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Definititions and Terms

Geographic/Political Divisions

Thana -

Government

Approximately 440 countly-sized political
subdivisions of Bangladesh.

Agencies

BADC -

BFIDC -

BKB -

BSCIC -~

IRDP -

PBS -

PDB -

REB -

Bangladesh Agricultural Development Corporation,
Government Corporation respomsible 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 assocization and the engineering
consulting firm which are jointly providing consulting

services for RE I, Also referred to as the "Consultant".




Local

GEM

GEC

I5GA

Currency

Taka

Terms

AAC
ACSR

Cusec
DTW

Hz
kVA
kv
kWH
LC
LLP
MVA
MW

NESC
O&M
ROW
STW

- 1{i -

Consultants - Private Bangladeshi firms doing electrical

system construction.

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

General Electric Corporatiom. Private factory producing
motors, transformers and switchgear.

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

Bangladesh Taka, the assumed rate of exchange being
Taka 1€ = US$1.00

U.S. Dollar

All Aluminum Conductor
Aluminum Cable, Steel Reinforced
Ampere
Cubic feet per second
Deep tubewell
Foreign exchange
Horsepower
Hertz (cycles per second)
Kilovolt ampere
lovolt
Kilowatt hour
Local currency
Low 1lift pump
Megavolt ampere
Megawatt
Megawatt hour
National Electric Safety Code (USA)
Operations and Maintenance
Right of Way
Shallow tubewell
Volt
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BANCLADESH -~ BUPRAL ELECTRIFICATION IIX
(388-0054)

A. Recommendation and Summary

It is recommended that AID aprrove $50 million grant funding
to the Government of Bangladesh (BDG) for the rural electrification
project described in this Project FPaper.

B. Project Funds

Proiect funding totals $58.8Y3 million, $50 million AID financed
and $18.898 million BDG financed.

AID obligations will be in three tramches: TFY 1981, $20 miilion:
FY 1983, $23 miilion and FY 1984, $7 millionm. AID funds would finance
$47.454 million in foreign exchange costs mainly for technical services
procured in the U.S. and commodities 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 natiomal rural electri-
fication program. The total Phase II Program (FY 1981-87) has an
cstimated cost of $188.831 million funded by AID $5C million; Kuwait
$30 million; and the World Bank $590 million {scheduled for fourth
quarter CY 1981), and the BDG ¢58.831 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
themn. Approximately 3,590milee of line and 14 substations will be con-
structed under PE TII. Four new rural electric cooperatives will be
developed. ATID will fund technical assistance for the entire Phase II
Program.

D. Grantee

The Grantee will bte the Government of the People'’s Republiic of
Bangladesh (BDG). Responsibility for implementing the project has been
assigned by the BDG to the Rurel Electrification Board, an independent
agency under the Ministry of Power. Water Resources and Flood Control.



PART I -~ BACKGROUND, PROJECT JUSTIFICATION AND DETAILED DESCRIPTION
A. BACKGROUND

In FY 1978, AID approved a grant and loan of $50 million,
(Rural Electrification Project 388-0021) to finance 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 i1s demonstrating the technical, socio-eccnomic 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 May 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 soclo-economic impact tend to confirm the reasonableness
of the project justification. The opportunities for increasing
agriculttural 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 (550 million), the World Bank ($50 million tentative),
Kuwait ($30 million), and the BDG ($58.8 million). This PP(I$fers

to the second implementation stage as the "Phase 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 rehabilitzated 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

e e g e o s sy o e



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 Kuwailt 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.

(1) 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 T 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
"Phase II Program’" 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.



B. PROJECT JUSTIFICATION

Success to Date

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

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 enmergy consumption is characteristic of poverty at the
margin of physical existence.

Rural electrification in Bangladesh is probably unique among
similar programs elsewhere in the high proportion of electric load which
can be channelled almost immediately intc economically productive uses.
Approximately 57% of all eclectric 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. Massive drrigation by small power pumps is the

key. Irrigated area is tc be increased from 3.16 millicn acres (1978)
to 7.2 miilion acres (1985). The number of power pumps will increase
from 56,200 te 205,000 and 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 cultivation. This strategy is relatively energy intensive and
requires a rapid increase in commercial energy, mainly for fertilizer
producticn, and power for irrigationm. Fortunately, Bangladesh is
relatively well endowed with natural gas which can be used tc produce
fertilizer and electric power. The other mrin source of electric
generation is hydro.



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 irrigation pumps, electricity has significant "cost-savings"
and "production” 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(z) 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-
cultural sector to absorb most of the rapidly increasing labor force
and rural small scale industries to employ 2z 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 poer 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 irrigatlon 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 equipment, 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



of rural people. Light extends the working day by about five hours.
The impact may be difficult to measure but it 1s easy tc see as small
rural industries, shops, bazaars, community service facilities and
homes pring to life in the evening hours. In homes, lights expand the
time for off-farm production, study and entertainment.

While the bulk of the eletric load will go to productive uses,
households will be hooked up in much greater numbers than other comnec-
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 207% of total househclds will receive connections
by 1988. As rural electrification continues beyond the six year
project period, additicnal 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 mnatural
gas 1s effectively substituted for POL.

Alternatives

Alternative energy sources must be developed in Bangladesh,
but practical zlternatives tc electricity will not be available in
rural areas on z 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 expltvitation of traditiomal fuels-~-creop residues, cow dung and



firewood.

Relation to CDSS

Rural electrification has majcr direct impact on two cof the
Mission's primary objectives in Bangladesh, i.e. "increasing food
grain production"” and "expanding employment opportunities among the
rural poor’, and an indirect but possibly significant imgggt on another,
"reducing human fertility''. A4 study in the Philippines has shown
high correlation between electrificaticn in rural areas and accept-
ance of family planning. This correlation 1s likely in Bangladesh
also were electric lines, perhaps more than any other recent development,
serve as a harbinger of new 1deas into village 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 ccntract. These firms will receive a large amount
of training, on~the-job guildance 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 demenstrating good performance and outstanding potential.
Creating important independent rural organizations respcnsive to local
concerns has been a precedent setting achievement of RE I.

Relation to General AID Strategy

(4)

With respect to rural electrification programs, AID strategy
calls for comsideration 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 pricrity. The SFYP
provides for rapid expansion of rural electrification to provide the
energy needed for rual development. In view of the excellent econcmic

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

(4) "Energy Assistance Policy Paper” dated January 19 1981, from
AA/PPC, A Shakow.



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 DESCRIPTION

1. Purpose

The precject purpese 1is to provide electric power to rural areas
for production, employment creation, rural households and cormunity
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 207 ° 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 direction of REB. Main project features 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 RER 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 in program planning and management; institutional
development, construction, operation and use.



3. AID Financed Costs

AID's $50 million contribution will be used as follows:
construction commodities, $29.706 million; technical assistance and
training, $i2.732 million; power use commodities, $4.8 million;
support commodities, $1.0 million; and contingency/inflation,
$1.762 million. The BDG will fircance $18.898 million including con-
struction materials, engineering/construction services, 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, 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 specificationms,

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 757 of rural households in
the 13 PBS's were to be connected over a 17 year period, approximately
30% (460,000 households) within the six year project period. About
647 of energy use was planned for household consumption. Initial
sign ups for electricity in the thirteen RE I PBS's exceeded expectatioms,
for residential and productive uses. To date, 549,191 potential con-
sumers have signed up as follows (11 of 13 PBS sign ups complete):
residential 486,427; dirrigation 18,067; small industry 12,137; comm-
ercial 20,449: education 2,449: mosque, clinic, hospital, 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, each produc-
tive connection entails construction costs and electrical load which
displacesa number of residential consumers.



The REB took a major step teoward a productive use policy in
nid 1980 when new line design criteria (staking criteria) was established
for deciding where iines within the wvillages will be constructed. Lines
were to be run to generate the most revenuec. In practice, this criteria
is favoring productive connections. A deep tubewell (DIW) connection,
for example, costs roughly 39 times more than a household cennection
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 more 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 techmnically
suitable for the planned useages and load; 3) power use programs
fref. 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 one for the BDG, which looks
at rural electrification in a political as well as economic context,

and thus is reluctant to reduce houschold connections.

4,2 Power Transmission

As part of the Project Agreement negotiations, the 3DG will be
requested to rehabilitate the Power Development Board's (PDB) 33 kV
transmission systems which service PBS substations under the rural
electrification programn. 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 term recommendations for upgrading the 33 kV systems.

Up to 3,000 miles of 33 kV line may be involved with costs borme by
the BDG apart from the rurzl electrification program. The RE consul-
tant will provide limited technical services to advise on znd monitor
the rehabilitation program. For negotiation with BDG, Annex D
prescribes a proposed rehabilitation program with RE II disbursements
dependent on adequate rehabilitation progress.

In rehabilitating its 32 kV systems, the Ministry of Power,
Flood Contrcl and Water Resources will be forced to improve PDZ
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 ADR project.
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4.3 Power Use Program

RE IT will include an expanded power use program to promote the
productive use of electricity, especially for agricultural irrigation.
The on-geing RE I power use program has not been effectively designed
or implemented (RE I Evaluation Annex).

With pclicy emphasis shifting to productive use, a more effective
power use 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 HP, 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 govermment 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 permitting 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 czll for periodic
revision of PBS retzil rates at levels which will permit PBS finmancial
viability.

4.5 Generating Capacity

The "Technical Analysis'” in this PP indicates that Bangladesh
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is expected to have sufficient generating capacity to meet the pro-~
jected demand for electric power. BDC plans for the development of
generating capacity are ambitious, however, and USAID is emphasizing
the need fcr the BDG to pursue generating programs on a priority
basis. A covenant refers to this issue.

4.6 PBS Autonomy

As the owners and operators of rural electric distribution
systems, PES's are unique in Bangladesh in being non-governmental
publicly owned rural organizations with rmultimillion dollar facilities
and operations. Local control and autonomy of 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 supported 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 PBS's must be carefully
nurtured. Here the experience of WRECA consultants, most of whom
have managed or been working members 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 contracters (contractors). Under RE I, a2 total of nine local
consultants and 35 contractors have been awarded contracts totalling
$4.5 million. 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 2 number of electric manufacturing,
supply and service industries. REB has establish specifications for
rural electric housewiring needs and contrzcted 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 refiring
from direct procurement of these commodities and replacement parts.

Rurel electrification has profited greatly from this decision



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 markets (e.g.

for electric motors), marketing motors through private distributors, and
by providing extensive classroom and field training in technical Admini-
strative 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,
policles, systems and practices. Special effort has been taken to
recruit qualified and motivated officers. The results have been very
good. REB performance is exceptionslly good in comparison to standards
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 Consultart and REB have
strongly supported a policy of strict specifications and standards for
engineering, ccnstruction and commodities. Uniformity and standard-
ization 1s effected wherever possible. The Consultant will continue
to work with the REB to maintain appropriate specification: 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 T4, AID can help assure continuity and
effectiveness of overall program direction and standards. The rural
electrification prograzm embodies fundamental concepts and technologies,
adapted to Bangladesh, which azre providing & solid foundation for
success, e.g. streamlined management and administration, uniform
engineering and ccnstruction specifications and standards, maximized
role of the private sector and of the independent PRS's and emphasis
on human resources development. Continued success of rural electrifi-
cation will depend on meintaining these features and wminimizing the
proliferation and redundancy of pclicies, systems, specifications and
standards which frequently occur in large multidonor funded sectors.
The danger of redundant policies znd systems is amply illustrated by
the serious operational difficulties 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 RE II. Managerial expertise
is weak at most levels and will require special attention (Ref.
Evaluation Annex).

Technical assistance and training requirements comprise less
than 10%Z of domor funding for the Phase II Program, compared to 17%
for RE I, but the $12.7 million total for RE II TA and traiting is a
critical project input, vital for program maznagement arnd the transfer
of necessary skills and technologies. To maintain the effectivess of
TA as the program expands, the Consultant will provide less direct
training and 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 tc closely monitor local consul-
tants' and contractors' performance.

5.3 Operation and Maintenance of Electrical Distribution Systems

Power reliability depends importantly on proper maintenance.
Transmission and distribution system maintenance has been neglected in
the past with predictablie 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 tc guide
PBS's in operating and maintaining the electrical distribution system.
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5.4 Line Design

Engineering design nf the RE I electrical distributicn systems
reflected load projecticns at the time. With policy evolving toward
more productive load, cngineering 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, con the
planned coastruction mix of three phase and single phase primary lines
(ref. II.A. "Technical Analysis').

6. Description of Main Features

6.1 Censtructicn of Electrical Distribution Systems(s)

The project includes construction or rehabilitation of approx-
imately 4,300 miles of electrical distribution line, including 1,960
miles of high tension (HT) (11l kV/6.35 kV), 1,630 miles of low tension
(LT) (430/230 V), 710 miles of rehabilitated HT, 14 substations (33 kV/
11 &V), and connection of 62,100 meters serving a?gyt 4,495 irrigation
pumps and rural industries and 145,000 hcuseholds , commercial
establishments and community facilities (schools, health clinics, etec.).
AID will contribute $29,7 million for construction commodities (U.S.
and 941 source/origin) for censtruction of four new PBS's and expansion
of the 13 original RE I PRBS systems.

New PBS's

AID will provide the donor financing for four new PBS's ten-
tatively selected as follows: Chittageng I PBS; 3Bogra II PBS;
Jamalpur I PBS and Rangpur 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 finance the remain-
ing $ 2.05 million for PBS headquarters site, PBS offices, warehouses
and other facilities and the related engineering and construction
services.

(5) Thie description pertains tc the AID supported portioﬁ of the
overall Phase II Program unless ctherwise 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 populaticn in the four P2S's is approximately 3,120,000
'in 557,500 households. Planned connections cover 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 lww costs par connection.

PBS's have been selected on the basis of a feasibility study
conducted by REB ané the Consultant. Based on the study, 20 PBS
areas were ldentified and ranked; the top 12 were earmarked for AID
and World Bank funding. In gelecting USAID's areas, USAID and REEB
chose those with high feasibility rankings, with speclal consideration
to irrigation potential and pcwer supply ’.

Thirteen Original PBS's

The distribution system in each of the criginal RE I PBS's
will be expanded from about 350 miles of HT each to about 400 miles,
especlally to meet the demand for productive ccnnections. An
additicnal 20,500 metered connections are targeted, including about
1,485 irrigation pumps and rural industries. The relatively modest
expansion in each PBES 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 Constructicn

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

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

(7) 1In June 1981, the World Bank appraisal mission 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, USAIT precposes to retain some flexibility
in final selection of AID areas, to adjust for continuing
detailed feasibility analysis and to accommodate the Bank.
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Detailed engineering desien does not begin until the PBS's
are organized and functicning. The PBS sipgns agreements with the REB
regarding organizational and financial responsibilities. A sign up
campaign must be conducted by the PBS prior to censtruction.

6.2 Rural Electrification Roard (REB)

The REB, responsible for planning and implementing rural elec-
trification in Bangladesh, wiil be expanded to manage the expanded

Phase II preogram. Main REB cduties include: planning new distribution

schemes; establishing and enforcing specificaticns and standards:
contracting for and supervising the enginecring and constructicn of the
distribution systems; o~rganizing 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 mezet 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 RER to plan
and execute 1ts numerous functions. Emphasis will be on 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 own
and operate the rural electric distribution system in their area.
PBS primary responsibilities are: to manage, operate and maintain
the physical system including the 33/11 kV substations; tc 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 from the REB.

Local control and autonomy cf PBS's is central tc 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 govermed by a iocal 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 mansgerial jurisdic-~
ticn. PBS organization is discussed further in IV.B. "Administrative
Arrangements".
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Development Loans: The REB makes a capital development loan
in the form of a Tk 150 millicn {(approximately $9.4 million) line of
credit to each PBS for the value of the electrical distribution system
construction and the PBS headquarters construction (offices, warehouses,
etc.). The development period is 35 years with a ten vear grace
period. Interest rate is 27%. The Zevelopment 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
tralning program for PIS 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: REB, with the Consultant,
provides written guidance and instructions with respect to all PBS
crganizations, functions, standards and specifications. Following
classreoom trzining for PBS staff, the REB and the Consultant provide
close on-the-job guidance to PBS's for each major phase of PBS
responsibilities. ’

PBS Headquarters Construction: The REB contracts for anmdhelps
supervise construction of the PES's physical facilities. Construction
includes offices; warehouses for spare parts, storage spac2, etc.

PBS headquarters construction costs approximately $831,000 per PBS,
entirely financed by the BDG.

6.4 Power Use Program

Power use prozrams will be developed to promote the use of
electricity for rural procduction, especially for irrigation and rural
industry. Main objectives will be to assure an adequate supply of
electric motors and an effective din-country distribution and service
system for motors and related equipment. The anticipated demand for
electricity for productive uses is high but productive use is hampered
by insufficient supply of motors; inadequate distribution and service
networks for motors zand related equipment; and by inadequate 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 programns required revision in view of emerging power use issues
and priorities. Most importantly, the evaluation noted that pro-
ductive connections in PBS areas are being stymied by a near absence
of single phase (1¢) motors. These motors are urgently needed in
large volume because most villages are being provided 1§ 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 are marketed through government agencies at subsidized

prices;

and 4) consumer credit for the procurement of pumps and motors

is availzble only through government banks which are meeting only a

small portion of the demand for loans.

for a massive power pump irrigaticen program which will provide the
necessary pumps and other complementary infrastructure required for
electric powered irrigation. ,

1)

2)

3)

4)

5)

The RE II Power Use Program consists of:

$4.8 million AID financing for procurement of power use
commodities, mainly 1¢ motors and phase convertors (3§ to 1@).

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

Power use planning by the RE3 Directorate for Member Service
and Power Use to: a) analyse the potential for productive
uses of electricity, notably for irrigation, and the related
requirements for electric motors and equipment; b) establish
targets for electrification of irrigation pumps and rural
industries, for each locality; «¢) evaluate field ;rogress in
connecting irrigation pumps and small industries. Recommend
policies and programs for achieving desired targets.

Note the nzed for any revisions in line design criteria or

practice; d) monitor the need for and effectiveness of credit

for different types of consumers--irrigation groups, rural
industries, households, etc. Formulate credit policy
recommendaticns related to the BDG loan program for electric
COnsumers.

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

Stimulating private sectcr 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 »f pumps, motors and other agri-
cultural inputs, but that these agencies were incapable of
efficiently meeting tctal market demand. The SFYP calls
for the development of private sector distribution of agri-
cultural inputs. Under RE II, REB will distribute as many

Fortunately, the SFYP provides
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of the imported motors as possible through private distri-
butors. Distribution arrangements will be further detailed

in negotiaticns with private distributcrs. RED will sell
) motors to private distributors. probably with the distributors
. providing bank guarantees of payment to the REB. REB may
institute specisl sales terms, e.g. guaranteed repurchase
- by REB if motors cannot be scld, etec. A covenant in the

Project Agreement will require assurances from the BDG that
"with respect tec 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".

6) Reduction of customs bzrriers on electric motors. A con-
dition precedent will require that the BDG reduce duties on
the REB's imported motors to 15% ad valorum or less and that
the BDG 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 distributicn of motors and phase convertors
through PBS's. To demonstrate the market for single phase
and other motors, each PBS will demonstrate several commen
pump/motor combinations including STW's and LLP's with 1§
motors. Where demand is created, PBS's will sell motors
direct. Under RE I, PBS's are successfully selling a
number ¢f housewiring commoditia=x. They are demonstrating
the market demand and inducing private distributors 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 cther types of ccnsumers.

The $5 million will be provided by the 3DG, possibly from
proceeds generated by the USAID Title III program. Loans
to consumers will be disbursed largely through the banking
system. Commercial supplier credits may be experimented
with. The present system of private distributor/public
bank financing will be expanded. Private distributors
will sell pump eeta to farmers and assist the farmers to
obtain financing from the Baugladegh Krishi Bank 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. Tt necessitates involvements beyond the
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traditional scope of rural electrification programs, agencles and
Consultants. 4lsc, the problems inherent in the supply and distri-
bution of motors, pumps, credit and other agricultural inputs represent
entrenched problems exacerbatad by layers of policies, programs and
practices. The RE program cannot be the scle vehicle for revamping
national input supply systems. The RE power use program must
prioritize 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 cannct be underestimated however.
Despite SFYP plams to stimulate agricultural input supply through the
private sector, the private sector in practice 1s undeveloped and con-
strained by prevalent eccnomic philosophies and practices which favor
government contrcls, subsidies and price fixing. The planning
component of the power use program 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 contracters which design
and construct the village distribution systems (owners, managers,
workers), and careful supervision of contract performance. Under the
Phase II Program, the operations of existing firms will be expanded and
new firms will be trained and contracted with. Contract costs will be
entirely financed by the BDG. Three main types of contracts will be
awarded:

1) Design and Engineering: For detailed line design and con-
struction supervisicn. The local design and engineering consultants
are responsible tc: a) survey and map the entire PBS area showing all
potentizal electrical connections (irrigation, small industry, commer-
cial, residential) and related loads; b) determine where lines are to
be constructed and what locads 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 Program.

3) Constructiocn of PBS Electrical Distribution Systems: Contracts
will be signed with zbout 25 contractors tc construct the 20 PBS
systems planned,




Electric Supply and Service Industries

. A number cof electric manufacturing, supply and service industries
have developed under RE I.

Under RE 1II, REB will continue tc locally purchase line construc-
tion commcdities (pcles, crossarms, etc.), housewiring materials and
equipment (switchboxes, etc.) and power use commcdities (motors). As
private markets develcp, especizlly for housewiring, power use and
repalr, 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. RER 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 connection 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, congistent with RE procram standards.

$12.732 millicn will be provided over the project period to
.provide managerial and technical assistance for overall project planning
and implementation including distribution system design, constructicn,
operation and maintenance, RED 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 Bangladeshl organizations to construct, 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 tctzl TA represents costs of the formal training component,
including a $250,000 line item for third country training(ref. 6.6.2
"Training’ 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 technonleogies and skills but also of
basic concepts and management approeaches fundamental tn the success of

the program. Continued success wiil depend on reinforcing these features.
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It is particularly important to avoid undue proliferation of
administrative systems and of specificaticns and standards which could
‘occur in response to the requirements and preferences of numercus
donors or ccnsultants. For example, if a new commodity type or speci-
fication 1is introduced into the prcject which is not compatible or
interchangeable with other similar commndities, it causes many kinds
of duplication--in inventory, warehouse and logistic records; in
replacement parts stecks: 1in commodity inspection or testing methods
or equipment: an2 in training (consultants, contractors, repairmen
or other end users). Such durlication must be minimized.

Another advantage of AID TA financing 1s the continuation of
an experlenced and successful Ccnsultant without breaks in service
caused by lengthy procurement process, or start-up pericds. NRECA/CAI
are already in place and would remain so, with some expansion.

Training

B A key element for the successful expansion and completion of
the project 1s an effective formal training program. Progress in
institutionalizing training within the REB has been excellent. An
REB Directcrate 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 coursesattended by over 3,200 persons.
The greatest difficulty to date has been staffing the Directorate with
capable trainers. Consequently, the Consultant advisors continue to
carry a large porticn 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 PRES Management. RE ITwill establish a model engin-
eering firm, a model construction firm and a model PBS by providing
special REB and Consultant assistance to the three organizatioms.
Each organization selected would agree to provide on-the-job training
for people from similar organizations. These "model" organizationms
would be reimbursed by the RER as appropriate.

Third country training will be 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 cocperatives. REB officers zalso attend the
"Operations and Management of Rural Electric Distribution Systems in
Developing Countries' course which is spensored annually by AID, NRECA
and USDA. The results c¢f both have been excellent and it is planned
to continue them. Consideration is also being given to selecting
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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 Kuwzit-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 agreced to use the present Consultant
(NRECA/CAL) 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 gquarter CY 1981. World Bank appraisal missions have
visited Bangladesh severzal 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 teazms, ERD, REB, the Consultant
and AID has been close. The Bank teams have been well impressed with
project progress to date and have expressed their intent to minimize
program changes. The team indicated basic concurrence with 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 _and
the Asian Development Bank. The Finns contributed $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 has requested Finland to.
contribute basic commodities which do not present compatibility pro-~
blems, e.g. conductors, poles. The Finns have tentatively concurred
with this epproach.

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 REB's 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 domor
funding presently anticipated.

et ey e 2 e b n
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PART TI -~ FEASIBILITY

i Technical Feasibility

1. General:

As noted earlier, USAID will finance =211 technical assistance and
construction of 4 new PBS's and limited expansion of the original 13.
In the construction of the 4 new PBS's the same criteria apply as
noted in the RE I Project Paper (as zmended); e.g. the total construc- '
tion requireuent for the 4 new PBS's includes the provision of both
an efficient initial cperating system and a foundation for future expan-
sion. Accordingly, substations znd main circuits will be designed for
final load requirements. The major technical comnmonents for these new
4 PBS's includec eoxtension of the initial primery (high temsion) circuit
to the bulk of potentizl consumers and the development of a solid insti-
tutional base to provide the necessary technical expertise for beoth
initial and future cperations. The cnpoing precjett, RE I, demonstrated
the validity of this approach. The expansicn of the original thirteen
(RE I) PBS's will consist mainly of line construction with related
equipment such as distribution transformers and protective/secticnaliz~
ing devices. These new lines will reach further intc remote areas so
that mcre of the potential consumers whe signed 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
Dembers and only 20% of all irrigation loads can be electrified. This
RE 11 PP stresses the importance of electrified irrigation and related
cost savings, (see RE I Evaluation) and the increase of line-miles per
PBS, with related higher revenue and more economic loading of substa-
tione (decrease of loss to locad ratic).

2. Technical Responsibilities:

The Rural Electrificaticn RBoard (REB) is providing assistance to
the Rural Electric Cooperatives (PBS) through management of construc-
tion, setting cf construction and operating standards and specifications
and establishing training courses and systems.

The RER fiecld inspection staff, with the American Consultant,
i1s supervising the local line design consultants and contractors to
ensure compliance with RER standards. This is working well and com-
pleted comstruction reflects an acceptable workmanship as a result cf
excellent cooperation between the Consultant and the responsible REB
supervising enginecrs. 807 ¢f all local contractors, currently engaged
in line construction, are ncw experienced and need less supervision
than one year agc. 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 con-site inspections and close
monitoring of all construction related activities.
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Five PES’s have been energized under RE I and 2re now assuming
responsitilities such as inspecting consumers® installations and
making service connecticns. After construction ccmpletion, the local
PBS's should be sufficiently experienced to assume full operation and
maintencnce responsibilities, with RED providing general guidance and
policies.

The PBS will purchase and take responsibiiity for bulk power from
the PDB at the PBS substation. Operation and maintenance cf the 11 kV
distributicn system cmarating from P3S substatiorn will be the respeonsi-
bility of the PBS. In gereral, REBR will guide and supervise all PBS
efforts.

A1l intericr wiring is the responsibility of the consumer. Prior
tc emergizaticn, however, 23S inspectors will certify cconsumer's instal-
lations for conformance with RED standards. This has been successfully
done under RE I.

To ensure a smcoth trensfer of techmology, lcecal engineering and
surveying firms have becen employed from the very beginning, with the
Consultant providing guidance a2nd generazl supervision. This approach
has worked very well. There is ccnfidence that these local consultants
will become the nucleus for a sound electrical engineering/construction
industry in Bangladesh. Appropriate technical assistance is essential
for achieving this objective.

As in RE 1 the techniczl responsibilities of the local consultants
will include:

- prepare detailed line design (staking sheets)

-~ supervise right cf way (ROW) cleering

- prepare system maps

- provide general cngineering conculting services
- supervise construction.

3. Power Systen

The Power Development Board (PLB) is responsible for ail power
generation and transmissicn in Bangladesh. Main transmissicn vcltage
is 132 kV, sub-transmission vcltages are 66 and 33 kV. The latter
33 kV sub~-transmission system is cf primary concern to USAID and is
addressed in detail under Annex D. The uureliability of this 33 kV
systen makes it mandatcry that the Bangladesh Government cause PDB to
rehabilitate a2t least these 33 kV substations and lines feeding the PBS
substaticns., This prcject has earmarked funds for technical assistance
to guile and generzlly supervise FDB efforts in this matter. Under the
ADBs proposed Power Rehabilitzstion Prcject, other elecments of PDB’s

.:~generation and transmission systems are to be rehabilitated to accept-

able standards.
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Regarding generating 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, 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 from east to west zZone via the east-west interconnector, planned

to be operational by 1983, and (3) a:summary of ongoing and new genera-
tion projccts of PDB to be implemented during 1981-1985.

4. System Design

PDB power (32 kV) will be stopped down to 11/6.35 kV as the
primary distribution voltage. The primary system will have the Wye
configuration with multi-grounded neutral. Main feeders and branch
feeders are 4~wire 3phase, whercas primary tap circuits may be either
3 phase or single phase; according to loads encountered, existing or
potential. The appropriate mix of 3 phase 2nd single phase primary
lines cannot be determinecd for the time being but field experience has
Shown that the origirally conceived mix of 707 single phase and 307
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 earmarked 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 local motor industry, which, however, 1s incapable ol meeting
demand.

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

PBS line routing criteria remzin 2s under RE I, i.e. primary
main circuits (backbone lines) will run along existing roads, branch
lines will be staked according tc load requirements determined by the
local consultant from sign up data and field verification. PBS sub-
stations are located at sites accessible throughout the year.

Secondary distributicn 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.
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Table: 1 YEARWISE GROWTH OF PEAK [
‘ East Zone ' West Zone ‘ Whe
_________ L. I e
Year BPDB REB Total. BPDB REB Total. BPDB % of increase
over year
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 94%
1980-81 .. 383 9 392 142 8 150 525 - 10% 3
1981-82 .. 421 17 438 167 14 181 588 129%
1982-83 .. 460 33 493 193 217 225 658 12% ~f
1983-84 .. 503 61 564 234 51 285 737 129,
1984-85 .. 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% ,b16. 3% per annum respectively. TLuri
assumed to grow at the rate of 12% per annum. :
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Table 2 Schedule of Commissioning of Power Plani

(Assuming Khulna 110 MW Plant to be Commissioned in June; 1982 and the Interconne

Peak Peak Additional Additional Retirement Total !
Demand in demand in Generation generation of Plants available avq
Year West Zone East Zone capacilty in in East in MW capaclity caj
West Zone Zone in West Eq

Zone

1 2 3 4 5 6 7

1979-80 ... 127 359 cue ‘oo e 146 ;
1880-81" - 15 "“m“,3gi_w_wnmmw“§g”,WM"__“__ﬁgb_*_ﬂ“w_m_:TT"“W,_"_fWESINMW__"m
... _(Khulna B-M) (Kaptai)
1981-82 ... 181 438 25 - 60 3 _wm*"127§-‘"”‘naj
(Barisal) (West Zore) ‘
N _ (barge rounted (Sikaibaha) ‘
1582-83 ... 225 493 110-56%* 56% 25 302 E
e (Khulna) (West Zone) -

1983-84 ... 285 564 . 200%* 302

(Ashuganj &
(Ghorasal G.T.)

1984-85 ... 372 663 *%50 100 % ‘e 352
o B (Bheramara ST) (Ashuganj ST)
1985-86 ... 417 742 100 100 ** ‘e 452 ]
. o (West Zone) (Ghorasal ST)
1986-87 ... 467 831 . 100+100 ‘e " 452 1
(Chittagong,
} o e _Kaptai) .
1537-38 ... 532 531 125 . 100 . en 577 1
(Rooppur) (Ashuganj"
Ghorasal)

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

Note- Peak~time transfer of power from East Zone to West Zone 18 calculated on the
be always out of operation in East Zone for Schedule of forced maintenance.
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Table: 3 ON-GOCINING & NEW GENERATION PROJECTS OF BPDB
‘ TO BE IMPLEMENTED CURING 1981-85

Name of the Capacity

. Project (sz

A. Cn-Going:
1. Karnafuli 3rd 1x50
Unit (Kaptal)

2. Chittagong SPS 1x60
(Shikalbaha)
3. Khulna EPS 1x110
4. East-Zone Emergency
Rehabilitation 50
Programme
5. West-Zone Emer- 39
gency Rehabilitation
’ Programme
B. New:
1. Ashuganj Extension
a) Gas Turbine 90
b) Steam Turbine 100

2. Ghorashal Extension

a) Steam Turbine 210

3. Barisal Diesel 25

Year of
Commissioning

1981-82

June, 1982

Dec, 1682

1581-82

1981-82

July, 1982

June, 1983

Dec. '1984

Lec,'1982

Remarks

USAID financed

To be financed
by ALB.

Partly financed
by KFW & the
rest to be finan-
ced by ACB

Under G, K. :
Credit, Contract ;
signed between
PLB & M/s. :
John Brown !
(Cupplier)

Financed by
USSR.

Not yet
Financed,
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5. Procurement:

The ability to effectively procure substantial quantities of
materials in a short pericd of time has been s most significant accom-
plishment 1in the initial stages of the RE I Project. This is especially
apparent when comparca te 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 (IV.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 Develcpment:

A key element related tc 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 aggregate,
reinforcing steel, brick and some miscellaneous items ‘needed to be
imported. At the same time, 1t 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 attcndant heavy foreign exchange requirements. During
the first two vears of the RE I Project, the REB has made significant
progress in 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 tc 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 frcight costs associated with
internationzl pole procurement.

Therc has alsc been substantial prcgress in developing products
of relatively simple componentry. To date over US$1 million of wire,
mounting hoard, plugs, grounding rods, and switch boxes have been manu-
factured and purchased in Bangladesh. As the system expands, it is
expected thosc types of industries will be increasingly developed and
dispersed intc the rural areas.
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7. General Flant:

Establishment of the PBS3 in the rural areas has requiraed REB
financed constructicn of a headquarters for the administration, ware-
housing,; maintenance and cperaticn of the rural electrification systems.
As in the case of the first 13 (RE I) PBSs, adequate facilities cannct
pe purchased cr leased. New construction will be undertaken.

REB has to date ccmpleted all buildings cf the first 12 PBSs.
Furthermore REB has completed twc

main warechouses in the port cities of Chittagong and Khulna. The Khulna
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; tc assist in off-lcading of imported items at Khulna,
a2 temporary jetty is cperational while 2 permanent one is under
construction.

8. Technical Assistance:

The Consultants for RE I, NRECA/CAI, have perfcrmed well in
festering an independent REE operating capability. REB has decided
to retain the same Consultant and the Missicn agrees.

All in 2ll, given the importance of developing viable institu-
tions at the central and local level, and the need for a large increase
in the pceol of skilled rural distributicon, development and operations
personnel, technical assistance will remain 2 most important factor in
this RE I1 extemsion 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 pcwer for irrigation and rural industry in
Banglacesh. 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 elcctrification will remain the primary power source for
urban and rural industriel development, prcjected resources of hydro
power and natural gas make it highly unlikely that electrification will
be able to prcvide all of the future energy demand requirements. This
is especially apparent when one considers that the government looks
to Bangladesh’s natural gas reserves for many diversified uses. Thus,
while electrification , will remain the primary power source for
rural irrigation and industrial development, it will have to be comple-
mented by an increase in alternative energy sources 1f other in~-country
demands are to be net.

Because of the above, it is the Mission's strategy to support
both rurzal electrification and the development of cother energy sources
which would fulfill primary energy needs. The Mission's CDSS has
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cnergy as onc of the four key scctors for attention. While development
-of the energy sector is still very much in the planning stage, the Missicn
is now in the process of contracting for a number of surveys, training
cfforts, and feasibility studies that would be the basis for the develop-
ment of an onergy program. A survey of 211 local agencies and private
voluntary agencies invelved in rural energy development will soon begin.
At the same time, an extensive review of rural enecrgy neceds and current
rural energy cconsumption patterns will be dcne. From these twe basic
surveys it is heped that enough information will be cbtained so that a
follow-on alternative encrgy program might be developed. At the same
time, the Mission is studying the pessibility cf maximizing hydro sources
of electrical generation to insure that the rural electrification program
has sufficient pcwer generation to meet 211 needs, at lowest cost. A
study 1is now underway to determine the feasibility of rehabilitatding

and upgrading Units 1 and 2 2t the Karnaphuli power station. If positive,
additional megawstt gzeneration capacity might be availsble at relatively
little cost. The Mission expects to begin soon a prefeasibility analysis
of the potential for mini-hydro in Bangladesh. Construction of only a
few of these sites cuuld have significant effect cn energy generation
needs. Other dcnors are also sceking alternative cnergy activities.

While all cf the above are essentizl if Bangladesh is to maximize
its resources for power, it must be recognized that rural clectrification
remains the lynchpin of the governmentbs energy strategy. The government
is committed to expanding the electrification network; USAID/Dacca's
commitment is to do it in such 2 way that the maximum productive benefit
will azccrue from such expansicn. At the same time, this effort will not
be sufficient to meet 211 latent Zemonds for emergy usage in the country
and therefore development in other alternztive energy sectors must
continue.

10. Conclusicn:

Judging the past 2nd present performance of the REB, this RE I1
extensicn project is technically sound, has-reascnably firno ceost estimates
&hid reflects .the necéssary planning needed in toth the.timinc of project
components and in the institutional structure required to carry it out.

On this basis the preject meets the requirements of the Fereign Assistance
Act, 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 some
ways from that in the Rural Electrification I Project Paper. First,
data generated by the feasibility study was used to compile a statis-
tical profile for a typiczl 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
fron the 6th year.

2. Phase II PBS's

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
15.87% (under the present wholesale price for purchased power of
Tk 0.266/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 mediur 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 dirrigation resulting frcm the use of electric motors; and
4) increased emplovment 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 =xpenditures 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, these benefits are discussed in the Social Analysis.

3. Expansion of 2 Phase I PBS

The costs and benefits for the expansion of a Fhase 1
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 "backbone" system costs. Expansion would not te possible with~
out the previous backbione construction. Purchase power costs are
determined assuming a wholesale rate from the PDB of Tk 0.266/kWH.

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 247%.

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, at least in the near
term, given the largely stagnant world demand for jute and jute
goods which account for some 70%Z 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 FY 79-81
(in millions of US dollars)

! FY 79 ry 8p(® ry 81(P)
Merchandise exports, fot 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
E Current Account balance - 811 -1,477 ~1,618
E Amortization of MLT debt - 57 - 50 - 57
? IMF (net) - 16 118 230
é Other capital (net) - 24 . 37 85
é Disbursement of Extermal Aid 1,032 1,232 1,310
Food Aid 179 375 180
é Commodity Aid 482 388 510
f Project Aid 371 469 620
Changes in reserves
(--increase) - 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
petroleur and petroleum 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, petroleun imports will
continue to increase in the foreseeatble 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 commitments
in the recessionary economic climate characterizing most of the
traditionzl 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 Bl tc 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 bleazk, and will remain poor pending an
upturn in aid commitments, Under these circumstances grant aid
projects, especially those with commodity aid compoments, 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 m2in 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, 1680. 1If comnmitted but undisbursed aid is
included in the reckoning, the figure is $4,897 wmillion. Debt
service payments 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 75, with $142 million in FY 79 alone. The most
significant cancellations have been effected by (in crder of
amount cancelled) the Netherlands, FRG, U.K. and Canada. AID's
own assistance 1s either on grant or concessional loan terms. The
PL 480 Title III program provides loan forgiveness upon attribu-
tion of foodgrain sales proceeds to approved development projects.



c. SOCTAL SCUNDNESS ASSESSMENT

1. Introduction

Nine out of ten of the 50 miliion 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 areaz approx-
imately that of Iowa. Nearly half the population is under 15;
estimated per capita income is $92 per year; and only about one
person in five can read his native language. The pcpulation of the
country is growing at 2.8% a year, and will double within 26 years
at present rates.

Travel, transport, and communications within the country
are affected by extremes 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 energy 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 initizl stages.

Bangladesh is linguistically and ethnically homecgeneous.
Nearly all its population speaks Bangla as a mother tongue.
English is used widely among 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 a2 majority of the remainder.

Eighty percent of all Bengladeshis derive their liveli-
hood, directly or indirectly, 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
sygtem, operating in a difficult environment under conditions of
resource scarcity and increasingly sevare populaticn pressure.

2. Social Organization

The family household, and the homestead consisting of a
cluster of such households, form the basic units of rural life. The
homestead (bari), composed of households centered on a group of men
related through patrilineal ties, provides 2 symbolic as well as an
economic foundation for an individual's existence. Homesteads, in
turn, are linked intc 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 competiticn, socialization of children,
and ritual interaction. Beyond its constituent para, the village
tends to be functionally ezmorphous, with little community~level

cohesion.

Rural areas, though isclated in many ways, are linked hori-
zontally to other similar communities through economic and kinship
ties, and vertically to administrative units such as the thana,
district, and rnation. Most vertical ties, however, are infrequent,
and are controlled by local elites. The Land Occupancy Surveys
(LOS) sponscred by AID in 1977 and 1978 pointed out serious inequa-
lity in land control and effective access to productive resources
in rural Bangladesh. & number of other studies have noted that
population pressure, land scarcity, socizl and economic inequality,
and ineffective administration appear to Le 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 development programs such as the Rural Electri-
fication program, which seeks to Increase access to an impertant
source ¢f energy while a2lso increasing productivity and employment
opportunity in rural areas.

3. Beneficiaries of the Rural Electrification Project

Information on participating individuals and groups, and on
the beneficiaries for the rural electrification program, 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
Spring 1580; the evaluation of RE I in Spring 1581; and preliminary
data and observations from 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 comnections begin to rise rapidly,
the socio-economic impact evaluation will constitute a significant
element in REB and Mission management c¢f 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%-207% 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.



Electric connections arz highly desired, as evidenced by the
fact that in the PBS areas s¢ far selected, over 40% of 211 house-
holds have signed up for service--az number far in excess of
projected targets. REB files, the studies of sign-ups and the
quick-study examination of impact in onc PBS area all indicate that
in this project, as in all cother electrification projects for which
data are available here, most connections are for domestic service.
Following a policy determination to maximize more productive uses of
electricity rather than concentrating on domestic connections, the
Mission and RER have sought to encourage agricultural, industrial,
and commercial sign-ups. Whereas those who initially receive
domestic service tend to come frem higher income groups in rural
areas, the thrust of production-oriented connections is somewhat
different. Agricultural comnnections 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 item of agricultural technology, and
one whose benefits are well known, since they allow winter crop
production with greater reliability. However, diesel engines
require greater outlays of funds for acquisition ang maintenance,
and are frequently beyond the means of small farmers. With greater
availability of electric motors, command areas for wells will also
increzse, 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 zlready 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 ané semi-~skilled laborers. And, in
turn, such income will not only improve standards of living for low-
income groups but alsc 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 zreas in
Bangladesh have gone initially to higher-income households,
especially those with 2 significant cash income. While domestic
connections are tc 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 lighting is appreciably less

B e T —
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than that of alternative fuels. According to comparative studies, a
year's supply of kerosene for domestic lighting costs Tk 195 (=$11.70).
Electric lighting provides the same amouant of illumination more
efficiently and safely for approximately 30% less than thc cost of
kerosene. Further, electric appliances such as radios, TVs a2nd fans,
are actually used not only by the household owner, but by other
members of the hcomestead.

beyond domestic use alene, illuminatiocn c¢f the homestead and of
public places is reported to reduce the incidence of theft and robbery
in rural creas. In the quick-study of electrification impact in
Dacca I PBS, and in interviews with sign-ups in other PBS areas,
enchanced security for self, family, and property is mentioned as a
significant benefit for all income groups.

An additional benefit of rural electrification, which is vet to
be realized in significant measure, is the opportunity fer rural
people to participate in the P3BS. Althcugh 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 thrcugh
him. Directors have yet to be elected in any PBS; they are nominated
by REB from "prominent citizens.'" Elections of the Board of
Directors will begin 18 months after energization. Efforts will be
made in each PBS to involve its membership in a wide range of
activities during the life of the project, aznd will increcase the
experience of rural Bangladeshis with participation in institutions
which have important effects on their lives.

4, Equity Issues: Distribution of Project Benefits

Higher income househclds; bigger farmers, and those who can
invest in the new technology benefit first and, at least initially,
most from electrification of thelr 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 Bangladesh programs to develop rural arzas and
improve the overzll life-chances of low income villagers must
recopgnize and deal with the inequalities built into the social
organization and cultural traditions of the region for thousands of
years.

Design of this project has attempted in severzl ways to cope
with the question of unequal access. DMost 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 ome in langladesh. Participation in
voluntary associations, in rural areas, is not very familiar,

Access to decision-making is strongly linked to socio-eccnomic
status. Lower income individuals and families azre limited by social
constraints from direct participation, and usually seek to find a
higher-status intermediary tc cope with protlems 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 will 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
reccegnized by users to be convenient. Loans are to be arranged for
electric motors for pump groups and small industries, and possibly for
housewizing. It 1s 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
particircation 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
quilck-study will continue. As these local growth centres become
established, employment opportunities for lower-income, unskilled labor
may be r>onerated by the location of industries in PBS areas. Signs of

this change were noted in the Dacca-I1 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 Amendment for Rural Electrification I, a consistent theme in sign-
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 pzttern deccribed 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 socialization after dark. Where TVs
are available, ihey lLbecoac Zocal points for neighborhood gatherings--
much 25 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 znd support personnel. With the experience they have
gained in monitoring baseline studies and in assisting on small quick- : .. .-
studies, they are now in a position to operate independently and to



- 42 -

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 that 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 :gcently been started; in other PBS areas, new cimema halls, machine
shops 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 soclety of rural Bangladesh is sexually segregadted; 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, whose 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 these changes as improve-
ments in their work and leisure.

Women must rise early to prepare meals for thelr 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 thelr 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 i1ssue 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 Evaluatian Cell.



D, Environmeatal Analysis

The PE II PID (388-0054) approved by AID/W on October 17,1979
contained 2n Initial Environmental Examination (IEE) with a Negative
Determination.

. The RE I Project Paper Amendment (388-0021) approved by AID/W
on August 19; 15280, including an Envirommental Analysis and related
annex which discussed enviromnmental issues 1n depth and reinforced
the IEZ's negative determination. N

USAID has rceviewed 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 approximately 80% of all irrigation power pumps in Bangladesh
should have no significant effect on water tables, i.e. STW's take
thelr water from shallow aquifers and LLP's 1lift water from canals and
rivers, beth of which are fully recharged each year by heavy rains and
floods.

1.2. Deep tubewells (DIW's) take their water from deeper aquifers,
often located below an impervious clay stratum encountercd at about
60 ft. in many parts of the country. The principal recharge of these
aquifers is probably pot local razins and floods but other sources,
presumably in the Chittagong Hill Tracts, Assam and the foothills of the
Himalayae. HNone 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 trec lines and bamboo groves as much
as possiblie will minimize changing of the landscape through tree cutting
or trimming. RE 1 zxpericnce 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 miles of lines presently
energized.
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3., Miscellaneous

. Octher issues were pole location, line crossings,; possible

| depletion of forests for service poles and loss of arable land. The

! former two relate to proper engineering design and have not become a

. problem. Ferest depletion is negligible, i.e. yearly requirements
for poles represent only C.0l1% of the total wood scheduled for extrac-
tion. The loss of 2.25 square feet of arable land per pole is by far
outweighed by the increase in cropping intensity due to more cfficient
and relizble irrigation.
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PART ITI - FINANCIAL ANALYSIS AND PLAN

A. TFINANCIAL 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). Economic 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 DTW's 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
most 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.

8/ "Quick Study" of the Socio-Economic Impact of RE I (Ref. Evaluation
Annex).

i e e et g o
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2, REB Budget

The BDG has maintained its budget commitments to RE I, 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 BDG 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 1is 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 margim 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 Tk 0.266/
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 fimancial 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 .80/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 generatimn and transmission but does
not cover all the PDB administrative costs. This PP includes a condition
precedent that the BDG establish a formula for calculating wholesale

9/ Bangladesh Power Development Board, Tariff Study, Coopers and Lybrand
Associlates 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,economic, engineering, organizational
analysis and implementatinn 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 BDG 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 ESTIMATE AND FINANCE PLAN

($1000's)

I. ' Construction Commodities AID Funds BDG Funds
A, Base System (4 new PBSs) X L.C LC Total
1. Lines 9,683 - 349 10,032
2. Line Rehabilitation 265 - 48 313
3. Transformers 1, 955 - - 1,955
4, Line Protection 225 - - 225
5. Connections 1,997 - - 1,997
6. Street Lighting 22 - - 22
7. Substations 3,265 - - 3,265
8. Spares 144 - - 144
9. General Plant 107 - 2,016 2,123
10, Adjustment to 1981 Prices 2,135 - - 2,135
Subtotal 19,798 - 2,413 22,211

B, System Expansion {13 original

PBSs)

1, Lines 5, 305 - 191 5, 496
2. Transformers 1,970 - - 1,970
3. Line Protection 97 - - 97
4., Connections 1, 460 - .- 1,460
5. Adjustment to 1981 Prices 1,076 - - 1,076
Subtotal 9,908 - 191 10, 099

II. Technical Assistance
1. Local consultants 1/ - - 6,789 6,789
2. Non-local Consultant™ 6,900 2,536 - 9, 436
3. Training 3,246 - 1, 391 4,637
4. Evaluation _ 50 - - 50
Subtotal 10,196 2,536 8,180 20,912
I1I. Power Use Commodities 4,800 - - 4, 800

l/ Excludes technical services related to formal training which are costed
in line item II, 3,
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TABLE 4 (Cont)

AID Funds BDG Funds
FX LC LC Total
IV. Support Commodities
1, 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

V1. Project 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)

ITEM

LINES

1. 11KV /6, 35KV, Phase 4/0 ACSR
Neutral 1/0 ACSR

2, 11KV/6,35KV, Phase 1/0 ACSR,
Neutral # 3 ACSR

3. 11KV/6. 35KV, Phase # 3 ACSR,
Neutral # 3 ACSR

4, 6,35KV, Phase 1/0 ACSR,
Neutral 1/0 ACSR

5. 6.35KV, Phase # 3 ACSR,
Neutral # 3 ACSR

6. 230V, Phase 1/0 ACSR,
Neutral 1/0 ACSR

. 7. 230V, Phase # 3 ACSR,
Neutral # 3 ACSR

8. 230V, 3 Duplex
9. 230V, 6 Duplex

10. 400V/230V, 3 Cuadruplex
11, 400V/230V,1/0 Quadruplex
12, 230V, U.B. # 3 ACSR

Line Rehabilitation

Transformers

Single Phase
Voltage Regulators

Lite Protection

Qil Circuit Reclosers
Tie Switches

Fused Sectionalizers

UNIT COST
UNIT PRICE QTY ($1000)
Mile 9, 829 128 1,258
Mile 6, 457 180 1, 162

1/

Mile 5,417 - 244 1,322 .~

Mile 4,758 64 305

. 1/

Mile 3,921 364 1,427 —

Mile 5,119 136 696
Mile 3, 847 380 1,462
Mile 5,470 8 44
Mile 4,953 424 2,100
Mile 6, 805 12 82
Mile 9, 045 4 36
Mile 882 156 138
2,100 10, 032
Mile 440 712 313
KVA 40 44,200 1,768
Each 3,520 53 187
1,955
Each 772 200 154
Each 1,600 20 32
Each 51 760 39
225

L/ Subject to technical analysis, conductor size may be reduced to # 6 ACSR

for a portion of the line,
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Table ° (Cont)

UNIT COST
UNIT PRICE QTY ($1000)

Connections
Residential/Commercial 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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Table 6  Estimates of Construction Commodity Quantity and
Costs -~ Expansion of 13 PBSs

- UNIT COSsT
ITEM UNIT PRICE QTY ($1000)
Lines
1, 11KV/6, 35KV, Phase
#3 ACSR, Neutral #3 1/
ACSR Mile 5,417 130 704 -
2. 6.35KV, Phase # 3 .
ACSR, Neutral # 3 1/
ACSR Mile 3,921 850 3,334 -
3. 230V, Phase # 3 ACSR
Neutral #3 ACSR Mile 3,847 340 1,308
4. 230V, U.B., #3ACSR  Mile 882 170 150
1,490 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
Qil Circuit Reclosers Each: 772 30 69
Tie Switches Each 1,600 5 8
Fused Sectionalizers Each 51 400 20
97
Connections
Residential/Commercial 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, condactor size may be reduced to § 6 ACSR
for a portioa of the line,
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Table .7 TECHNICAL ASSISTANCE

Phase II Supplemental 81-83 Bal.Req.Phase II 84-87 Total Requirement Phase II

Position Man Months Est. Amount Man Months Est. Amount Man Months Est. Amount

Team Leader 0 0 36 432,000 36 432,000
Engineer Advisor 0 0 36 - 432,000 36 432,000
Finance Advisor - REB 4 48,000 36 432,000 40 480,000
Finance Advisor -~ PBS (1) 24 288,000 72 ' 864,000 96 1,152,000
Material Mgt. Advisor 24 288,000 12 144,000 36 432,CC0
Inst. Training Advisor 0 0 36 432,000 . 36 432,000
Tech. Training Advisor 18 216,006 36 432,000 54 648,000
System Oper. Advisor (2) ‘ 24 288,000 72 864 ,C00 96 1,152,000
Management Advisor (3) 18 216,000 18 1,296,C00 126 1,512,000
Distribution Enginecer 13 216,000 18 216,000 36 432,000
Construction Supt. 16 192,00C 20 240,000 36 432,000
Construction Advisor (4) 72 864,000 72 864,000 144 1,728,000
Power Use Advisor (1) 40 480,000 48 576,000 88 1,056,00C
Model PBS Advisor 24 283,000 0 0 0 238,000
Model Eng. Firm Advisor 24 286,C00 0 0 236,000
Model Contr. Advisor 24 288,000 0 0 0 233,000
Transmission Engineer 18 216,000 0 0 18 | 216,000
Short Term Specialists 0 8] 24 238,000 24 288,000

TOTAL FIELD 348 4,176,000 626 7,512,000 974 11,688,000
Home Office 80 240,000 170 510,000 250 750,000
Logistic Support 75,000 169,000 244,0C0

TOTAL 4,491,000 8,191,000 - 12,682,000
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Z TABLE 8 ESTIMATED ANNUAL EXPENDITURES

: ($1000s)

f FY1982 1983 1984 1985 1986 1987 TOTAL

i Construction Commodities

B Base Systems (4 PBSs) 2970 4950 5939 4950 989 - 19,798

i Expansion (13 PBSs) 1651 1651 1651 1651 1651 1651 9,908

f 4621 6601 7590 6601 2640 1651 29,706

Technical Assistance 1850 1850 2610 2610 2610 1202 12,732

y Power Use Commodities 3600 1200 - - - - 4,800

; Support Commodities 177 177 215 215 215 - 1,000

Contingency 274 392 450 392 157 97 1,762

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

: BDG

1 Construction Commoditics
Bage Systems (4 PBSs) 362 603 724 603 121 - 2,413
Expansion (13 PBSs) 32 32 32 32 32 31 191

394 635 - 756 635 153 31 2,604

Technical Assgistance 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 & Insurance _211 303 347 303 121 75 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 BDG

? I.  Construction Commodities 108,282 29,706 39,596 25,200 13,780
A - 12 New PBS's | 66,633 19,7981 39,506 (%) - 7,239
B - Expansion - 1st 13 PBS's 10,099 9,908 - - 191
C - Phase I Ext. 8 New PBS's 31,550 - - 25,200 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 4,000 1,800 3,849
V. Contingency/Inflation 13, 762 1,762 5,000 3,000 4,000
ﬁé VI. Project Loans 5,000 - - - 5,000
| VII. Landing Charges § Insurance 4,080 - - - 4,080
TOTAL 188,520 50,000 50,000 30,000 58 520

I (1) 4 PBS's
(2) 8 PES'S



IV. IMPLEMENTATION

A. Summary Plan

1. Implementation Schedule
TmpIementation will follow proven procedures developed under

RE T, The REB is the main implementing agency respomnsible 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 cfficer 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's in the
Phase II Program. ATID funding will be approved some months ahead of
World Bank funding, and the detalled planning, procurement and imple-
mentation related to the AID supported PBS's will proceed immediately
upon obligation of 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.

P3S: 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 ncw has three years of experience and training in the
development and organization of PBS's. They have achieved very satis-
factory results in organizing P3S'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 Acquisition: Will commence during the third quarter 1981 for PBS
headquarters sites. The first censtruction contract will be awarded
during the fourth quarter 1981. Construction will include warehouse
facilities, office and housing facilities.

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

Line Ccnstruction: Line ccnstruction will commence at the end of 1982.
Approximately 500 miles of line will be constructed in 1983 under RE 1II
while completing the balance of RE Phase I line construction. By 1983
there will be 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 PDBS operational
staff and Boards of Directors of RE 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.

Energization: Electrical energization of PES'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 approximately $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. About 907% of
these commodities will be procured through international competitive
bidding. The estimated cost and timing of AID financed commodity
procurement 1s shown in Table 8,

Detailled commodity requirements are calculated by the REB
Engineering Department based on system design. The Director for
Procurement ancd 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 fcr the four supported PBS's and the thirteen
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15 Training Program for

Operational Staff - PBS
16 Energize Consumer

Connections
17 Technicdl Assistance

Contract Signéd:
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TABLE 1l OUTPUT TARGETS SCHEDULE

ACTIVITY DATE OF ACHIEVEMENT
1, PBS Headquarters complete (4) December 1983
2. REB Warehouse Expansion
Complete (Khulna) September 1982
3. Line Construction:
Miles Designed & Staked Construction Complete
500 January 1982 December 1982
1500 December 1982 December 1983
2500 June 12083 December 1984
3500 December 1984 December 1985
4300 December 1985 December 1986,

4, Substaﬁon«(Construction Complete First 7 June 1983
Second 7 June 1984

5, Consumer Connections

EXPANSION OF ORIGINAL 13 PBSs

HOUSEHOLDS IRRIGATION INDUSTRIAL TOTAL METER

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
35,570 340 270 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



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. Billing procedures detailed and being
carried out in all 4 PBSs.

7. All positions of REB sanctioned and 90-
95% filled per Consultant's recommenda-

tions
8. Industrial/Irrigation Loan Program

10% Utilized by
35% Utilized by
75% Utilized by
100% Utilized by

1/

9. Housewiring Loan ProgranT

10. Completion of REB Annual Audit

11, Training (Table 12)

December 1982

December 1982

January 1983
January 1985
January 1987
December 1988

August{Annually)

1/ Targets to be determined by June 1982 based on special examina-
tion of credit needs for a) housewiring, b) irrigation connections,

and c) rural industry.

P —— -
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Table 12 - TRAINING TARGETS FOR PHASE-II

RURAL ELECTRIFICATION PROJECT
1981 - 1587

NUMBER OF TRAINEES

TRAINING PER TOTAL
CATEGORY OF TRAINEE PROGRAMS PROGRAM TRAINEES
1. REB Officers (New) 8 49 392
Orientation
2, Engineering Consulting Firms 6 20 120
3. Construction Contractors -- 6 50 300
Linemen & Foremen.
4, PBS Directors and Women Advisors 18 260 4680
3 per year/PBS.
5. General Managers 24 20 480
4 per year
6. Finance Department 13 240 3120
12 employees per PBS
7. Construction, Operation & Maintenance
Department
AGM-CO&M Line Supervisors 18 60 1040
Storekeepers & Stores Assistants €
Linemen 4 400 1600
8. Menber Services Department
AGM~Member Services 18 20 360
Power Use Advisor 12 20 240
Wiring Coordinators & Inspectors 6 8¢ 480
. General Services Department 18 20 360
TOTAL (20 PBSs - Phese~II) 157 1279 13412
10. Continuing Training for 13 PBSs 106 888 6019
of Phase-I Project
11. Additional New Trainees from Turnover in S 300 2700
PBS & REB (300 per year)
TOTAL (33 PBSs Phase-I&II) 272 2467 22131
12, Village Electricians
Number in training Programs (12 classes per PBS). 6000
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 1 ~ Number of participants each

year 300
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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
Kuwailt 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 Techniczl Services

Technical assistance will be procured by the REB under AID
financed host country contract arrangements. The REB 1s very satis-
fied with the program approach and performance of NRECA/CAI and
proposes to retain the same Consultant for the Phase I1 Program.

USAID preoposes 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 1s also being funded by RE I during that period. From January

1984, RE I 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 will
reappraise project performance and TA requirements.

3. 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
delipeation 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 jcintly 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 cut 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 preject success. To date, PBS's have generally displayed
good performance and excellent potential (ref. RE I Evaluation).
Performance 1is not uniform from PBS to PBS, however, and some PBS's
have develcped meore 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 1s 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
systems. In some rural areas, it has hbeen 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 hetween the REB and the PBS's will have to be pat-
ernal in character in the initial years. The REBwill scrutinize

PBS development very clesely, 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 menitoring and assistance from the REB will be reduced accerdingly.

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 responsibllity for the success or fallure
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 directers
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 1s transacted. Advisors do not have
a vote at the full Board meetings. 0f 183 Directors and Advisors,
36 are women. A study of the 13 Boards of Directors by the REB
Evaluation Cel1¢10) shows that PBS Boards are much more representative
of the rural population than might be expected. 407 are farmers,
127 businessmen and 487 from various white collar professions. 297%
are from the relatively low income group with average family income
below $1,000 per year; 367 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 comstructicn targets can be achleved and standards maintained.
The RE I Evaluation discussed construction performance to date.
Construction is about six months behind schedule, but the rate of

10 '"An Analytic Report on Board of Directors of 13 Registered
PBS's', REB Evaluation Cell, September 1980.



- 66 ~

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 cbtaining 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
y 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 assisted by the Consultant's construction superintendent
advisors. Lccal 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.

€. Evaluation

Substantial Mission attention has been given to defining
evaluation strategy and conducting evaluations appropriate to the level
of RE I project development. Three evaluations 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. Findings
were quite favorable. Evaluation methods 1ncluded 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




- 67 -

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, twco 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 adviscr 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 P3S's. The Baseline surveys are compre-
hensive compilations of socio-economic information which will provide
the base for measuring social or economic changes in the PBS's.
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Baseline studies ccllect data on: a) agricultural production; b)
community life; «¢) employment; d) commerce and industry; and,
e) quality of domestic 1life. Research instruments are designed to
ensure acdequate samples of households, communities, and commercial,
industrial and agricultural operators.

Feasibility Studies

To provide sufficient information for selection and planning
of new PBS's, the REB Planning and Feasibility Unit, with 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 will conduct "detailed feasibility
studies" in the 12 areas as the basis for detailed project design of
each P3S area--engineering design, ccnstruction schedule, crganizational
requirements, etc. These detailed feasibility studies are also being t
designed to collect the information normally ccllected 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
"progress" 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 impcrtance for project implementation and provided excellent i
on-the-job training for the REB Evaluation Cell staff. The Evalu- ;
ation Cell intends to continue this technique for examination of '
special topics. i

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-purpase level achievement ;
and administrative progress/problems. Through the project officer, l
AID will continuously monitor the project and contribute to the
regular annual evaluations.



Evaluation Funding

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

D. Conditions, Covenants and Negotiating Status

1. Conditicns Precedent to Disbursement beyond USS$5 million

USS$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 (BDG) will undertake a2 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 durationm 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 cof excessive outages.

5) 4An upgraded maintenance program to keep rehabilitated
substations and lines in proper condition.

To this end, the BDG 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%f below and in the
Annex may halt AID disbursements for this project i.

(1) 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 of surveys, studies and rehabilitation/mainten-
ance activities.
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a) 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 of 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 program reason-
ably in line with targets established in the "Interim
Rehabilitaticn 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 157 ad valorum or less and arrangements to permit the impert-
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 Evaluation 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 year (1981/82) of the project.

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

2.1 Within twelve (12) months of Agreement signing, establishment

by the BDG of a fermula 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 rates should include only "essential" costs cof transmission
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 financing purchases by farmers cf electric motors and other equip-
ment for irrigatiocn, such leoan program to be designed and targeted,
insofar as 1s reasonable, according to the procedures to be recommended
by the REB following an REB study of RE related credit needs.
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3. Cocvenants

3.1 The BDG shall diligently plan and carry out pregrams to ensure

adequate power generating and transmission capacity to meet the electric

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
PES 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 BDG 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 organizations.

3.7 The BDG shall cause REE 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 BDG shall make available or cause to be made available to
REB, promptly as needed, the funds, facilities, services and personnel
required for carrying out the project. ?

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 possible in the development of the P3S 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 Agreement the necessary terms and conditions for achieving

the desired objectives.
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NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

Program or Sector Gool: The broader objoctive to
which this project contributes: (A-1)

Improved rural standards
of living.

Maasures of Goal Achievement: (A-2)

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

2. Annual increase in
second and third crop
productipon.

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. 307%.

3. Indirect socio-
economic benefits created.

3.1 Increase in home
study.

3.2 Increased availabi-
lity and utilization
of community services
-~schools, health cen-
tres, pharmacies, etc)

3.3 Iliumination quality
increased and costs
reduced.

(A-3)

1. Evaluation surveys.

2. As below:

2.1 Power consumption
records.

2.2 Special power pump
quick studies.

2.3 Special power pump
quick studies.

3. As below:

3.1 Evaluation surveys

3.2 Evaluation surveys

3.3 Evaluation surveys--
calculations of savings

compared to use of
kerosene.

Assumptions for achisving goal targets: (A-4)

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

2. Farmgate prices provide
incentives for irrigation.

3. Total number of power
pump sets 1s increased per
Second Five Year Plan (SFYP).
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"OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATIOH _

[MPORTANT ASSUMPTISiis

Project Purpose: (B-1)

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

Conditions that will indicate purpose has boen
achieved: End-of-Project statys. (B-2)

1. 276,500 MWH sold by
PBSs to consumers by
Dec. 1986, including:

1.1. 97,800 MWH for
"irrigation

1.2. 59,100 MWH for rural
industries.

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

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.

|

(8-3)

1. Power consumption

records.
1.1 Tbdid.

1.2 Tbid.

2. Evaluation surveys.

s

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/ Output targets are schedufled over time in Table__}l_'"Targets".

Assumptions for achieving purpose: (B-4)

1. PDB power supply to

PBS substations improves;
PDB upgrades 44 KV sub-
stations and lines feeding

PBS substations.

2. DPBSs succeed in créating
community-wide responsive
organizations.
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Date Propared:

Pace 3 (b)

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

Project Outputs: (C-1)

4. PBS's established,
staffed and functioning

5. Power use program
established

Magnitude of Outputs: (C-2)

4,1 Managers, key staff in
place.

Board of Directors
functioning per in-
struction manuals.
Financial records in
order.

Revenue collection
sound: as compared to
substation output and
bills.

4.2

4.3

4.4

5. Plans for adequate
national supply and
distribution of motors

5.1 Public agencies

(BADC, BKB etc.)
supplying electric
motors per plan.
Private suppliers pro-
ducing or importing,
installing irrigation
pumps and motors per
plan.

Dollar 5 million loans
to farmers for elec-
tric motors; related
equipment.

5.2

5.3

{C-3)

4.1

4.2

4.3

b4

5.

5.1

5.2

5.3

Staffing plans and
reports.
REB/Consultant
appraisal.

REB appraisal of PBS
financial records.
PBS financial records.

Power use plan,

Appraisal by REB/
Consultant

Appraisal by REB/
consultant .

Bank credit records;

REB survey of private
dealers.

Assumptions for achisving outputs: (C-d)
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NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF YERIFICATION

IMPORTANT ASSUMPTIONS

Proiec_r Outpurs: (C.1)

Self training capacity
established

Private sector mobilized
to provide engineering,
construction, supply

services and commodities.

Magnitude of Outputs: {C.2)

5.4

6.1

6.2

7.1

7.2

73

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

REB training insti-
tute conducting pro-
gram per plan.

PBS's train 6,000
electricians.

4 contracts signed
with local 2 engi-
neering consultants,
Consultants perform
per contract specs,
schedules and
standards.

31 contracts signed
with 10 construction
firms. Contractors
perform per contract
specs, schedules and
standards.
Construction commodi-
ties supplied by ' |
local firms (poles,
switches, wire etc.)
per REB specs/
standarxds.

{C.3)

5.4

6.1

7.1

V-

7'3

U.S. Emb commercial/
economic records.

Training records.

| . .»4..
Contract records;

appraisal by supervis-
ing engineers and REB.

Contract records;
appraisal by super-
vising engineers and
REB.

Procurement records,

Assumptions for achiaving outputs: (C-4)
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Rural Electrification II

Life of Projggi:

From FY Ig 81 to FY. 87 i}
Total U.S. Funding_ 290 million
Date Prepared:

PAGE 4
IMPORTANT ASSUMPTIONS

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF YERIFICATION

Project Inputs: (D-1)

Reference PP
Tables 4, 5, 6 & 7.

Implementation Target (Type and Quantity)
(D-2)

Reference PP
Table 8

(0-3)

AID financial records
on commodity and
T.A. procurement.

REB records on

(@) commodity procure-
ment, '

(b) staffing

(c) contracts w:local
consultants.

Assumptions for providing inputs: (D-4)

BDG will supply REB with
needed staff and budget.
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DRAFT PROJECT AUTHORIZA TION

BANGLADESH Rural Electrification II
Project No. 388-0054

i, Pursuant to Part I, Chapter 1, Section 103 of the Foreign
Assistance Act of 1961, as amended, I hereby authorize the Rural
Eiectrification II Project. I also authorize planned obligations of
not to exceed Fifty Million United States Dollers (U.S. $50, 000, 000)
in grant funds over a three year period (fiscal years 1981, 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.

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

3. I hereby authorize the initiation of negotiations of the

Project Agreement and its execution by the officer to whom such
avthority has been delegated in accordance with A.I. D, regulations
and delegations of authority. The Project Agreement that may be
negotiated and executed shall be subject to the following essential
terms and major conditions, as well as such other terms and
conditions as A.I.D. may deem appropriate.

4. Source QOrigin

Goods and services including ocean shipping financed by
A.I. D. under the grant shall have their source and origin in the
United States, the Coopworating Country or in the other countries
included in A,.I.D. Geographic Code 941, exceptas A.I.D. may
otherwise agree in writing,

-

5. Terms and Conditions

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.
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6. Procurement of Technical Services

Pursuant to Paragraph 2.4.2, of A.I.D, Handbook 1,
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
Ministry 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
substations indicated by the REB, The program is conducted accor-
ding to the implementation schedule and provisions of this Annex,
AID rescrves approval rights, indicated below and in Project Agree-
ment Section , related to certain critical planning
and implementation phases of this rehabilitation and maintenance
program. -

1, Survey of 33 kV Substations and Lines

Conduct extensive survey of all PDB substations and 33 kV
line fceding present and planned PBS substations under the Phase I
and Phzse II rural electrification programs. Maps showing PBS
substation locations will be supplied by REB, The survey will detail
conditior: of PDB substations and lines and needed rehabilitation, and
provide a basic for planning and carrying out the related rehabilitation
pragram . Up to 3,000 miles of line may have to be surveyed. The
survey will detail inadequuacies with respect to:

1Y 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; b) Substation and line mainte- ;
nance arrangements,

The PDB or vther agency assigned to conduct the survey will
submi’l 2 brief survey plan to the Ministry, with a copy of AID, within
three months of Project Agreement signing. The plan is to ctontain:
(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/questionnaires, etc.; (3) Manpower
reguirements and arrangements,
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Submission of this plan and approval by the Ministry and by
AID will be 2 condition precedent to disbursement beyond $5 million.
See Project 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. Rehabilitation 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., number 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/offices 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, workmen's tools, transport needs;
(b) arrangements for acquiring the needed commodities /logistic
support; (7) Budget, i.e., (2) requirements for commeodities, engi-
neering services, etc.; (b) funding arrangements.

The interim plan shall be submitted to the Ministry of Power
and Water with 2 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

1} Tree removal, tree trimming and brush control to
reduce vulnerability of 33 kV lines.

2) Fusing for all unfused 33-8.4 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 phase hook-stick
operated fuse cutouts,
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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.

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 case of 2 line fault, At important manned
substations (such as Comilla) with reclosers used on
some line positions, install the necessary wiring and
devices to make possible position indication and manual
operation in the control house,

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

The PDB or other implementing agency will submit progress
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 2head, 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 REII Project.

Redesign and Reconstruction of 33 kV Substations and

Line with Records of Excessive Qutages (i.e. frequency

of outages 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.

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



ANNEX D
PAGE 4

designs; (2) use wood crossarms, with pin type
insulators (or line posts 2s an alternative) for 33 kV
lines; (b) use 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 Mzintenance 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) Technical: What additional training do supervisors or
workers need,

3) 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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ANNEX E

SYSTEM DESIGN

Operating Frequency

All electric utility systems in Bangladesh operate at 50 hertz.

Distribution System Veltage and Feeder Loading

The voltage level selected for operation of new electric

istribution systems wilil have a direct bearing on the number and
size of distribution substations required, the length of primary
feeder lines, the individual feeder loading capability, the consumer
exposure to line faults, and to some degree the overall cost of cons-
truction. Also a 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 many feeder and branch lines.

Feeder Proposals

In Bangladesh the standard voltage for distribution systems is
11KV (or 11Y/6.35KV) for the electrified cities, as well as for service
to industrial loads, rice mills, bazars and irrigation pump motors in
rural areas. 1In the project a: 2as, most of these existing rural lines
will be integrated into the new systems.

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

In most areas to be served by new systems it will be necessary

to restrict the length of feeder lines because of the problem of poor i
access for gservicing. Since it will not bg practical therefore to '
exploit the advantage c¢f leonger feeder lines with = higher distribution
voltage level, and given the need tc integrate certain 11KV systems now
in operation new distribution systems will be operated at 11Y/6.33KV
utilizing 15 KV levels of insulztion and generzl design standards. Note
the following exaisples of possible feeder area layouts.

Assuming on 11Y6.35KV distribution systexm and a& maxinum primary
voltage drop of 7.5 percent, thc following feeder areas were determined ‘
for various uniform loading conditioms. e

HMain feeder conductor - 4/0 ACSR R=0,567/Mile X=0.644/mile
Branch conductor -~ 1/0 ACSR R=1,08/mile X=:,707/mile
Branch conductor - 3  ACSR R=2,04/mile X= .711/mile
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Estinated Unifcrimx Loading after 15 years:

20 KVA/square =ile -
30 <VA/squere mile -

p.f.
p.f.

[

O D

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

1. Four feeder arrangement -
Main feeder length: 6.25 wni
2

Branch feeder length: 7.25 miles
KVA
Load
1575 % Volt drop to end of 4/0 ACSR main feeder - 3,22
435 % Vclt drop to end of 3 ACSR branch - 2.8%
Total 7% drop - 6.11

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

2. Four feeder arrangement 20 KVA/square nmile load.
Main feeder length : 7.25 miles

Branch feeder length : 8.25 miles
KVA
Load
1360 % Volt drop to end cf 4/0 ACSR main feeder - 3.22
% Volt drop to end of 3 ACSR Branch - 2,42
Total 7 drop -~ 5.64

With the four feeder arrengement, a reduction in load will change
the length of the feeder only by a small amount. This results from
the large areza that is added to the feeder by extending only one
additional nile of main circuilt, With 20 XVA per square mile the feeder
area served would extend approximately 8.25 miles from the substation
(7.25 miies of 4/0 ACSK) and the end branches would extend 8.25 miles.
Total apprcxinate area served by the feeder would be 58 square niles
with the feeder load at 1360 KVA,

3. Two feeder arrangement - 30 KVA/square mile load.
Main feeder length H 4.5 miles
Branch feeder length : 8.0 miles
VA
Load _
2540 % Volt drop to end of 4/0 ACSR main feeder - 3.88
280 % Volt drop to end 2f 3 ACSR branch - 3.41

!
~4
.
N
0

Total % drop

-)
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The feeder arez served would extend approximately 5.5 miles from
the substation {4.5 miles of 4/0 ACSR) with the branches extending
approximately 112 square miles with the maxinum fceder load at
2240 RVA,

See Exhibit B fcr diagroms representing the area served by a
substatiocn for the twe and four feeder arrangement and lcad densities
of 30 KVA and 20 KV4 square mile,

It is apparent that with lozd densitics cf 20 and 30 KVA per
square nile the four feeder arrcngement might be toc expensive to
considar initiz2lr din rural zrzes.,

Until the lead develops to 20 or 30 KVA per square mile, the
feeder could be extended so that the service arca would be larger
initizlly than the final area. This could be done where it would be
possible to 2dd another substation at some time in the future. This
would reduce the initizl substation expenditures in certain areas.

or a two feeder arrangement and 10 and 15 KV4/square mile
loading the following would be the feeder details.

2. Twe feeder arrangement - 10 KVA square mile load.
Main feeder length S miles .
Branch feeder length: 8 miles
KVA
Load
1€00 % Volt drop to end of &4/0 ACSR main feeder - 4.71
160 % Volt drop to end of 3  ACSR branch - 1.14
Totzl % drop - 5.85

With 10 KVA/square mile of lcad, the feeder area scrved would
extend approximately 10 miies froz the substation (nine miles of
4/0 ACSR) with the brarnches extending approximately eight miles. The
total arez served by the feeder would be approximately 160 square miles
with the maximuc feeder load at 1600C KVA.

S. Two feeder arrangement 15 KVA/squaore mile load,

Mairn feeder lenzth: 7.5 miles
Branch feceder length: 8 miles
KVA
Load
2040 % Volt drop tc end of 4/0 ACSR main feeder - 5.00
240 % Volt drop to end of 3 ACSR Branch - 1.70
Total 7% drop - 6.70

With 15 KVi/square mile of lcad, the feeder area served would
extend approximately 8.5 miles from the substation (7.5 miles of 4/0
ACSR) with the brauches extending approximately eight miles. The
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total arez served by the feedar would be approximately 136 square
niles with maxinum feeder load being 2040 KVA,

Where future substation can be added, extended coverage should
be considered to reduce the initial cost/customer. Additional sub~
station capacity would then be added at = later date when the load
end veocitage condliions warrant such installiation.

In 211 of this it needs to be recognized that few, if any, zreas
will match the uniform distribution of leozds and consumers suggested
in the models a2nd therefore will have feeder areas of more or less non-
unifcrm conficur~tion ne requirad by local rceographic characteristics
2nd varying load patternms.

Insulation Level

The insulation level for the primary distribution system nmust
withstand normal opercting veltages 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 tc limit the radio interference level. In
contaminated areas, extra leazkage distances shculd be provided.

Standards for 15 kv have been in service and proven for many years.
The ANSI (American National Standards Institute, New York City, USA)
and RFA Bulletin 45-3 (Rural Electrification Administrat?on, Washington,
D.C. USA) previde specifications and standards for this distribution
level.

(1) Basic insulation level {BIL) -~ 95 kv.

(2) Switchiag surge voltage - three times normal line to ground
veltage. .

(3) Minimum leakage distance - 9 inches.

(4) Extra insulation to be provided at line angles and deadends
to prevent flashovers cf surge voltages due to increased
values caused by reflection effect.

(5) Since the areas for comstruction are under 3000 feet eleva-
tion no increase in leakaze 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) Linc insuiation, pin insulators use -

ANST -~ Class 55-5.

Leakage distance 9 inches.

Wet flashover 40 kv.

Dry flashover 7€ kv,

Critical impulse flashover 95 kv.



(b)

(d)

(e)
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Line insulation, angles and decadends, suspension
insulators; use twe insulator units per deadend -

ANSI Class 52-1

Per unit leakage distance 7 inches.
Per unit wet flashover 30 kv.

Per unit dry flashover 60 kv.

Equipnent bushing insulation, distribution class -

ANSI -~ C57.12 Series.1
Creepage distance 1004
Withstand voltages -
10 seconds wet 30 kv.
1 minute dry 35 kv,
Tuwpulse withstand voltage (BIL)95 kv,

{2 +1/2 inc.

Transformer winding insulation, distribution Class ANSI-

C57.12 Series

Impulse withstand voltage (BIL) full wave 95 kv,
Impulse chopped wave ] 11G kv,
ow frequency dielectric 35 kv,

Secondary and service system will be designed using
material and equipment for legs than 300 volts phase
to grouné according tc ANSI Standards,

(1) Spool insulators for secondary conductors will be
ANSI Class 53-? and 53-4 with the following elec-
trical values:

Low frequency dry flashover 25 kv.
Low frequency wet flashover,
verticsl 12 kv.
horizontal 15 kv.

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

Iow frequency flashover 20 kv.
Low frequency wet flashover,
vertical 8 kv,
horizontal 10 kv,

(iii) Insulation on phese conductcrs of nmultiple service
caetle should be cross linked polyethylene (DLP)
with nininum thickness of ccvering:

Ne. 2 and snmaller 0.045 inches.
Mo. 1/5 through 4/0, 0.060 inches.



Covering should be capable of withstanding 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 bulbs and appliances marketed
in Bangzladash is 230 volts, although 250 volt bulbs are also frequently
available. Motors are generally threce phase and are generally rated at
400 volts., The American National Standards Institute (ANSI C84-1)
specified standard vcltage levels at the service entrance point and
point of utilization.

ANSI Standard Voltage Range

Range B Range B
National Maximum nimum MInTmum Mininum 7 Mindimum
Voltage Voltage service utilizatign service utilizardon
voltage voltage voltage voltage
100% 105% 95% 92% 927 897

The international Electro-technical Commission (IEC-Pub. 88)
presents standards for supply system voltage levels and corresponding
Ligh 2né low ranges of the supply system.

IEC Standard Voltage Range

Nominal Maximum inimum
voltage voltage voltage
100% - 110% 90%

The minimum service voltage limit cxpressed above in Range B of
the ANSI standard is considered in American operation to be tolerable
if not permanently desirable. Range B also presents low voltage levels
well within IEC standards., Taking into consideration both standards,
and in the interest ¢f 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 voit base level is there-
fore consistent with the recent thinking on the major 50 hertz voltage
standards.

-’



Service Vcltage Range

Phase to Phase to

N=2utral Phase
Maximum (105%) 241,5 volts 418.3 volts
Nominal (180%) 230 velts 400 volts
Minimum (92%) 211.% volts 366.5 volts

The tectal system voltdrop permitted on the distribution system
is determined as the difference between the maximum service voltage
delivered at the customer nearast the 11 kv power supply substation and
the minimum service voltage permitted at the customer located furthest
away from the substation. The maximum voltdrep on a 230 vol:t base will
be 29.9 volt (241.5 - 211.6 volts). The anticipated distribution of
this voltdrop among the various components of the system would be as
follows: :

Voltage Drop-Maximum Load Condition

Maximum voltdrop Percent
( 230 volt base) voltdrop

From 11 kv supp1y>substation
bus tc primarv terminals of

last distribution transformer. 17.2 7.5
Distribution transformer. 3.5 1.5
Secondary and service 9.2 4.0
Total voitdrop at custo-
mers service entrance 29.9 13.0

Voltage Levels and Spreads (230 volt base)

: Voltage Levels
Location Maximum Minimum

Substation transformer at 33 kv

terminals, low range 245 211
high range 257 222
Substation transformer at 11 kv
terminals 257 219
Substaticn 11 wv Sus (rzgulated) 241 241
Distribution transformer primary '
terminals (iast transformer) 241 224
Service entrance 241 212

The above voltage levels, especially those at point of service,
are the basis of system design and tha system should be operated within
these limits in order that satisfactory operation of customers connected
apparatus is attained. The voltzge levels expressed above are based on
the following:
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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 variations due to surges, motor
starting, etc., are not considered.

{(3) Input voltages to the power supply substations
range between approximately 92 and 112 percent of
the ncminal subtransmission voltage and with a
maximum 16 percent spread at any one particular
substation,

Service Voltage (Nominal) and Loadings

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

(2) 230/460 volt, three wire, single phase service for
institutional, commercial, industrial and agricultural
loads 50 KVA and below - maximum individual motor size
will be 10 hp.

(3) 230/400 volit, 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.

Transformer ané Secondary Systems

All lines in the project should be designed and comstructed with
minimum vertical ground clearance provisions to carry a twc wire,
230 volt, single phase secondary circuit, In market centers having
sufficientiy 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 lcad. 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
circuit types and capacities-is as follows:

-

At 50 KVA/Mile &t 130 KVA/Mile

Conductor KW-Feet Maximum Maximum
size (80% P.F,) Secondary Secondary
(ACSR or ACC) Circuit 3% Voltdrop iength (feet) Length (feet)
3 AWG 2 wire 2250 400 250
1/0 AWG 2 wire 3400 500 300
3 AWG & wire 8000 1200 700
1/0 AWG 4 wire 13000 1600 960
4 wire 22000 2500 1500

4/0 AWG




The 3 AWG conductor size provides adequate secondary reach and
is recommended for normal installation in market centers. Initial
transforrer installations to supply distributed load in market centers
should be 15 KVA in size and spaced approximately every 1800 feet. As
load grows transformers should be changed to the next successive sizes
up to 50 KVA maximum. Intermediate transformers will be required if load
gmwth substantizlly exceeds 150 KVA per mile load density.

Ia addition to gdistributed locads, relatively large spot loads
consisting of rice, wheat and o0il mills will be located in the market
centers. These mills currently have 15 tc 25 horsepower requirements
where three phase motors are appliad and it is expected that 10 horse~
power .1l lcads wili preveil where single phase zpplies. The mill
load is estimated to constitute another 350 KVA per mile in market
centers, but without uniform distribution. t is not recommended
that main secondary circuits in market centers be designed with
capacity to serve mills, but rather than transformers supplying
distributed load be located sc 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
estirzted 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 conducter size., Transformers -of 10 KVA size
should be located along rural branch mains at approximately 10 span
interv~ls to maintain circuit veltdrop within two percent. Limiting
voltdrep to two percent will allow a remaining twc percent system
voltdrop for short branches and services from secendary mains to :
resident:al service, points. ’

KW-Feet 6 KVA/Mile
Conductor (80% P.F.) Maximum Secondary
Size Circuit 27 Voltdrop Length (Feet)
3 AWG  ACSR 2 wire 1500 1800

Estimotad distributed load will not load up transformers of
10 KVA capacity. 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 circutts
can be extended in four directicns.
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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 phase pumping require-
ments as well as distributed load. Pumps and shallow tubewells should
generally bz considered as spot loads, with transformer being lceated
as near as possible to the load. 4 10 KVA transformers can serve a
shallow tubewell and still have capacity to supply distributed load
within the voltdrop capacity of the secondary circuit. It will scme-
times be possible to serve two or three pumps or tubewells by service
extensicns from one transformer, and appropriately increased transfor-
mer sizes should be selocted to accommodate the combined pumping loads
and seccndary distributed load requirements.

Deep tubewells will generally require three phase service and
should be handled a2s 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 customers should
generally be multiplex self suppcrting service drop cable. Cable should
have z bzre ACSR neutral messenger with standard all aluminum cross
linked pclyethylene insulated (600 volt) phase conductcrs. Service to
low usage households and small commercial shops may however consist of
locally manufactured stranded copper, 600 volt polyvinylch.nride two
core cable attached to a steel messenger. 8Size and number of service
wires will depend upcn the load and physical strength of the wires.

Voltage Regulation

Due tc variations in subtransmission vcltage, regulation will
be required. Three single phase feeder voltage regulators therefore
will be installed on the low voltage bus at each substation. For
maintenance purpcses these single phase rzgulatcrs may be replaced in
the field and taken to maintenance facilities when necessary., Voltage
regulation will be plus cr minus 10 percent with 1-1/4 percent steps.
The capacity of the rcgulatcrs should be adeguate for substation trans-
former ncrmal full load rating and suitable for operation on an 11.0Y/-
5.35 kv multi-erounded system. The bushing and windings should conform
to ANSI-C57.12 series standards for 95BIL.
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Capacitor Banks

The initial system is to be designed for a 15 year growth and
and power factor of C.%. One of the most important benefits of shunt
capacitors is reduction in line losses. 1In the early years of the
system the load will be low, therefore the cost of capacitors does
not appear to be justificd. Also, voltage regulators will be
required initially and the line will not require the supplemental
benefit of voltage improvement provided by shunt capacitors.

As the load grows in future years, fixed capacitors may need
to be instalied to reduce linec 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 cf 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 linc to ground veltage (not line teo neutral) existing in the
system under fualt conditions. The systcm to be protected in this
instance is a solidly grounded 11.0Y/6.3kv, four wire multi-gounded
neutral. The voltage impressed across the unfaulted phase line to
ground will only be a percentage of the line to line voltages under
fault conditions. Use of Skv 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 comnecting leads be kept as short as possible to
reduce surge impedance.

Feeder Sectionalizing and Switching

0il circuit reclosers applied on circuits will normally have
100 ampere continuous rating with 2000 ampere interrupting rating,
and be designed for 13kv. Reclosing sequences should be set at two
fast and two slow operations.

A sectionalizing plan, complete with short circuit calculations
should be prepared for each feecder. 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 sectionalizing on branch and tap circuits will be
provided with reasonable frequency by bolted connectors or hot line
clamps at jumper points. Under special circumstances, disconnect
switches with hocks accommodating portable load break tools can be
installed when rapid sectionalizing ability is desired.

Rural customers with three phase 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 assembly (driven butt wrapped or
butt plate) which is solidly connected to the common system neutral.

A driven ground should be provided at cach equipment installa-
tion, at dead ends of bare secondary circuits, and at least every 1500
feet along the line. Driven grounds should be 5/8" x8'-0" steel rods
and should have a resistence of lass than 10 ohms after installction
when isolated and not connected to the system neutral.

A1 dovn guys should be solidly bonded to the common system
neutral and pole ground assembly. All major line equipment such as
transformers, reclosers and capacitors should have tanks bonded
solidly to the common system neutral and driven ground asc:mbly.

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

Conductors, Type and Kind

Cost factors favor the choice of Aluminum Cable Steecl Reinfor-
ced (ACSR) bare conductors for general use of primary and sccondary
lines. In congested market centers where span lengths are nccoessarily
shortened due to cther considcrations, All Aluminum Conductors (AAC)
could be used.

Considering estimated construction costs, feeder loading capa-
bilities, line maintcnance and inventory simplicity, it is recommended
that only four conductor sizes. 4/0 ACSR AWG, 1/0 ACSR AWG, 3 ACSR AWG
and 6 ACSK be applied to all primary and secondary circuit construction
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as follows:

No, of Circuit

Size of ACSR Conductor, AWG

Application Fhases Phases Neutral-

Main Circui: - Primary 3 4/0 1/0
ranch Circuit - Primary 3 1/0 3

Tap Circuit — Primary 1 3or 6 3 or 6
Tap Circuit -~ Primary 3 6 6

Main Circuits=Secondary 3 1/0 or 3 1/0 or 3

Main Circuits-Secondary 1-3 wire 1/0 or 3 1/0 or 3
Branch Cirzuits—~Secondary 1-2 wire 1/0 or 3 1/0 or 3
Branch Circuits—~Secondary 1-2 wire 3 3

The following service conductor sizes are recommended:

Size, AWG

# 6 AL
# 3 AL
# 3 AL
#3 AL
# 1/0 AL

Type

Duplex
Duplex
Triplex

Quardruplex
Quadruplex

Substations

It is expected that all power will be obtained from the Bang-
ladesh Power Devclopment Board (PDB) 33 kv or 65 kv subtransmission

system,

New substations will be uniform design consisting of a single
incoming supply line, a primary insolating switch and high side fuse,
a single three phase power transformer, one three-phase oil circuit
bank recloser, three single phase bus voltage regulators, and one or
two 11/6,3 kv feeder exists, each having a three phase o0il circuit
feeder recloser, Reclosers and ragulators should be provided with

appropriate isolating and bypass disconnects,

Station back-up and

feeder 0il recioser should be rated 400 amperes continuous and 4000

amperes interrupting capability.



Substaticons will be constructed of galvanized latticed steel
structures and completely cutdoor equipment. Applicable protions
of REA Bulletin 63-1 "Guide for the Design of Substations”, 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 55°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 Clearance

The minimum ground clearances,generally aspplied 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:

Circuit Voltage

Description 0-600 Volts 11,000 Volts
Running Line along Street/Road 17' 17'

Running Line Crossing Over:

Street/Road 18° 19°
Railroad 27! 287
Navigable River/Channel 22° 23"
Flat Roof Building Bare Conductor 8' 8'
Pitched Roof Building Bare Conductor 8' 8'
Communication Line 47 6'

Running Line Other Than Abova:

Bare Conductor 15' 15°
Insulated Conductor 13° 137

Service Conductors Crossing Cver:

Commercial Driveways 15° -
Non-commercial Driveways 127 -
Pedestrain Ways - -
Bare Conductor 127 -

Insulated Conductor 10° -



In rural areas where prolonged flooding up to five feet occurs a
general rule will be to install five fecet extra pole height on lines
crossing such areas. Where flooding exceeds five feet for short
duration periods, at least one span in the crossing line at intervals
of approximately every half mile will be provided with 10 fect 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.
Maximum conductor tension temperature of 60°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
subtransmission 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) Teeder systems should incorporate minimum cost design
concepts capable of providing adequate reliable power
supply tc rural areas. In view of the relatively low
load densities to be encountered in rural Bangladesh,
and the character of these loads, 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.
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(6)

(7

(8)

The cstablishment of new primary and secondary distri-
bution facilities in project areas will be coordinatad
and consolidated, inasmuch as practical, with existing
PDB primary and secondary voltage distribution facilities.
Ownership of all new and consolidated facilities will

be placed under a single operating entity (PBS).

Exposure on the PDB subtransmission system will be
improved as much as is practicable by cutting over

to the new distribution system those existing distri-
bution comnections currently directly on the subtrans-
mission system.

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 restricted, inasmuch as possible
within zcceptable operating practices, to the main circuit
or other locations accessible by vehicles or boats.

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 distributicon system,
neutral conductcr will have to be installed, or static wires converted
to neutral, in order to coordinate the lines.

Taking into account the extensive PDB plans for additicmal
33 kv subtransmission and ccnsidering the relatively small size of
the ccuntry, the 11 kv primery voltage level is considered adequate
for long term development of rural electrification in Bangladesh. The
projected development of the 33 kv subtransmission system is suffici-
ently extensive to reach most cf the rural areas of Bangladesh, with
11 kv primary voltage thercfore should bte adeaguate. The primary
11 kv voltage level is also preferred in terms of maintaining unifor-
mity of distributicn voltage in the country and a 50 hertz system
standard, and in terms of the benefits of reduced feeder exposure.



- 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 KVA per square mile
! - load densities respectively. The area covers capability per 11 kv
i feeder at various load densities will be as follows:

; Average Load 11 kv Feeder
2 Density a Service Area
( KvA/mi?) | (mi?)
; 10 160
’ 20 112
30 88
40 72

The majority of PBS area load demsities will fall between
20 KVA to 30 KVA per square mile after 10 to 15 years of system
operation. In the initial years of operation, when load densities
are low, primary or branch circuits can be extendad longer distances
to supply a larger areca. 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
g : during the initial FBS construction. Consequently, no foreseeable main
‘ : circuit reinforcement is considered necessary. Primary branch circuits;
however, will not be extended beyond the ultimate supply area (approxi-
mately eight miles from the main circuit) unless there are definite
distributicn 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 folleowing design criteria are proposed:

(1) Wood poles and crossarms.

(2) 95 kv basic insulation level.

(3) Ground clearances conforming to Bangladesh Electricity Act.
(4) Multiple Gounded neutral primary system.

(5) Threce phase main circuits, branch circuits and tap circuits.




j (6) Single phase branch circuits and tap circuits.
: (7) Minimum numbers of mechanical automatic sectionalizing devices.
e (8) Ground clearance provision for 230 volt secondary on all lines.
(9) ©NESC grade N construction {safety factor-2) where applicable.
. (10) Maximum voltdrop criteria as follows:

Primary Circuit 7.5%

) Distribution Transformer 1.5% .
Secondary Main Circuit 2.07%
Secondary Branch/Service 2.0%

Total: 13.0%

Line Protection

Automatic sectionalizing is restricted to the main circuits or
tc points on branch circuits which are accessihle by vehicle. The
purpose of this is three fold, i.e., to:

(1) minimize the number of mechanical devices (oil
circuit reclosers) 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 cf interruptions closer to main
circuits in order that notification of trouble and trouble
shooting activities occur mecre 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 constructicn 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 instzllation by man or animal
carry. It 1s 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 requircments have been given first priority and physical
obstacles have not been regarded as a major limitaticn to the scope of
the initiel system as proposed,




Flooding occurs on an annual basis during the monsoon season
over a considerable portion of Bangladesh. It is estimated that up
i 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 regicns. Also, since consider-
able travel in rural Bangladesh during the monsoon seascn is by boat,
. additional line clearances will be required over flooded areas.

Mcst 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 additicnal-line clearances are propcsed across
flooded areas in order to accommodate rural boat traffic:

Type of Flooding Proposed Design Modification

1) Sustained or short duration
flooding up to twe foot depth. No special medification.

2) Sustained flooding from two Add five foot pole height
to six foot depth. at all pcle lccations.

3 Short duration flooding from Add five foot pcole height
two to six foot. to selected spans only.

4) Sustained flooding from Add 10 foot pole height
six to 12 foot depth at all pcle locations.

5) Short duration flocding from Add 10 foot pole height
six to 12 foot depth. to selected spans only.

Acceptable service reliability will require attentiom 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 or social and many of the sccial 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 them to reach the
housing areas. In these cases, extensive right of way clearing can be

20
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Exhibit —A,

SUBSTATION FEEDER ARRANGEMENTS
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Exhibit- B8

TYPICAL SUBSTATION SUPPLY AREAS
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TYPICAL FEEDER

PROTECTION SCHEME

Ex

hibit- C
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SUBSTATION ONE LINE

Exhibit - D
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BEMEFIT-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 0.266/kWH. Tables E-0O
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-0 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 Analysig: 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 0.266/kWH in year one and increases in
real terms at approximately 27 p.a. over the period. System revenues
were computed at established retail rates which average Tk 0.84/kWH.
Cost savings in Table A derive from Table B-0 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~0 and C-1 by evaluating the incremental agricultural
income per pump 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, commercial activities, small industry
and agriculture. Tablcsg D-0 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 spent and circulated through the economy
generating econonmic activity and additional jobs through a "multiplier”
effect.
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Sensitivity Analysis: Phase II PBS

One of the most critical elements in the benefit-cost calcula-
tions i3 the economic cost of power generated by PDB and made available
at 33kV/11kV to a PBS. Coopers & Lybrand have attempted to estimate a
longrun marginal cost for power. While there is significant concern
with the resliability and accuracy of their estimate, their methodology
is employed in Table E-2, with some modifications in assumptions, to
obtain a marginal cost price of Tk G.50/kWH for power purchased by a
PBS. Table E-0 and E-1 calculate the internal rate of return for a
PBS for both a price of Tk 0.80/kWH and a higher price of Tk 0.20/kWH.
The difference between the two tables is that the results in the first
aczure no increase in retail electric rates to pass on the marginal
cost price cad the results in the second assume a token 12% increase.
A larger increase would have required revisions in load and fimancial
forecasts 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, calcula-
tions cuggested that it would be reasonable to assume an average
decrzase of €% in cost savings. The results of the sensitity analysis
are that: (1) the real internal rate of return at a marginal cost
price of Tk 0.80/xWH is 6.4%, considerably less than the 15.8% at
curvent wholesale price, (2) if retail rates are increased by 12% the
rate of return rises to 7.6%.

Cost/Denefit Analysis: Expansion of a Phase I PBS

Table F-0 estimates the real internal rate of return for invest-
nent beginning 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
originzlly designed and constructed in years 1 and 2 to allow capacity
for extznsion. The plant costs for years six through 17 were
developed using Table F-1 load forecast information and NRECA/CAI
estimates of unit costs of extended services to consumers of different
types '



TABLE A COST-BENEFIT ANALYSIS : PHASE II - PBS ANNEX F
(1,000's U.S. § )
INTERNATL
NET RATE OF
COSTS BENEFITS B ENEFITS RETURN
Whole
Sale Costs Irrigation
Year Plant O;&M Power Total Revenue Savingg Production Employment Total
1 1131,22 0 0 1131, 22 0 0 0 19.190 19,190 -1112.032
2 188%. 39 0 0 1885, 39 0 0 0 19.281 19,281 -1866.110 15. 8.
3 2262. 44 111.11 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  .310.28 269.888 33,896 177,186 791.250 - 1329.030
5, 377. 06 111.11  173.89 662,06 443,94 423.068 45,531 232.738 1145.280 + 483,235
6 £17.89 111.11  218.89  747.89 572,28 514, 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 1989.300 + 1140, 360
9 417.89 111,11 374,11 903,11 976.11 784. 452 77, 055 438.237 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
11 417.89 111,11 487,78 1016.78 1261, 00 965,425 92,967 535,576 2854.970 + 1838.190
12 217. 89 111.11 547,28 1076.28  1408.22  1055.910 100,923 590. 601 3155.650 + 2079, 370
13 117,89 111,11  608.56 1137.56  1558.56  1147.3}0 109. 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 4 2546.340
15 417. 89 111,11 736,50 1265.50  1868.44  1329.795 126,135 723,543 4047.91G + 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. 89 111.11 872,00 1401.00  2191.44  1512.716 142,943 B13.552 4660, 650 + 3259, 650

VR S
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DOMESTIC LIGHTING

TABLE B-0

No.of Meters

Cost Savings

0
0

3,147

6,294
10,490
12,573
14,596
16,649
18,702
20,755
22,608
24,061
26,914
28,967
31,010
33,070
35,120

98.
196.
326.
391.
454.
518.
582.
646.
710.
774,
£38.
902.
966,

1,03G.
1,094,

092
184
973
900
9517
945
941
933
925
917
909
901
582
792
650

TOTAL COST SAVINGS ESTIMATES: ANNEX F
PHASE II PBS
(IN 1,000°s U.S.9$)
TOTAL COST
DEEP TUBE WELLS SHALLOW TUBE WELLS LOWLIFT PUMPS SMALL INDUSTRY SAVINGS
No. Cost Savings No.Cost Savings No.Cost Savings No.Cost Savings
0 0 0 0
0 0 0 0
35 18.153 32 5.5964 20 5.305 56 22.062 149,575
47 24,377 64 11.927 40 10.610 68 26.789 269.888
53 27.488 110 20.500 67 17.772 77 30.335 423,068
60 31.119 125 23.295 37 23.077 114 44,612 514,302
67 34,750 140 26.090 107 28.382 151 59.408 603.587
74 38.380 155 28,886 127 33.687 138 74.065 653.96€
81 42,011 171 31.268 147 36.992 225 353.041 784,452
68 45,641 137 34.849 167 44,297 262 103.218 3764.938
95 49,272 203 37.231 187 49,602 299 117.795 9€5.425
102 52,902 219 40.813 207 54,507 331 132.371 1,055.91C
110 . 57.052 235 43,795 227 60,118 374 147.342 1,147,310
118 - 61.201 251 46.776 247 65.517 412 1€2,312 1,238.707
12¢ 65.350 267 49,758 267 70.822 450 177.283 1,329.795
134 69.499 283 52.740 257 76.127 498 196.193 1,425,251
142 73.648 299 55.722 307 31.432 1526 207.224 1,512.71¢

/



TABLE P-1 DOMESTIC LIGHTING COST SAVINGS ESTIMATES PER YEAR ¢ INEY ¥

PER RESIDENTIAL METER:

Initial Investment

a) housewiring/meter annualized at 12 years

b) 3 kupl lamps annualized at 1-1/2 yr.
¢) 2 hurricane lamps annualized at 3 yrs
plus 2 kupi lamps @1 1/2 years

Maintenance
a) housewiring/meter
b) 10-40W bulbs @12 Tk/buldb
c) 3 kupi lamps @4 Tk/lamp
d) 2 hurricane + 2 kupl lamps

Energy Costs
a) 10kwh/household/month (Low Income)
30 kwh/household/month (High Income)
b) 96 1t ,kerosene/household @3 Tk/1b.: .
168 1b kerosene/household @3 Tk/1b.
¢) One pair b aieriei/month @20 Tk
Total Annual Cost Tk
Cost Savings Per Year (Tk)
Average Cost Savings Per Year (§)

Assumptions

PHASE II "PBS

Low Income Households

Electric Kerosene
30 Tk .
15 Tk
30 Tk
120 Tk
30 Tk
270 Tk
720 Tk
450 Tk 765Tk,

315 Tk ($17.9)

.70x$17.50 + 3x$63.06 = $31.17

High Income Households

Electric Kerosene
35 Tk
60 Tk
30 Tk
120 Tk
120 Tk
720 Tk
1,260 Tk
600 Tk
905 Tk 2,040 Tk

a) 70 percent of households zrglow income and 30 percent high income wity 2,5 households/meter.
b) price of housewiring = 300Tk, price of a kupi lamp = 3Tk price of a hirricane lamp = 30 Tk.,

price of kerosene is 3.00 Tk/1b. and the electric rate schedule 1s 15 Tk for i - fi. st

15 kwh and .75 Tk/kwh for addition~? consumption/worth.

References

1,135 Tk ($63.06)

a) Survey research by Rural Electrification Board Staff and conducted speclfically for this analysis, May 1981.

b) Exchange rate of $1 U.S. to 18 Taka



P. 1
TABLE B-2

ANNEX F

IRRIGATION COST SAVINGS ESTIMATES PER YEAR PER WELL : PHASE II - PBS

CASE 1 DEEP TUBE WELLS

ASSUMPTIONS:

a)

L)

c)
d)

e)

£)

A1l well components including a 2 cusec Turbine pump (life time of 15 years and priced
at rate Tk.35,000) are the same for diesel and electric Mctors. However, the electric
motor 1s a vertical motor and a Gear Head with splcer shaft (life time 20 years,
price Tk. 10,000).

in performance
One 3 PH, 25 HF Electric Motor (life time 20 years, price Tk. 15,000) 1is equivalent/to a
30 HP diesel engine (life time 15 years, price Tk. 50,000) there is a 20% salvage valve
on motors at end of life time.

Average pumplng hours per year (Boro & Aus season) = 1,000 hours.

TFuel Consumption:

1,000 gal. of HSD Fuel at rate Tk.18.95/gal = Tk. 18,940
37.5 gal. of lub & greasing oil at rate Tk.37.02

Tk. 1,633
Tk, 20,623

Electric Energy Consumption at rate Electricity rate Tk. .70/KWH,Electric motor is assumed to be
85% cofficient so that KWH = .746 x Horsepower x 1 x operating hours and KWH = 21,941,

Efficiency
Expenditure on electricity: Tk.15,353.82.

Repair and Maintenance Costs:

Diesel Engine & Equipment : Tk. 2,000
Electric Motor & Equipment : Tk, 500

NG
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ESTIMATED ANNUAL COST
Electric Diesel

1. INVESTMENT

Gear Head with Spicer Shaft 500

30 HP Diesel 3,333.33

3 Phase, 25 HP Electric Motor 750

Salvage Vale (-) - 150 - 666.67
2. Annual Operating Cost & Maintenance

Diesel Fuel 18,940

KWH 15,358.7

Lubrdication 1,688

Repair and Maintenance 500 2,000
3. Total (Tk.) 16,458,7 25,794.66
4, Cost Savings (U.S. $) - $ 518.66

REFERENCES

(a) Diesel and Electric Powered Fump Irrigation, A Comparative Cost Analysis
by Akhier Ahmed, USAID, May 11, 1981.

(b) NRECA/CAI Advisory Staff,

LLLL



TABLE B-2 p.3

ANNEX F
CASE 2 SBALLOW TUBE WELLS
ASSUMPTIONS:
a) All well components including a 3/4 cusec pump set (life time of 10 years, price Tk,AOOO)

are all the same for diesel and electric motor operated wells.

in performance
b) One 4.5 HP electric motor (life time 15 years, price Tk.5,000) is equivalent/ 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.13.95/gal. = Tk. 3,977
5.3 gallons of Lub at rate Tk.37.02/gal = Tk. 296
Tk. 4,273
e) Electric Energy Consumption rate .70 Tk/KWH
(same assumption as for DIW) KWH = 2,764.6, Expenditure = Tk. 1,935.2
f) Repalir & Maintenance: Diesel Engine & Equipment : Tk. 1,100
Electric Motor & Equipment : Tk. 300
ESTIMATED ANNUAL COST
Electric Diescl
1. INVESTMENT
6 HP Diesel €50
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
al TOTAL (Tk.) 2,668.5 6,023
4. COST SAVINGS (U.S.$) $ 186,36
REFERENCES
a) Diesel and Electric Powered Fump Irrigation, A Comparative Cost Analysis
by Akhter Ahmed, USAID, May 11, 1981,
t) NRECA/CAI Advisory Staff.

S



CASE 3 LOW LIFT PUMPS T/RLE 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 tue same whether a diesel or electric motor is used,

b) One 15 HP motor (life time 15 years, price Tk: 10,000) is equivalent to m 18 HP diesel engine
(1ife time 10 years, price Tk. 20,000). -

¢) Average pumping hours (Boro and Aus season) = 700 hours,

d) Fuel Consumption : 438 gallons of HSD diesel @ 18.95 Tk./gal. = Tk. 8,296
16 gallone of Lub @ Tk. 37.02/gal. + greasing= Tk. 792
Tk. 9,088

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

f) Repair and Maintenance : Diesel Engine & Equipment : Tk. 1,300
Electric Motor & Equipment : Tk, 300

ESTIMATED ANNUAL COST

Elcctric Diesel
1. INVESTMENT
18 HP diesel engine 2,000
15 HP Electric Motor 666.67
2. ANNUAL OPERATING COST AND MAINTENANCE
Diesel Fuel 8,296
KWH 6,450.7
Lub 200 792
Repair and Maintenance 300 1,300
3. TOTAL (Tk.) 7,617.4 12,388
4, COST SAVINGS (U.S. $) $ 265.25
REFERENCES

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

(b) NRECA/CAL Advisory Staff,




ANNEX F
TABLE B-3 SMALL INDUSTRY COST SAVINGS ESTIMATES PER YEAR PER FIRM : PHASE Il - PBS

ASSUMPTIONS:

a) Rice Millg, Flour Mills, 0Oil Mills, Combination Rice-Flour-Qil Mills, Saw Mills, ectc.
j essentially require or use the same 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.

performance
c) A 3P, 15HP Electric Motor (Life time of 15 years, price @ Tk, 10, 000} is equivalinti
to a 20HP diesecl engine (life time 10 years, priced @ Tk, 27, 000)

d) Fuel Consumption:
HSD Diesel : 1575 Hours x , 72 gal/HR x 18.95 Tik/gal. = Tk. 21,489.30
; LUB; (.125 gal Lub/HP/100 HR)20 HP x 1575 x 37.02 Tk/gal : Tk. 1,457, 66
4 TOTAL: 100 Tk, 22,946.96
e) Electric Energy Consumption @ Tk. .90/KWH for first 2500 KWH and .60 Tk/KWH for additional KWH.
Electric motor is assumed to be 85% cificient so that KWH = ,746 x HP x 1 x operating hours
= 20,731, 4 KWH/YR at a cost of Tk, 18,660,96 efficiency
f) Repair and Maintenance Costs:

|
Diese¢l Engine and Equipment : Tk, 1,300/Yr,
Electric Motor and Equipment : Tk, 300/Yr,

V7



There B-32 f.ik

ESTIMATED ANNUAL COST

1.

Electric

INVESTMENT

20 HP Diesel Engine

15 HP Electric Motor 667
ANNUAL OPERATING COST AND MAINTENANCE

Diesel Fuel

KWH 18,661

Lubrication 200

Repair and Maintenance 300
TOTAL (Tk.) v 19,828
COST SAVINGS (U.S. $) $395/Yr.

REFERENCES

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

(b) Research by Akhter Ahmed, USAID

(c) NRECA/CAI Advisory Staff,

Diesel

2,700

21,489

1,457
1,300

26,946

Anunex &
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TABLE C-0: TOTAL DBENEFITS FROM INCREASED AVERAGE CGMMAND AREA (A.C.A.) PER IRKIGATION ANNEX F
WELL FOLLOWING DIESEL TO ELECTRIC CONVERSIONS: PHASE 1I--PBS
’ (In 1000's U.S. $)
4 DT W STVW LLP
YEAR |Conver- Conver- Conver-
\ sicns A.C.A. Net Y aions A.C.A. Net Y sions A.C.A, Net Y Total
(No.) Increase [ Acre | Benefits (llo.) Increase| Acre | Benefits (No.) Increase | Acre Benefits | Benefits
A 1 4.3 | 10 0 0 10 16 0 16.1 | 10 0 0
: 2 £6.3 | 10 0 10 10 0 16.1 | 10 0 0
% 3 35 44.8 10 15680 32 10 10 3200 20 16.1 10 3220 22100
ﬂ 4 47 44,0 10 21056 64 10 10 6400 40 16.1 10 6440 33896
5 53 44.8 1G 23744 110 10 10 11000 67 16.1 10 10737 45531
6 69 44.8 10 26880 125 10 10 12500 37 16.1 10 14067 53387
7 67 44.3 1C 30016 140 10 10 140060 107 16.1 10 17227 61243
3 74 44.8 10 33152 155 10 10 15500 127 16.1 10 20447 ~ 69099
4 9 31 £4.8 10 3620686 171 10 10 17109 147 16.1 10 23667 77055
v 10 43 44.9 10 39424 167 10 10 16700 167 16.1 10 26887 35011
11 95 44.8 10 42560 203 10 10 20300 187 16.1 10 30107 225€7
12 102 44,8 10 45696 219 10 10 219¢0 207 16.1 10 33327 106923
13 110 44,8 10 49280 235 16 10 23500 227 16.1 10 36547 109327
14 118 44.3 10 52864 251 16 10 25100 247 16.1 10 39767 117731
15 126 44.9 10 56448 267 10 10 26700 267 16.1 10 42947 126135
16 134 44,95 10 60032 203 10 10 28300 207 16.1 10 46207 134539
5 17 142 44.8 10 63616 299 10 10 29900 307 16.1 10 49427 142943
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TABLE C-1 BENEFITS PER IRRIGATION W ELL RESULTING FROM INCR EAS ED AVERAGE 0 X F

COMMAND AR EA FOLLOWING DIESEL TQ ELECT. MOTOR CONV ERSION: PHASE II -- PBS

!
ASSUMPTIONS:
a) As a result of conversion from diesel engine to electric motor, operating hours/day increase and according
to the raw data from a USAID, Electric and Diesel Power Irrigation Pump Survey (April 1981) of pump

operators in the Comilla and Chittagong Districts of Bangladesh, more water is pumped irrigatibg, on the
average, a larger Average Command Area (ACA). From the raw data, the estimate is that the ACA\well

increases by:

Deep Tube Well : 44,8 acres
Shallow Tube Well : 10 acres
Lowlift Pump : 16,1 acres
b) Benefits per well were measured by net income per acre (from farming) times the number of acres by which
From Volume V, ’

the ACA increases, Net Income per acroe from farming is computed assuming a Boro crop.
Boro Paddy, Costs and Returns, AGRO- Economic Research Section, Ministry of Agriculture and Forests,
December 1979, the following data were collected and net income computed:

Price/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, deflator from the Statistical Year Book of Bangladesh, Net income V =
181,18 Tk/acre (80-81 prices)

In dollars (U.S,) - Net income $10/acre (80-81 prices)

ESTIMATED ANNUAL BENEFITS/WELL

Deep Tube Well :+ 44.8 acres x $10/acro = $448/well
Shallow Tube Well : 10 acres x $10/acre = $100/well
Low Lift Pump : 16,1 acres x $10/acre = $ 161/well

A T T i ———s - m k.



TABLE D-1 INDIRECT EMPLOYMENT BENEFITS FPER YEAR: FPHASE I1 FBS ANNEX F
(IN 1000's U.S. $)

TABLE D-O DIRECT EMPLOYMENT BENEFITS PER YEAR: PHASE I1 PBS
(IN 1,000's U.S.9$) ANNEX T

Total

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

REB - Contractors Phase II PRES Per PBS

Salary Salary Salary
Year Employment Benefits Employment Benefits Employment Benefits (2+4+6)
(Per PBS) e (Per PBS)

1 435 3302.78 114G 5137.0 20 10750 19160
2 447 3393.99 . 1140 5137.0 20 10750 15281
3 459 3435.00 1140 5137.0 53 23458 37110
4 471 3576.11 1140 5137.0 54 29025 37738
5 453 3667.22 114G 5137.0 55 29563 38367
6 495 3758.33 1140 5137.0 57 356385 39533
7 507 3349.44 1140 5137.0 59 31713 40699
3 519 3940.56 1140 5137.0 61 327€3 41366
9 531 4031.67 1140 5137.0 63 33863 43032
10 543 4122,78 1146 5137.0 65 34933 44198
11 555 4213.89 1140 5137.0 67 36013 45364
12 567 4305.0C 1140 5137.0 69 37089 46531
13 579 4396.11 1140 5137.0 71 38163 47656
14 591 4487,22 1140 5137.0 73 39238 48362
15 600 4555.56 1140 5137.0 75 40313 5000¢
16 €00 4555.56 1140 5137.0 77 41388 51081

17 600 4555.56 1140 5137.0 79 42463 52156



TALLE D-2 INDIRECT AND DIRECT EMPLOYMENT BENEFITS ANNEX F
ASSUMPTIONS AND ANALYSIS: PHASE II PBS

CASE 1 INDIRECT EMPLOYMENT - DIW, STW, LLP

CASE 2

ASSUMPTIONS
a) Average Acres Irrigated per well are: DTW - 60 acres, STW - 15 acres, LLF - 40 acres
b) Working Days/acre = 117.: days/acre for all wells
c) Wage/day = 18.0 Tk./day

ESTIMATED EMPLOYMENT BENEFITS/WELL
Benefits/well = wage/day x working days/acre x average acres irrigated

DTW = 7063 (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 information were collected from Costs and Returns, Vol. V Boro Paddy,
Agro—-economlc Research, Ministry of Agriculture & Furests.
c) Thanawise Stotistics on Distribution of Agricultural TInputs, 1973-1979, BADC

INDIRECT EMPLOYMENT - SMALL INDUSTRY

ASSUMPTIONS
a) tverage Employment/firm = 6
b) Average Wage = 13.64 Tk./day

c) Working days/year = 240



TABLE D-2 Page 2

ANNEX F

ESTIMATED EMPLOYMENT BENEFITS/FIRM/YEAR

@mployees /Firm x 13,64 Tk x 240 Working days = 19641,6 Tk/year = 109,12/year (U.S. $)

R EF ER ENC IS
a) RURAL INDUSTRIES STUDY PROJECT, PHASEI & II REPORTS, 1979, 1980,
Bangladesh Institute of Development Studies,
b) Average Daily Wage Rates from Monthly Statistical Bulletin of Bangladesh,

Bangladesh Bureau of Statistics, January 1981,

CASE 3 INDIRECT EMPLOYMENT ~ Commercial and Home Production

ASSUMPTIONS & ESTIMATED BENEFITS/YR/PBS

a)
b)

c)

d)
REF EF INCES

(a)

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

Average Income/year ~- Home Production = 416 (U,S.$)/yr.
Small Cottage = 520 (U.S. $)/yr.
Total Income/year = Average Income X Employment
Home Production $ 18,720
Small Cottage (Com.) $ 15,600

Total: $34, 320

Total Income/yr. is assumed to grow at 6,9%.

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

oA



TABLE D-2 p.3

ANNEX F

CASE 4 DIRECT EMPLOYMENT - RURAL ELECTRIFICATION BOARD (REB)

ASSUMPTIONS & ESTIMATED BENEFITS

b)

c)

d)

e)

£)
REFERENCES

a)

REB current employment is estimated to be 435. REDB 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 600 employment.

Position plus contract personnel will be broken down as:

Officers = 250
Support Staff = 350
Total €00

Salary/employee is about 75G Tk/month and monthly benefits in addition to salary
include:

(1) Medical : 59 Tk/month
(11)  Housing : 30% of base salary/month = Tk.225/month

Total Salary : 1025 Tk/month or 12,30C Tk/year or 633.33 U.S. ¢/year.

Employment is assumed to grow smocthly from 435 (current) to 600 AND since there
are expected to be 90-10C PBS's, Benefits/phase II-A PBS are obtained by dividing
by 90. Therefore, Employment Benefits/yr = $683.33 x Employment/90.

w

NRECA/CAI Staff & Documents.
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SENSITIVITY ANALYSIS WITH WHOLESALE POWER

TABLE E-O ANNEX F
PRICED AT MARGINAL COST ESTIMATES BUT RE-
TAIL RATES UNCHANGED- PHASE II PBS
(In 1000's U,S. $)
SYSTEM SURPLUS
YEAR _ SYSTEM COSTS REVENUE BENEFITS NET BENETFITS IRR
Power al Power at Power @ Power @ Power @ Power @
olr Tk.90/kwh Tk, 00/kwh Tk, 90/kwh Tk, 80/kwh Tk. 90/ kwh Tk, 80/kwh
] 20362, 00 210362, 00 0 19, 19 -1112,03 -1112,03
i 3393,,.00 33937, 00 0 19,28 -1866, 11 -1866, 11 3. 89 6,49,
3 46761, 30 47201, 60 199, 17 261, 34 -1920, 35 - 1889, 26
4 43344, 00 42521, 00 310,28 480, 97 -1616, 25 -1570, 58
2 19143, 30 17992, 60 443, 94 701, 34 + 81,78 + 145,71
{ 22542, 30 21095, 60 572.28 851,97 + 171,89 + 252,26
g 25336, 82 23579. 60 703,67 1000, 83 + 296, 90 + 394,52
l 28369, 860 26275.60 838, 33 1150, 97 + 413,20 + 529, 54
=) 31442, 00 29042, 00 976,11 1299, 74 + 526, 85 + 662, 40
Ll 34674, 30 31879, 60 1116, 94 1448, 75 + 639, 31 + 794,57
11 37947, 60 34789,20 1261, 00 1593, 97 + 746, 77 + 922,23
17 41299, 20 37':68.4:0 1408, 22 1747, 43 + 861,25 +1057, 40
13 44731, 80 41819, 60 1558, 56 1891, 27 + 964,73 +1182, 07
'4 48245, 40 43942, 30 1712, 00 2035,01 +1066, 71 +1305, 74
i5 51832 . 80 47131, 60 1868, 44 2179.47 + 1168, 31 +1429, 49
16 55508 .89 50398, 30 2128, 33 2330,17 +1277,70 +1561, 56
| 59264, 10 53737,20 2191, 44 2469,21 + 1368,20 +1675,25



TABLE E-1  SENSITIVITY ANALYSTS WITH WHOLESALE POWER
PRICED AT MARGINAL COST ESTIMATES AND RETAIL ANNEX F
RATES INCREASED BY 12: PHASE I1 - PBS
(In 1000's U.S.$)

SYSTEM SURPLUS
YEAR SYSTEM COSTS REVENUE BENEFITS NET BENEFITS IRR
Power @ Power @ Power @ Power @ Power @ Power @
Tk, $0/kwh Tk, 80/kwh Tk.90/kwh Tk. 30/ kwh Tk, $0/kwh Tk.0G/kwh
1 19954.76 19954.,76 0 18.04 -1112.03 -1112.03
2 33258.26 33253.26 o 0 18.12 -1366.11 -1666.11 5.3% 7.6%
3 45326.07 46257.57 219.09 245,66 ~1903.85 -10373.35
4 42477.12 41670.58 341.31 452.11 -1563.,25 -1548.45
5 15760.43 17€32.75 4543.33 659.26 + 112.26 + 174.98
6 22061.45 20€73.69 629.51 §00.385 + 212.79 + 291.49
7 24:230.06 23108.01 774.04 94G.73 + 343.70 + 444 .40
8 27802.40 25750.09 1 922.16 15061.91 + 475.30 + 59G.40G
9 30852.36 28461,16 1073.72 1221.72 + 601.35 4+ 734.65
10 33960.81 31242.01 1226.63 1361.863 + 726.51 + 378.61
11 37188.65 34093.42 1387.10 1498.33 + 846.57 +1018. 47
12 40473.22 37013.03 1549.04 1642.58 + 673.95 +1166.15
13 43337.16 40003.21 1714.42 1776.77 +1090.93 +1303.93
14 47230.49 43063.94 1883.20 1912.91 +1206.71 +1441.01
15 50796.14 45188.97 2055.28 2048.70 +1322.31 +15735.31
16 54398.23 49390.,82 2231.16 2190.36 +1446.10 41724, 30
17 56078.82 52662.46 2410.53 2321.06 +1551.60 +1943,5C

-



TABLE E-Z ANNEX F

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

A. Qualification and Alternative Assumptions:

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 Assumptions:

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 107 (see Sections 9.2.7 and 9.2.22).

c) Reserve margin is 20%.

d) System losses are estimated as:

Average Losses:

Auxiliaries 47 of units generated
132 kv 2% of units entering the system

33 kv 47 of units entering the 33 kV system
Total Losses 10%

Peak Losses:

Assume 1.2 times average losses = 12%

B. Marginal'Cost Calculations:

1.

1)

ii)

Marginal Capacity Cost

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.

Transmission Capacity

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

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

ANNEX F

Marginal Energy Cost

1) Natural Gzs Opportunity Cost

Method: (a)
(b)
(c)
(d)

Marginal producticn cost plus depletion premium
Real fuel price increase: 37 p.a.

Discount rate: 107

Reserve life: 30 years (date at which

growing demand for fuel has to be

increasingly satisfied by o0il rather than new
gas production).

1679~8C Marginal cost of production

and transmission - Tk. 6.00/MCF
Depletion premium (C&L Section §.2.3) - Tk.1C.00/MCF
Total gas opportunityfébst - Tk.16.00/MCF

This is about

(79-80 prices)

60% of the gas value of Tk. 256.2 used in the

tariff study using cfficial exchange rates rather than

"Shadow" one.

ii) Eastern Grid Marginal Energy Cost

Tariff Study

Range: Peak/Off-peak

Tk.57 - Tk.23/kwh

At €0% gas value Tk.34 - Tk.1l4/kwh
(at official exchange rate)

iii) Western Grid Marginal Energy Cost

Tariff Study

Tk.2.93 - Tk.1.12/kwh

At official exchange rate Tk.2.40 - Tk. .92/kwh

iv) Total System Marginal Energy

Cost at Generation Level

Tariff Study (

7C%/30%) ¢ Tk.1.25/kwh-Tk. .4C/kwh

With new fuel wvaiues and

split 50% East

System Losses

Average losses
Peak losses

/10% West: Tk. .55/kwh-Tk. .22/kwh

(about 457 of tariff study
estimate)

e
o O
2 e

(See Section A above)
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i)

ii)

i1i)

ANNEX F

Combined Marginal Cost at 33/11kV Level

Capacity

Generation
plus margin 20%

Transmission

1089 X .0889 = Tk

365

Energz

Tk 551/KW/year
Tk 110/KW/ year

Tk 661/KW/year ‘
x 1,12 - Peak loss factor

Tk 740/KW/year
Tk 349/¥W/year

Tk1089/KW/year

. .27/kWH at 33/11kV in 79-80 prices

Tariff Study: Tk .835/KWH of generation

Revised: About 457 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.

Total Marginal Cost 79-80 and 80-81

Capacity Tk
Energy Tk
Tk

.27
.42

.69/kWH

Assume 16% inflation between 1979~1980 and 1980-1981.

Marginal Cost 1980/81

Tk .80/kWH
at 33/11 kv

This 1s already in CIF - 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
(100G's of U.S.$)

ANNEX

Net
Beneflits

IRR

COSTS . RENEFITS
Purchase(3) System Cost Employment total
Year Plant 0&M Power Exp. Total Revenue Savings (1) Benefits(2) Benefits
1 370.75 0 0 370.75 0 0] 9 O
2 370.75 O 0 370.75 0 0 0 0]
3 0 0 0 O C ¢] 0 @]
4 0 8] 0 0 0 0 o 0
5 0 0 0 0 0 0 0 0
6 92.63 1.55 7.71 101.89 19.94 11.38 98.01 129.33
7 92.63 3.15 15.47 111.26 40,46 22,75 196.04 259,25
3 02.43 4.31 23.58 121.02 61.11 34.13 294,04 339.28
9 92.63 6.51 31.92 131.06 53.25 45,51 392.07 520.83
10 92.03 8.26 40,51 141.40  105.51 56.89 450,08 652.4%
11 92.63 10.07 49.33 152.03 125.36 66.26 568.09 754,71
12 92.63 11.92 58,40 162,95 151.78 79.64 656.11 917.53
13 92.63  13.82 67.72 174,16 175,79 91.02 764,12 1050.93
14 92.63 15,77 77.27 135.67 201.07 102.39 382.14 1135.60
15 92.63 17.76 37.07 197,47 225.55 113.77 930,15 1319.47
16 92.63 19.81 97.11 209.56 251,30 125.15 1073.17 1454.62
17 92.63 21.91 1C7.40 221.94 277 .64 136.52 1176.19 1590.35
Foot Notes: (1) Cost savings estimates are only for domestic lighting and werc computed using load
forecast information and cost savings/meter data from Table B-1
(2) Employnent benefits involve only what are referred to as indirect employment
(Table's D-0 thru D-2) and were computed using load forecast Information for Small
Industry, DIW, STW, and LLF.
(3) Purchase power expense is = Tk. .266 x Purchase power (Table F-~1) with Tk converted

to U.S.$ at the rate of 12 Tk. to 1 U.S.S.

- 370.75
- 370.75
0
0
0
27 .44
144,00
268,27
339.77
511.08
£32.63
754,54
376,77
999.93

+++F+++++ o+

+1122.00
+1245.06
+1368.41
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TABLL I'-1  LCAD

CCINECTIONS s

a% nesidential

b) Commercial

c) Deep Tube ‘jells

d) Shallow Tube Wells

e) Low Lift Fumps

f% Small Industry

) Medium Industry

bl ‘Pobal
LVIRAGE PNsSRGY US:

a) Residential

b; Commercial

c) Deep Tube Wells

d) Shallow Tube Wells

e) Low Lift Pumps

£) Small Industry

g) Medium Industry
TOTAL SNEKRGY:

a) Residential

b) Commercial

c) Deep Tube Wells

d) Shallow Tube YWells

e) Low Lift Pumps

£) Small Industry

g) Medium Incustry

h) Total

LOSBES & PURCHAGE

a) Losses
b) Purchase Power

POER:

FOCeb™T FCR 6Tl

35

AN
N O S O~JW\\UI

I~
~J

570
160
16000
3000
5500
30000
42000

135050
31500
12000
51000
49500

120000

0

438050

165

521488 1047 . 148 1595,.2

I YEAR SXPLUSION

946

585
430
16000
2000
5500
%0000
42000

281050
72000
96000

102000
99000

240000

o)

890050

1rw

N,

PAGE 1 QF 2

OF DPUASE I PBS
8 S
1095 1.46,0 1825
225 500 375
9 12 15
57 68 85
27 56 L5
12 16 20
0 0 0
1419 1892 2365
400 415 430
500 520 SO
16000 16000 16000
2000 3000 %000
5500 500 5500
%0000 20000 %0000
12000 42000 42000
4%8000  GOSSC0 7847250
112500 156000 202500
144000 192000 240000
153000 204000 255000
148500 198000 247500
260000 480000 600000
0 0 0
7256000 1835900 2329750
4%5 4 5% 150

Ol 2150,887

27400,882

11

2190
150
183
102
54
Dl

0
2838

445
560
16000
5000
»500
20000
42000

ettt
252000
282000
)O()(\(.)O
297000
720000
¢
28637550

1 5%

3358204

253



ANNEX F

TA3LE F-1 LOAD FCieCAST FOR 6TH YEAR EXPANSION OF PHASE 1 PBS

FPAGE 2 OF 2

N R S, - W |- S
3. CONNIECTIONS:
a) Residentinl 2555 2920 3285 3650 4015 4280
b) Commercial 525 600 675 750 825 200
c) Deep Tube Vells 21 24 27 %0 %3 26
d) Shallow Tube ilells 119 136 153 170 167 204
e% Low Lift Pumps bB 72 81 90 99 108
f) Small Indu**try 28 3 56 40 ivas 4.8
g) Medium Industry 0 0 0 0 0 0
h) Total s L 2784 n25% 4730 520% 5676
2. AVERAGE =ENERGY UsE:
a) Residential 460 475 490 £O5 520 %5
b) Commercial 580 600 620 640 660 630
¢) Deep Tube Wells 16000 16000 16000 16000 16000 16000
d) Shallow Tube %YWells 3000 5000 A000 2000 5000 H000
e) Low Lift Pumps 5500 5500 5500 5500 5500 5500
) Small Industry 30000 50000 30000 20000 50000 50000
g) Mediun Industry 4.2C00 42000 42000 42000 42000 12000
3. TCTAL INERGY:
a) Residential 1175300 1387000 1609650 1843750 2087500 2343500
b) Commercial 304500 32650000 418500 450000 544.500 G12000
¢) Deep Tube Wells 336000 584000 432000 430000 528000 576000
d) Shallow Tube iWells 557000 408000 459000 0000 561000 612000
e) Low Lift Pumps 56500 396000 445500 495000  BAAS00  B94000
f) Small Industry 840000 960000 108C000 1200000 1320000 140000
g) Medium Industry o 0 0 0 0 0
h) Total 3359300 3895000 4444650 5008250 5585800 6177500
¥, LOSSES & PU.ICHASE FOWLR:
a) Losses 15% 1 5% 15% 15% 15% 1 5%
b) Purchase Power 952,118 4582353 5229,000 5892.059 6571.529 72674112

&¥



TABLE -2

Customer Grouping

Residential
Minimum Energy

hdditional Energy

Commercial
Minimum Energy

Additional Enersy
Deep Pube Wells
Shallow Tube VWells
Low Liflt Pumps
omall Industry
Hedium Industry

TCTLL REVENUL

REVENUEL

an st

Yesr
e o 8 9
650 763500 10,950 14,600
2,890 G285 9.581 14,296
SISy 1 <580 2 250 3,000
= ! 1,878 3,000 4,250
1867 Lot 5 000 7,467
1.58% B iy e 250 7.93%
1,825 % E50 S 7700
5,000 12,000 18,000 24,000
0 0 0 0
10,940 40,460 61.106 83,246

FOACEST TOR 6TH YEAR EXPANCION OF PHASE I P35

SANNEX F

PAGE 1 OF 2
L S i
18.250 21,900
19,010  24.181
%.750 4,500
5,625 7,125
93535 11,200
9,917 11,900
9.625  11.550
30,000 35,000
0 0
105.510 128.%56
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TADLE F-2

Residential

Customer Grouping

Minimum Energy

Additional [Energ

Commercial

Minimun Energy

Ldditional Energy

Deep Tube Wells

Shallow Tube Yells

Low Lift Punps
omall Industry
Medium Industry

TOTAT, REVENUL

REVENUE FCReCasT rOR 6TH YEAR &

12 1% 14 15
25.550 29,200  32.850  36.500
29,808 35,892 43,116 49,427

5,250 6,000 6,750 7500
8.750  10.500  12.375 14,375
1%.067  14.9%%  16.800  18.667
1%.88% 15,867 17.850  19.833
13,475 15,400 17.%25 19,250
42.000 48,000 54,000  60.000
0 0 0 0
154,783 175,792 201.066 225,552

PAUSTON OF PHASE I PBS

ANNEX 1
PAGH 2 COF 2
06 17
40,150 43,800
56.379 64,788
8.250 9,000
16.500 18,750
20.5%% 272 400
271.817 23,800
21.175 23,100
66,000 72,000
0 0
251 . 504 277 . 0658

=i



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 1lift pump
and shallow tubewell respectively.

Table 1: Comparative Savings from Electrified over Diesel Powered
Irrigation Pumps 1/

(In Taka)

Present Value of

Cost Streams Cost Savings
Type of Pumps Diesel Electric Amount Percent
Deep Tubewell 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%

1/ Refer to Tables A-3, B-3 and C-3.

Source: Pages 4~6, 16-18 '"Diesel and Electric Powered Pump Irrigation",
A.U. 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 1lift pumps and shallow
tubewells, while in case of savings in power, shallow tubewells rank
highest followed by low 1ift 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 Pumpsl

Type of Savings

2/

Type of Pumps Investment Power Operation— Total
Deep Tubewell 48% ) 297 237 1007
Low Lift Pump 35% 35% 30% 100%
Shallow Tubewell 117 60% 29% 100%

1/ Refer to Tables A-4, B-4 and C-4.

2/ Includes lubricant, operator’s salary, repair and maintenance
costs.



74

ANNEX G
Page 3 of 6

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 1lift
pumps, whiie in absolute terms shallow tubewells rank highest followed
by deep tubewells and low lift pumps.

1/

Table 3: Cost Savings from Pump Conversion from Diesel to Electric=

{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 10%
Shallow Tubewell 74,638 54,792 19,846 27%

1/ Refer to Tables A-5, B-5, and C-5.
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Table B-1l: Comparative Total Investment Costs of Diesel and Electric
Powered Low Lift Pumps 1/*

Investment Cost (in Taka)

a. 2 cusecc puTn (10F+0 1) vears)
b. Trolley including coupling (Life: 10 years)
c. Accessories (Pipes, bends, foot valve,etc.)
d. 18 HP diescl eoglue (Life: 10 years;
e. 15 HP electric motor with starter

(Life: 15 years)2/#*
f. Total capital cost
g. Trade and transport*#*

h. Overhead

i. Total investment cost

Diesel

4,000
3,000
8,000

20,00¢

35,000
1,750
1,000

37,750

Electric

4,000
3,000

8,000

10,000
25,000
1,250
1,000

27,250

* Refer to the assumptions used in the analysis.

*%57 of capital cost (a+ b+ c + d+ e).
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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)
Diesel Electric
Total investzznt cost 37,750 27,250
10% salvage value of the pump set in 10th 3,500 -
year 3/*
10% salvage value of the pump sefw(excludingv - 1,500
motor) in 10th year.
40% salvage value of motor in 10th year - 4,000
Annual operation and maintenance costs 12,788 9,368
. 6/*
2. 438 gallons of diesel 8,296 -
8/*
b. 9,240 KWR™ - 6,468
x .
c. Lubricantg/ (16 gallons of lub oil 792 200

+ greasing for diesel; greasing only '
for electric)

d. Operator and protectiongl* 2,400 2,400

e. Repair and maintenance 1,300 300

* Refer to the assumptions used in the analysis.
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Table B-3: Comparative Cost Streams of Diesel and Electric Powered

Low Lift Pumps Applying Discounted Measures

{(In Taka)
Diesel Electric
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)2 - (3,500  (5,500)2 - (5,500) 2

a. Salvage value of pump set, engine/motor.

Assuming 10% discount rate, the present value of cost stream for a

diesel powered low 1lift pump:

10
¢, = 37750 + \, - 12788 _ 3500
(o)t (1410
t=1

[37750 + (12788)(6.144)] - [(3500)(0.386) ]

(@]
]
]

Cp + 114,968

Assuming 10% discount rate, the present value of cost stream for an

electric powered low 1lift pump:

9368 _ 5500
(+)t  (1+1) 10

L
Cp = 27250 + 3

(nt

=1
Cg = [27250 + (9368) (6.144)] - [(5500) (0.386)1

Cp = 82,684

Cost savings over diesel powered low 1ift pump:

Cp —Cg = 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 the Mission Research Unit. A total of
46 pump operators, in Comilla and Chittagong Districts, were located
and interviewed during April 1981. The sample was "accldental", 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 Type of Pump

Type Electric Diesel Total A

LLP 11 8 19 41
DTV 14 13 27 59
Total 25 21 46 100
% 54 46 100

*  All twenty-five electric pumrs were connected to Power Development
Board-supplied power. Slightly over half of all pumps surveyed were 20
horsepower or more. With the exceptionof 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 (BADC). 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.
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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 DIW pumps, while only slightly larger
in horsepower on the average (23.9 hp. vs. 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 percent more users (92.3 vs. 79.1) on the
average. '

. Virtually all pumps, both electric and dieéel, were used to irrigate HYV
paddy. 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 AreaflAcres) to Date
1 16 90 50 480 1 20 80 32 480
2 20 100 43.5 720 2 20 70 90 1*
3 20 1 1 Sk 3 20 96 52.8 960
4 16 45 80 Q% ** 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

Al 25 - 32. 20 300 11 25 75 80 750

12 15 2 54 60 12 25 100 140 800

13 25 50 40.. 670 13 25 150 40 900

o 14 20 100 32 720

Total T

277 805 398 4,545 -, - 335 1,241 921 11,551

Average -

21.3 61.9 30.6 349.6 23.9 88.6 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
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 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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TAHELE T OPERATING REPORT
TYPICAL PHASE II PBS

(THOUSANDS OF TAKA) PAGE 1 OF 2

1 2 z 4 5 O 7 8 G

Fevenue 0 0 2585 5585 7991 10%01 12666 15090 17570
Purchase Power Expense 0 0 7506 2228 3130 3949 4815 5759 673}
€ther O&M Expense 0 0 =000 2000 2000 2000 2000 2000 2000
Total O&M Expense 0 0 2506 4228 5130 5949 6315 7759 8734

Tax Bxpense 0 0 42 66 1! 121 149 178 2C7
fepreciation 0 0 926 2418 3549 4228 4455 $468% 4977
interest Ixpense 204 LY 1493 2239 2647 2790 2872 2548 302D
Total Cost of Service 204 46 5067 8951 11420 13088 14291 15568 16872
Margin (204) (746) (2382) (3366) (3429) (2787) (1625) (478) 598

7
vV
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Revenue
Purchase Power Expense
Other O&M Expense

Total O&M Expense

Tax Expense
Depreciation
Interest Expense
Total Cost of Service

Mergin

OPERATING REPORT
TYPICAL PHASE IT PBS
(THOUSAWDS O TAKA)

CIEY

!

2005 22698 25348
7741 8780 9851
2000 2000 2000
9741 10780 11851

238 268 300
2129 5367 5595
3086 3146 3126

18204 19561 20872
1901 3137 4476

PAGE 2 OF 2

15 14 15 16 17
28054 30816 33632 26510 39446
10954 12090 13257 44460 15696
2000 5000 3000 3000 3000
12954 15090 16257 17460 18696
553 266 400 434 470
5823 6051 6279 6507 6735
3102 3075 2968 2859 2748
22212 24582 25904 27260 28649
5842 6234 7728 9250 10797



Sources

Previous Cash Balance
Revenue
Loan Funds Advanced

Total Sources

Uses
0 & M Expense
Tax Ixpcnse
Loan Payment
Payment of Deferred Interest
Construction Expenditure

Total Uses

Cash Balance

SOURCES ANWND USES OF FUNDS

TYPICALL PHALSE II PBS e EE L
(THOUSANDS OF TiKh) PLGE 1 OF 2
1 g % 4 5 6 7 a 9
0 0 0 320 1%28 4095 1853 746 754
0 0 3585 5585 7991 10301 12666 15090 17570
20362 33937 40724 33937 6787 7522 9522 7522 7522
20%62 33937 44309 39559 16106 21918 22041 23358 25846
0 0 3506 42728 5130 5949 6815 7759 8734
0 0 42 66 O 121 149 178 207
0 0 0 0 0 6229 6565 6301 7237
0 0 0 0 0 ouL Ll 2uy bl
20362 33937 40724 33937 6787 7522 77522 7522 7522
20362 33937 44272 38231 12011 20065 21295 22604 23944
0 0 185% 746 754 1902

37 1329 4095

o
]



TAPLE 2

Sources
Previous Cash Balance
Revenue

Loan Funds iLdvanced

Total Gources

Uses
0 & M Ixpense
Tax Dxpense
Loan Payment
Payment of Deferred Interest
Construction Expenditure

Total Usecs

Cash Balance

T/3LE 3 BALANCE SHBET ANNEX 1
TYPICAL PHASE 11 PBS FAGE 1 OF 2
1 2 % 4 5 6 7 8 9
SOURCES ALND USES OF FUNDS rVIEY
TYPICLL PHLSE II PBS
-_(THOUSANDS OF TAKA) PLAGE 2 OF 2
10 _ 11 12 13 14 _ 15 16 17
1902 L4211 l7708 5062 11340 10521 11317 13754
20105 22698 25348 28054 30816 37632 36510 59#46 )
7522 522 0 7522 O 0 0 0
29529 AU431 33056 40638 42156 441573 47827 53200
9741 12780 11851 12954 15090 46257 17460 18696
238 268 300 %33 266 400 U 4'70
7573 7909 8077 8245 8413 8413 8413 8413
ouL pun uy 2uy puly 244 L4 Uiy
7502 7522 7522 7522 7522 7522 w522 7522
25318 26723 27994 29298 31635 32836 34073 35345 o
4,211 7708 5062 11340 10521 11317 13754 17855



Plant in Service
CwIP

Tetal Utility Plant
Accumulated Depreciation
Net Utility Plant
Cash

Total iissets

Margins and Equities
Loan Balance
Payables

Total Liabilities

1)

TABLE 3 BALANCE SHEET ANNEX 1

TYPICAL PH.SE II PBS PLGE 2 OF 2

10 T4 12 1% 14 15 16 17
173357 180879 188401 195923 203445 210967 218489 226011

0 0 0 0 0 0 0 0
193357 180879 188401 195923 203445 210967 218489 226011
30309 35676 44274 47094 53145 5924 65931 72666
147048 145203 147130 148829 150300 151543 152558 153345
4211 7708 5062 11340 10521 11317 13754 17855
147259 152911 152192 160169 160821 162860 166312 171200
( 12418) ( 9281) ( 4805) 1037 7291 14999 24249 25046
153568 156327 151376  15%755 48417 142972 437418 131753
6109 5865 562 5377 513% 4889 4645 4104
147259 152911 152192 160169 160821 162860 166312 171200



14,

15,

16.
17.
18.
19.

20,

PEXx ]

Table______'__4_ Summary Cost - For a Phase II PBS

In Million Taka

Line Material 525 1. 310 36,300 37.610
Line Rehabilitation
Material 178 0. 180 0.990 1.170
Substations 3.5 - 11.660 11,660
Distribution
Transformers 1188 - 6.630 6.630
Line Protection - - 1.550 1,550
Service Connection 13008 - 7.485 7.485
Spares S - . 540 . 540
Street Lighting 100 - 0.080 0. 080
General Plant - 11.430 1. 880 13,311
Line Installation 525 9. 460 - 9,460
Rehabilitation 178 . 880 - . 880
Substation Installation 3.5 2,280 - 2,280
Engineering & Swpy, - 4.000 - 4. 000
Subtotal 29, 540 67.115 96.655
Expatriates 2.270 11,305 13,575
Support Commodity . 620 2.478 3.098
Subtotal 32.430 80,900 113,330
Insurance 730 - . 730
Landing Charges 4. 30 - 4,370
REB Overhead 0.500 0.250 . 750
Adjustment to 1981
Prices - 8.007 8. 007
Contingency 2.370 . 190 8.560
TOTAL 40, 400 9L, 347 130 247
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R EB Organization and Staffing

The REB Ordinance (No. L1l 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 a2 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 PDRB, BALCC, BSCIC and IRDP,
The Ordinance provides that the Chairman and other¥ members _
shall perform such functions and exercise such powers as the
Board may assign them from time to time. In the interest 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 R EB 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
(PBS's etc.) to carry out the rural electrification program
as defined in the Ordinance. He will plan, organize, direct,
coordinate and control 21l facets of the program and R EB
administration through appropriate delegations, whereever
needed, to the Member (&ngineering), Member (Finance ),
Member (PBS and Training) and other officers. He will
monitor the progress 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, in
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 R &B establishment.

b) The efficient management and administration of his
department as assigned in the REB astablishment.
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c) The engineering system design for R £B/PBS.

d) Standards and specifications for equipment and
material for electrical and civil projects.

e} Tendering for services and processing of contracts
for R EB/PBS engineering consultants,

f) Tendering for all engineering project works as
directed by the Board.

g) The requisition, customs clearance, 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.

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 R £B establishmentsa

c) Assisting the Chairman, in financial planning and to
obtain sufficient capital, including foreign financing,
in the various phases of the rural electrification
program.



d)

f)

g)

h)

ANNEX J
PAGE 3

The internal accounting and financial control of RZB
funds according to the utility iniform system of
accounts as adopted by the Board,

The consolidation and preparation of the annual R £B
budget for submission to the Board.

€
The preparation of the necessary financial reports
as required.

PBS loans, accounting systems, financial planning
and periodic audit, as laid down by the Board.

Such other responsibilities as assigned by the
Chairman or the Board.

Member (PBS & Training): Will be responsible 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)

b)

f)

The Member will have overall charge of the depart-
ment placed under him in the REB establishment,

The efficient management and administration of his
department as assigned in the R £B establishment.

The development and organization and the establish-
ment of boundaries of PBS's in the several districts
of the country as approved by the Board.

The establishment and enforcement of PBS eclectric
service regulations which lay down the terms and
conditions under which PBS members will receive
electric service from a PBS.

The development and administration of an R EB
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.

Part-time Members: The four part-time members shall

serve as a liaison for their respective organization and in
an advisory capacity to the full-time members.

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 fnanagement 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
TABLE 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.

Sanctioned Required

(3/81) (Phase II Program)
Chairman 1 1
Member 3 3
Chief fingineer 1 1
Director/Secretary 11 11
Superintending Engineer 1 1
Deputy Director/Secretary 36 35
Executive Engineer 1/ 6 15
Assistant Director/Secretary 2/ 64 66
Assistant Engineer 1/ 28 40
Accountant 15 15
Sub-Assistant Engineer 3/ 28 40
Tabulator 1 7 1
Inspector 4 4
Assistant Accountant 15 15
Upper Division Assistant 16 16
Private Secretary 4 4
Draftsman 4 4
Lab, Technician 2 2
Storekeecper 3 3
Clerical and other 4/ 63 70
Drivers 4/ 40 49
Peon/Messenger 4/ 27 36
Guard 4/ 23 32

396 453
1/ Increase for new PBS construction
2/ Assistant Director Finance, Planning; Assistant Director

Advertisement and Library, Secretariat
3/ Increase for new PBS Construction - 9, Training - 3
44 Increase for new PBS construction and additional staff
positions.,
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8. FAA Sec.601(b). Information and conclusion on

9.

10.

11.

how project will encourage U.S.private trade and
investment abroad and c¢ncourage private partici-
pation in foreign assistance programs (including
use of private trade channels and the services
of U.S.private enterprise).

FAA Sec.612(b);Scc.636(h). Describe steps taken
to ensure that, to the maximum extent possible,
the country 1is contributing local currencies to
mect the cost of contractual and other services,
and foreign currencies owned by the U.S. are
utilized to meect the cost of contractual and
other services.

FAA Sec.612(d). Does the U.S. own excess foreign
currency of the country and, if so, what asrrangemcnts
have becn made for its release?

FAA Sec.601(e). Will the project utilize competitive
selection procedures for the awarding of contracts,

except where applicable procurement rules allow otherwise?

12, App. Act. If assistance is for the production of amy

B.

1.

commodity for export, 1s the commodity for export likely
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 competivg cormodity?

FUNDING CRITERIA FOR PROJECT

Development Assistance Project Criteria

a) FAA Sec.102(a):111;113; and 281a. Extent to which
activity will (a) effectively involve the poor in
development, 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
of development on a sustained basis, using the appro-
priate U.S. institutions; (b) help develop cooperatives,
especially by technical assistance, to assist rural

and urban poor t> help themseclves toward better life,
and otherwise encourage democratic private and local
governmental institutions; (c) support the self-help
cfforts of developing countries; (d) oromote the
participation of women in the national economies of
developing countrics and thc improvement of women's
status; and (c) utilize and encourage regional coope-
ration by developing countries?

ANNEX L
Page 2 of §

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 I, 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

N/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.



e

b) FAA Sec.103, 103A, 104, 105, 106, 107,
Is assistance being made available:(include
only appliccble paragraph which corresponds
to source of funds used. If more than one
fund source is used for project, include
relevant paragraph for each fund source).

1, (103) for agriculture, rural development
or nutrition; if so, extent o which activity
i3 specificaily designed to increase productivi-
ty and fncome of rural ponr; (103A) {f for
agricultural research, is full account taken
of n 2ds of small farmers and extensive use of
field testing to adapt basic research to local
conditioas shall be made (b) extent to which
asgistance lu u.ed in coordination with cfforts
carried out under Sec. 104 to help improve
nutrition of the people »f developing ¢ountries
through encouragemcnt of increased production
of crops with greater nutritinnal 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 cxplicicly
addressing the problem of malnutrition >f poor
and vulnerable people; and (¢) extent to which
activity increases natisnal food security by
improving frod policies and management and by
strengthening national food reserves, with
particular cpncern- for the needs of the poor,
through measures encouraging domestic production,

building national food reserves, expanding available

storage facilities, reducing post harvest food
losses, and improving fnod distribution.

2. (104) for population planning under Sec.104(b) or
health under Sec.104(c); if so, extent to which
activity emphasizes low-cost, integrated delivery
systems for hcalth, nutrition and family planning
for the poorest people, with particular attention
to the needs of mothers and young children, using
paramedical and auxiliary medical personncl,
c¢linies and health porsts, commercial distribution
systems and other modes of community research.

ANNEX L
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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 foodstuffs.
Increased rural production will generate
rural employment.

Electrification of health centers will make
possible the use of refrigerators, lab equipment
sterilizing equipment, etc. and will provide
adequate lighting for better health and family
planning care.

‘
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(@) The rural consumers of elecn'icit)? are members

of the PBSs represented by elected boards and thus
influence PBS operations.

3. (105) for education, public adminfstration,
or human resources development; if so, extent
to which activity strengthens nonformal edu-

4

174

cation, makes formal education more relevant,
especially for rural families and urban poor,

or strengthens management capability of insti-
tutions enabling the poor to participate in
development; and (b) extent to which agsistance
provides advanced education and training of

people in developing countries in such disciplines
as are required for planning and implementation

of public and private developmenc activities.

(106) For technical assistance, energy, research,
reconstruction, and selected development problems;
if so, extent activicy is:

(1) (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 (b)
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.

(1i) technical cooperation and development,
expecially with U.S., private and voluntary,
or regional and internmational development
organizations;

(ii1) research into, and cvaluation 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 earlier U.S,
infractructure, etc., assistance;

(vi) for programs of urban development,
especially smaller labor-intensive enterprises,
marketing systems, and financial or othcr
institutions to help urban poor participate

in economic and social development.

(b) Extensive institution building and training
programs (technical and administrative) are a
key factor of this project (PP 1.C. and IV.B).

(@) 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.



¢) (107) is appropriate effort placed on use
of appropriate technology? (relatively smaller,
cost saving, labor using technologies that

are generally most eppropriate for the small
farms, small business, and small incomes of

the poor).

d) FAA Sec. 110(a). Will the recipient

country provide at least 25% 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
least-developed” country)?

e) FAA Sec.110(b). Will grant capital assistance
be disbursed for project over more than 3 yecars?

If so, has justification satisfactory to Congress
been made, and efforts for other financing, or is
the recipient country '"relatively least developed''?

f) FAA Sec.281(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 Iinstitutional development and supports
civil education and training in sk{1lls required
for effective participation in governmental and
political processes essential to self-govermnment.

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). Information 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. cnterprise,
is there an agreement by the recipient country to
prevent export to the U.S., of more than 20% of the

enterprise’s amnual production during the life of the loan?

Project Criteria Soleiy for Economic_ Support Fund

a) FAA Sec. 521(a). Will this assistance support promote
economic or political stability? To the extent possible,

does it reflect the policy directions of Section 1027

b) FAA Sec.533. Will assistance under this chapter be
used for military, or paramilitary activities?

ANNEX L
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Rural electricity is appropriate for small
cost saving technologies for rrigation
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.
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ANNEX 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 agenciles of
projects previously financed by the United States, do hereby
certify that in my judgement Dangladesh has the financial and
human resources capability to utilize effectively the project to
be financed by this grant.

This judgement is based upon ccnsiderations discussed in the
Project Paper to which this certification is attached.

Frank B. Kimball
Director

Date



From:l.A.Latin Lasker, ANNEX N
Deputy. Secretary.

External Resources Division
Ministry of Finance
Sher-e-Bangla Nagar

: 1 Dacca-7
i _ | L ﬁ
. D-O- NoERD/USALE)- 3/75/0203 | o Date.......J80€. 1151981 i
’ ? Sub:-Requesgt for Tinencial Assistence for the é
, propoged Rural Electrififation Phase-II {

Project.,

\ Dear Mr. Kiﬁﬁaii, ) |
' You are aware that the US_Government has till now provided ;
assistance to the tune of $ 69.3 million for the Rural Electri-

p fication Project which 9na£led the Bangladesh vaernmen%’to
provide electricity to a large_section of the rural people and
also to small rural industr;és°

In‘this cﬁnnect;ong_you may please ;efgr'po.the va;ious_

meetings held between the USAID and the concerned suthorities

of Bangledesh 99vernm§ntuwberéin'tbe“;egessity to enlarge the %
project activity was felt. In order to enlarge the Rural Elec-
trification progfamme, a seéond phase of this project is required

i to be lmplemented w1th US a351stance.

It hes accordingly been assumed that an additional fund of

$ 50 million would ‘be requlred for the phase II of RE progect.

Slnce electrification programme in the rural areas w1ll be bene- |
N

e A g e T

i ficial for the major protion of the pquntry'svbopu1atiqng,_the
Government attaches much importance to incréasing the present

programme through implementing the second phase. I‘%hdérstand

the relevant project documents Will”ﬁe finalized_éhortly through

|

i i mutual consultation between GOB-agencies and AID.

é ~ We would, therefore, request you to vindly approach the US ¢
Government to provide a grant of $ 50 million for ithe Rural Ele- |

ctrification Phage-IT Project & arrange required funding at an

. ; early dates . . S
' With regards, ;Ylurs . eraly,
: Vo WS,
¥r. Frank 3. Kimball, TR -

Director,
. USAID Mission %o 3angladesb,
. .. Jibon 3ima Bheben (4th Floor),
10, Dilkushe C.A.,: Dacca.' :

N i . ( i, A.. .-Iatm Lasker )
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, AQENCY FOR IMTERNATIONAL DEVELOPMENT ; e TRANSACTION COEE ; PID
[ 1 A =Aoo ; 4
PROJECT IDENTIFICATION DOCUMENT FACESHEET | A !j ¢ = c:mec TETET
TO BE COMPLET™D £Y ORIGINATING OFFIQR ! O = DrLerz l r.‘::‘ ‘
PR i ) e SN B E—
! ' 3, CUMENT REVIuiOoN el —
BANGLADESH N.a;
. 3s FROJECT MAMDTR (7 srerts) 14 meran/orrice 7. PROJECT TITLE (ARIFUM 5 SRARACT RS

C388‘-0054 j

C Rura

2e BY2EOL [D, €OR
ASIA 477

1 Electr1f1cat1

3

r-——l——t—uﬂ-—-a‘
o« PROPOSED NEXT DOCLMENT 10, E3TIFATIO COOT3
. 2¢cmp Coy e, vy (6050 om LauIvALGNT, 21 & Tk, 15 )
’ 3 ol3ig 1 7
. A, = op B. Datre —I'L:Q[M souace Lhi ‘u;g
3 ' ‘A. AiD APPROPRIATED : 43000
Se EGTINATED KY O8 AUTHORIZATICN/OBLIZATION i tvrn Ha ;
maLev B 11| B2 2 ‘
o. tmiaL Py [8 |1 sorxaLry 82 101907 _GouNzRy i 14000
) {0, OTNER DoROR(D; )
. TCTAL 57000 _
i Lig PROTECID SUSIET ALD APPIOFRIATED FUNDS (£00) -
X, APFAO= | B, PRIMARY|  RRIMANY TECH. COGE €. FIAST FY LIFE OF PROVECT
‘PRIATION § o PuAPess — - £l .
cooz | Co Gmant B, Loan | P. Grant Q. Leam . He GRanT | 1, Loam
(11 FN | 263 062 20, 000 43,000 i _
2 ' j !
(3} ] 1
[tn C !
ToTaL_| 20, 000 i 43,000 ¢

84, SECONDARY TECHNICAL CODES (maximum six codes af thres positions each)

| | |

!

2_.,

TR

}§ ¢ SPECIAL CONCERNS CODES {MAXIHMUM 81X caz

!
CODC ' | .

|

£3 ar FOUR PE3IT!IONS EACH) -

l‘.SCCC‘\DY‘s iY
PURPCIZ £CDE

’ 8-5. PROJECT GOAL (MAX1mUM 2% CHARACTCRS]

Improved rural standards of living.

-

16, PROJECT PURPOSE (maximuw #30 CHARACTZRS)

—

Provision of reliable electric service at reasonable rates to rural
existing and potential sources of

"residents especially the rural poor,

rural employment and community service facilities in all project areas,

-

1 7o PLANNING RESCURCE REQUIREMENTS (aroff/fundaj

Estimated 2 months of AID/Wash, TDY support.

T omcmmwn\ornce CLEARANCE

Signature

1Q- DaTe Decuucnt Reeziveo 1 :
, S% For AID/AW Decurarnts,

: A AW 7 AlD
‘ Frank B, Kimball v i\‘u\l\,\\y\ \% , \;..\Ai/ DATL or DiaTeiEuLT)en
Thue Director, * Date Signod .
USAID/Bangladesh i 0B, YWY
]!8[ 375 | REERE

Alp 1330-2 (3-70)
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PY ANNEX - P

TELEGRAM

UNCLASSIFIED

ACTION : AID

INFO : AMB DCM CHRON

P 080045Z NOV 79

FM SECSTATE WASHDC

TO AMEMBASSY 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/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
UNCLASSIFIED

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 se'ylnérction of eléctrification 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 address both the pace and potential of renewable and alteri-r
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 aﬁalysis for site selection of each Rural Elecl
trification area. Again we emphasize 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 impai:.f, especiall;r in terms of employment and
production, will not be possible for several years. PP, Lowever, should
include as much evaluative data on RE I as is possible and establish data/
benchmarks 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,
Reftel (C) provided suggested changes to scope of work for this Phase I
evaluation, AA and DAA also believe that long term evaluation effort

of Rural Electrification program should be considered a joint Mission/
Asia 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 tc date against
the original project targets, This should also be set in context of the
proposed objectives or targw‘e‘xti:rs 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 signed 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 Procurement: 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 agreedf"';hat an attexﬁpt 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., Accordingly, 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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UNCLASSIFIED

ever, that in the absence of overriding justification in RE II for imported

pole procurement, the project will not be approved.

5. Absorptive Capacity : This will 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. Financial Plan: Dols, 10 rnilli’c;;w. for contix;gencies (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 TA is producing results in establishing institutional and
technical capacity and that TA 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 siiown is preliminary

and that full explanation and justification of these and other items in more

UNCLASSIFIED
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Page 7 State 291275
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. IEE : Mission's April 2, 1979, paper now received, Bureau
environmental officer plans to review environmental issues that have
been addressed in similar projects in Indonesia and Philippines during

forthcoming TDY. Will advise in early December. VANCE

UNCLASSIFIED
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