond $ 5 million.
See Proj ect Agreement Section •

An interim report of survey findings is to be prepared within
six months of the Agreement, as the basis for initial planning of the
rehabilitation program.

2. R ehabilita tion Plan

Based on interim survey findings, plan initial phase of the
rehabilitation program. The plan should include: (1) Objectives,
i. e., what is to be achieved with respect to substations /lines, etc.;
(2) Target, i. e., humber of substations and miles of line by time
period; (3) Scope of work, i. e., what tasks are to be perfar med;
(4) Organizational responsibilities, i. e., what agencies / o~fices are
responsible and their roles; (5) Manpower plans, i. e., (a) manpower
requirements -- numbers, workmonths, supervisor and worker skills,
when needed; (b) arrangements for acquiring needed workforce;
(6) Commodity/Logistic plans, i. e., (a) requirements -- types and
quantities of replacement parts, workmen1s tools, transport needs;
(b) arrangements for acquiring the needed commodities /logistic
support; (7) Budget, i. e., (a) requirements for commodities, engi
neering services, etc.; (b) funding arrangements.

The interim plan s hall be submitted to the Minis try of Power
and Water with a copy to AID within eight months of the Agreement.
Approval of this plan by AID will be a condition precedent to additio
nal disbursement.

3. Eighteen month Rehabilitation Program

n Tree removal, tree trimming and brush control to
reduce TU.lnerability of 33 kV lines.

2) Fusing for all unfus ed 33-S.4 kV distribution trans
formers, either by installing new liquid fuse elements
in existing fuseholders, or replacing them with conven
tional single phase hookstick operated distribution fuse
cutouts. Protect new 33- 0.4 kV outdoor distribution
transformers with conventional single phas e hook- stick
operated fuse cutouts.
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3) Restoration of all 33 kV substations and transmission
lines to their original condition; assuring that all circuit
breakers, relays and other protective devices in sub
stations and in-line are in good working order, that
static wires are installed on all 33 kV transmission
lines where originally included in the design, and
lightning arresters are fitted in proper locations.

4) Review of relay and recloser calibration in all 33 kV
substations, making such changes as necessary to
ensure selectivity among all devices. This is necessary
to assure interruption to the smallest possible number of
customers in cas e of a line fault. A t important manned
substations (such as Comilla) with reclos ers used on
some line positions, install the necessary wiring and
devices to make possible position indication and manual
operation in the control hous e.

The R E Consultant will advise on and monitor implementation
of the rehabilitation program.

The PDB or other implementing agency will submit progres s
reports each three months to the Ministry with a copy to AID. Reports
will indicate: (1) progress against targets, (2) problems and (3) actions
taken/planned or recommended for the period ahead. If progress
(quantity and/or quality) falls unreasonably behind targets, this will
be cause for a halt or termination in AID-financed disbursements for
the R E II Project.

4. Redesign and Reconstruction of 33 kV Substations and
Line with Records of Excessive Outages (i. e. frequency
of outci.ges in excess of 50 per year)

1. Modify existing 33 kV transmission lines with a record
of excessive outages caused by birds or unavoidable
tree contacts by replacing steel crossarms with wood
crossarms.

2. For future 33 kV and 132 kV transmission lines that
supply distribution substations, adopt the following

..

•
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designs; (a) use wood crossarms, with pin type
insulators (or line posts as an alternative) for 33 kV
lines; (b) us e suspension insulators for 132 kV lines.

3. Provide 33 kV loop supply systems with sectionalizing
switches at each distribution substation to the greatest
practicable extent, to permit insolation of faulted line
elements without long term interruptions to customers.

5. Line l\.iaintenance Program

5.1 The PDB will study the adequacy of arrangements for
33 kV substation and line maintenance. The study shall be submit
ted to the Ministry with a copy to AID for review and approval within
ten months of the Agreement. The study will focus on the reasons
for deficiencies in the maintenance program.. The study will
recommend a program for improving maintenance, including
targets and implementation schedule. The following topics will
be examined'

1) Administrative:

a) Accountability -- Are individual supervisors and
workers responsible for preventative maintenance
and repair of particular sections of line or substations.

b) Job Responsibilities -- Are individual job responsibi
lities clearly defined and understood.

c) Supervision and follow-up -- Do supervisors follow-up
their instructions to ascertain whether the job has been
done satisfactorily; what recourse do supervisors have
if the job is not done.

•

2)

3)

Technical: What additional training do supervisors or
workers need.

Logistic /Commodity: Are replacement parts available
when and where needed. Why or why not? What improve
ments are needed in inventory control, ordering and

distribution of parts?

5.2 The PDB will effect administrative, training and logis
tic improvements as indicated by the maintenance study.

•
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SYSTDi DESIGN

Operating P~equency

All electric utility systems in Bangladesh operate at 50 hertz.

Distribution System Voltage and Feeder Loading

The voltage level selected for operation of new electric
disLribution systems will have a direct bearing on the number and
size of distribution substations required. the length of primary
feeder lines~ the individual feeder loading capabilitys the consumer
exposure to line faults, and to some degree the overall cost of cons
truction. Also n consideration will be the compatibility and inter
changeability of components with existing facilities now in operation
in the country, and the lack of access roads in areas to be traversed
by ~ny feeder and branch lines.

Feeder Proposals

In Bangladesh the standard voltage for distribution systems io
11~J (ar 11Y/6.35KV) for the electrified cities, as well as for service
to industrial loads, rice wi11s~ baz3rs and irrigation pu~p Dotors in
rural areas. In the project a:3as s most of these existing rural lines
will be integrated into the new systems.

Transmission lines at 33KV follow the main highways across areas
to be served by the new systems, and therefore substations can be located
fo:' good access.

In most areas .to be served ·by new systeI:1s it will be necessary
to restrict the length of feeder lines because of the problem of poor
access for servicing. Since it will not be practical therefore to
exploit the advantage of longer feeder lines with ~ higher distribution
voltage levels and given the need to integrate certain 11~v systems now
in operation new distribution systens will be operated at 11Y/6.35iV
utilizing 15 KV levels of inBu1~tion and general design standards. Note
the following eX3uples of possible feeder area layouts.

Assuming on 11Y6.35KV distribution syste~ and a maxinun prioary
voltage drop of 7.5 percent t the following feeder areas were determined
for various uniforn loading conditions.

Main feeder conductor - 4/0 ACSR R=O.567/Mile X=O.644/mi1e
Branch conductor - 1/0 ACSR R=l. OS/mile X=: ~'707 /mile
Branch conductor - 3 ACSR R=2.04/nile X= .711/mi1e
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Estiuated Unifsru Loading after 15 years~

20 KVA/square nile
30 KVA/squnre ~ile

0.9 p.L
0.9 p.L

The four feeder and two feeder substation areas were considered
See Exhibit A.

Y01A
Load
1575

435

1. Four feeder arrangenent - 30 KVA!square ~ile lond
~~,in feeder length~ 6.25 wiles
B~anch feeder length; 7.25 niles

% Volt drop to end of 4/0 ACSR main feeder - 3.22
% Volt drop to end of 3 ACSR branch - 2.89

Total % drop - 6.11

rnis would give coverage to 56.25 square niles and serve 1575
KVA per feeder at the projected 15th year (17th year of the project)
load level (or 225 square niles and 6300 KVA per substation).

2. Four feeder arrangement 20 KVA/square nile load.
Main feeder length 7.25 miles
Branch feeder length: 8.25 miles

Y01A
Load
1360 % Volt drop to end

%Vol~ drop to end
cf 4io
of 3

ACSR main feeder
ACSR Branch
Total % drop

3~22

- 2.42
- 5.64

With the four feeder arrange3cnt s a reduction in load will change
the length of the feeder only by a snall amount. This results fro~

the large area that is added to the feeder by extending only one
additional nile of ~ain circuit. With 20 I(VA per square mile the feeder
area served would extend approximately 8.25 niles from the substation
(7.25 r:iiles of 4/0 ACSR) and the end bronches would extend 8.25 niles.
Total approxinote area served by the feeder would be 58 square niles
with the feeder load at 1360 KVA.

..
3. Two feeder crrangenent 

Main feeder length
Branch feeder length :

30 K\TA/square nile load.
4. 5 ~iles

8.0 niles

KVA
Load
2640

280
% Volt drop to end of 4/0 ACSR oain feeder
% Volt drop to end af 3 ACSR branch

Total % drop

3.88
3.41
7.29



The feeder aree served would ex~end approxinately 5.5 miles from
the subst:ltion (4.5 niles or 4/0 ACSR) with the branches extending
approximately 112 squnre miles with the UQxioum feeder load ~t

2240 KVA.

See Exhibit B fer diagr~cs representing the area served by a
substation for the two and four f~eder arrangement and load densities
of 30 KVA and 20 KV£ square mile.

It is apparent that with loed densities of 20 and 30 KVA per
square nile the four feeder arrangement might be too expensive to
conside= initiclly i~ rural ~raas.

Until the load develops to 20 or 30 KVA per square mile, the
feeder could be extended so that the service area would be larger
initially than the final area. This could be done where it would be
possible to add another substation at some time in the future. This
would reduce the initial s~bstation expcndit~res in certain areas.

For a two feeder arrangement and 10 and 15 KVA/square mile
loading the followinB would be the feeder details.

3. Two feeder arrangement
Main feeder length ~

Branch feeder length:

10 KVA square mile load.
9 miles
8 miles

KVA
Load
1600 i. Volt drop to end of 4/0

160 % Volt drop to end of 'l
-'

ACSR 8ain feeder
ACSR branch

Total % drop

4.71
1.14
5.85

% Volt drop tc end of 4/0 ACSR !:lain feeder 5.00
% Volt dr0F to end Clf ':< ACSR Branch 1. 70-'

Total % drop 6.70

With 10 KVA/square mile of load, the feeder area s~rved would
extend approximately 10 niles frow the substation (nine miles of
4/0 ACSR) with the branches extending approximately eight niles.
total area served by the feeder would be approximately 160 square
with the ~axinun feeder load at 1600 ~:A,

5. Two feeder arrangement 15 KVA/squ~re mile load.
~~in feeder l~n3th: 7.5 miles
Br~~ch feeder 12n~th; 8 miles

KVA
Load
2040

240

The
miles

..

•

With 15 KVA/square m1~e of 10ad 5 the feeder area served would
extend approximately 8.5 niles frow th~ substation (7.5 miles of 4/0
ACSR) '\.;ith the branches extending approximately eight niles. The



total arec: served by the feed2r would b", approxinatcly 136 square
niles with oax~~u~ feeGer load being 2040 KVA.

Whe=e future substation can b~ added~ extended coverage should
be considered to reduce the initiGl cost/customer. Additional sU!:J
station ~apacity would th8~ be added at c: later date when the load
and volt~gc co~ditions warrant s~ch installation.

In all of this it needs to be rec02nized that few, if any~ areas
will ~ntch the uniform distribution of lo~ds and consumers suggested
in the nodels and th~refore will have feeder areas of more or less non
unifol? confiS".lr-·t:":i.1:-'S requ:'r~d by lc'cal G20gr<lphic characteristics
~nd va~ying load patterns.

Insulation LE;vcl

The insulation level for the primary distributi9n systeo must
withstand nornal oper~tin~ vcltagcs and switching surge voltages without
failure or flashover. Sufficient impulse insulation (BIL) must also be
provided so that the system can be protected by suitable lightning
arresters without excessive flashovers. The 50 hertz leakage path in
air needs to be adequate to limit the radio interference level. In
contami~ated areas, extra leakage distances shculd be p~oviGed.

Standards for 15 kv have been in service and proven for many years.
The &~SI (Anerican National Standards Institute, New York CitY9 USA)
and REA Bulletin 45-3 (Rnral Electrification Adninistrat:Jn 9 Washington 9
D.C. USA) provide specifications and standards for this distribution
level.

(1) Basic insulation level (BIL) - 95 kv.
(2) Switchin8 surge volt~g2 - three times normal line to ground

voltage..
(3) Minimum leakage distance - 9 inches.
(4) Extra insulation to be provided at line angles and deadends

to prevent flnshovers of surge voltages dUG to increased
values caused by reflection effect.

(5) Since the areas for construction are under 3000 feet eleva
tion no increase in le~kage distance is necessary. Contaima
ted areas should be considered on an individual case basis
if encountered.

(6) Equipment used will be according to standards noted and
meeting these insulation and leadage values~

(a) Line insulation, pin insulators use -

~_~SI Class 55-5.
Leakage distance 9 inches.
Wet flashover 40 kv.
Dry flashov,;;r '70 kv.
Critical iQpulse flashover 95 kv.



(c) Equipment bushing insulation. distribution class -

(d) Transforner winding insulation, distribution Class ANSI-

(b) Lin0 insulation, angles and dcadends~ suspension
insulators~ use two insulator units per deadend -

•

25 kv.

12 kv.
15 kv.

inc.

30 kv.
35 kv.

(BIL)95 kv.

(BIL) full wave 95 kv.
110 kv.

3S kv.

Low frequency dry fl~shover

Low frequency wet flashover,
vertical
horizontal

AljSI - CSi.12 Series.
- ,. .~J,ll /
vr~apnge u~Gtance ~'. '2 + 1 2
Withst~nd voltages -

10 seconds wet
1 einute dry

Impulse withstand voltage

C57.l2 Series
Impulse llithstand volt~ge

I~pu15e chopped wave
Law frequency dielectric

(i) Spool insulators for secondary conductors will be
P.k~SI Class 53-: and 53-4 with the following elec
trical values:

ANSI Clnss 52-1
Per unit leakage distance i inches.
Per unit wet flashover 30 kv.
Per unit dry flashover 60 kv.

Ce) Secondary and service system will be designed using
material nnd equipment for less than 300 volts phase
to ground according to ANSI Standards.

(ii) Spool insulators for service conductors will be
ANSI Class 53-1 with the following electrical values:

:~w frequency flJshover
Low frequency wet flashover~

vertical
horizontal

20 kv.

8 kv.
10 kv.

(iii) Insulation on phase conductors of ~ultiple service
cc::"bL.' shcuLl 'be cross linkcc. p:::llyethylene (DLP)
with nininu~ thickness of ccvering:

No. 2 and sD~ller 0.045 inches.
No. 1/0 through 4/0, 0.060 inches.



Coverin~ should be capable of ~ithstanding conti
nuously from conductor to ground, applied voltage
of 1,000 V at 50 hertz for fiVe minutes.

Voltage Levels? Spreads and Drops

The common voltage rating of light bulhs and appliances marketed
in Ban3ladesh is 230 volts, alth8ugh 250 volt bulbs are also frequently
available. Haters are f.enerally three phase and are generally rated at
400 volts. The American National Standards Institute (~~SI C84-l)
specified stnndarc v~ltage levels at the service entrance point and
point of utilization.

ANSI Standard Voltage Range

B
Minimum
utili7.Ar-k>n
voltage

92% 92% 89%

The international Electro-technical Commission (lEC-Pub. 88)
presents standards for supply system voltage levels and corresponding
high and low ranges of the supply system.

IEC Standard Voltage Range

Nominal
voltage

100%

Maximum
voltage

110%

Hinimum
voltage

90%

The minimum service voltage limit expressed above in Range B of
the ANSI standard is considered in American operation to be tolerable
if not permanently desirable. Range B also presents lo~ voltage levels
well within IEC standards. Taking into consideration both standards,
and in the interest of gaining sufficient system voltdrop allowance to
permit economic feeder system length and loading, a minimum service
voltage in accordance with ANSI Range B has been established for
Bangladesh.

A nominal 230 volt service voltage level is presently established
in Bangladesh. The 230 volt base level is also being considered by the
IEC as the standard base voltage to replace existing IEC standard
voltages of 220 volts and 240 volts. The 230 volt base level is there
fore consistent with the recent thinking on the major 50 hertz voltage
standards.
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Slirvice Voltage itange

Phase to Phase to
!i2utral Phase

Maxi!':lum (105%) 241. 5 volts 418.3 volts
Noninal (110%) 230 volts 400 volts
Hinimum (n%) 211. :5 volts 366.5 volts

The total system voltdrop permitted on the distribution system
is de~ermined as the difference between the maximum service voltage
delivered at the customer nearest the 11 kv power supply substation and
the minimum service voltage permitted at the customer located furthest
away from the substation. The maxinum voltdrop on a 230 volt base will
be 29.9 volt (241.5 - 211.6 volts). The anticipated distribution of
this voltdrop anong the various components of the system would be as
follovls;

Voltage Drop-Maximum Load Condition

Maximum voltdro~

( 230 volt base)
pp.rcent
voltdrop

From 11 kv supply substation
bus to primary terminals of
last distribution transformer.
Distribution transformer.
Secondary and service

Total vo~tdrop at custo
mers service entrance

Voltage Levels and Spreads (230 volt base)

17.2
3.5
9.2

29.9

7.5
1.5
4.0

13.0

Location
Voltage Levels

Maximum Minimum

Substation transformer at 33 kv
terminals, lop range

high range
Substation transformer at 11 kv

terminals
Substat~c~ :1 ~7 ~us ~r2gulateci)

Distribution transformer primary
terminals (~ast transformer)

Service entrance

2itS
257

257
241

241
241

211
222

219
241

224
212

Ie

The above voltage levels, especially those at point of service,
are the basis of system design and th2 system should be operated within
these limits in order that satisfactory operation of customers connected
apparatus is attained. The volt2ge levels expressed above are based on
the fol1mving:
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(1) Values given in the above tables are mid values
in the automatic voltage regulator band width.

(2) Only sustained voltages apply to the values given
and short duration variatians due to surges, motor
sta~ting, etc., are not considered.

(3) Input voltages to the powe~ supply substations
range between approximately 92 and 112 percent of
the nominal subtransmission voltage and with a
maximum 16 percent spread at anyone particular
substation.

Service Voltage (Nominal) and Loadings

(1) 230 volt, two wire, single phase service for
resicential, institutional, commercial, small
industrial and agricultural loads 25 KVA and below
maximum individual motor size~w· - maximum
individual motor. size will be 10 hp.

(2) 230/460 volt, three wire, single phase service for
institutional, commercial, industrial and agricultural
loads SO KVA and below - maximum individual motor size
will be 10 hp.

(3) 230/400 volt, four wire, three phase service for
commercial, industrial and agricultural loads,
providing three phase equipment has to be installed.
Maximum load at this voltage will be 500 KVA.

~ransformer and Secondary Systems

All lines in the project should be designed and constructed with
minimum vertical ground clear.ance provisions to carry a two wire,
230 volt, single phase secondary circuit. In market centers having
sufficiently high load densities, either three wire, 230/460 VOlt,
single phase or four wire, 400/230 volt, three phase secondary circuits
may be established. In market centers, the initial load density is
estimated at approximately 50 KVA per mile of distributed load. An
annual growth rate of 10 percent, distributed load density will increase
to 130 KVA per mile in 10 years, The maximum distance which these load
densities can be supplied within acceptable voltdrop limits by various
ci!'cuit types and capacities·is as follows:

At 50 KVA/Mile At 130 ._~A/Mile
Conductor KW- Feet !'1aximum Maximum
size (800/0 P, F. ) Secondary Secondary
'ACSR or ACe) Circuit 3% Voltdrop length (feet) Length (feet) •

3 AWG 2 v,Tire 2250 400 250
1/0 AWG 2 w'i!'c 3400 500 300

3 AWe 4 wire 8000 1200 700
1/0 AWG 4 v,Tire 13000 1600 960
4/0 AWG 4 wire 22000 2500 1500



The 3 ~~G conductor size provides adequ2te secondary reach and
is recor:rrnended for normal installation in market centers. Initial
transforroer installations to supply distributed load in market centers
should be 15 KVA in size and spnced approximately every 1800 feet. As
load grO\ls transformers should be chang2d to the next successive sizes
up to 50 KVA ~aximum. Intermedi~te transforners will be required if load
g:-r;;wth substnntic:lly exceeds 150 KVA per mile load density.

In addition to distributed loads, rel~tively large spot lo~ds

consisting of rice" wheat and oil mills will be located in the market
centers. These mills currently have 15 to 25 horsepm,rer rt~quiremcnts

where three phase motors are applied ~nd it is expected that 10 horse
power ,_....11 lea,",,,, \1iL1. pr2vail Wh21'S single phase :::pplies. The Illill
load is estimated to constitute ~nothcr 350 KVA per mile in market
centers, but without uniform distribution. It is not reco~mended

that main secondary circuits in !!Elrk2t centers be designed tdth
capacity to serve mills, but rather than transformers supplying
distributed load be located so far as practical near these spot loads
and be sized according to the additional capacity required. When this
cannot be achieved, individual transformers should be installed to
serve such loads.

Outside the market centers, a distributed load density of
6 KVA per mile, consisting mainly of rural household services, is
estir:ated along the main secondary routes. For design purposes,.'it
is proposed that 230 volt single phase underbuild secondary main or
secondary main lines extending into residential load centers be esta
blished with 3 AWG ACSR conductor size. Transformers 'of 10 KVA size
should be located along rural branch mains at approximately 10 span
interJ~ls to maintain circuit voltdrop within two percent. Limiting
voltdrop to two percent will allow a remaining two percent system
voltdrop for short branches and services from secondary mains to
resid2nt~al service. points.

Conductor
Size

leW-Feet
(80% P. F.)

Circuit 2% Voltdrop

6 KVA/Mile
Maximum Secondary

Length (Feet)

3 AWG ACSR 2 .....rire 1500 1800

Est;~~r~d n~st~ibuted lo~d will not load up transformers of
10 KVA cap3city. However~ 10 KVA transformers are the smallest
standard size currently being manufactured and therefore must be used
initially. Estimated peak loading of transformers serving solely
residential load will fall in the order of 7 KVA if secondary circuits
can be extended in four directions.
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The general demand factor of single phase transformers serving
areas outside the market centers will be improved by the coordination
of transformer locations which can supply single ph~se pumping require
ments as well as dis~~ibuted load. Pu~ps and shallow tubewells should
generally be considered as spot loads, with transformer being located
as near as possible to the load. A 10 KVA transformers can serve a
shallow tubewc:ll and still hove c:~pacity to supply distributed load
within toe voltdrop capacity of the s2condRry circuit. It will some
times be possible to serve two or thr8e pumps or tubewells by service
extensic!ls frorr, one transform.::r, :md apiJropriately increased trans for
rn~r siz2s should be se12cted to accoIDnodate the combined pumping loads
and sec0~dary distributed load requirements.

Deep tubevlells will generally require three phase service and
should be handled as spot. loads with transformer banks sized as
required. Some use of 230 volt legs from three phase supply sources
may be applied in isclated locations to serve nearby single phse loads,
but this will be undertaken only with careful consideration of main
ing balanced loading on the three phase transformer.

Services

Services for single phase and three phase cu~t0mers sho~lj

generally be multiplex self supporting service drop cable. Cable should
have e bare ACSR neutral messenger with standard ~ll aluminum cross
linked polyethylene insulated (600 v;)lt) phase c!mductcrs. Service to
low usage households and small co~merci~l shops may however consist of
locally ~p.nufactured stranded copper, 600 volt polyvinylch~nride two
core cable attcched to a steel messenger. Size and number of service
wires will depend upon the lnRd and physical strength of the wires.

Voltage Regulation

Due tc variations in subtransmission voltage, regulation will
be required. Three Single phase feeder voltage regulators therefore
will be installed on the low voltage but at each substation. For
maintenance purposes these single phase regulators may be replaced in
the field and taken to nai~tenance facilities when necessary. Voltage
regulation will be plus or minus 10 percent with 1-1/4 percent steps.
The capacity of the regulators should be adequate for substation trans
former normal full load rating and suitable for operation on an 11.OY/
6.35 kv multi-groundcc system. The bushing and windings should conform
to f~SI-C57.l2 series standards for 9SBIL.

•



~<
r-V J

Capacitor Banks

The initial system is to be designed for a 15 year growth and
and power factor of 0.9" O~e of the nost important benefits of shunt
capacitors is reduction in line losses. In the early years of the
system the load will be low, therefore the cost of capacitors does
not appear to be justified. Also, voltage regulators will be
required initially and the line will not requi~e the supplemental
benefit of voltage improvement provided by shunt capacitors.

As the load grows in future years, fixed capacitors may need
to be installed to reduce line losses and improve feeder voltages.
Fixed capacitors would probably be the first stage and for maximum
benefit should then be located two-thirds or more of the feeder
length from the source. The installed capacity should not be more
than required to bring the power factor near unity at light loaded
conditions.

If voltage regulation problems occur. installation of switched
capacitor banks might be considered before adding additional line
regulators.

Lightning Protection )Arresters)

The voltage rating of a lightning arrester should be based
upon the line to ground voltage (not line to neutral) existing in the
system under fualt conditions. The system to be protected in this
instance is a solidly grounded 11.OY/6.3kv~ four wire multl-gounded
neutral. The voltage impressed across the unfaulted phase line to
ground ~vill only be a percentage of the line to line voltages under
fault conditions. Use of 9kv arrester on a well grounded system
therefore will provide acceptable protection. It will be important
however that the arrester be located near the equipment being protected
and· that the co~nectiDg leads be kept as short as possible to

reduce surge impedance.

Feeder Sectionalizing and Switching

Oil circuit reclosers applied on circuits will normally have
100 ampere continuous rating with 2000 ampere interrupting rating,
and be designed for 15kv. Reclosing sequences should be set at two
fast and two slow op~rations.

A sectionalizing plan, complete with short circuit calculations
should be prepared for each feeder. When changes are made on the
system, applied scctionalizing devices should also be checked to
assure that adequate interruption or continuous load capabilities
are not exceeded.

-..
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Manual line s8ctionalizing on branch and tap circuits will be
provided with reasonable frequency by bolted connectors or hot line
clamps at jump~r points. Under spcci81 circumstances~ disconnect
switches with hooks accorrmodating portable load break tools can be
installed when rapid sectionalizing ability is desired.

Rural customers with three nhase motor loads will be advised
to install overload protection with phase unbalance detection on all
three phase motors.

Grounding

All poles will have a'ground asse~bly (driven butt wrapp£d or
butt plat8) which is solidly connected to the common system neutr3l.

A driven ground should be provided at each equipment installa
tion, at dead ends of bare secondary circuits, and at le£.st every 1500
feet along the line. Driven grounds should be 5/8" x8'-O!' steel rods
and should have a rcsistencc of l8ss than 10 ohms after install[:tion
when isolated and not connected to the system neutral .

•:ul down guys should be solidly bonded to the common system
neutral arid pole ground assembly. All major line equipment such as
transformers, rcclosers and capacitors should have tanks bonded
solidly to the common system neutral and driven ground aS~2tnbly.

All exposed ground wire will consist of galvanized steel or
aluminum materials.

Conductors, Type and Kind

Cost factors favor the choice of Aluminum Cable Steel Reinfor
ced (ACSR) bare conductors for general use of primary nnd secondary
lines. In congested market ce~ters where span lengths are necessarily
shortened due to other considerations, All Aluminum Conductors (AAC)
could be used.

Considering estimated construction costs, feeder loading capa
bilities o linz mdintennnce and iuve~tory simplicity, it is recommended
that only four conductor sizes, 4/0 ACSR Al-JG, 1/0 ACSR AlJG, 3 ACSR A1'lG
and 6 ACSR be applied to all primary and secondary circuit construction
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The following serlicp. conductor sizes are recommended:

It is expected that all power will he obtained from the Bang
ladesh Power Development Board (PDB) 33 kv or 66 kv sub transmission
system.

Size of ACSR Conductor 2 AWG
Phases Neutra~

Duplex
Duplex
Triplex
Quardruplex
Quadruplex

No. of Circuit
Phases

f) 6 AL
f) 3 AL
f} 3 AL
f} 3 AL
f} 1/0 AL

Size 2 AWG

Application

as follows:

Main Circuit - Primary J 4/0 1/0
BJ:'anch Circuit - Primary 3 1/0 3
Tap Circuit - Prima=y 1 3 or 6 3 or 6
Tap Circuit - Primary 1 6 6
Main Circuits-Secondary 3 1/0 or 3 1/0 or ~

oJ

Main Circuits-Secondary 1-3 wire 1/0 or 3 1/0 or 3
Branch Cir~uits-Secondary 1-2 wire 1/0 or 3 1/0 or 3
Branch Circuits-Secondary 1-2 wire 3 3

New substations will be uniform design consisting of a single
incoming supply line 2 a pri~ary insolating switch and high side fuse,
a single three phase power trnnsforner 2 one three-phase oil circuit
bank recloser, three single phase bus voltage regulators, and one or
two 11/6.3 kv feeder exigts 2 each having a three phase oil circuit
feeder recloser. Reclosers ~n~ r2gulators should be provided with
appropriate iSOlating and bypass disconnects. Station back-up and
feeder oil reCLoser should be rated 400 amperes continuous and 4000
amperes interrupting capability.

-Substations
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Substations will be constructed of galvanized latticed steel
structures and completely outdoor equipment. Applicable protions
of REA Bulletin 65-1 "Guide for the Design of Substations ll

, will be
followed whenever appropriate. Transformers should be three phase,
outdoor oil filled, with standard 55°C OA rating and provision for
forced air cooling equipment, and contain ± five percent high voltage
no-load tape. Transformers should have a least six percent impedence.
Sizes, OA 550 C ratings, should be 1500, 2500 or 5000 KVA, and should
be 50 hertz delta-wye connected.

A one line diagram of substation features is presented at
Exhibit D.

Minimum Vertical Clearanee

The minimum ground clearances,generally applied at present in
Bangladesh are defined by draft amendment dated January 15, 1976 to
Rule 69 of the Electricity Rules 1937 and are included in the minimum
clearances below:

Description
Circuit Voltage

0-600 Volts 11,000 Volts

Running Line along Street/Road

Running Line Crossing Over:

Street/Road
Railroad
Navigable River/Channel
Flat Roof Building Bare Conductor
Pitched Roof Building Bare Conductor
Communication Line

Running Line Other Than Above:

Bare Conductor
Insulated Conductor

Service Conductors Crossing Over;

Commercial Driveways
~lon-commercial Driveways
Pedestrain Weys
Bare Conductor
Insulated Conductor

17'

18'
27'
22'
8'
8'
4'

12'
10'

17'

19'
28'
23'
8'
8'
6'

15'
13'
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In rural areas where prolonged flooding up to five feet occurs a
general rule will be to install five feet extra pole height on lines
crossing such areas. Where flooding exceeds five feet for short
duration periods, at least one span in the croasing line at intervals
of approximately every half mile will be provided with 10 feet extra
height poles. The location of spans with additional 10 foot clearance
should be established as much as possible on the basis of local popu
lation views with regard to convenience for traffic.

Methanical Line Design Considerations

Where appropriate, structural line design are in accordance
with REA Bulletin 160-7, "Distribution Line Design (Mechanical)".
Design factors are however modified to conform with Bangladesh
weather conditions as follows:

Maximum design wind velocity of 75 miles per hour.
~~ximum conductor tension temperature of 600 F
Maximum conductor sag temperature of 105°F.

System Design

The principal considerations reflected in the system design
for the project include;

(1) The source of power supply will be the PDB 33kv
sub transmission system.

(2) Stepdown substations which transform voltage from
33kv to the primary distribution voltage level will
be owned and operated by the distribution system
operating entity (PBS).

(3) Feeder systems should incorporate m~n1mum cost design
concepts capable of providing adequate reliable power
supply to rural ar8as. In view of the relatively low
load densities to be encountered in rural Bangladesh,
and the character of these loads i three phase multiple
grounded neutral primary distribution systems utilizing,
inasmuch as practical. single phase primary branch
extensions. are considered to be both operationally
feasible and economically preferable.

(4) Area coverage distribution power supply will be the
desired goal of the project.



(5) The establishment of new primary and secondary distri
bution facilities in project areas will be coordinated
and consolidated, inasmuch as practical, with existing
PDB primary and secondary voltage distribution facilities.
Ownership of all new and consolidated facilities ~nll

be placed under a single operating entity (PBS).

(6) Exposure on the PDB ~ubtransmission system will be
improved as much as is practicable by cutting over
to the new distribution system those existing distri
bution connections surrently directly on the subtrans
mission system.

(7) Although a considerable portion of feeder lines will
be installed across areas which are difficult of
access, in order to facilitate routine line patrolling
and trouble shooting the location of automatic sectio
nalizing devices will be restrictGd, inasmuch as possible
within acceptable operating practices, to the main circuit
or other locations accessible by vehicles or boats.

(8) Substations will be located only at sites accessible
by hard surface roads.

Distribution System

The primary distribution voltage is 11/6.35 kv; 50 hertz.
New feeder systems will be designed with multiple gounded neutrals,
thus permitting the extension of single phase primary lines. When
existing PDB feeders are incorporated into the new distribution system,
neutral conductor will have to be installed, or static wires converted
to np.utral, in order to coordinate the lines.

Taking into account the extensive PDB plans for additional
33 kv subtransmission and considering the relatively small size of
the country, the 11 kv primary voltage level is considered adequate
for long term devc10pment of rural electrification in Bangladesh. Th~

projected development of the 33 kv subtransmission system is suffici
ently extensive to reach m0st of the rural areas of Bangladesh, with
11 kv primary voltage therefore should be adeaquate. The primary
11 kv voltage level is also preferred in terms of maintaining unifor
mity of distribution volt~ge in the country and a 50 hertz system
standard, and in terms of the benefits of reduced feeder exposure.
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Feeder Loadings and Supply Areas

Based on the two feeder substation scheme with maximum
primary voltdrop of 7.5 percent, peak feeder loading will reach
approximately 2000 and 2600 KVA at 15 and 30 ~~A per square mile
load densities respectively. The area covers capability per 11 kv
feeder at various load densities will be as follows:

Average Load
Density
( KVA/mi2)

10
20
30
40

11 kv Feeder
Service Area

(mi2)

160
112

88
72

The majority of PBS area load densities will fall between
20 KVA to 30 KVA per square mile after 10 to 15 years of system
operation. In the initial years of operati.on. when load densities
are low, pri~ary or branch circuits can be extended longer distances
to Gupply a larger area. In these cases however. feeder development
must be coordinated with future substation or circuit relief as load
densities grow. Substations are located according to spacings adequate
to meet 15 year load projections, and these substations are installed
during the initial FBS construction. Consequently~ no foreseeable main
circuit reinforcement is considered necessary. Primary branch circuits s

however, will not be extended beyond the ultimate supply area (approxi
mately eight miles from the main circuit) unless there are definite
distribution system development plans by which branch circuit relief
will be obtained at the time higher load densities occur.

Line Design

Line design should inasmuch as practical incorporate the
conventional REA design standards for 12.5/7.2 kv distribution
systems.

In general~ the following design criteria are proposed:

(1) Wood poles and crossarms,
(2) 95 kv basic insulation level.
(3) Ground clearances conf9rming to Bangladesh Electricity Act.
(4) Multiple Gounded neutral primary system.
(5) Three phase main circuits, branch circuits and tap circuits.
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(6) Single phase branch circuits and tap circuits.
(7) Minimum numbers of mechanical automatic sectiona1izing devices.
(8) Ground clearance provision for 230 volt secondary on all lines.
(9) NESC grade N construction (safety factor-2) where applicable.

(10) ~~ximum voltdrop criteria as follows:

Line Protection

Primary Circuit
Distribution Transformer
Secondary l1.:lin Circuit
Secondary Branch/Service

Total:

7.5%
1,5%
2.0%
2.0%

13.0%

Automatic sectiona1izing is restricted to the main circuits or
to points on branch circuits which are accessible by vehicle. The
purpose of this is three fold, i.e., to;

(1) minimize the number of mechanical devices (oil
circuit rec1osers) in the feeder system in order
to limit sophisticated maintenance requirements.

(2) maintain predominant circuit fuse sizes large enough
to absorb normal lightning surges without fuse blowing,

(3) at the risk of affecting larger groups per interrup-
tion bring the effect of interruptions closer to main
circuits in order that notification of trouble and trouble
shooting activities occur more rapidly.

System Environment

The routing of most main primary circuits has been generally
planned along improved roads but a substantial amount of the branch
circuit construction will necessarily take place where vehicle or
boat accessibility is difficult or impossible. While sufficient
roads and nevigable rivers will permit bulk movement of materials to
general construction depots, a great deal of material will necessarily
be transported to the location of final installation by man or animal
carry. It is anticipated that lines will not extend much further than
five miles from established roads or navigable water ways during the
initial project stage. Initial routing will be established along
existing communel pathways or future road alignments. In balance,
however, load requirements have been given first priority and physical
obstacles have not been regarded as d major limitation to the scope of
the initial system as proposed.



Flooding occurs on an annual basis during the monsoon season
over a considerable portion of Bangladesh. It is estimated that up
to 40 percent of the country experiences flooding annually. with depths
in some areas varying up to as much as 2C feet. Because of the extent
of land involved~ a comprehensive rural electrification program cannot
avoid extending lines across flooding regions. Also, since consider
able travel in rural Bangladesh during the monsoon season is by boat.
additional line clearances will be required over flooded areas.

Most PBS area flooding consists of sustained flooding up to
six feet in depth. In some cases short duration flooding lasting up
to two weeks occurs with water depths reaching to 10 to 15 feet. There
are also a few cases where sustained flooding in excess of six feet will
be encountered~ but available information suggests these to be the
excpetion.

The following additional-line clearances are proposed across
flooded areas in order to accommodate rural boat traffic:

Type of Flooding Proposed Design Modification

1)

2)

3)

4)

5)

Sustained or short duration
flooding up to two foot depth.

Sustained flooding from two
to six foot depth.

Short duration flooding fr0m
two to six foot.

Sustained flooding from
six to 12 foot depth

Short duration flooding from
six to 12 foot depth.

No special modification.

Add five foot pole height
at all pole locations.

Add five foot pole height
to selected spans only.

Add 10 foot pole height
at all pele locations.

Add 10 foot pole height
to selected spans only.

Acceptabl~ service reliability will require attention to the
adequacy of right of way clearing for distribution lines. Bangladesh
contains many species of trees which away easily with the wind and the
lines will have to be a sufficient distance from such trees. Trees also
have value, either productive 0r social and many of the social value
trees lie in groves within which rural households are located. While
it is expected that primary lines generally need not cross such groves,
secondary lines will be required to penetrate into theo to reach the
housing areas. In these cases, extensive right of way clearing ~an be



Exhibit -A.

SUBSTATION FEEDER ARRANGEMENTS
INVESTIGATED
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TYPICAL SUBSTATI,ON SUPPLY AREAS
Exhibit-B
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Exhibit- C

TYPICAL FEEDER
PRO TECT ION SCHEME

TAP
CIRCUIT
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Exhibit - D
SUBSTATION ONE LINE
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ANNEX F
Page 1

BENEFIT-COST ANALYSIS

The Tables A through D2 in this annex contain the assumptions and
information used to estimate an internal rate of return on the invest
ment in and operation of a Phase II PBS over a 17 year period with
wholesale power priced at the current rate of Tk O.266/kWH. Tables E-O
through E-2 reestimate a real internal rate of return employing marginal
cost estimates for wholesale power and allowing for possible adjustment
in retail rates to pass increased power expenses along to consumers,
Finally, Tables F-O through F-2 provide the basis for and estimate of
an internal rate of return for investment in and expansion of a Phase I
PBS beginning in the sixth year and running through the 17th year. The
data sources are referenced in the Tables individually.

Cost/Benefit Analysis: Phase II PBS

Table A shows the system costs for a Phase II PBS computed as the
sum of plant investment, O&M expenses and wholesale power purchases.
Wholesale power is priced at Tk O.266/kWH in year one and increases in
real terms at approximately 2% p.a. over the period. System revenues
were computed at established retail rates which average Tk O.84/kWH.
Cost savings in Table A derive from Table B-O through B-3. No cost
savings estimates were introduced for commercial consumers and medium
industry. Medium industry consumers are typically already electrified.

Cost savings calculations for DTW's, STW's and LLP's understate
the benefits from converting diesel engines to electric motors.
Specifically a U.S. AID study shows that operating hours/day substan
tially increase and that in practice the average command area of a well
is significantly expanded with electric power. These benefits are
separately classified as irrigation benefits in Table A and are
derived in Tables c-o and C-1 by evaluating the incremental agricultural
income per pucp that results.

Finally, Table A includes a measure of employment benefits to
Bangladesh that result from new employment: (a) directly arising
through the operation of PBS's. contractors concerned with construction
and the development of REB, and (b) indirectly through the economic
growth in small cottage industry, co~ercia1 activities, small industry
and agriculture. Tables D-O through D-1 contain the assumptions and
information used to derive these benefits. The analysis and estimated
benefits are very conservative. Underemployment in Bangladesh is sig
nificant and any increase in employment should result in salary
earnings that will be sp~nt and circulated through the economy
generating econoaic activity and additional jobs through a Ilmu1tip1ier'1
effect.



fu~EX F
Page 2

Sensitivity Analysis: Phase II PBS

One of the most critical ele~ents in the benefit-cost calcula
tions is the economic cost of power generated by PDB and made available
at 33kV/l1kV to a PBS. Coopers & Lybrand have attempted to estimate a
longrun marginal cost for power. While there is significant concern
with the reliability and accuracy of their estimate, their methodology
is enp10yed in Table E-2~ with SOQe modifications in assumptions, to
obtain a margindl ~ost price of Tk O.80/kWd for power purchased by a
PBS. Table E-O and E-1 calculate the internal rate of return for a
PBS for both a price of Tk O.80/kWH and a higher price of Tk 0.90/kWH.
~he difference between the two tables is that ,the results in the first
acsu~e no increase in retail electric rates to pass on the marginal
cost price end the results in the second assume a token 12% increase.
A larger increase would have required revisions in load and financial
foreca~ts for which resources and information were not available. For
specificity in the second table (E-1) , it was assumed that the price
elasticity of demand was approximately .17 (absolute value) so that
the 12% increase in price would reduce quantity demanded in the load
forecast by 2% - raising total revenue by 10%. In addition, ca1cu1a
tio~.; cuggested that it would be reasonable to assume an average
decr~ds2 of 6% in cost savings. The results of the sensitity analysis
are th~t~ (1) the real internal rate of return at a marginal cost
price of Tk 0:80/~WH is 6.4%, considerably less than the 15.8% at
cu~~ent wholesale price, (2) if retail rates are increased by 12% the
rate or return rises to 7.6%.

Cost/~enefit Analysis: Expansion of a Phase I PBS

Table F-O estimates the real internal rate of return for invest
Qent bp.ginning in the sixth year in the expansion of a Phase I PBS at
24%. The plant cost figures assume that part of the Phase I PBS was
origin~lly designed and constructed in years land 2 to allow capacity
for ex~~nsion. The plant costs for years six through 17 were
dev210ped using Table F-1 load forecast information and NRECA/CAI
estinates of unit costs of extended services to consumers of different
types
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TADLE. A COST-D EN EFIT ANA LYSIS: PHASE II PDS ANNEX F..
(I,OOO'sU.S. $ )

INTERNA L
NET RATE OF'

COSTS BENEFITS BENEFITS RETURN
Whole
Sale Costs Irrigation

Year Plant O~&M Power Tolal Revenue Sayinlls Production Employment Total

I 113].2Z 0 0 1131. 22 0 0 0 19.190 19. 190 -1112.032

2 188~. 39 0 0 188~.39 0 0 0 19.281 19.281 -1866.110 15.8'Y..

3 Z262.44 Ill.11 83.67 2457.22 199.17 149.575 22.100 89.667 460.512 .. 1724.248

4 188~.39 111.11 123.78 2120.28 .310.28 269.B88 33.896 177,186 791.250 - 1329.030

5. 377.06 111.11 173.89 662.06 443.94 -123.068 -15.531 232. 738 1145.280 + 483.235

6 <;17.89 111.11 218.89 747.89 572.ZB 514.302 53.387 284.280 1424.250 + 675.860

7 417.89 111.11 267.50 796.50 703.67 603.587 61.243 336.001 1704.500 + 908.000

8 417.89 111.11 319.94 848.94 838.23 693.966 69.099 387.903 19119.300 + 1140.360

9 417.89 111.11 374.11 903.11 976.]1 784.452 77.055 43B.237 2275.850 + 1372.740
10 417.89 111.11 430.06 959.06 1116.94 874.938 85.011 488.802 2565.690 + 1606.600

II 417.89 Ill. 11 487.78 1016.78 1261. 00 965.425 92.967 535.576 2854.970 + 1838.190

12 417.89 111.11 547.28 1076.28 1408.22 1055.910 100.923 590.601 3155.650 + 2079,370

13 H7.89 111.11 608.5£, 1137.56 1558.56 1147.3JO 109.327 634.635 3449.830 +2312.270

14 417. 89 111.11 671.67 1200.67 1712.00 1238.707 117.731 678.570 3747.010 + 2546.340

15 117.89 111.11 736.50 1265.50 1868.44 1329.795 126.135 723.543 1017.91G + 2782.410

16 417.89 111.11 803.33 1332.33 2028.33 1425.251 136.539 768.378 4358.500 + 3029.170
17 417.89 111.11 S72.00 1401.00 2191. 44 1512.716 142.913 813.552 4()(,0. (,50 + 3259.650

..... ~,,;.. , ...~,



TABLE B-O
TOTAL COST SAVINGS ESTIMATES: ANNEX F

PHASE II PBS
(IN 1 s 000's U.S.$)

TOTAL COST
DOMESTIC LIGHTING DEEP TUBE WELLS SHALLOW TUBE WELLS LOWLIFT PUMPS Sl'.ALL INDUSTRY SJ\VINGS

No.of Meters Cost Savings No. Coot Savings No.Cost Savings No.Cost Savings No.Cost Savings

0 0 0 0 0
0 0 0 0 0

3,147 98.092 35 18,153 32 5.964 20 5.305 56 22.062 149.575
6,294 196.184 t.7 24.377 64 11. 927 40 10.610 68 26.739 269.388

10,490 326.973 53 27.488 110 20.500 67 17.772 77 30.335 423.Cl68
12,573 391. 900 60 31.119 125 23.295 87 23.077 114 44.912 514.302
14,596 454.957 67 34.750 140 26.090 107 20.382 151 59.400 603.507
16,649 510.949 74 30.300 155 20.0e6 127 33.6U7 1{30 74.065 693.96(
10,702 502.941 01 42.011 171 31.868 147 38.992 225 00.641 704.452
2,J, 755 646.933 00 45.641 El7 34.1349 167 44.297 262 103.210 074.930
22,808 710.925 95 49.272 203 37.f331 187 49.602 299 117.795 965.425
24,061 774.917 102 52.902 219 40.813 207 54.907 331 132.371 1,055.91C
26,914 G38.909 110 57.052 235 43.795 227 60.110 374 147.342 '1,147.310
20,967 902.901 110 " 61. 201 251 46.776 247 65.517 412 162.312 1,230.707
31,010 966.502 126 65.350 267 49.758 267 70.022 450 177.203 1,329.795
33,070 1,030.792 134 69.499 203 52.740 287 76.127 49B 196.193 1,425.251
35,120 1,'';94. WO 142 73.640 299 55.722 307 01.432 526 207.224 1,512.716

"



TAELE £.-1 DOMESTIC LIGHTING COST SAVINGS ESTIMATES PER YEAR
PER RESIDENTIAL METER: PHASE II PBS

Low Income Households
Electric Kerosene

I ""'\TEY r

High Income Households
Electric Kerosene

1. Initial Investment
a) ~ousewiring/meter annualized at 12 years
b) 3 kupi lamps annualized at 1-1/2 yr.
c) 2 hurricane lamps annualized at 3 yrs

plus 2 kupi lamps @l 1/2 years

2. Maintenance
a) housewiring/meter
b) 10-40W bulbs @12 Tk/bulb
c) 3 kupi lamps @4 Tk/1amp
d) 2 hurricane + 2 kupi lamps

30 Tk
15 Tk

30 Tk
120 Tk

30 Tk

35 Tk

60 Tk

30 Tk
120 Tk

120 Tk

3. Energy Costs
a) 10kwh/househo1d/month (Low Income) 270 Tk

30 kwh/household/month (High Income) 720 Tk
b) 96 Ib.kerosene/househo1d @3 Tk/lb.;,. 720 Tk

168 lb kerosene/household @3 Tk/lb. 1,260 Tk
c) One pair b ai:lPri e~Jmonth @20 Tk 600 Tk

4. Total Annual Cost Tk 450 Tk 765Tk. 905 Tk 2,040 Tk

5. Cost Savings Per Year (Tk) 315 Tk ($17 • ~') 1,135 Tk ($63.06)

6. Average Cost Savings Per Year ($) .70x$17.50 + .3x$63.06 = $31.17

7. Assumptions
a) 70 percent of househo1dsar.~low income and 30 percent high income wit} 2.5 households/meter.
b) price of housewiring = 300Tk, price of a kupi lamp = 3Tk price of a t~rricane lamp = 30 Tk.,

price of kerosene is 3.00 Tk/1b. and the electric rate schedule is 15 Tk fort ~ f~~st

15 kwh and. 75 'I'k/kwh for a;j:.Eion~~ consumption/'l1orth.

8. References
a) Survey research, by Rural Electrification Board Staff and conducted specl:ical1y for this analysis, May 1981.
b) Exchange rate of $1 U.S. to 18 Taka



ANNEX F

P. 1

TABLE B-2 IRRIGATION COST SAVINGS ESTIMATES PER YEAR PER WELL PHASE II - PBS

CASE 1 DEEP TUBE WELLS

ASSUMPTIONS:

a) All well components including a 2 cusec Turbine puup (life time of 15 years and priced
at rate Tk.35,OOO) are the same for diesel and electric Motors. However, the electric
eotor is a vertical motor and a Gear Head with spicer shaft (life time 20 years,
price Tk. 10,000).

b) One 3 PH, 25
30 HP diesel
on motors at

iII perfot;mance
HP Electric Motor (life time 20 years, price Tk. 15,000) is equivalent/to a
eneine (life time 15 years, price Tk. 50,000) there is a 20% salvage valve
end of life time.

c) Average pumping hours per year (Bora & Aus season) = 1,000 hours.

d) Fuel Consumption:
1,000 gal. of HSD Fuel at rate Tk.18.95/ga1 =
37.5 gal. of lub & greasing oil at rate Tk.37.02 =

Tk. 18,940
Tk. 1,6')S
Tk. 20,628

Tk.15,358.02.Expenditure on electricity:

Electric Energy Consumption at rate Electricity rate Tk.. 70/KWH.Electric motor is assumed to be
05% efficient so that KWH = .746 x Horsepower x 1 x operating hours and KWH = 21,941.

Efficiency

e)

f) Repair and Maintenance Costs:

Diesel Engine & Equipment
Electric Motor & Equipment

Tk. 2,000
Tk. 500



ESTIMATED ANNUAL COST

1. INVESTMENT
Gear Head with Spicer Shaft
30 HP Diesel
3 Phase, 25 UP Electric Motor
Salvage Vale (._)

Electric

750
- 150

Diesel

500
3,333.33

- 666.67

2. Annual Operating Cost & Maintenance

Diesel Fuel
K\onI
Lubrication
Repair and Maintenance

3. Total (Tk.)

4. Cost Savings (U.S. $)

REFERENCES

15,358.7

500

16,458.7

$ 518.66

18,940

1,688
2,000

25,794.66

(a) Riesel and Electric Powered Pump Irrigation, A Comparative Cost Analysis
by Akhtcr Ahmed, USAID, Hay 11, 1981.

(b) NRECA/CAI Advisory Staff.



TABLE B-2 p.3
ANNEX F

CASE 2 SHALLm-l TUBE \olELLS

ASSUMPTIONS:

a)

b)

All well components including a 3/4 cusec pump set (life time of 10 years, price Tk.4000)
are all the same for diesel and electric motor operated wells.

in performance
One 4.5 HP electric motor (life time 15 years, price Tk.5,000) is equivalen~ to a 6 HP
diesel engine (life time 10 years, price Tk.6,500).

c) Average pumping hours per year (Boro & Aus) = 700 hours

d) Fuel Consumption: 210 gallons of HSD Diesel at rate Tk.18.95/ga1.
5.3 gallons of Lub at rate Tk.37.02/gal

= Tk. 3,977
= Tk. 296

Tk. 4,273

e) Electric Energy Consumption rate .70 Tk/KWH
(same assumption as for DTW) KWH = 2,7G4.6, Expenditure = Tk. 1,?35.2

f) Repair & Maintenance: Diesel Engine & Equipment
Electric Motor & Equipment :

Tk. 1,100
Tk. 300

ESTI~\TED ANNUAL COST
Electric Diesel

1. INVESTMENT

6 HP Diesel 650
4.5 HP Electric 333.33

2. ANNUAL OPERATING COST AND MAINTENANCE
Diesel Fuel 3,977
KWH 1,935.2
Lub 100 296
Repair & Maintenance .300 1,100

3. TOTAL (Tk. ) 2,660.5 6,023

4. COST SAVINGS (U.S.$) $ 106.36

REFERENCES
a)

b)

Diesel and Electric Powered Fump Irrigation, A Comparative Cost Analysis
by Akhter Ahmed, USAID, May 11, 1901.

NRECA/CAI Advisory Staff.



CASE 3 LOW LIFT PU~WS Tt FLE B-2 Pa;"e - 4 / NNEX F

ASSUMPTIONS:

a) Accessc , Trolley including Coupling and 2 cusec pump (life time 10 years, price Tk. 4,000)
are all t:le same whether a diesel or elec tric motor is used.

b) One 15 HP motor (life time 15 years, price Tk~ 10,000) is equivalent to m18 HP diesel engine
(life tiJllC 10 years, price Tk. 20,000).

c) Average pumping hours (Boro and Aus season) = 700 hours.

d) Fuel Consumption 438 gallons of HSO diesel @18.95 Tk./gal. Tk. 8,296
16 gallons pf Lub @Tk. 37.02/gal. + greasing= Tk. 792

Tk. 9,088

e) Electric Energy Consumption @Electric rate .70 Tk/KWH
(same assumption as OTW & STW) KWH = 9,215, Expenditure = Tk. 6,450.7

f) Repair and Maintenance

ESTIMATED ANNUAL COST

Diesel Engine & Equipment
Electric Motor & Equipment

Electric

Tk. 1,300
Tk. 300

Diesel
1. INVESTMENT

18 HP diesel engine
15 HP Electric Motor

2. ANNUAL OPERATING COST AND MAINTENANCE
Diesel Fuel
KWH
Lub
Repair and Maintenance

3. TOTAL (Tk.)

666.67

6,450.7
200
300

7,617.4

2,000

792
1,300

12,388

4. COST SAVINGS (U.S. $) $ 265.25

REFERENCES

(a) Diesel and Electric Powered Pump Irrigation, A Comearative Cost Analysis
by Akhter Ahmed, USAID, May 11, 1981.

(b) NRECA/CAI Advisory Staff.
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ANNEX F

SMALL INDUSTRY COST SAVINGS ESTIMATES PER YEAR PER FIRM: PHASE II - PBS

J.SSU MPTIONS:

a) Rice Millo, Flour Mills, Oil Mills, Combination Rice-Flour-Oil Mills, Saw Mills, etc.
ussentially require or use the samo diesel engines or electric motors, the only difference
lies principally in operating hours and the use of other equipment independent of the

engine or motor.

b) The average running hours/mill per year is 1,575 hours.
pcrfonllanci:

c) A 3 PlI. 15HP Electric Motor (Lif~ tim" of 15 years, pdce @ Tk. 10,000) is equivalJlt in!
to a 20HP diesel engine (life time 10 years, priced @ Tk. 27,000)

d) Fuel Consumption:

HSD Diesol: 1.&75 Hours x • n gal/HR x 18.95 Tk/gal.
LUB; (.125 gal Lub/HP/lOO HR)20 HP x 1575 x 37.02 Tk/gal
TOTA L: 100

Tk. 21,489.30
Tk. 1,457.66
Tk.. 22,9·16.96

e) Electric En.::rgy Consumption @ Tk•• 90/KWH fOI' first 2500 KWH and. 60 Tk/KWH for additional KWH.
Electric motor is assumed to be 85"10 efficient so that KWH =.746 x HP x 1 x operating hours
=20, 73'!.4 KWH/YR at a cost of Tk. 18,660.96 effichmcYft

f) Repa:r and Maintenance Costs:

.Ii
I

I,,

I..IZ

Diesel Engine and Equipment
Electric Motor and Equipment

I
Tk. 1, 300/Yr.
Tk. 300/Yr.



B- 3

ESTIMATED ANNUAL COST

1. INVESTIfENT

20 HP Diesel Engine
15 HP Electric Motor

2. ANNUAL OPERATING COST AND MAINTENANCE

Diesel Fuel
KWH
Lubrication
Repair and Maintenance

3. TOTAL (Tk.)

4. COST SAVINGS (U.S. $)

5. REFERENCES

Electric

667

18,661
200
300

19,828

$395/Yr.

Diesel

2,700

21,489

1,457
1,300

26,946

(a) Survey Research by Rural Electrification Board Staff; May 1981

(b) Research by Akhter Ahmed, USAID

(c) NRECA/CAI Advisory Staff.
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TAULE C-O; TOTAL DEllEFITS F\(OM INCREASED AVERAGE COilllAND AREA (A.C .A.) PER IRRIGATION
WELL FOLLOWING DIESEL TO ELECTRIC CONVERSIONS: HIASE lI--PDS

(In 1000's U.S. $)

- n T W - .. S T W L L P

YEAR IConver- (;onver- I,;onver-
siens A.C.A. INet Y slulls A.C.A. Net Y 910ns A.C.A. Net Y Total

(No.) lncrea~e Acre , Benefits (110.) Increase Acre Denefits (No. ) Increase Acre 13eneflts Denefits

1 ') 4'•. ') 10
I 00 0 10 10 0 0 16.1 1:) 0

-
2 a 4'•. 3 1(' 0 .. 0 10 10 (j 0 16.1 10 0 0

--
I) I )5 1,',.0 If) 15600 I 32 10 10 3200 20 16.1 10 3220 22100

-
4 47 44.0 10 21056 64 10 10 640Q 40 16.1 10 6/,1,0 )3096

.'i 53
..

1,1,. U 10 2371t4 1I0 10 10 11000 67 16.1 10 10737 45531
I 1"----------

6 60 ',I,. a 10 260UO 125 10 10 12500 37 16.1 10 HOG7 53307
--- --'

7 G7 1,4.0 Hi 30016 140 10 10 F,OGO 107 16.1 10 17227 61243
-

() 74 ',4.3 10 3.H52 155 10 10 15500 127 16.1 10 20',47 69099
-

9 J1 44.3 10 3620ll 171 10 10 17100 147 16.1 10 23667 77055
..

I10 GJ 1,4.0 10 39424 1G7 10 10 10]00 167 16.1 10 26007 iJ501I
I

11 95 1,4.0 10 425W 203 10 10 I 20300 107 16.1 10 3r.'II)] ')2"0..
12 102 44.n 10 45696 219 10 10 219CO 207 16.1 10 )))2] ],(X·n3

13 110 44.0 10 49200 235 10 10 23500 227 16.1 10 365',7 109327.,

14 110 44.(1 10 52064 251 10 10 25100 247 16.1 10 39767 117731

15 126 44.0 10 56440 267 10 10 'J.6700 267 16.1 10 429£J] 1261:>5

16 134 4',. ~ 10 60032 203 10 I 10 20300 207 16.1 IG ',6207 134539
I -

17 142 44.0 10 63616 299 10
II

10 29900 30] 16.1 10 1,9',27 142'J43
..
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ANNEX FTADLS C-l BENEFITS PER IRRIGATION WELL RESULTING FROM INCREASED AVERAGiE
COMMAND AREA FOLLOWING DIESEL TO ELECT. MOTOR CONV EnSION: PHASE II -- PBS

As a result of conversion from diesel engine to electric motor, operating hours/day increase and acc.ording
to the raw data from a USAID, Electric and Diesel Power Irrigation Pump Survey (April 1981) of pump
operators in tha Comilla and Chittagong Districts of Dangladesh, more water is pumped irrlgatih'g, on the
average, a larger Average Command Area (ACA). From the raw data, the estimate is that the ACA\well
increases by:

I

I
1
",

J
It

ASSU MPTIONS:

a)

Deep Tub'e Well
Shallow Tube Well
Lowlift Pump

44,8 acres
10 acres
16.1 acres

b) Benefits per well were measured by net income per acre (from farming) times the number of aCJ:es by which
the ACA increases. Net Income per acre from farming ie computed assuming a Boro crop. From Volum!! V,'
Boro Paddy, Costs and Returns, AGRO- Economic Research Section, Ministry of Agriculture and Forests,
December 1979. the following data were collucted and net income computed:

Prlce/maund 74 Tk, (78-79)
Yield/acre 38.9 Maunds/acre
Cost/acre 2761 Tk/acre (78-79)
Net income :: Price x yield-cost:: 137 Tk/acre (78-79 prices)
Using G. D. P. doflator from the Statistical Year Book of Bangladesh, Net income V ::

181.18 Tk/acre (80-81 prices)
In dollars (U.S.) - Not income $10/acre (80-81 prices)

ESTI,v{j\ TED ANNUA L DEN EFITS/W ELL

"
"

Deep Tube WeJ!
Shallow Tube Well
Low Lift Pump

44.8 acres x $10/acro
10 acres x $IO/acre
16,1 acres x $10/acre

:: $448/well
:: $100/well
:: $ 161/well

~..l
)



TABLE D-l

TABLE D-O

INDIRECT EMPLOYMENT BENEFITS PER YEAR: FF~SE II FBS
(IN 1000's U.S. $)

DIRECT EMPLOYMENT BENEFITS PER YEAR: PHASE II PBS

(IN 1,000'6 U.S.$)

ANNEX F

ANNEX F

(1) (2) (3) (4) (5) (6) Total
Benefits

REB Contractors Phase II PBS Per PBS
Salary Salary Salary

Year Enploynent Benefits Employment Benefits Employment Benefits (2+4+6)
(Per PBS) (Per PBS)

1 435 3302.78 114G 5137.0 20 10750 19190
2 447 3393.U9 1140 5137.0 20 10750 19231
3 459 3435.0C 1140 5137.0 53 20488 37110
4 471 3576.11 1140 5137.0 54 29025 37738
5 403 366], 22 1140 5137 J) 55 29563 30367
6 495 3758.33 1140 5137.0 57 3:;63fJ 39533
7 507 3049.44 1140 5137.0 59 31713 40699
13 519 3940.56 1140 5137.0 61 32780 41066
9 531 4031. 67 1140 5137.0 63 33863 43ij32

10 543 4122.78 1140 5137.0 65 34933 44198
11 555 4213.89 1140 5137.0 67 36013 45364
12 567 4305.00 1140 5137.0 69 37089 46531
13 579 4396.11 1140 5137.0 71 38163 47696
14 591 4487.22 1140 5137.0 73 39238 48862
15 600 4555.56 1140 5137.0 75 40313 50006
16 600 4555.56 1140 5137.0 77 41380 510S1
17 600 4555.56 1140 5137.0 79 42463 52156



TAbLE D-2 INDIRECT AND DIRECT EMPLOYMENT BENEFITS
ASSUMPTIONS AND ANALYSIS: PHASE II PBS

CASE 1 INDIRECT EMPLOYMENT - DTW, STW, LLP

ASSUMPTIONS

ANNEX F

a) Average Acres Irrigated per well are: DTW - 60 acres~ STW - 15 acres, LLP - 40 acres
b) Working Days/acre = 117.0 days/acre for all wells
c) Wage/day = 18.0 Tk./day

ESTIMATED EMPLOYNENT BENEFITS/WEL...

Benefits/well = wage/day x working days/acre x average acres irrigated

DTW = 7068 (U.S. $)
STW = 1767 (U.S. $)
LLP = 4712 (U.S. $)

REFERENCES

a) Acres irrigated/well were obtained from B.A. D.C. and USAID Survey Results
b) Data on other .informati(Jn were collected from Costs and Returns, Vol. V Mora Paddy,

~gro-economic Research, Ministry of Agriculture & ~)rests.

c) Thallawise ';Utistics on Distribution of Agricu1turn1 Inputs, 197t3-l979, BADe

CASE 2 INDIRECT EMPLOYMENT - SMALL INDUSTRY

ASSUI1PTIOi~S

a) {·verage Employment/firm = 6
b) Average Wage = 13.64 Tk./day
c) Working days/year = 240
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ESTlMA T ED EMPLOY MENT BENEFITS /FIRM/Y EAR

2mployees/Firm x 13.64 Tk x 240 Working days = 19641.6 Tk/year = l09.l2/year (U.S. $)

REFERENCE;

a) RURAL INDUSTRIES STUDY PROJECT, PHASE I & II REPORTS, 1979, 1980,
Bangladesh Institute of Development Studies.

b) Average Daily Wage Rates from Monthly Statistical Bulletin of Bangladesh,
Bangladesh Burllau of Statistics, January 1981.

CASE:3 INDIRECT EMPLOYMENT .. Commercial and Home Production

ASSUMPTIONS & ESTlMA T ED BEN EFITS/YR/PBS

a) Employment per PBS (Home Production =45 @ Wage =20 Tk/day plus Commercial or
Small Cottage = 30 @ Wage =25/Tk/day) = 75

b) Average Income/year - Home Production = 416 (U.S.$)/yr.
. Small Cottage ::: 520 (U. S. $) /yr.

c) Total Income/year = Average lncoma X Employment
Home Production $ 18, 720
Small Cottage (Com.) $ 15,600

Total: $34,320

d) Total Income/yr. is assumed to grow at 6.9%.

REF Ef :!NC E5

(a) Project Paper Amendment, Annex J, Bangladesh: Rural Electrification Project
(380-0021), Department of State USAID, Washington, D. C •

•
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CASE 4 DIRECT EMPLOYMENT - RURAL ELECTRIFICATION BOARD (REB)

ASSUMPTIONS & ESTI~ffiTED BENEFITS

a) REB current employment is estimated to be 435. REB proposed positions are 453, but
total employment includes such positions plus contract personnel. It is anticipated
that REB will carry 600-453 = 147 contract personnel for a total of GOO employment.

b) Position plus contract personnel will be broken down as:

Officers
Support Staff

Total

= 250
= 350

600

c) Salary/eQployee is about 750 Tk/month and monthly benefits in addition to salary
include:

(i)
(ii)

Medicnl
Housing

so Tk/month
30% of base salary/Qonth = Tk.225/month

d) Total Salary" 1025 Tk/month or l2,30C Tk/year or 683.33 U.S. $/year.
e) EmplQyment is assumed to grow smocthly from 435 (current) to 600 AND since there
f):lre expected to be 90-10C PBS's, Benefits/phase II-A PBS ,1re obtained by dividine

by 90. Therefore, EmploYI:lent Benefits/yr = $683.33 x Employment/90.

REFERENCES

a) NRECA/CAI Staff & Documents.
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TABLE E-O SENSITIVITY ANALYSIS WITH WHOLESALE POWER 1.NNEX F
PRICED AT MARGINAL COST ESTIMATES BUT RE-
TAIL RATES UNCHANGED· Pl-IASE II PBS

(!!lIOOO's U.S. $)

SYSTEM SURPLUS
YEAR SYSTE~! COSTS REy"ENU~ BENEFITS NET BENEFITS IRR

Power at Power at Power @ Power @ Power @ Power @
Tk.90/kwh Tk. CO/kwh Tk.90/kwh Tk.80/kwh Tk.90/kwh Tk. SO/kwh

20362.0Ll 2·)362.00 ." 0 19.19 -1112.03 -1112.03
3393 •. 00 33937.00 0 19.28 -1866. II -1866. II 3. 8°/< 6. 4 OJ,:

3 46161.30 4"i201, 60 199. 17 261.34 -1920.35 -1889.26
43344.00 42521.00 310.28 480.97 -1616.25 -1570. 58

!., 19143.30 17992.60 443.94 701.34 + 8 1.78 + !45.71
22542.30 21095.60 572.28 85').97 + 171.89 + 252.26
25336. tF1 23579.60 703.67 1000.33 + 296.90 + 394.52

I 29369.Sa 26275.60 838.33 1150.97 +413.20 + 529. 54

'J 314(12.00 29042.00 976. II 1299.74 + 526.85 + 662.40
11 34674. 3D 31879.60 1116.94 1448.75 + 639.31 + 794.57
II 3794).60 34789.20 1261.00 1593. ?7 + 746. 77 + 922.23
1;- 41299.20 3r,68.4,D 1408.22 1747.43 + 861.25 +1057.40
13 44731.80 4;1819.60 1558.56 1891.27 + 964.73 +! 182. 07
1.4 48245.40 43942.30 1712.00 2035.01 + 1066. 71 +1305.74
J 5 51932.80 47131.60 1868.44 2179.47 + 1168. 31 f-1429.49
16 55503.80 50398.30 2')28.33 2330. 17 + 1277,70 +156 I. 56
1"( 59264. 10 53737.20 2191.44 2469.21 + 1368.20 +1675.25

/

,~ "

\,

I:



TABLE E-1 SENSITIVITY ANALYSIS WITH WHOLESALE POWER
PRICED AT MARGINAL COST ESTIMATES AND RETAIL
RATES INCREASED BY 12: PHASE II - PBS

(In 1000's U.S.$)

ANNEX F

SYSTEM SURPLUS
YEAR SYSTEM COSTS REVENUE BENEFITS NET BENEFITS IRR

Power @ Power @ Power @ Power @ Power @ Power@
Tk.90/kwh Tk.80!kwh Tk.90/kwh Tk.JO/kwh Tk.<JO/kwh Tk.UO/kwh

1 19054.76 19954.76 0 18.04 -1112.03 -1112.03
2 33250.26 33258.26 0 1~.12 -1866.11 -lG66.1l 5.3% 7.6%
J 45826.07 4(,257.57 219.09 245.66 -1903.B5 -1873.35
If 42417 .12 41670.58 341.31 1~52 .11 -1593.25 -1540.45
5 1G7(10.43 17632.75 4SiJ.33 659.26 + 112. 2G + 174.98
(, 22091. 45 20673.69 629.51 800.U5 + 212.79 + 291. 49
7 24~;30. 06 23108.01 774.04 940.7i3 + 34a.70 + l144. 40
8 27802.40 25750.09 ,,922.16 10tn.91 + 1+76.30 + 5%.40
9 30852.36 2U461.16 1673. n 1221. 72 + 601. US + 734.65

10 33980.01 31242.01 1228.63 1361. 83 + 726.51 + 078.61
11 37180.65 34093.42 1387.10 ll.98.33 + 846.57 +1010.47
12 40473.22 37013.03 1549.04 IM2.58 + 973.95 +116(,.15
13 1~3J37 .16 40003.21 1714.42 1779.77 +1090.93 +1303.93
14 I~ 7200.49 43063.94 1803.20 1912.91 +1206.71 +1441. 01
15 50796.14 46180.97 2055.23 2048.70 +1322.31 +1578.31
16 54390.23 49390.02 2231.16 2190.36 +1446.10 +1724.30
17 5U07B.82 52662.46 2410.50 2321.06 +1551.(\0 +1943.5C



TABLE E-L. A!.';'NEX F

PDB MARGINAL COST OF SUPPLY AT 33/11 KV TO THE
PHASE II A PBS BASED ON COOPERS & LYBRAND STUDY DATA(l)

~. Qualification and Alternative ~ssumptions~

1. There are a variety of important questions about the methodology
and assumptions underlying the Coopers & Lybrand Tariff Study. These
questions cannot be settled by reviewing the text and the study should not
be employed as a basis for setting wholesale PDB electric rates. However,
for the sake of the sensitivity exercise in this feasibility analysis, the
Coopers & Lybrand calculations are reworked here with some differences in
assumptions.

2. Alternative Assu!!1ptions:

a) The power station in section 9.2.7 is assumed to have a 35
rather than a 25 year economic life.

b) The cost of capital is assumed to involve a real rate of return
of 5% rather than 10% (see Sections 9.2.7 and 9.2.22).

c) Reserve margin is 20%.

d) System losses are estimated as:

Average Losses:

Auxiliaries
132 kV

33 kV

Total Losses

Peak Losses:

4% of units generated
2% of units entering the system
4% of units entering the 33 kV system

10%

•

-

Assume 1.2 times average losses = 12%

B. Marginal Cost Calculations:

1. Marginal Capacity Cost

i) Generating Capacity

Using methods in Ch.9 of Coopers & Lybrand: Tk 697/KW/year in
79-80 prices at "Shadow" exchange rate,Tk 551/KW/year at official
exchange rate .

ii) Transmission Capacity

Using C & L methods: Tk 436/Kh'/year in 79-80 prices at "Shadow"
exchange rat€/Tk 349/KW/year at official exchange rate.

(1) Coopers &Lybrand Assoc. Ltd., Tariff Study, Government of Bangladesh,
Power Development Board, November 1979.
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2. Marginal Enerey Cost

i) Natural Gas Opportunity Cost

Ai.~NEX F

•

Method: (3) Marginal production cost plus depletion premium
(b) Real fuel price increase: 3% p.a .
(c) Discount rate: 10%
(d) Reserve life: 30 years (date at which

growing demand for fuel has to be
increasingly satisfied by oil rather than new
gas production).

1979-30 Marginal cost of production
end transmission

Depletion premium (C&L Section 8.2.3)

Total gas opportunity cost

- Tk. 6.00/MCF

- Tk.lO.OO/MCF

- Tk.16.00/MCF

(79-80 prices)

This is about 60% of the gas value of Tk. 26.2 used in the
tariff study usine official exchange rates rather than
"Shadow" one.

i1) Eastern Grid Marginal Energy Cost

Range: Peak/Off-peak

Tariff Study
At 60% gas value

(at official exchange rate)

Tk.57 - Tk.23/kwh
Tk.34 - Tk.14/kwh

iii) Western Grid Marginal Enerp,y Cost

•

to

Tariff Study
At official exchange rate

iv) Total System Marginal Energy
Cost at Generation Level

Tariff Study (70%/30%):

With new fuel values and
split 90% East/lO% West:

3. System Losses

Average losses 10%
Peak losses 12%
(See Section A above)

Tk.2.93 - Tk.l.12/kwh
Tk.2.40 - Tk•. 92/kwh

Tk.l.25/kwh-Tk.. 4C/kwh

Tk•. 55!kwh-Tk.. 22/kwh

(about 45% of tariff study
estimate)
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4. Combined Marginal Cost at 33/11kV Level

i) Capacity

ANNEX F

Generation
plus margin 20%

Transmission

Tk 551/KJil/year
Tk llO/KJil/ year

Tk 661/KJil/year
x 1.12 - Peak loss factor

Tk 740/KJil/year
Tk 349/KJil/year

Tk1089/KJil/year

1089 x .0889
365

ii) Energy

Tariff Study:
Revised:

= Tk.~27/kWH at 33!llkV in 79-80 prices

Tk .835/KWH of generation
About 45% of tariff study estimates =
Tk 38/kWH at generation x average loss
factor (1.10) = Tk 42/kWH at 33/11kV level
in 79-80 prices.

iii) Total Marginal Cost 79-80 and 80-81

Capacity
Energy

Tk .27
Tk .42

Tk .69/kWH

~/

Assume 16% inflation between 1979-1980 and 1980-1981.

Marginal Cost 1980/81 Tk .SO/kWH
at 33/11 kV

This is already in elF - equivalent prices and does not
need to be adjusted by Shadow price factors.



TABLE F-O COST-BENEFIT ANALYSIS: EXPANSION IN THE 6th YEAR
OF A PHASE-I PBS ANNEX F
(1000's of U.S.$)

Net
C 0 S T S DEN E FIT S Benefits IRR

Purchase(3) System Cost Employment total
Yenr Plant O&M Power Exp. Total Revenue Savings (1) Benefits (2) uenefits

1 370.75 0 0 370.75 0 0 () 0 - 370.75
2 37a.75 0 0 370.75 0 0 0 0 - 370.75 24%
3 0 0 0 0 C 0 () 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 92.63 1. 55 7.71 101.09 19.94 11.30 9f3. ('I 129.33 + 27,/.4
7 92.63 3.15 15.47 111.26 40.46 22.75 196.04 259.25 + 140.00
(3 92.G3 4.81 23.58 121.02 61.11 34.13 294.04 339.28 + 268.27
9 92.63 6.51 31.92 131~06 133.25 45.51 392.07 520.03 + 389.77

10 92.63 8.26 40.51 141. 40 105.51 56.09 l190.00 652.48 + 511. 08
11 92.63 10.07 t.9.33 152.03 120.36 61"3, 26 588.09 704.71 + ('32.Gn
12 n.G3 11. 92 513.40 162.95 151. 78 79.64 6[;6.11 917.53 + 754.5<.1
13 92.63 13.82 67.72 174.16 175.79 91.02 7G4.12 1050.93 + 076.77
14 92.63 15.77 77.27 185.67 201. 07 102.39 0[12.14 1135.60 + 999.93
15 92.63 17.76 a7.07 197.47 225.55 113.77 9UO.15 1319.47 +1122.00
16 92.63 19.U1 97.11 209.56 251.3C) 125.15 1G70.17 1454.62 +1245.06
17 92.63 21. 91 107.40 221. 94 277.64 136.52 1176.19 1590.35 +13(,8.41

Foot Notes: (1) Cost savings estimates are only for domestic lichtinc and were computed using load
forecast information and cost savings/meter data from Table B-1

(2) Employt;lent benefits involve only what are referred to as indirect employment
(Table's D-O thru D-2) and were computed using load forecast Information for Small
Industry, DT\~, STW, and LLP.

(3) Purchase power expense is = Tk•• 266 x Purchase power (Table F-l) with Tk converted
to U.S.$ at the rate of 18 Tk. to 1 U.S.$.
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Year

___ .§_.,._.~ .,, __._._7_- ~_..Q_-_ -_._ _.__~9.. _..__.,.. ~__!_Q..__.__ ._,~_~.1. _

1 • courECTIONS:

a) :a.esidential
b) COrrlJ:lerc ial
c) Deep l'ube ~jells

d) Shallow 'j'ube '.Jells
e) Low Lift Pumps
f) Small Industry
0) Ic1edium Industry
11) 'l'o t&l

2. i~Vj~;IUI.GE Elr;-";HGY UUE:

a) Residential
b
c
') Comrnerc ial

) Deep Tube i-Jells
d) Shallow ':rube -~Jells

e) L01'] Lift Pumps
f) Small Industry
g) Medium Industry

'I'OTi>.L .~~I'i.shGY:

a) fi.esicl.ential
b) Commercial
c) Ikep Tube ~.]ells

d) Shallow Tu~e ~ells

e) LOv-l IJift Pumps
f) Small Industry
g) lkdium In(~ustry

h) Total

365
75

3
17

9
4
o

473

370
L~60

16000
3000
5500

30000
42000

135050
3/+500
L~8000

51 000
il9500

120000
o

L,I,3B050

730
150

6
34
18

8
o

946

385
480

16000
3000
5500

30000
42000

281050
72000
96000

102000
99000

240000
o

390050

1095
225

9
51
27
12
o

1LJ·19

/.~OO

500
16000

3000
5500

30000
l1-2000

438000
112500
1i+L~OOO

153000
1/+8500
360000

o
135GOOO

1,46,0
?OO
12
68
36
16
o

1892

LJ·15
520

16000
3000
55,00

30000
42000

CO 5<.)00
156000
/1 9r ,(,0()I • c) _

:-)OLI-OOO
198000
L~80000

o
1G3~;900

18?5
375
15
85
11-5
20
o

2365

1~·30

~;L~O

1GOOO
3000
5500

30000
~-2000

7cY~-750

202500
~~/+OOOO

255000
r)4'll--(lO
(.. ./ .I

600000
o

~232975()

2190
1-~50

18
102
5L~

24
o

2838

LtLI5

560
16000

3000
~500

30000
42000

97L~550

252000
28nooo
30COOO
?9'?OOO
720000

o
2e37550

it.. LOSSES e·, PU]CliASE pO,·fEn:

a) Losses
b) Purchase Power

1~ 1% 1% 1~ 1% 1%
521.L~88 10L~7 ..118 1,595 .. 29LJ· 2159088? ~?7LI0,,88;~ 33)D.2~4
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ANNEX F

PAGE 2 OF 2

,. CmmEC:rIONS:

a) Hesidentiul
b) Commercial
c) Deep Tube Hells
d.) Shallow Tube'.!ells
e
f

) Low Lift Pumps
) 8mal1 Industry

g) f"lediulJ1 Indus try
h) Total

.'1) TIesidcntii'll
b) COfl)]11ercinl
c) Deep '.T.\lhe \vells
d) Shal101:-! Il.~be ~·Jells

e) J.Jow Lift F1.1.Jflps
f) Small Industry
g) I'lecliur~. Industry

a) TIesidcntial
b) COlIlmercial
c) DeeD 1\lbe Uell~;

d) ShalloH 'j'ube -,.Jells
e) Low Lift Pumps
f) Small Industry
g) Medium Industry
h) '1'0 t8.1

2555
525

21
119

63
28
o

3311

1+60
580

16000
3000
5500

30000
LI-2000

1175300
30f~500

336000
357000
3L~6500

8L~0000

o
3359300

2920
600

21+
136

7'")
L

32
o

378/+

Lj·75
GOO

16000
:JOOO
5500

30000
/l2000

1387000
360000
3[V-W00
LI-08000
396000
960000

o
3895000

32n5
6'75

27
'153

81
36
o

L~257

/.~90

C?O
16000

3000
~)500

30000
42()00

1609~)50

l~18500

L~32000

459000
1+45500

1080000
o

4l~/+4650

3650
750

30
170

')0
1+0
o

L.~730

~)05
GLlO

1 (jOOO
3000
):~OO

30()OO
42000

1 [y-!. 3;~ ;;0
Lj·80UOO
l~80UOO

5-10('00
4·95000

1?00000
o

500[)?50

4015
825

33
1e7

99
44
o

5203

520
eGO

16000
3000
;;5°0

30000
42000

~08700C

5-'+4500
523000
~)61 000
51.1·l1500

13;~OOOO

o
5585800

1.1-380
900

36
204
108

Lj-8
o

567G

535
fJno

1 GOnO
:')000
r.)500

30000
Lle'ono

23/~33()0

C'12000
57GOOO
(;12000
59L~OOO

1LIJ~OOOO

o
6177300

4.. LOSSES & PU:lCHASE pm{:~R:

a) Losses
b) Purchm,e Power

_____~L _

15% 15% 15% 1SO;; 15% 15%
3952 0 118 4582.353 5229 0 000 5892.059 6571.529 7267.412
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TABLE F-2 HEVElm~ FOj:~ZCAST FOn GIIE YEAR !.~XPANDION OF PHASE I :PDS

Year
___6__. .--2 ..~8_ _ 9_._

PAGE 1 OF 2

10 11

•

Residential

r-1inirnum Enerey

A.d(~itiona1 Enerc~Y

Commerc i3.1

3.650
2 .. 890

7.. 300
6 .. 235

1L~.600

14.296
18.250
190010

21 .. 900
?L~.181

..

..

1'1inimum EnerGY

Additional Enersy

Deep '.Pube \"-e11s

f.:>h2.1101:/ Tl...lbe ~Je11G

f3ma11 Indus try

hecJ.iuH In~Jll~; try

0750 1 .. 500 ~~ 0250 3.. 000 3 .. 750 LJ· .. 500

oE375 1~875 3,,000 4 0250 50625 7.. 125

1,,867 3.733 5.600 7 "LJG7 9,,333 11 .. 200

1 09[1.3 30967 5 .. 950 70S33 9091'7 11 0900

10925 3 .. 2.50 5.. 775 7 .. 700 <)"G25 11 .. 550

6,,000 12.000 130000 24.000 30 .. 000 36 .. 000

0 0 0 0 0 0

19 .. 9/+0 LJ-0 .. 4·60 61 .. 106 133 0246 105.510 128 .. 356



ANNEX r

'rl'lDLE F-2 ~'lEVSI'lU:~~ FO}~bCri..ST POR 6'J.1H YEAH J~;XPATfSIOtT OF PHASE I PBG
PAGE 0 OF 2r.-

o. _. ___-9us t ~~~_r__S!_~_C?YJ1_~.~.£.._. __ .._. 12 -~j)-- 1'+ __.J.2._ 16 17----- --_..----~- --~-- - -
10 Hesidential

Minirn.um Enerr:::;r 25.550 29.200 32,,850 36.500 4·0.150 L~3 ,,800

Additional EnerGY 2<).808 350892 43 .. 116 49 0427 560079 64 .. 788

2 0 COiTIi'TJ.ere i ;1.1

Minimum Energy 5 0250 6 .. 000 60'750 7 .. 500 80250 9.. 000

A.odi tional Ener!.i;Y 8 .. 750 10.500 12,,375 114 .. 375 16" 500 18" 7 rjO

30 Deep fJ.'uhe ~-Jells 13 .. 067 1'+ .. 933 16 .. 800 1fJ .. GG7 20 .. 533 22 .. 400

4. Sh8.1lo\J Tube VeIls 13.883 15 .. 867 17 .. 850 190(1,33 21.817 23 .. noo

50 L01r.j Lift Pumps 13 04.75 15 0400 17.325 19 0250 210175 23" 100

6 .. 3mall Industry LJ·2.000 4-8 0000 54.,000 60,,000 6G"OOO 72 .. 000

70 1'18dium Industry 0 0 0 0 0 0

80 rEOTilli HEVENUE 1510783 175 .. 792 2010066 2250552 251" 304 277.63[3

, \.
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ANNEX G
Page 1 of 6

Comparative Cost Analysis

Diesel vs Electric

Summary of Findings

Cost Savings by Pump Type: Table 1 shows that there are signi
ficant cost savings from all types of electrified pumps over diesel
powered pumps. The highest savings in monetary terms is from deep
tubewells follcwed by low lift pumps and shallow tubewells. In
absolute terms, however, this is just the reverse, shallow tubewells
followed by low lift pumps and deep tubewells. This is because cost
of deep tubewell is about 7 and 11 times higher than low lift pump
and shallow tubewell respectively.

Table 1: Co~arative Savings from Electrifi~d over Diesel Powered
Irrigation Pumps 11

(In Taka)

Present Value of
Cost Streams Cost Savings

Type of Pumps Diesel Electric Amount Percent

Deep Tubewe1l 470,069 364,201 105,868 23%

Low Lift Pump 114,968 82,684 32,284 28%

Shallow Tubewell 74,638 48,565 26,073 35%

II Refer to Tables A-3, B~3 and C-3.

Source: Pages 4-6, 16-18 "Diesel and Electric Powered Pump Irrigation",
A.D. Ahmed, USAID/Dacca, May 1981.
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Cost Savings by Type of Cost: Table 2 shows the composition of
cost savings from electrified over diesel powered pumps by type of
costs. It reveals that in absolute terms, savings in investment costs
is highest from deep tubewells followed by low lift pumps and shallow
tubewells, while in case of savings in power, shallow tubewells rank
highest followed by low lift pumps and deep tubewells, and in case of
operation cost. low lift pumps are followed by shallow tubewells and
deep tubewells.

Table 2: Composition of Savings from Electrified over Diesel Powered
Irrigation Pumpahl

Type of Savings

Type of Pumps Investment Power. Operation~./ Total

Deep Tubewell 48% 29% 23% 100%

Low Lif t Pump 35% 35% 30% 100%

Shallow Tubewell 11% 60% 29% 100%

II Refer to Tables A-4. B-4 ~~d C-4.

21 Includes lubricant. operator ' s salary, repair and maintenance
costs.
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Cost Savings from Pump Conversion: Table 3 shows cost savings
from converted electric pumps. The highest savings in monetary terms
is again from deep tubewells followed by shallow tubewells and low lift
pumps, while in absolute terms sh~llow tubewells rank highest followed
by deep tubewells and low lift pumps .

Table 3: Cost Savings from Pump Conversion from Diesel to Electric!1

(Amount in Taka)

Present Value of
Cost Streams Cost Savings

Type of Pumps Diesel Electric Amount Percent

Deep Tubewell 470,069 407,999 62,070 13%

Low Lift Pump 114,968 102,984 11,984 lOr.

Shallow Tubew~ll 74,638 54,792 19,846 21%

II Refer to Tables A-5, B-S, and C-5.
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Table B·-I: Comparative Total Investment Costs of Diesel and Electric
Powered Low Lift Pumps 1/*

• Investment Cost (in Taka)
Diesel Electric

a. 2 C:.1SCC _--__ (-1.'1 +: ... ~ ., ') '-0.,.".. .... )
.co' - ...... ... ... - - -.J J' .,f,. __ '), 4,000 4,000

b. Trulley including coupling (Life: 10 years)

c. Accessories (Pipes, bends, foot valve,etc~)

d. 18 HP diesel 8:,_g:..::e (Life: :0 years)

e. 15 HP electric motor with starter
(Life: 15 years)ll*

f. Total capital cost

g. Trade and transport**

h. Overhead

i. Total investment cost

* Refer to the assumptiou3 used in the analysis.

**5% of capital cost (a + b + c + d + e).

3,000

8,000

20,000

35,000

1,750

1,000

37,750

3,000

8,000

10,000

25,000

1,250

1,000

27,250
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Table B-2: Cost Items and Salvage Values at Different Times for Diesel
and Electric Powered Low Lift Pumps.

(In Taka)

e.

c.

b.

•

Total invest~snt cost

10% salvage value of the pump set in 10th
year 1/*

10% salvage value of the pump set (excluding
motor) in 10th year.

40% salvage value of motor in 10th year

Annual operation and maintenance costs

6/*
438 gallons of diese1-

8/*
9,240 KWI1

6/*Lubricant- (16 gallons of lub oil
+ greasing for diesel; greasing only
for electric)

Diesel

37,750

3,500

12,788

8,296

792

Electric

27,250

1,500

4,000

9,368

6,468

200

d.

e.

Operator and protectio~/*

Repair and maintenance

2,400

1,300

2,400

300

/ ' .
/

* Refer to the assumptions used in the analysis.



ANNEX G
Page 6 of 6

Table B-3: Comparative Cost Streams of Diesel and Electric Powered
Low Lift Pumps Applying Discounted Measures

(In Taka)

Diesel Ele.ctric
Capital Total Capital Total

Year Items O&M Costs Items O&M Costs

0 37,750 37,750 27,250 27,250

1-10 127,880 127,880 93,680 93,680

(3,500)a (3,500) a (5,500)a (5,500)a

a. Salvage value of pump set, engine/motor.

Assuming 10% discount rate, the present value of cost stream for a
diesel powered low lift pump:

10
Cn = 37750 + ~

t=l

12788

(Hr) t

3500
(Hr)lO

CD = [37750 + (12788)(6.144)1 -[(3500)(0.386)]

CD + 114,968

Assuming 10% discount rate, the present value of cost stream for an
electric powered low lift pump:

27250 +
10

[
t=l

9368
(l+r) t

5500
(Hr) 10

7'7
, '--

CE = [27250 + (9368) (6.144)] - [(5500)(0.386)]

CE = 82.684

Cost savings over diesel powered low lift pump:

CD - CE = 32.284 or 28 percent.
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QUICK STUDY COMPARISON OF DIESEL AND ELECTRIC IRRIGATION PUMPS

In order to compare the findings on impact of electrification for
irrigation pump operations in Dacca- I PBS with other areas of the
country, a quick -study of non-PBS areas known to have numerous electric
irrigation pumps was mounted by tbe Mission Research Unit. A total of
46 pump operators, in Comilla and Chittagong Districts, were located
and interviewed during April 1981. The sample was "accidental", since
no sampling frame for irrigation pump operations was available. The
interviewers followed electric wires to pumps, and after interviewing
the electric pump respondent sought out and interviewed operators of
nearby diesel-operated pumps. While not suitable for elaborate statis
tical analyses due to their non-random nature, these interviews offer
information on major differences between operations of the two types
of pumps which may be followed up in more rigorous investigation when
time permits.

Fifty-nine percent of the respondents were under age 40; over 80
percent were from families of more than seven members--larger than the
national average. Nine out of ten were educated; 34 percent had studied
to secondary level or above. All considered themselves agriculturists;
however, one-third were also in business, professional, or technical
occupations as well.

Table 1 Ty,. 6£ l'Ul!lP

~ Electric Diesel Total %

LLP 11 8 19 41

DTW 14 13 27 59

Total 25 21 46 100

% 54 46 100

All twenty-five electric pum~~ were connected to Power Development
Board-supplied power. Slightly over half of all pumps surveyed were 20
horsepower or more. With the exception of one LLP which had been
purchased from a Chittagong supplier by an individual, all pumps in the
survey were procured from the Bangladesh Agricultural Development Cor
poration (BADe). Forty-five percent of all pumps had been in operation
only since 1979, and 80 percent since 1974. Only one electric DTW and
2 LLPs had been in operation since before 1978--the recency of electric
pump establishment in both survey areas is striking. Seven electric
DTW pumps and 2 LLPs were begun as such; the rest were converted from
diesel.

73
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Pumps are, with one LLP excepted, under group management. Each group is
managed by a committee headed by a Chairman, with a separate manager, an oper
ator, and a varying number of members. The committee controls water distribu
tion procedures, and collects the costs of irrigation from individual users.

Comparison of Performance of Electric vs. Diesel Pumps. The following tables
summarize data on comparative performance of diesel and electric pumps. These
findings may be noted briefly! Electric DTI~ pumps, while only slightly larger
in hOfsepower on the average (23.9 hp. va. 21.3 hp.) than diesel, irrigate
significantly larger areas (65.8 acres VS. 30.6 acres), operate for much longer
periods (825.1 vs. 349.6 hours this season) and serve one-third more users
(1241 VS. 805 total, or an average of 88 •.6 VS. 61.9). Low lift pumps powered
by electricity are slightly smaller than'their diesel counterparts (14.8 vs.
16.2 hp.). However, they irrigate an average of nearly ten acres more (43.2
vs. 33.9 acres), while operating nearly 25 percent less (308.4 hours vs. 393.7
hours this season), and serving 9 perce~t more users (92.3 vs. 79.1) on the
average.

Virtually all pumps, both electric and diesel, were used to irrigate HYV
~addy. A few users at three pump sites were growing wheat, and a few at one
pump were growing potatoes.

Table 2. Deep Tube Wells - Diesel Versus Electric

--------------Diesel----------------- --------------Electric--~------------

Pump No. of Command Hrs. Run Pump No. of Command Hrs. Run
No. H.P. Users Area (Acres) to Date No. H.P. Users At:eQ~Acres) to Date---- -1-2'() 4801 16 90 50 480 80 32
2 20 100 43.5 720 2 20 70 90 1*
3 20 1 1 5** 3 20 96 52.8 960
4 16 45 80 0*** 4 25 80 75 600
5 20 90 35 400 5 25 100 100 1,080
6 20 10 7 120 6 25 125 35 1,360
7 20 95 33 410 7 25 90 70 1,200
8 25 40 20 480 8 30 85 80 900
9 30 150 30 420 9 25 50 60 900

10 25 100 35 480 10 ',' 25 40 35 900
..11 25 32. . 20 300 11 25 75 80 750
12 15 2 4 60 12 25 100 140 800
13 25 50 40 .. 670 13 25 150 40 900

14 20 100 32 720
Total

"
277 805 398 4,545 335 1,241 921 11,551'.

iI",_-.

Average
21.3 61. 9 30.6 349.6 23.9 8a.6 65.8 825.1

* The pump has been installed recently.
** The pump has developed mechanical problems and is out 'of order.
*** The group members are not willing to cultivate HYV due to high cost of

diesel.

~

, .
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Table 3. Low Lift Pumps
Diesel Versus Electric

Annex H
Page 3-

•
--------------D1ese1----------------- --------------E1ectric---------------
Pump No. of Command Hrs. Run Pump No. of Command Hrs. Run

No. H.P. Users Area(Acres) to Date No. H.P. Users Area(Acres) to Date---- ---1 16 50 60 480 1 15 200 60 200
2 18 67 30 400 2 15 60 60 225
3 18 50 30 300 3 15 150 50 90
4 15 100 40 360 .' 4 13 106 30 240
5 15 106 25 300 : 5 15 78 30 120
6 15 60 30 520 6 15 100 120 720
7 15 100 26 570 7 15 100 28 456
8 18 100 30 220 8 15 80 30 360

9 15 1 5 120
10 15 40 22 180
11 15 100 40 680

Total
130 633 271 3,150 163 1,015 475 3,392

Average
16.2 79.1 33.9 393.7 14.8 92.3 43.2 308.4
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T! ?T•.E I OPERATING REPORT

[, "1;\IEY I

TYPICAL PHASE II PBS
(THOUSANDS OF TAKA) PAGE 1 OF 2

1 2 ; 4 5 G 7 8 c.
_-_____ .-.0

-~- --~
J

ievenue 0 0 ~585 5585 7991 10301 12666 15090 1757)

FUrchase Power EJ...j)ense 0 0 ":506 2228 3130 39/-1-9 L~815 5759 673+

Ithcr 0&1'1 Expense 0 0 ZOOO 2000 2000 2000 2000 2000 200)

Total OCJ1 Expsns e 0 0 3506 4228 5130 5949 6815 7759 873+

'Pax Expense 0 0 /+2 66 94 121 149 178 2(7

lepreciation 0 0 926 2418 3549 4228 4455 4683 49/,1

lnt(~rest Expense 204 746 1493 2239 2647 2790 2872 291+8 302)

'.rotal Cost of Service 204 746 5967 8951 11420 13088 14291 15568 16872

Margin (20L-\- ) (746) (2382) (3366) (3429) (2787) (1625) (Lj·78) 598



1'1 - TJE 1 OPERATING REPORT
TYPICAL PI1ASE II PBS
(THOUSANDS OF TAKA)

, T,' EY 1

PAGE 2 OF 2

Revenue 20105 22698 25348 28054 30816 33632 36510 39446

Purchase Power Expense 7741 8780 9851 10954 12090 13257 1L060 15696

Other 0&,11 Expense 2000 2000 2000 2000 3000 3000 3000 3000

Total OEJ'l Expense

Tax Expense

Depreciation

Interest Expense

Total Cost of Service

9741 10780 11851 12954 15090 16257 17460 18696

238 268 300 333 366 400 434 470

5139 5367 5595 5823 6051 6279 6507 6735

3086 3146 3126 3102 3075 2968 2859 2748

18204 19561 20872 22212 24582 25904 27260 28649

Margin 1901 3137 4476 5842 6234 7728 9250 10797

f"."'-. _._ ... - ,,_ I



T ( "-';,8 2 SOURCES AND USES OF FUNDS
TYFICiili PH.;iSE II PBS
(THOUS.t'l.NDS OF TAK.b.)

'1, I '.fEY I

Sources

1 2 _.2.._ 4 -2__,_6__ 7 _~ ~9~

Previous Cash Balance o o o 37 1328 4095 1853 7L~6 754

Revenue

Loan ~lnds kdvanced

Total Sources

Uses

o 0 3585 5585 7991 10301 12666 15090 17570

20362 33937 40724 33937 6787 7522 7522 7522 7522

20362 33937 1¥1-309 39559 16106 21918 22.L+1 23358 25846

o & 1'1 Expense

~['ax Expcns e

Loc:,m Payment

Payment of Deferred Interest

o

o

o

o

o

o

o

o

3506 42,~8 5130 59L~9 6815 7759 8734

42 66 94 121 149 178 207

o 0 0 6229 6565 6901 7237

o 0 0 2Li-Ll- 244 244 21+4

ConE,truc tion Expondi ture

Total Uses

20362,33937 40724 33937 6787 7522 7522 7522 7522

20362 33937 44272 38231 12011 20065 21295 22604 23944

Cash Balance o o 37 1329 4095 1853 746 754 1902



Tl3LE 3 BALANCE SHEET
TYPICAL PHhSE II PBS

ANNEX I

FAGE 1 OF 2

_1~ 2__ --2 4__ 2 6__ 8 9

sounCES i:"ND USES OF FUNDS .
1 ~ F: t·" I

TlP1.,E2.
/

TYFIChL PHiLSE II PBS
. (THOUSiiNDS OF TAKiI.) P';~GE 2 OF 2

10 11 12 12. 14 --'l2_ 16 -.lL__
~- -- -_._- -

Sources

Previous Cash Bal<ll1cc 1902 4211 7708 5062 11340 10521 11317 137~

Hcvcnue 20105 22698 25348 28051t 30816 33632 3G510 39446 )

Loan F\mds j'Ldvanced 7522 7522 0 7522 0 0 0 0

Total Sources 29529 3Lt431 33056 40638 42156 4L~153 L~'7827 53200

Uncs

o f:-, M Ex--pcnse 9741 12780 11851 12954 15090 16257 17LI·60 1[5696

'J.1cLX Exncnse 238 268 300 333 366 400 434 4'70

Loan Payment 7573 7909 8077 8245 8413 8413 8413 8413

Payment of Deferred Interest 24L~ 244 24Lt 244 244 2411· 2/~4 21+4

Construction ExponJiture 7522 7522 7522 7522 7522 7522 7522 7522

Total Uses 25318 26723 2799L~ 29298 31635 32836 34073 35345
/"...J
~Y'

C8.sh Balance 4211 7708 5062 11340 10521 1.1317 . 13754 17855



•

Tf\BLE 3 BALli-NeE SHEET t.NNEX I
!.

'rYFrCAL PH;J3E II PBS PL.GE 2 OF 2

1Q 11 11 2 --.13._ 14 15 16 17----

Plant in Bervice 173357 180879 188401 195923 203445 2'10967 218L~e9 226011

CWIP 0 0 0 0 0 0 0 0

Total Utility Plant 173357 180879 188LW1 195923 203445 210967 218489 226011

Accumulated Depreciation 30309 35676 41271 47094 53145 59J~2L~ 65931 72666

Net Utility Plant 1430L~8 145203 147130 148829 150300 151543 1525S8 1533!-t·5

Cash LQ11 7708 5062 11340 10521 11317 13754 17855
:

Total ilssets 1LJ·7259" 152911 152192 160169 160821 162860 1G6312 171200

Marcinf'; and Equities ( 12418) ( 9281) ( 4805) 1037 7271 1LJ999 24249 35046

Loa.n Balance 153568 156327 151376 153755 1LJ·8417 1L~2972 137418 131753

Payablcs 6109 5865 5621 5377 5133 4889 LJ·645 4401

Total Liabilities 11+7259 152911 152192 160169 160821 162860 166312 171200

•
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Tab1e_._...~ Summary Cost - For a Phase II PBS

In Million Taka

11. R eha.bilitation 178

12. Substation In.stallation 3. 5

13. Engfneering & ~·'1)y.

Subtotal

1. Line Material

2. Line Rehabilitation
Material

3. Substations

4. Distribution
Transformers

5. Line Protection

6. Service Connection

7. Spares

8. Street Lighting

9. General Plant

10. Line Installation

525

178

3. 5

1188

13008

100

525

L. C.

1. 310

O. 180

11.430

9.460

.880

2.280

4.000---
29.540

F. E.

36.300

0.990

11. 660

6.630

1. 550

7.485

.540

0.080

1. 880

67.115

Total

37.610

1. 170

11. 660

6.630

1.550

7.485

.540

0.080

13. 311

9.460

. 880

2.280

4.000

96.655

14. Expatriates

15. Support Commodity

Subtotal

16. Insurance

17. Landing Cha r ge s

18. REB Overhead

19. Adjustment to 1981
Prices

20. Contingency

TOTAL

Tk. 16 =$ US 1

2.270

.620

32.430

730

4. j·O

0.500

2.370

40.400

11. 305

2.478

80.900

0.250

8.007

....:, ...-.!..20
9~. 347

13. 575

3.098

113.330

.730

4.370

. 750

8.007

8.560

lj~"747
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REB Organization and Staffing

The REB Ordinance (No. L1 of 1977) identified the functions
of the Board in its mission to bring electric service to the rural
areas of Bangladesh. The Orginance provides that the Board be
composed of a full-time Chairman and three full-time members
to be appointed by the Government, plus four part-time members,
one each to be appointed by the PDB, BADC, BSCIC and L-q,DP.
The Ordinance provides that the Chairro..an and other members "
shall perform such functions and exercise such powers as the
Board may a.ssign them from time to time. In the inteirest of good
management practice the Chairman and each of the three full-time
members are assigned to a specific area of responsibility within
the framework of the REB organization plan outlined in brief below:

1. Chairman: The Chairman is the Chief Executive of the Board
and is responsible for the overall development, management
and administration of REB and its affiliated establishments
(PBSt s etc.) to carry out the rural electrification program
as defined in the Ordinance. He will plan, organize, direct,
coordinate and control all facets of the program and REB
administration through appropriate delegations, whereever
needed, to the Member (Engineering), Member (Finance ),
Member (PBS and Training) and other officers. He will
monitor the progres s and take corrective steps, if need be,
in order to achieve the assigned tasks in consultation with
the appropriate authority in the Government. He will, i!l
addition, exercise such other authority of the Board as may
be delegated/assigned to him by the Board from time to
time.

2. Member (Engineering): The Member (Engineering) will be
responsible to the Chairman and the Board for the following
functions and assignments and will exercise such authority,
in order to fulfil his tasks, as may be delegated to him from
time to time.

a) The Member will have overall charge of the department
placed under him in the REB establishment.

b) The efficient management and administration of his
department as assigned in the REB establishment.
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c) The engineering system design for REB/PBS.

d) Standards and specifications for equipment and
material for electrical and civil projects.

e) Tend ering for s ervic es and proc es sing of contracts
for REB/PBS engineering consultants.

f) Tendering for all engineering project works as
directed by the Boarc\.

g) The requisition, customs clearanc e, inspection,
custody, issue and movement of line and building
equipment and material as approved by the Board.

h) PBS engineering studies, power supply, electrical
operations, electrical maintenance and repair of
major equipment.

i) International and local procurement of equipment and
material and supplies as approved/directed by the
Board.

j) . Such other responsibilities as may be assigned by
the Chairman or the Board.

3. Member (Finance): The Member (Finance) will be respon
sible to the Chairman and the Board for the following
responsibilities and assignments and will exercise such
authority, in order to fulfil his tasks, as delegated to him
from time to time.

a) The Member will have overall charge of the depart
ment placed under him in the R £B establishment.

b) The efficient management and administration of his
department as assigned in the REB establishment.

c) Assisting the Chairman, in financial planning and to
obtain sufficient capital, including foreign financing,
in the various phases of the rural electrification
program.
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d) The internal accounting and financial control of REB
funds according to the utility imiform system of
accounts as adopted by the Board.

e) The consolidation and preparation of the annual REB
budget for submission to the Board.

f

f) The preparation of the necessary financial reports
as required.

g) PBS loans, accounting systems, financial planning
and periodic audit, as laid down by the Board.

h) Such other responsibilities as assigned by the
Chairman or the Board.

4. Menlber (PBS & Training): Will be responsible to the
Chairman and the Board for the following responsibilities
and assigmnents and will exercise such authority, in order
to fulfil his tasks, as delegated to him from tiIne to time.

a) The Member will have overall charge of the depart
ment placed under him in the REB establishment.

b) The efficient management and administration of his
department as assigned in the R £B establishment.

c) The development and organization and the establish
ment of boundaries of PBS1s in the several districts
of the country as approved by the Board.

d) The establishment and enforcement of PBS electric
service regulations which lay down the terms and
conditions under which PBS members will receive
electric service from a PBS.

f) The development and administration of an REB
training institute for orientation and training of
all levels of leaders and employees in all facets
of the Rural Electrification Program as directed
by the Chairman and the Board.
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g) Such other responsibilities as may be assigned by
the Chairman or the Board.

5. Part-time Members: The four part-time members shall
serve as a liaison for their l:.espective organization and in
an advisory capacity to the full-time members.

6. Secretary: The Secretary of the REB will be responsible
to the Chairman and the Board for the following responsi
bilities and assignments and will exercise such authority,
in order to fulfil his tasks, as delegated to him from time
to time.

a) The efficient management and administration of
the Board Secretariat and Board affairs.

b) Su h other department as may be assigned by the
. Chairman or the Board from time to time.

c) Such other responsibilities as assigned by the
Chairman.

The organization of the REB is as follows:
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PAGE 5
TA BL E 1 REB Staffing

The REB staffing requirements are determined. by the scope .~

of authority and functions of the board as defined. by the REB Ordi ..
nance; the member of PBS in operation and under construction.

Chairman
Member
Chief Engineer
Director /Secretary
Superintending Engineer
Deputy Director /Secretary
Executive Engineer !/
Assistant Director /Secretary
Assistant Engineer 1.1
Accountant
Sub-Assistant Engineer ~.I

Tabulator
Inspector'
Assistant Accountant
Upper Division Assistant
Private Secretary
Draftsman
Lab. Technician
Storekeeper
Clerical and other i/
Drivers 2,/
Peon/Messenger 4/
Guard i/

Sanctioned.
(3/81)

1
3
1

11
1

36
6

2/ 64
28
15
28

1
4

15
16
4
4
2
3

63
40
27
23

396

Requir~d

(Phas e IT Program)

1
3
1

11
1

35
15
66
40
15
40

1
4

15
16

4
4
2
3

70
49
36
32

453

87

!/ Increas e for new PBS construction
2/ Assistant Director Finance, Planning; Assistant Director

Advertis ement and Library, Secretariat
3/ Increas e for new PBS Construction - 9, Training - 3
4:/:. Increase for new PBS construction and additional staff

positions.
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..
8. FAA SEc.60l(b). Infnrmation and conclusion on

how project will enc~ur~ge U.S.private trade and
investment abroad and encourage private p~rtici

potion in foreign asoistance prograrno (including
use of private trad~ channels and the services
of U.S.private enterprise).

9. FAA Sec.6l2(b);Sec.636(h). Describe steps tak"n
to ensure that, to the maximum extent possible,
the country is contributing local currencies to
meet the cost of contractual and other serviceo,
and foreign currenciej ~wned by the U.S. arc
utilized to meet the cost of contractual and
othe r services.

10. ~\A Sec.6l2(d). Docs the U.S. own exceSj foreign
currency of the country and, if so, what orraagements
have been made for its release?

11. FAA Sec.601(e). Will the project utilize competitive
selection procedures for the awarding of contracts,
except where applicable procurement rules allow otherwise?

ANNEX L
page 2 of 5

U. S. suppliers/manufacturers are likely to be
awarded sizeable contracts. U. S. standards
and specifications are being used for all off
shore commodity procurement. Under RE L 80
of imported commodities were U. S. products.
Also. about $12.7 million of technical services
will be provided by private U.S. sources.

The host country contribution is 27% of the
total project cost and 88% of total local
currency cost.

No

Yes

12. fioo. Act. If assistance is for the production of ~ny

commodity for export, is the commodity for export likely N/A
to be in surplus on world markets at the time the
resulting productive capacity becomes operative, and
is such assistance likely to cause substantial injury
to U.S.producers of the same,similar or competieg cogmodity?

B. FUNDING CRITERU\ FOR PROJECT

1. Development Assfstance Project Criteria

a) F~. Sec.102(a) jlll;113; and 28la. Extent to which
activity will (a) effectively involve the poor in
devel~pment, by extending access to economy at local
level increasing labor-intensive 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
,~f devebpment .In a sustained basis, using the appro
priate U.S. institutions; (b) help develop cooperatives,
especially by technical aosiotance, to assi3t rural
and urban poor to help themselves toward better life,
and ~therwise encourage democratic privnte and local
governmental instituti?ns; (c) support the self-help
efforts of developing countries; (d) oromote the
participation of women in the national economies of
developing countri"" a:'ld the irnpr.ovemcnt .of ''''omen' s
status; and (c)' ut i lizc and encourage regiona 1 c?·ope
ration by developing countries?

(a) Rural electrification will promote irrigation,
rural industries and community services,
creating employment for the rural poor and
improving health and family planning service
centers.

(b) The development of local rural electric
cooperatives (PBS's) is a key element of the
project.

(c) Local construction and manufacturing will
be developed.

(d) Women serve on PBS Boards of Directors.
They also benefit from employment in rural
industries.



b) FAA Sec. 103! 1031\! 104! 105! 106! 107.
Is assistance being made available: (include
nnly applic~ble paragraph -mich c0rresponds
to source ni funds used. If more than one
fund sourc~ is u~ed for pr0ject, include
relevant paragraph for loch fund source).

1. (103) f~r agriculture, rural development
0r nutrition; if so, extent to which activity
is specifically designed to increase productivi-
ty and bcotne 0 f rura 1 pan; (10311) if f':lr
agricultural research, is full account taken
of n·~d~ of snall formers and extensive use of
field te~ting to adapt basic research to local
conditio~s shall be made (b) extent to which
assistance :~ ;,;~"d ir. c')ordination wich efforcs
carried out under Sec. 104 to help impr0vc
nutricien of the people of developing councries
chrough encouragemcnt of increased pr~uction

of crop~ ~ith greater nutritional value,improve
ment of planning, research and education with
respect to nutrition, particularly with reference
to improvement and expanded use of indigenously
produced foodstuffs; and the undertaking of
pilot or demonstration programs explicitly
addressing the pr'oblem of rna lnutrition ·,)f poor
and vulnerable people; and (c) extent to which
activity increases natiJnal food security by
improving f~od policies and management and by
strengthening national food reserves, with
particular c?nccrn· for the needs of the poor,
thr·)ugh m"asures encouraging d.omest!c prnduction,
building national food reserves, expanding available
storage facilities, reducing post harvest food
losses, and !mprnving f00d distribution.

2. (104) for p-:lpulation planning under Sec. 104 (h) :>r

health u~der 5ec.104(c); if so, extent to which
activity emphasizes low-c')st, integrated delivery
systems for health, nutrition and family planning
for the pO-:ltest people, with particular attenti~n

to the needs of ~thers and young children, using
paramedic~l and auxiliary medical personnel,
c Hnics and health p'Jsts, c,)mmercia 1 distr!butioD
systems and 0th'!r m·,de~ of comnunic",. research.

ANNEX L

Page 3 of 5

Rural electrification will increase rural
irrigation, HYV cultivation and food pro
duction. This will increase demand for
rural industry and services to prOVide
agricultural input and process food stuffs.
Increased rural production will generate
rural employment.

Electr1fica tion of health centers will make
possible the use of refrigera tors, lab equipment,
sterilizing equipment, etc. and will provide
adequate lighting for better health and family
planning care.



3. (105) for education, public administration,
or human resources development; if so, extent
to which activity strengthens nonformal edu
cation, makes formal education more relevant,
especially for rural families and urban poor,
or strengthens managem€nt capability of insti
tutions enabling the poor to participate in
development; and (b) extent to which assistance
provides advanced education and training of
people in developing countries in such disciplines
as are required fvr planning and implementation
of public and private development activities.

4. (106) For technical assistance, energy, research,
reconstruction, and selected development problems;
if so, extent activic:v is:
(i) (a) concerned with data collection and
analysis, the training of skilled personnel,
research on and development of suitable
energy sources, and pilot projects to test.
new methods of energy production; and (8)
facilitative of geological and geophysical
survey work to locate potential oil, natural
gas, and coal reserves and to encourage
exploration for potential oil, natural gas,
and coal reserves.

(ii) technical cooperation ond development,
expecially with U.S. private and voluntary,
or regional and international development
organizations;

(iii) research into, and evaluation of,
economic development processes and techniques;

(iv) reconstruction after natural or man
made disaster;

(v) for special development problems, and
to enable proper utilization of eorlier U.S.
infract~ucture, etc., assistance;

(vi) for programs of urban development,
especially smaller labor-intensive enterprises,
marketing systems, and financial or other
institutions to help uroan poor participate
in economic and social development.

ANNEX L
Page 4 of 5

(a) The rural consumers of electricity are members
of the PBSs represented by elected boards and thus
influence PBS operations.

(b) Extensive institution building and training
programs (technical and administrative) are a
key factor of this project (PP I.e. and IV.B).

(a) REB training programs will turn out skilled
administrative and technical personnel. Syste
matic data collection is incorporated.

(b) N/A.

U.S. private sector provides technical services
for project. World Bank plans to provide about
$50 million for rural electrification.

Project includes related studies and
evaluations.

N/A.

N/A.

N/A.



..

I
-- -------,

- ------ j____ . i
!
I

i
i

-----1
i
I... .----l
I

I
I
I

!
I

.-1
-I

i
!
i
i

--I

c) (107) i8 appropriate effort placed on use
of appropriate technology? (relatively smaller,
cost saving, labor using technologies that
are generally most appropriate for the small
farms, small business, and small incomes of
the poor).

d) FAA Sec. 110(a). Will the recipient
country provide at least 257. of the costs
of the program, project, or activity with
respect to which the assistance is to be
furnished (or has the latter cost-sharing
requirement been waived for a "relatively
lea8 t -d eve loped" country)?

e) ~~ Sec. llO(b). Will grant capital assistance
be disbursed for project over more than J years?
If so, hos justification satisfactory to Congress
been made, and efforts for other financing, or is
the recipient country "relatively least developed"?

f) FAA Sec.28l(b). Describe extent to which
program recognizes the particular needs desires,
and capacities of the people of the country;
utilizes the country's intellectual resources to
encourage institutional development and supports
civil education and training in skills required
for effective participation in governmental and
political processes essential to self-government.

g) FAA Sec.122(b). Does the activity give reasonable
promise of contributing to the development of economic
resources, or to the increase of productive capacities
and self-sustaining economic growth?

2. Development Assistance Project Criteria (Loans Only)
a) FAA Sec.122(b). !n:ormation and conclusion on
capacity of the country to repay the loan, at a
reasonable rate of interest.

b) FAA Sec.620(d).If assistance is for any productive
enterprise which will compete with U.S. enterprise,
is there an agreement by the recipient country to
prevent export to the U.S. of more than 207. of the
enterprise's annu~l production during the life of the loan?

3. Project Criteria Soleiy for Economic Support Fund
a) FAA Sec. 5~l(a). Will this assistance support promote
economic or political stability? To the extent possible,
does it reLl~ct the policy directions of Section 102?

b) FAA Sec.533. Will assistance under this chapter be
used for military, or paramilitary activities?

ANNEX L
Page 5 of 5

Rural electricity is appropriate for small
cost saving technologies for irrigation
and small businesses.

Yes, 27%, even though Bangladesh is a
relatively least developed country.

Yes, for 6 years, Bangladesh is relatively
least developed.

This project promotes the development of
government institutions (REB) and rural
electric cooperatives (PBS's).

Yes, substantial increase in irrigation
potential thru electrification of pumps.

N/A, all grant.

N/A.

Yes, through rural economic development.

No
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P~EX M

BANGLADESH
RURAL ELECTRIFICATION II PROJECT

CERTIFICATION PURSUANT TO SECTION 611(e) OF THE
FOREIGN ASSISTANCE ACT OF 1961, AS AMENDED

I, Frank B. Kimball, Mission Director. the principal officer
of the Agency for International Development in Bangladesh, having
taken into account, among other things, the maintenance and
utilization by the Bangladesh Government and its agencies of
projects previously financed by the United States, do hereby
certify that in my judge~ent Bangladesh has the financial and
human resources capability to utilize effectively the project to
be financed by this grant.

This judgement is based upon considerations discussed in the
Project Paper to which this certification is attached.

Frank n. Kimball
Director

Date



?rom:~.A.~atin Las~ert

Deputy Secretary.
ANNEX N

Ext.,nal R"SDure•• Divisior.

Ministry of Finance
Sh.r...Sangla Nagar

Dacca-7

, "

Dote.....•. :J:AA~...1.1 ..... J.'.".1 .•

Sub:-Request for Financial Assistance for the
proposed Rural ElectrififatioA Phase-II
Project.

Dear Mr. Kimball,

You are aware that the US Government has till AOW provided

assistance to the tUlle of $ 6~.3 million for the Rural Electri

ficatioA Project which enabled the ~aneladesh GoverDmeAt to

provide electricity to a large section of the rural people and

also to small rural industries.

In this cOnAect~on~.youmay please refer to the various

meetings held between the USAID aAd the concerned authorities

o~ :i~lad:sh Government,_~herein the necessity to. enlarge the

project activi~y_ ~as felt. __~..ord~r_ to. ~nl~ge.~9-~ Ihlra~ Elec-

ficial for the major protion of the countrY'spopulatioA;, the

trif1cation programme, a secoAd phase of this project is reqUired-- .~ .. _--- -.. ..~~.... -'.

to be implemeAted With US assistance.

It has accordingly been assumed that aA additioAal fUnd of

$ 50 millioA would be required for the phase II of BE project~

Siuce electrification programme in. the rural areas will be beAe- _,
.1

!

GoverAment attaches much importance to increasing the preseAt
"

programme through implementing the second phase. I~derstand

the relevant project documeuts will be finalized shortly through

mutual consultation betweeA GO~ ageAcies and AID.

We would, therefore, request you to kindly approach the US v

Government to provide a grant of $ 50 million for the Rural Ele-

ctrificatioA Phase-II Project &

early dat e.
With regards,

Mr. Frank ]. Kimball,
Director,
USAID Mission to ]angladesh, ,
Jibon :iima :ihaban (+th Floor) t
10, DilJrushe. C•.A..,.Dacca'-·

arrange req~ding

_Y~ur~ t~ere}Yt
\\ ' -.;N "c;\an r.-.J \\.0 -- .
1\ "" I

].1. Ai Matin. Lasker )

at aA
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TELEGRAM

UN C LA SSIFIED

ANNEX - P

...

ACTION

INFO

AID

AMB DCM CHRON

•

P 0800452 NOV 79

FM SECSTATE WASHDC

TO AMElviBASSY DACCA PRIORITY 0883

BT

UNCLS STATE 291275

AIDAC

E. O. 12065 : N/A

SUBJECT.: APAC Review - Rural Electrification II PID - 388- 0054

REFS: (A) State 255983, (B) Dacca 6896, (C) State 277132

Subject PID was approved in APAC review held October 17, Following

guidance is provided for PP design, in addition to design issues raised

in reftel (A)~

1. Need for Energy Survey: Appreciate Mission's desire to limit anal-

ysis of energy needs I sources to that required for establishing feasibility

of this project. APAC agrees approval of RE II should not repeat not be

UNCLASSIFIED

)
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Page 2 State 291275

UN C LASSIFIE D

linked to a comprehensive analysis of traditional and alternative energy

resources and needs. In view of the increasing emphasis in the AID

legislation on the importance of tapping alternative energy sources, we

believe any expansion of an AID supported Rural Electrification program

must address the practical energy alternatives for short to medium term

needs in areas proposed for coverage. Therefore, the project paper

analysis should place the selection of electpification in the context of

alternative energy sources and the matching of energy supply and end

use needs in project areas. Alternative sources obviously include natural

gas but also and specifically the potential for renewable resources. (As

the energy PID itself points out, traditional fuels provide approximately

74 percent of Bangladesh energy requirements.) We leave it up to the

Mission to decide the extent of analysis required, but this would, at a

minimum, entail expansion of the analysis of costs and benefits in

comparison to development of alternative sources. The discussion, how-

ever, should addres s both the pace and potential of renewable and alter-

native energy sources in the prospective project areas, particularly as

it would affect the choice of electrification in FY 81. Comparison of

electrification with alternative energy sources should also be part of

UNCLASSIFIED
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Page .~ State 291275

UNCLASSIFIED

the specific feasibility analysis for site selection of each Rural Elec

trification area.. Again we emphas ize that the scope and extent of this

analysis is up to the Mission. What the PP needs to do is make the

case in FY 81 that expanded Rural Electrification is the logical source

to provide the energy required for the purposes addressed in the project.

2. Evaluation of Socio-Economic Impact,: APAC recognizes that

definitive measurable impaCt, especially in terms of employment and

production, will not be possible for several years. PP, l-.'::>wever, should

include as much evaluative data on RE I as is possible and establish datal

benc!1marks for RE II. AID/W will provide assistance to ensure that

upcoming phase I evaluation of RE I will focus on establishing baseline

data essential for eventual measurement of socio- economic impact.

Refte1 (C) provided suggested changes to scope of work for this ~hase I

evaluati-:m. AA and DAA also believe that long term evaluation effort

of RurD..l Electrification program should be considered a joint Mission/

A sia bureau evaluation and that Asia bureau rep should participate in a

wrap-up evaluation to be done prior to submission of PP•

UNCLASSIFIED
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UNCLASSIFIED

3. FY 80 amendment: Although not a part of RE II, the APAC

briefly reviewed the requirements for potential approval of the

proposed dols. 21 million FY 80 amendment to RE I. Essentially

what would be required is an amended PP which provides in as much

detail as possible the record of achievement of RE I to date against

the original project targets. This should also be set in context of the

proposed objectives or targ-ets of the amended project. We recognize

that at the point where the FY 80 amendment is reviewed no systems

will have been electrified.

However, data on the numbers, categories and income of users who

have sign·ed up will be most important. We need to show that RE I

appears to be heading in the right direction with respect to the target

beneficiary groups and that we have a track record to take to congress

when the congressional notification goes forward. The APAC noted

the importance of making the strongest case possible so that the

potential for negative response is minimized. The congressional

reaction to this amendment may well create the setting for the response

to RE II in FY 81.

UNCLASSIFIED
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UNCLASSIFIED

4. Pole Procu_re_m~nt: In view of the high costs of importing treated

poles, and with the view that an essential result of these AID financed

projects will be the development of a continuing domestic Bangladesh

capacity for expansion of Rural Electrification, it is essential that the

PP address fully the alternative of domestic availability and capacity

to produce wood or other types of poles. At the time of the FY 77

project, all parties were agreed: that an attempt to resolve all the

issues necessary for domestic pole production would unacceptably

delay the initial project. Rural Electrification I, however, has

provided a grace period 'Within which those problems can now be

addressed. A~cording1y, we consider it imperative that the Mission

make every effort to put RE II on a domestic procurement basis for

poles. At least the first steps in this process should also be reflected

in the FY 80 dols. 21 million amendment. In the absence of information

on results of current efforts, we hesitate to suggest at this point that

approval of RE II in particular, but also of the FY 80 amendment, will

be conditioned upon progress toward (in FY 80), and total reliance on

(in the FY 81 project), domestic production. We can at least say, how-

UNCLASSIFIED
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UN C LASSIFIE D

ever, that in the absence of overriding justiflcation in RE II for imported

pole procurement, the project will not be approved•

5. .Absorpti:r~_Capacity: This vri.ll be a key issue for PP. APAC agrees

that Mission should continue to review this closely and demonstrate during

PP design that institutional structure can handle additional inputs.

6. F~nancial Plan: Dols. 10 million for contingencies (p.7) seems high

for total US FX input of Dols. 38.2 million. Dols. 5 million for TA also

appears high. It must be assumed at this time that the large RE I

invest ment in Ti-\ is producing results in establishing institutional and

technical capa<;:ity and that T A requirements will decrease as the pro

gram matures. Increased capability within Bangladesh should be

reflected in reduced T A requirements for RE II and, in particular,

expatriate needs should be critically analyzed to keep this component

to minimum. Assume Dols. 22 million in FX for construction commodities

includes cost of imported poles and that this figure could change dramatically

with local pole procurement. We recognize that budget shown is preliminary

and that full explanation and justification of these and other items in more

UNCLASSIFIED
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UNCLASSIFIED

detailed financial plan should be presented in PP. PP should clarify

and fully justify all of these items. Also, as indicated in state 269439,

PP should identify inflation factor for each major category in financial

plan.

7. lEE: Mis sion I s April 2, 1979r.paper now received. Bureau

environmental officer plans to review environmental issues that have

been addres sed in similar projects in Indonesia and Philippines during

forthcoming TDY. Will advise in early December. VANCE

UNCLASSIFIED
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