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EXECUTIVE SUMMARY

The Ru:ral Electrification Program in Bangladesh was established over a decade
ago. Since then the program has grown considerably and now encompasses some
186 Upazilas and 40 cooperatives (PBS’s). Doncr support has also increased and
broadened as the program has demonstrated its success in extending electric
services to the rural areas.  From a financial and engineering perspective, the
program has been closely monitored and the results reported in the quarterly
reports of both the Rural Electrification Board (REB) and the technical consultants
(NRECA). From the social and economic perspective. much less is known. While
several surveys of the impacts of the program have been performed beginning with
a Baseline Survey in 1983, no comprehensive effort has been undertaken to
evaluate the socio-economic impacts of the program.

This pre-assessment has three specific goals; to develop some preliminary findings
regarding the social and economic impacts of the program for inclusion in the
planning effort associated with the CDSS; to prepare terms of reference for a
more comprehensive assessment to be performed in the near tuture; and to devise
a system for the REB to monitor and evaluate the socio-economic impacts of the
program. This report addresses each of these as well as specific questions posed
by USAID regarding the impacts of the RE program on agricultural produciivity,
rural industrial growth and employment, cottage industries, social well-being, family
planning and equity. The pre-assessment was also to examine the complememary
inputs required to achieve significant impacts from the introduction of electricity
and to judge the financial and economic viability of the project. Since the time
given for this effort was short, it was necessary to rely on secondary sources,
interviews and micro-surveys to develop responses to these quastions and to meet
the goals of the pre-assessment.

Electricity offers significant amenities to rural households and improves access to
production technologies which can reduce the costs and improve the product quality
of rural industries. It also offers commercial establishmen.s improvements in their
working environments and in the services and products they can offer. The issue
to be considered when evaluating the social and economic impacts of a rural
electrification program is not whether the electricity provides these benetits, but
whether the timing of the introduction of this infrastructure was appropriate. Rural
development cannot take place without some form of rural energization but there
is a question of whether this should come first from the electric grid. trom
autogeneration or from other sources.

Within the context of development, electricity is a form of infrastructure. lIts
importance to the development process is not disputed but its contribution is often
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intertwined with the provision of other infrastructure, both physical and social, and
with the nexus of other factors influencing development. Therefore, the benefits
solely attributable to electrification are difficult to quantify.

The introduction of grid electrification should follow the development of other
infrastructure such as roads and markets in order that there will be sufficient
demand for electricity during the initial years following energization. The
Bangladesh program has been extremely successful in this regard. The site
selection process has explicitly incorporated the level of development of a potential
site in uts criteria. The areas so far selected have represented extensions of the
existing grid into areas which have good transport, central markets and some
amount of mechanized rural industries. The RE program has provided these are..;
with a reliable source of electricity, has made hookups with little delays or
irregularities and has, in most cases, collected payments for the electricity in a
timely manner.

Therefore, our primary concern in evaluating the Rural Electrification program in
Bangladesh is to determine whether there was sufficient demand within a
reasonable period to insure financial viability. The economic viability is assumed
since the utility aitached to the availability of electricity is greater than the amount
paid for that electricity in all cases and the economic costs, as measured by the
LRMC. are comparable to current charges, except for households and for irrigation.
For the former, the willingness-to-pay is thought to be considerably above the tarift,
but for the latter, the use uf electricity does not appear economically justifiable.

The success of the RE program is confirmed by the financial performance of the
PBS’s. Almost all are able to meet their operating costs and are expected to be
able to pay back their debt. The five year grace period for the first 18 PBS’s is
now completed, but, for some, the period has had to be extended another two
years. Despite the delay in servicing their debt, the financial performance of the
PBS’s continues to show a positive trend. There is little doubt that the mujorit)’/
of the PBS's will be able to meet their debt service if priority is given to this
activity rather than to setting up of a sinking fund for depreciation.

The marginal impacts of the introduction of electricity on productive uses have
been relatively small. This is not due to a lack of economic activity associated with
the RE program but rather to the fact that the BPDB formerly provided a basic
service to the major rural markets which are now served by the RE program. The
BPDB served most of the large industrial and commercial loads, albeit less reliably
and with poorer financial results, that the REB currently serves. It was also in a
position to provide electricity to most of the new commercial and industrial loads
which have developed since the RE program was established. Furthermore, the use
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of diesel engines represents a readily available substitute for electric motors in
many industrial activities as well as in irrigation. As a result, the benefits are
limited to savings in costs relative to the use of the BPDB and diesel engines.

Other economic impacts are harder to measure but perhaps more important. The
country benefits from better pricing of electricity (through better enforcement of
tariffs) and lower cost access (through better enforcement of policies and
procedures for connection). The industries and the commercial establishments in
the market places benefit from a more reliable source of electricity. The broader
coverage of the REB system allows the development of village-oriented and cottage
industries by lowering the cost of production or improving the quality of the
product. Domestic consumption provides ¢ benefit to the consumer well in excess
of the rates paid. The househcld are willing to spend considerable amounts on
housewiring and appliances. Amounts much greater than the price paid for the
electricity consumed. These benefits have not been explored with any precision in
earlier studies of the program.

The specific social and economic benefits that rural electrification provides to
individual sectors can be addressed qualitatively since quantitative data is hard to
come by. The impact of electrification on rural industry has been to attract
industries to the rural areas. The availability of electricity is often a pre-requisite
for footloose industries when deciding where to locate their production facilities.
These industries provide rural employment for both men and women and thus
contribute to rural economic development.

Other industries process local resources and/or provide goods and services to the
local markets. For these indusiries, the ability to use electric equipment to lower
production costs or improve product quality provides the marginal producer with
the opportunity to make a profit. In this way, electricity promotes the
establishment of new industries. These industries provide not only employment but
also better and/or less costly goods and services to the rural population.

The benefits of rura! electrification on agriculture are associated with better
processing of crops and greater usc of irrigation. The former is part of the benefits
to rural industry. The latter are associated with the introduction of minor irrigation
schemes using mechanized pumping. Although diesel and electric pumps provide
a similar level of performance, the iower financial cost for electric pumping has
increased the number of pumps by reducing the break-even point. On the other
hand, the seasonality of pumping has resulted in a peak in electricity demand which
is very expensive to serve. As a result the economic costs of electric pumping are
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thought to be greater than diesel pumping when the electricity is valued at its long-
run marginal cost.!

The impact of rural electrification on cottage industry and commercial activities is
not well understood. There appears to be general agreement that the primary use
of electricity is for lighting and that this permits the hours of operation to be
extended while reducing the drudgery of the work. While this may improve the
quality of the product or the service, it also increases the cost. The benefits
appear only when complementary developments in eccnomic development have
created a demand for better services and products.

The impact of rural electrification on family planning has been much discussed but
rarely evaluated with any rigor. More direct impacts resclt from increases in
female employment, improvements in health and child morbidity, access to
knowledge of contraceptive technologies, and increases in household income. The
availability of electricity can contribute to these factors and thereby have an indirect
impact on family planning. It is these indirect relationships which are thought to
result in the correlation between the reduction in family size and the availability of
electricity. The introduction of electricity, per se, should have no impact on family
size or the desire for children.

The impact of rural electrification on women is positive in that it contributes to
the establishment of rural industries in which women are employed and eases
working conditions for crop processing and cottage industries. Rural households
rarely have the income to afford "labor-saving" devices for other domestic chores
such as cooking or water pumping.

The impact of rural electrification on the environment is expected to be small.
The development of the distribution system does not have deleterious effects on
the immediate environment. The productive activities which use electric equipment
to process local non-renewable resources wil! create some environmental stress, but
there are alternative methods for processing these same resources, so the
contribution of electricity to this problem is marginal.

' This conclusion is mitigated by two factors. First is the accuracy of the economic
cost for electricity which were developed several years ago by Coopers and
Lybrand. The sccond is the proposed introduction of time-of-day metering which
would help to reduce the coincidence of the seasonal and daily peaks for irrigation
loads.
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The equity benefits of rurai electrification are significant. RE provides better
lighting and communications for the rural household at a price comparable with
that incurred by urban consumers. It also attracts additional industrial activity and
employment to the rural areas.

Perhaps the mest important contribution of the RE program is the institution-
building which has resulted from the establishment of the REB/PBS organization.
The success of this organization in managing a large-scale procurement activity,
developing an efficient service organization, controlling costs and monitoring
financial performance is widely recognized throughout the country and the donor
community. The potential for continuing to expand while maintaining the quality
of this system appears good, however, additional TA will be helpful in this area.

In terms of future USAID participation, the results of the pre-assessment indicate
that the current efforts are well thought out and should be continued. Additional
support of the management activities in the form of continuing TA is strongly
recommended especially as the REB and other donors push tor the expansion of
the system into less developed parts of the country. Commodity assistance is
recommended for continued intensification of the services in the older PBSs.
Other donors will undertake higher risk ventures which extend the coverage of the
system, but the contribution of USAID to consolidating the position of the older
PBS’s and insuring their financial viability is more important for the health of the
total system.

While the qualitative answers presented above should provide a basis for continued
support of the RE program, more quantitative information is needed to support
future planning of the system. This quantitative data can be obtained through two
mechanisms. The first is a full-scale assessment which icludes a survey of domestic
and productive users of electricity in the rural areas. The survey would provide
more detailed information about the benefits to different classes of users. This
survey would provide input to the on-going decisiorn process and serve as a
necessary building block for the proposed social and economic monitoring activity
of the REB. The second is an on-going social. economic and technical evaluation
activity instituted within the REB with the twin tasks of monitoring the services
provided and prcmoting/planning future services. The REB needs this capability
in order to evaluate past and planned activities both within the national context and
in comparison with efforts in other countries. This capability is critical it the
program is to expand into new areas and to do so at a reduced cost and more
equitably.
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CHAPTER 1

PRE-ASSESSMENT OF SOCIAL AND ECONOMIC IMPACTS
OF RURAL ELECTRIFICATION IN BANGLADESH

1. Purpose of Pre-assessment

As part of the Rural Electrification III Project, a pre-assessment of the project’s
social and economic impacts was undertaken by the consultants.

This effort had three specific tasks as tollows:

d.

To conduct a preliminary assessment for the CDSS based on secondary
sources of information and some preliminary field work;

To develop the Terms of Reference and budget for a subsequent full-scale
study of socio-economic impacts to include a comprehensive tield survey;

To propose a methodology for developing Rural Electrification Board’s
(REB) institutional capability for monitoring and evaluation.

The first task was to identify and briefly examine the more direct quantitative and
qualitative impacts of the Rural Electrification Project. The following specitic
impacts were to be addressed:

1.

The impact of electrified irrigation on productivity, output, incomes and
employment of men and women in the agricultural sector;

The impact of electrification on the small-scale industrial and commercial
sectors in terms of productivity and production of existing and new

enterprises, and on the employment of men and women;

The impact upon household economic activity, particularly cottage industry
production and employment;

The impacts upon family planning decisions and fertility rates;

The impacts upon social well-being, including education, health, leisure time,
and availability of social services;
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6. The equity effects in terms of (a) affordability of services and (b) distribution
of benefits between areas.

In assessing these impacts, the main complementary conditions and development
activities that create the conditions for an effective contribution of rural
electrification to development were considered.

The first task also included an examination of the role of subsidies and other
financial support in relation to the overall costs and benefits of rural electrification.
In this regard, the potential for economic viability and financial self-sustainability
was also to be assessed.

The second task was to assist in planning for a full-scale assessment of the
socio-economic impacts of rural electrification. This assessment would include a
survey which would collect the additional information required for a proper
evaluation of the RE program'’s socio-economic impacts. This information was also
to be used in planning USAID’s contribution to subsequent phases of the project.

The third task was to review the REB’s current monitoring and evaluation activities

and to propose a simple system for monitoring future socio-economic impacts
which could be incorporated into REB’s ongoing monitoring function.

2. Findings and Conclusions

The principal conclusions of this pre-assessment are as follows:

1. The benefits of rural electrification are only one of the contributing factors
to development. The complementary nature of development activities and
inputs makes it difficult to separate out the impacts of rural electrification
except in cases where there are clear substitutes for electricity.

2. The benefits provided by rural electrification are significant only where the
general level of development has reached a point where the latent demand for
electric equipment and appliances is significant. The REB's site selection
procedure, which emphasizes development as a precondition to energization, is
a key to the success of the current program.

3. The current demand for electrified irrigation leads to almost a doubling in
the level of consumption during the four months when pumped irrigation is
used intensively. Since the time of irrigation extends into the early evening, this
also affects the daily peak. As a result, the capacity of the REB distribution
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network and the BPDB generating capacity must be designed for this peak
load.

4. In irrigation there is a clear substitute for electricity in the form of diesel
engines. The current market prices for electricity and electric motors are lower
than for diesel engines and diesel fuel. This has led to a rapid increase in
electrified irrigation. However, the economic costs are higher for electric
pumping because of the capacity costs associated with the seasonal peak.* The
seasonal nature of irrigation has also led to an increasing use of portable diesel
engines which can be redeployed to transport or other productive uses during
the oft-peak periods. As a result the benefits of RE for irrigation are small and
in economic terms are less than the cost. This situation is expected to improve
somewhat with the introduction of time-of-day metering.

5. In rural industry, the availability of electricity is a key factor in the location
of industry. Diesel engines provide a less desirable form of shaft power. As
a result, many industries will incur additional transport costs for collection of
their raw materials and distribution of their products in order to locate in an
area where electricity is available. Since rural industries tend to congregate in
primary markets which were previously served by BPDB, the net benefit of the
REB program has been relatively small. It will be many years before the
market places that are recently electrified will reach a level of development that
allows for the formation of rural industries other than small-scale crop
processing activities or simple metal working services.’

6. Little is known about the impacts of electricity on commercial activities or
cottage industries. The main contribution of RE is lighting which in some cases
allows for extension of operating hours into the evening. However, a serious
study of this phenomenon has yet to be made. It is difficult to understand how
the electricity contributes to an increase in demand for the services of
commercial establishments and the products of cottage industries.*

* These are primarily capacity costs for the distribution network. The peak in
demand for generation associated with irrigation loads is not as significant.

* Programs for integrated rural development may speed this process, but these
industries remain dependent on the growth in local economic activity.

* In this regard, M.S. Uddin mentions the saying, "Electricity enables more baskets
to be woven at night, but not more baskets to be sold by day."[32)
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7. The benefits of rural electrification to households are significant as measured
by their willingness to invest significant sums for a household connection and for
electric appliances. The traditional measures of benefits based on the costs of
alternative sources of lighting and communications appear to underestimate the
benefits the connected households attach to the availability and use of electricity.
These measures are more relevant for the decision-making in those households
which are not connected. Once connected, the value attached to that electricity
appears to be considerably higher.

8. Where there are cottage industries or other productive uses of electricity in
the household, then the willingness-to-pay for connection and for consumption
are both higher.

9. The REB, by providing a more reliable service and by requiring { . payment
for the services delivered, provides a significant benefit to the natio:. It is able
to insure better allocation of resources by requiring the consumer to pay for the
electricity used and it reduces the level of government subsidization through
its pursuit of financial autonomy.

10. The financial performance of most of the PBS’s is improving and it is likely
that in the future most will be able to meet their debt service. Thus a
reduction in subsidies and a growing financial autonomy is anticipated for most
of the organizations. There is no indication that the most recently encrgized
PBS’s will be any less financially strong than the older PBS’s after they have
matured.

11. The role of USAID in the future development of the RE program should
build on past strengths while at the same time acknowledging the growing
participation of other donors. The USAID contribution should focus on three
areas; technical assistance, institution buildiug and commodity assistance.
Technical assistance should continue, but more emphasis should be placed on
promoting autonomy in the older PBS’s. The institution building should be
directed at improving the REB’s capabilities in monitoring and cvaluation and
demand promotion. Commodity assistance should continue to focus on the
intensification of existing systems, but should expand this activity to include all
of the PBS’s established before FY86 regardless of who the original funding
agency was.
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3. Approach

The pre-assessment of the impacts of the rural electrification program began by
separating these impacts into five categories based on the uses and users. These
were:

rural industry

irrigation

cominercial uses

. cottage industries

household uses and street lighting

ECRSN S

The impacts of the RE program on women, the environment, family planning and
regional equity were then added to the list. Because of the breadth of these
categories, a literature search was undertaken of recent reports covering rural
industry, agriculture/irrigation and tamily planning. A list of the literature consulted
is presented in Annex 1 along with an annotated bibliography of those documents
specifically concerned with the RE program.

Particular attention was given to surveys performed to measure the impacts of the
RE program beginning with the 1933 baseline survey. Although the quality of these
surveys has improved over time, none has examined the causal relationship between
the introduction of electricity and changes in rural activities. Therefore, a series of
three micro-studies was initiated to examine these relationships.  These three
covered:

1. a household survey of the willingness-to-pay for electricity,

2. a techno-economic survey of the substitutability of diesel engines and
electric motors’, and

3. a rural industry survey of the choice of energy technology.

The first micro-survey was designed te determine if the willingness-to-pay of the
household could be directly measured. A structured close-ended questionnaire was
used for this purpose and was found to be a successful technique for soliciting this
information. The survey results appear to support the hypothesis that there are
significant difterences in the decision to connect and the decision to use electricity;
and that the factors affecting the willingness-to-pay for these two also differ. The
decision to connect is very much affected by the level of development in the area,

' Gasoline and natural gas motois were excluded from this effort since they are
not currently used in the rural areas.
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which affects not only the value the consumer places on the electricity but also the
ability-to-pay of the consumers. For non-connected households, the comparison
between the current costs of kerosene lighting and the cost for connection aad
housewiring was the major consideration in not using electricity. For the connected
households, the level of use was determined by appliance ownership rather than any
consideration of previous fuel budgets. For these households, the value attached
to consumgtion of electricity was found to be considerably higher than the current
tarift.

The second micro-survey was meant to determine the benefits provided to rural
industry and irrigation though electrification of shaft power which could not have
been obtained through the use of diesel engines. The survey used an engineering
economics approach. It revealed that not only do electric motors have certain
performance characteristics which make them superior to diesel engines in many
applications, but they are also less expensive to own and operate at current market
prices.

The third micro-survey was designed to determine the factors affecting an
entrepreneur’s choice of production technology as well as the factors that lead to
the establishment and siting of the industrial activity. An open-ended questionnaire
was used to interview the owners and operators of different types of rural
industries. Most of the industries surveyed were established after electricity was
available since the area surveyed had been electrified by BPDB long before the
arrival of REB. The survey results confirmed that the location of an industry was
determined by a number of factors other than electricity, including the location of
markets and raw materials, the availability of land, central marketplaces and good
road connections, and the proximity to the traditional home. These interviews also
provided an insight into the gestation period required before the industries are
established in response to electrification. This period is thought to be related to
the gzneral rate of economic development in the area rather than only to the
introcuction of electricity.

Because these micro-surveys were limited in scope, their main function was to
pretest sections of questionnaires and gather reference data from which to develop
a survey methodology. The results including the pretested questionnaires are
presented in Annexes VII to X.

As a final component of this study, the historical data on demand for electricity
and the financial performance of the PBS's were computerized. The resulting
database, which has been turned over to REB, was used to analyze the changes
over time in the demand for :lectricity by class and the trends in financial
performance by PBS. The former provides useful information both for planning
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future requirements and for evaluating pricing alternatives. The latter provides an
indication of the future financial performance of the PBS’s especially as they relate
to the ability to meet their debt service. The contents of these databases and
some preliminary analysis are presented in Annexes Il and IIL

4. Problems with Earlier Surveys

A review of earlier survey work on the impacts of the RE programme in
Bangladesh has pointed towards three principal weaknesses:

a. problems of methodology,
b. reliability of results, and
c. relevance of results to the proposed assessment.

Most of the surveys have attempted to produce "random samples” on WVhich to base
their statistical analysis. However, neither the method of surveying nor the data
analyzed has proved very enlighiening. The surveys have all employed structured
interviews with close-ended questionnaires.  These questionnaires incorporate
standard questions regarding income, employment, household characteristics and
agriculture activities. To these are grafted a simple set of questions regarding
energy use and perceptions of changes resulting from electrification. The questions
regarding personal perceptions are not followed up with attempts to determine the
basis for these perceptions or even for the individual's response. What is more,
the bias in these efforts has to be assumed relatively high since much of the survey
work was done for the REB or the donors and the respondents were informed of
the purpose of the survey.

Once the data was collected, simple statistical comparisons bztween the "haves” and
the "have-nots" were performed or the ritual of regression analysis was used to
establish weak correlations. No attempt was made to develop and test hypotheses
about how and why the introduction of rural electrification affected both productive
and non-productive activitics. This is a particularly important problem because
most of the measures employed in evaluating the benefits attributable to rural
electrification are general measures which can be atfected by a wide variety of
development activities as well as an underlying trend of economic growth.

The marginal contribution of electricity to productive activities was never addressed
nor was the economic utility of better lighting delved into at the household level.
Indeed, outside of some baseline data and a knowledge of appliance ownership,
there is little hard information about the quantitiable benefits of rural electrification
that can be obtained from these surveys. Nor can the information collecied
concerning social benefits be considered reliable. While the responses indicate that
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people who use electricity feel better about their lives, their responses do not
provide the more critical information as to:
1. How good they feel relative to other improvements in their lives?

2. How much they would be willing to give up other goods and services to
have electricity?

3. How much of the improvement in the quality of their lives {as measured in
education, health, ownership of goods, strength of inter-personal relationships
and community structure) has been achieved because of electrification rather
than other development activities?

The answers to these questions can only be guessed at from anecdotal information.
Before examining the impacts of rural electrification, it is useful to review the

structure of the program as introduced in Bangladesh

5. Description of the Current BPDB/REB/PBS System

The Rural Electrification Program (RE) purchases power generated by the
Bangladesh Power Development Board (BPDB), distributes it through the network
developed by the Rural Electrification Board (REB) and sells the power through
cooperatives (PBS’s) which also constructs the local distribution system.

The BPDB is responsible for power generation throughout the country. It sells
electricity to the REB from its 33 kV lines at the 11 kV side of step-down
transformers. For this electricity it charges its Bulk Service Tariff (BST) which is
currently 1.28 Taka per kilowatt-hour.

The role of REB as set out in its ordin . 18:

a. "To establish electricity generation, transmission and distribution systems in
the rural areas of Bangladesh"

b. "To organize the prospective consumers into formal and informal groups,
such as PBS’s, electric and other cooperatives, societies, associations and
companies for the purpose of execution and management of schemes and
providing related services" [4,p.3]

The REB currently employs a staff of 703 which are involved in all phases of
system design, procurement, operation and financial management. The REB
receives loans from the Government of Bangladesh (GOB). It uses the funds to
construct the distribution netwaorks for each PBS. The cost of the network is then
paid for by each PBS in the form of a mortgage. The terms of these mortgage are
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similar to those used in the loans to REB from GOB and are stipulated in the
Uniform On-Lending Terms.

Each PBS is an independent corporate body which according to its bye-laws is:

(a) responsible for the efficient and effective management of its affairs,
including proper and successful construction, operation and maintenance
of its electric distribution facilities;

(b) expected to repay all indebtedness on schedule according to the terms of
its loans agreement and established policy." [4, p.3]

The REB is expected to assist in the development of the resources and abilities of
each PBS so that they will be able to:

"meet its needs, handle its own affairs effectively, and achieve as soon as
possible the internal strength and soundness to assure its success as an
independent enterprise." [bye-laws, 4,p.3]

Therefore REB’s assistance to the PBS is expected to diminish as the PBS
develops.

At present there are 33 PBS’s which are distributing electricity and 7 additional
PBS systems under construction. These 40 PBS’s will provide service to 186
Upazila. The currently energized system is shown in Figure 1. The connections
in this system include 315 thousand households, 56 thousand small commercial
users, 7.6 thousand industries, 14.4 thousaud irrigation pumps, and 2.9 thousand
street lighting systems. The industrial hookups account for about 43% of the total
consumption. Households and irrigation pumps are next each consuming about
25%. Small commercial establishments consume only about 7% of the electricity
supplied and street lighting less than 1%.

The PBS’s set their own tariffs for the electricity supplied to the coop members,
however, their autonomy in this area is severely limited. The covenants of the
donor’s loans to the GOB for this program siipulate that the tarifts should not be
less than the BST rate. The GOB stipulates that the PBS tariff must be
comparable to the BPDB tarifts where they serve adjoining areas. In addition, the
RLB also monitors the tariffs and indicates where they are unreasonable. Finally,
the PBS is constrained by the requirement to meet its operating expenses and
eventually its debt service. As a result, the tariffs of individual PBS’s are very
similar.  The range of taritfs is shown in Table 1.
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Figure 1

Location of Energized PBS’s
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Table 1

Typical Tariffs in the PBS’s at the Beginning of FY90

Category

Domestic

Commercial

Industrial
(A)

Industrial

(B)

Commercial

Street
Lighting

First block (70-125 kWhr/month)
Second block (up to 200 kWhr/month)

Thereafter
Minimum Charge
Meter Charge

Energy Charge
Capacity Charge
Minimum Charge
Meter Charge

Energy Charge
Capacity Charge
Minimum Charge

Meter Charge

Energy Charge
Capacity Charge
Minimum Charge
if load 25-85 kW
if load >85 kW
Meter Charge

Energy Charge
Minimum Charge
Meter Charge

Energy Charge
Minimum Charge

1.45-1.55 Tk./kWhr
1.65-2.05 Tk./kWhr
2.55 Tk./kWhr
25-30 Tk./month
2.5 Tk./month

2.45-2.55 Tk./kWhr
50 Tk/kW

500 Tk./month

or 20 Tk/kVA

125 Tk./month

2.55-2.80 Tk./kWhr
10 Tk/kW

100 Tk./month

30 Tk/kW

12.5 Tk/kVA

125 Tk./month

1.9-2.05 Tk./kWhr
800 Tk./hp/season
20 Tk./month

2.05 Tk./kWhr
140 Tk./month
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The ultimate goal of the RE program is to provide electricity to all populated
areas of Bangladesh by the year 2005. Within this framework, the REB is currently
planning to expand its network. The last several years of the program have
involved a combination of intensification in the use of existing systems (sponsored
by USAID) and development of systems in new areas (sponsored by other donors).
In the next decade it is planned to more than double the size of the curreit
network through the establishment of 19 new PBS’s and the extension of services
to another 207 Upazila. This plan is currently proposed to take place in two five-
vear phases, although an accelerated effort is now under consideration.

¢. Benefits of Rural Electrification

The broad development objectives of the RE program are:

a.  to encourage the development of industry and irrigation in the rural areas

b.  to discourage migration from rural to urban areas,

¢.  to decrease inequalities in income distribution,

d.  to improve the position of women in rural areas by enhancing their
opportunities for employment,

€.  to reduce unemployment in rural areas,

f.  to foster rural development in order to assist disadvantaged sections of
the community to improve their standard of living,

g.  toreduce the use of those indigenous renewable fuels which are of higher
$OCI0-economic cost,

h.  to reduce imports of fuel, and

i toimprove allocation of resources through providing correct pricing signals
to the different categories of consumers."[4,p.3]

The current pre-assessment is meant to access the success of the program in
meeting this agenda.

The benefits of rural electrification in Bangladesh include both its general
contribution to economic development in the rural areas and its specific
contributions to the program objectives listed earlier. Both will be addressed in the
following discussion.

6.1 General Role of Electricity in Development

There are a variety of economic development activities taking place in the rural
areas, both externally sponsored and internally generated. The individual
contribution of each activity to the improvement of rural life is difficult to
determine because of the complementary nature of these activities. Hossain [3] and
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others have examined this complementary relationship within Bangladesh’s
agricultural sector. Various integrated rural development programs have attempted
to take advantag. of these complementary relationships. So far, the role of
electricity as one of the complementary inputs has not been examined in any detail.
Past attempts at assessing the benefits of the Bangladesh RE program have settled
for the simple correlation between improvements in rural life and the presence or
absence of electrification. This approach is particularly evident in the earlier survey
work [29,33] but even appears in later, more sophisticated surveys [30,32]. In order
to get beyond this approach, it is necessary to understand where electrification fits
into the general sequence of rural development and the causal relationships
between the availability of electrification changes in rural activities.

The causal relationships have to do with identifying what can be accomplished with
electricity that could not be accomplished (or accomplished only at a much higher
cost) without electricity. If there are close substitutes, e.g. diesel engines and pump
kerosene lamps, then the benefits are the savings from the use of electricity rather
than the nearest substitute. If the provision of electricity permits an activity to
take place which has a secondary impact such as refrigeration for health clinics
which improve rural health, lighting for cottage industries which increase female
employment or pumping for irrigation which increases agricultural output, then the
benefits from electrification are the savings relative to alternative methods for
achieving the same impacts. Any savings in costs between the use of electricity and
the next least costly alternative can be considered a benefit of electrification.

The impacts of rural electrification are greatest towards the end of the cycle of
rural infrastructure development. Roads and markets play a leading role in opening
up an area and introducing a trading economy. Agricultural improvements in the
form of fertilizer, irrigation and seed permit increased production which is then
distributed through the road and market network. Industry develops in response
to the opportunities for downstream processing of local agricultural production and
raw materials and to serve the new demands associated with the increased wealth
of the rural populace. Electrification comes at the end of this chain. [t provides
improvements in processing agricultural goods and permits the introduction of
mechanized industries. It also serves the demand for better lighting and household
conveniences. Not only is the impact of electrification greatest at this point, but,
only then is the latent demand sufficient to permit a chance of financial viability.
This has been observed by Barnes [1] in the general context of rural electrification
and by Uddin [32]. Assaduzzaman® and others in the specific context of Bangladesh.

* Dr. Assaduzzaman, BIDS, personal communicat'on
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Part of the success of the RE | «ram in Bangladesh relative to programs in other
countries, is directly attributabi.  the concern for introducing RE later in the
agevelopment cycle. The site seleci.. n process emphasizes indicators of development
such as density of roads and level of industrial activity in choosing the areas for
establishing the PBS’s. [20,21]

6.2 Household Uses and Street Lighting

With regard to the household, there appears to be a genuine enthusiasm for
connecting to the electric grid. The willingness-to-pay of the connected households
is considerably higher than the charges under the PBS tariff would indicate. The
relatively high consumption limit associated with the "lifeline” block, 70-125 kWhr,
further disguises this willingness-to-pay.

The long-run elasticity of demand with respect to price is thought to be relatively
low. The Bangladesh Household Expenditure Survey in 1986 found that fuel and
lighting accounted for only 6% of household expenditures in the urban areas and
9% in the rural areas. Electricity accounted for only 1/6 of the fuel and lighting
experience in the urban areas and less than 1% in the rural areas. The latter
number is skewed by the fact that so few of the sample houses were electrified.
The average for electrified households is probably closer to 20%-25%, which would
imply that the electricity accounts for about 2% of total expenditures. The survey
conducted by Coopers and Lybrand [5] found the expenditure on electricity in
electrified homes to be only 1.6% of total monthly expenditures with the exception
of the high consumption households where this percentage rose to 3.7%. With
electricity amsounting to such a small percentage of total expenditure, it is
reasonable to assume that the sensitivity of demand for electricity to price would
be relatively low. Rushdie [24] estimated the price elasticity to be -.4 or less.

The benefits associated with the substitution of electric lighting for kerosene lamps
and of firm power for batteries in larger communications devices (TV’s,
two-for-one) are very real to the rural population but have yet to be quantified.
The benefits actually realized are limited by the high cost for appliances and by the
regimen of work which limits the leisure time available to use electric appliances.
The latter constraint is especially true for lighting in the evening. The Coopers and
Lybrand survey [5] estimated (he period of night time lighting to be 3.5 to 4.5 hours
while the household micro-survey produced estimates of 2 to 3 hours.[Annex VIII]
Uddin’s observations fell in between these two.[32]
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The household demand for electricity is difficult to measure unless the demand is
separated according to the willingness-to-pay for connection/housewiring, appliances,
and electricity. The first is the major impediment to the introduction of electricity
because of the high one-time cost which must be paid out of savings. The second
also introduces a significant one-time cost. Once these two hurdles have been
passed, then the demand for electricity is relatively insensitive to price.

The willingness-to-pay for a connection depends on the level of wealth of the
household and on the prevalence of connections within the village [Annex VIII].
The willingness-to-pay for the energy is determined much more by the number of
appliances which have been purchased by the household than by the price for that
electricity. The average consumption of electricity per domestic hookup tends to
increases over time as new appliances are purchased. The sequence in which
these appliances are purchased begins with a few incandescent bulbs followed by
either a cassette recorder or fan and finally a TV. Only wealthier houses will
possess electric irons, cookers or refrigerators. This information is confirmed by the
appliance ownership data collected in previous surveys as shown in Table 2.

Table 2
Household Electric Appliance Ownership [4]

Percentage households

Item Possessing this item
Radio 36%
Fan 43%
Television 26%
Iron 27%
Cooker 5%

The impacts of household electrification on women is generally positive but no
more so than for men. The general benefits of better lighting and communications
are not gender specific. Electric cooking appliances, irons, refrigerators or other
"labor-saving" devices which might benefit women more than men appear only in
the wealthier homes.

At present, the average monthly consumption per hookup is on the order of 28
kWhr and would probably amount to about 24 kWhr if cottage industries were
excluded.  This still appears relatively high at almost 1 kWhr per day and is
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probably attributable to multiple connections off the same meter.” As the system
expands, more marginal users are brought in and the average consumption per
household will decline as has happened in the older PBS's.

The demand for street lighting has been relatively stagrant despite the expansion
of the system and an increase in the number of villages electrified. The problem
of providing street lighting is thought to be associated with difficulties in mobilizing
community resources to pay for the lighting and to maintain the system.®

6.3 Electrified Irrigation

The benefits from electrification of irrigation are limited by the option to use diesel
pumps in most minor irrigation schemes. This substitutability applies to low-lift
pumps, shallow tube wells, deep-set shallow tube wells, and deep tube wells. Diesel
pumps have the advantage that the source of shaft power can be transferred to
alternative uses after the pumping season (e.g., shallow-bottom boats, land transport
and farm mechanization). Electric pumps have the advantage that they can be
used at greater depths. So far, this has not been an issue in Bangladesh. Neither
technology appears to have any operational benefits other than portability. There
are no significant differences in the use of electric and diesel pumps in terms of
the hours of use, area irrigated or pattern of ownership. [32]

The principal factor affecting both the decision to purchase a pump and the choice
between a diesel and an electric pump appears to be financial cost. The
fluctuatior: in sales of tube wells over the last decade points out the importance of
the financial cost to farmers when deciding to introduce pumped irrigation. This
tluctuation and its relationship to costs has been documented by Palmer Jones [51]
and others. More recently, David Guizzelquist has examined the impact of the
lowering ot diesel and electric pump prices (by removing the duty and permitting
competition in the distribution) on the increase in sales.

The principal advantage of electric pumps is their lower financial cost for
acquisition and operation as shown in Annexes VII and IX. Lower financial costs
have also led to some switching from diesel to electric pumps [31,32]. From an
economic perspective, electric pumps have the disadvantage that they create a very
peaked seasonal demand which requires a significant increase in the capacity of the

" The extent of multiple connections on houschold meters is not known but is
thought to be extensive, M. Khandaker, REB, personal communication.

* Dr. Assaduzzaman, personal communication
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generation and transmission system and contributes to the relatively low load factor
experienced by REB. Even in the peak period, pumping time is only about 100
hours per week or about 1700 hours per season. [32,38]

The economic cost of supplying electricity to these units is quite high [3,4] and
when factored into the total cost results in a much higher life cycle cost for electric
pumps than for diesel pumps since diesel fuei is already priced above the current
economic cost. The difference in economic cost is examined in Annex VII. A
similar situation of a lower financial cost but higher economic cost for electric
purnping has also been observed in India and Pakistan. The higher economic cost
for electric pumping translates into a negative net benefit in terms of the RE
program. By encouraging the use of electric pumping through prices which are
below the economic cost, the program causes farmers to switch away from diesel
pumping which is less costly to the nation.’

The problem of the seasonal peak in electricity demand is expected to increase in
the short run due to a dramatic increase in the number of irrigation pumps. There
is however, some indication that many of these new pumps will be diesel powered
to take advantage of the alternative uses of this equipment. While the financial
analysis does not indicate that the savings justify such a decision, a number of
persons involved in both irrigation and the RE program feel that this will occur.
(31, personal communication]  The impact of this ©.2asonal peak has generally been
compounded by the practice of pumping during the peak period of the day. This
problem mayv be mitigated if the REB follows through on its intention to install
time-of-day metering on irrigation loads.

The average consumption for irrigation hookups depends on the predominant type
of well. For most PBS’s, the majority of electric pumps are used in STW's and the
average consumption is on the order of 1.75 MWhr/month during the four months
in which they are used, as shown in the consumption figures in Annex [L

The present tariff structure for irrigation hookups is a flat energy charge and a
fixed scasonal charge per unit of installed capacity. This tariff does little to
encourage more efficient use of the electric pumps through the introduction of
smaller units pumping over more hours. Nor does it encourage shifting the load
away from the early evening peak demand period. This tariff could be revised to
encourage these changes. It could also be tailored to encourage the use of smaller

* This higher cost is based on the Long Run Marginal Costs developed by Coopers
and Lybrand. These numbers are currently being re-computed as part of a World
Bank participation in rural irrigation.
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units in an attempt to redistribute benefits away from the wealthy land-owner to
the poorer rural farmer as has been done in India on a broader perspective. The
higher economic cost of electrical pumps should cause the government and REB
to consider raising their tariff towards the LRMC.

6.4 Rural and Cottape Industries

The use of machinery in rural industries was found to be quite limited in the 1981
survey of rural industry. {69] The major exception was the metal products
industries and to a less extent the textile, pottery and oil/gur making industries.
Much of the machinery used in these industries was second hand. While the level
of mechanization has increased significantly in the intervening years, especially
where electricity has been introduced, :iie fact remains that mechanization and the
use of electrical equipment occur only where there are significant financial
benefits.™

The benefits of electricity to the development of industry in rural arcas can be
significant.  However, these benefits are limited by the fact that diesel engines can
be used as an alternative source of shaft power for most applications. The savings
with the use of electric motors rather than diesel engines can be significant where
elaborate systems for power transmission or speed control are required with the
diesel engines. They can also be significant where the technical skills required for
operation and maintenance for diesel engines are more costly or not available.

The analysis performed in Annex 1V indicates that the electric motors for a typical
application would have a 1/6 lower annual financial cost taking into account capital,
operation and maintenance costs. The analysis, which was performed for a 25 hp
engine/motor, indicated a savings of 1.4 Tk per hp-hour for the electric motor over
the diesel. In contrast, when the economic costs for electricity are used, the cost
per hp-hr would be 1/6 higher for electric motors than for diesel engines."
However, this comparison is limited to the engine/motor and does not take into
account the additional costs and losses in efficiency which are associated with the

* The toothpick factory mentioned above is a good example. Although the forming
of the toothpicks was done on an electrically powered shaper, all of the preparation
of the bamboo for input to the shaper was done manually, even though this was
a turnkey opezration with foreign participation.

" the difference would not be so great as for irrigation, because the industrial
demand does not create a seasonal peak. Therefore, the economic cost of service
for this demand is less.
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power transmission and speed control systems. These are both higher for diesel
engines in many of the industrial applications.

The findings of the techno-economic assessment of diesel engines and electric
motors [Annex IX] indicate that for shaft power, electric motors provide a better
technological fit than diesel engines for most productive activities. The notable
exception is rice-milling. However, these results should be conditioned by the
understanding that there is almost no diesel-powered autogeneration used in the
country and the power transmission systems available for diesel engines are
relatively simple. Given the lack of familiarity with alternatives, there is a tendency
to favor electric over diesel for most applications.

The average consumption for industrial hookups fluctuates from year to year as
new units are brought on. [t appears that this industry can be divided into small
units which consume less than 2 MWhr per month and larger units which consume
in excess of 5 MWhr per month. [Annexes Il and X] For the smaller enterprises,
the utihzation of the electric motors is relatively low (probably not exceeding a 20%
load factor during working hours and less than 109% for the day as a whole).
Higher levels of utilization would apply tor the larger industries.

The gestation period for the formation of rural industries is quite long as it depends
on the economic growth in the region generally. The micro-survey of rural
industries observed a number of enterprises started within the last 5 years although
the area has been electrified for nearly 20 years.

The majority of the REB industrial hookups are thought to be establishments which
were connected to BPDB system prior to the REB takeover or those which are
located in the central market places near to the old BPDB lines.” The conversion
of these former BPDB connections provided a significant increase in REB's
industrial connections and consumption auring the FY86-88 period which has since
diminished as shown in the analysis in Annex II. The tendency of industries to
locate in central markets near metal roads [31,32,69] implies that many of the
industries served by REB are in the command area of the old BPDB system.
Therefore, the benefits from electrification are attributable to the rural

electrification but not to the REB program.

* This was observed to be the case in the rural industry micro-survey [32] survey
and has been referred to in various reports on the REB system.
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The combination of comparable economic life cycle costs for diesel engines and
electric motors and the fact that electricity was available to most users prior to the
establishment of the REB suggests that there are little or no economic benefits to
current users from the RE program. However, this ignores the preference of
entrepreneurs for electric motors and the catalyst to rural industrial development
provided by its availability.

Rural industries develop in response to the general economic development of the
rural area. The availability of electricity affects the formation of rural industry in
two ways. First, it affects the decision on where to locate productive units and
second, it affects the decision on whether to establish a productive activity. The
decision on location is dependent on the type of rural industry. For this purpose,
the industries can be divided into three categories: footloose, resource-based and
market-based. Footloose industries use inputs imported from urban markets or
overseas and produce products which are exported to urban markets or overseas.
The choice of iocauon for these industries has considerable latitude and will be
determined by 2 number of factors such as transport costs, the availability of labor
and electricity, and the traditional home of the entrepreneur.

If footloose industries decide to locate in the rural area then this decision will not
provide efficiency benefits to the nation since this industry could have Iscated
elsewhere. However, it will provide significant equity benefits by ailowing for
increased rural employment. For most footloose industries, the availability of
electricity is a prerequisite. Two examples of this type of industry, a textile plant
and toothpick factory were observed during the rural industry micro-survey. Both
are turnkey operations with significant foreign participation. The only local inputs
are the labor and the bamboo used for the toothpicks. All of the products are sold
outside of the rural area. Their location was premised on the availability of
electricity to operate the imported machines.

On the other hand, the location of resource and market based industries, which
range [rom village rice mills to spinning and weaving mills, are constrained by
transport costs to be near the source of raw materials or the markets for their
services and products. For these industries, rural electrification offers the option
of mechanizing their production activities and thereby improving the quality of their
product or reducing the cost of production. Where alternative forms of energy are
available, the electricity offers a slightly lower-cost or easier to manage source of
mechanization.

Electricity has an impact on the choice of location for these industries but more of
an influence on the decision to establish the industry. The availability of electricity
and electrical equipment may reduce production costs or increase product quality
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to the point where the activity can make a profit. This assumes that the regional
transport and market systems have reached a level of development to permit
efficient collection of inputs and distribution of the outputs.

Some of the resource and market based industries require firm power for
mechanization. For these industries, rural electrification contributes significantly to
wneir development.  Examples are sawmills, machine shops and cold storage
facilities, for which diesel or autogeneration is too costly. Some of these industries
also require a high degree of reliability and will provide their own backup
generators.  The industries which are situated in the villages rather than market
centers clearly benefit from the RE program. These are primarily resource-based
industries, such as small rice/flour mills and oil presses, which consume relatively
little energy and have in the past been operated using diesel engines. [31,32

In the long-run the impact of RE on employment should be positive because:

a. new products can be produced both for export to the urban areas
and as substitutes for imports from the urban area,
labor skills are increased, and

c. goods and services can be made availuble to the rural populace at
lower cost which will promote additional economic activity.

In the short run, those industries which are being mechanized as a result of
connection to the grid will reduce their level of employment. In contrast,
employment will be increased where an industry is being established, because the
use of electricity lowers the cost of production to the point where the activity is
profitable. For industries which are already mechanized but convert from diesel
engines to electric motors, there would be relatively little change in the level of
employment.

The 1981 rural industry survey indicated that about 32% of the rural industrial
employees were women. The impact on women from the electrification of rural
industry is generally positive but limited in extent. The most commonly referenced
example is the substitution of the mechanized rice mill for the dhenki which
reduced the employment opportunities of women, but at the same time lowered the
price of milled rice and reduced a source of drudgery. However, this example
refers to mechanization rather than electrification. The availability of electricity for
footloose industries is probably more of a benefit to female employment. These
industries tend to be large scale production units which employ both females and
males. [69] The participation of women is especially significant in textiles.

delLucia and Associates, Inc 2]



The impact on women would be far greater if it increased the development of
cottage industry, but it is not clear that the introduction of electricity causes an
increase in cottage industry. The primary use of electricity in cottage industries is
for lighting. [31,32] The high cost of equipment and the low cost of family labor
tends to discourage its use for mechanical processes whereas the high cost of
electric heat precludes its use in food processing.[69]

A NORAD study [72] observed that the principal employment of women was in
cottage industries which were extensions of traditional activities such as rice
processing, raising livestock and maintaining household gardens. Other productive
activities included spinning and weaving of textiles, processing of bamboo, wood
and coir products, and pottery. The potential for use of electricity in these
activities is much greater at the level of rural industry rather than for cottage
industry.

6.5 Commercial Uses

Rural electrification may have extended the hours of operation and increased the
income of commercial establishments which have becn connected [31,32], but it is
difficult to determine whether this has been at the expense of the un-electrified
shops or a result of a change in consumer habits with a more cash-based
economy.[32]  The Coopers and Lybrand survey found that commercial
establishments used electricity primarily for lighting and that the introduction of
lighting allowed an extension of working hours from an average of 11.5 hours to
13.5 hours. [5] The BCAS survey found a similar lengthening of hours. [31]
Although both surveys found that the owners felt that revenues has increased
following electrification, the basis for this response was not explored. These
commercial activities tend to be concentrated in the market areas many of which
had access to electricity prior to the establishment of REB. As a result, the impact
of the RE program has been limited.

6.6 Impact on Family Planning

The impacts of electrification upon family planning are difficult to measure since
the linkages are quite complex. The impacts are much more direct for increases
in female employment, income and life expectancy, improvements in health,
education, and the availability of birth control technologies, and reductions in the
child morbidity rates. The relationship between these factors and a reduction in
population growth has been established through both observed correlation and

to
(S8
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causal explanations.” Changes in these factors have been brought about through
changes in rural economic activity, the establishment of rural health centers, schools
and family planning clinics, improvements in nutrition through more reliable food
supplies, and access to better communication. The contribution of rural
eiectrification to family planning is found only where it provides:

a. better lighting and cold storage for health centers and family planning clinics
a wider use of communications devices in the home and the school

c. an additional source of energy for the agriculture and industrial sectors
which along with other factors will stimulate female employment.

6.7 Environmental Impacts

The direct impacts of rural electrification on the environment are probably equally
balanced.  The environmental impacts from construction of the electricity
distribution system are minimal since the "backbone" system is built along existing
roads wherever possible. The replacement of diesel power and kerosene lighting
with central generation eliminates a local source of pollution but substitutes a
concentrated source.  Since the present generation expansion plan calls for
increased use of natural gas, there will be a net reduction in the introduction of
pollutants to the atmosphere.

Rural electrification will permit the expansion of resource-based industries and as
such may place added pressure on non-renewable resources. This is especially true
for the introduction of rural sawmills which permit the processing of local trees at
a lower cost than the mills located near urban centers. The lower cost of wood
products in the rural area will stimulate demand. While it is possible to credit the
local sawmills with an increase in the rate of cutting trees, rural consumption is not
the only source of demand. Also, the failure to protect or replant existing
woodlands or establish new forests is the major cause of deforestation.  Finally,
there are other methods tfor mechanized wood cutting, most notably through the
use of diesel powered saws.

" The Contraceptive Prevalence Study in 1985 [59] studied the factors affecting
acceptance, determination and duration of contraceptive use. Specifically identified
in this study were the total number of living sons/children, the employment status
of women and the knowledge of contraceptive methods.  Electrification was
observed to be correlated with contraceptive prevalence but not identified as a
separate factor.
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Other resource-based industries may also increase the rate of extraction of local,
non-renewable resources as a result of the introduction of electricity, but with less
impact than the sawmills. At the same time, activities which permit recycling of
non-renewable metals, such as electrified machine shops and re-rolling mills, benefit
from the availability of electricity.

The introduction of STW’s and DTW’s will no doubt put pressure on the water
table as the draw-down exceeds the recharging rate in isolated areas. However,
the direct substitution of diesel for electric pumps argues against attributing this
environmental impact to rural electrification. [48,52]

6.8 Finance and Management

The PBS’s benefit from three types of subsidies; a low interest rate on loans for
capital investment, an operating subsidy to meet shortfalls in operating margins and
an electricity supply cost which is less than the economic cost. [4] The low interest
rate represents a pass through of the low interest rate charged the goverament by
the donors.  Since this is an investment in infrastructure, this is not an
unreasonable form of subsidy. The local share of the program, which is in the
form of direct government allocations to REB is on-lent to the PBS’s. When it is
repaid, these funds will be rolled over for investment in future system expansion.

The GOB provides an operating subsidy to each PBS during the first five vears of
operaiion (extendable to seven years). This ¢:bsidy is based on the difference
oetween accrued revenues and costs. The analysis of financial performance for the
individual PBS’s indicates that most PBS’s do not require an operating subsidy or
have improved their performance to the extent that they are not expected to
require this subsidy in the future (see Annex III). This subsidy is larger than
necessary because it is based on the operating margin rather than cash flow
requirements of the PBS. It also distorts the PBS's tariffs by providing a
disincentive to raise tariffs.[4)

The subsidy on the cost of electricity applies not only to REB but also to BPDB
customers. In fact, the REB customers pay a higher rate for their electricity. The
current plan is for the BPDB to gradually adjust its tariff towards its economic
costs for power generation. The tariff increases are expected to be passed on to
the REB and the PBS’s as they are implemented.

From a financial perspective, the performance of the PBS's is improving over time
as the density of demand increases. There will be some increase in financial
pressure on the PBS's in the future due to debt service requirements, the inevitable
increase in maintenance costs for aging distribution systems and the difficulty of
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keeping rates in line with inflation. Some PBS’s may req. . continuing
government subsidy. However, a large percentage of the PBS’s are in a relatively
strong financial position and will probably be able to pay most or all of their debt
as indicated in Annex IIL

There are two notable financial problems facing the PBS’s. The first is the need
for significant increases in rates if the recommended increases in the Bulk Service
Tariff are implemented. This may require some political will but should not be a
difficult problem giving the high willingness-to-pay of most users and the fact that
the BPDB would have to institute parallel rate increases.

The second problem is the need to adjust taritfs in line with the long run costs for
expansion of the distribution system. This problem is aggravated by the rising costs
of construction which give newer systems a much higher cost base, when debt
service is included. than older systems. Future expansions will be harder to justitv
because the marginal cost of these expansions will be in excess of the murginal
revenues which would be generated by the current tarifts.  The most economically
efficient means for dealing with this problem is to allow each PBS to set its tarift
according to its costs, however, this raises equity issues particularly with respect to
the impact on the most isolated areas being served. If a uniform tarift for all
PBS’s is considered desirable, then the level of the taritt would have to be raised.
If financial autonomy remains a goal then the effect of rising capital cost would
be for the most costly systems to become the price setter and the less costly to
make a large profit.  There appears to be a significant conflict between the goals
of autonomy and equity which wiil be further exacerbated as the system is extended
INt0 MOre remote areas.

The Coopers and Lybrand report has pointed out the need for the introduction of
cash tlow management in place of the traditional P&L based management currently
practiced. This is quite reasonable given that the PBS’s are still expanding and
many are about to begin paying debt service. This report also recommended the
formation of a central fund for transterring funds in the form of deposits/loans
from strong PBS’s to weak ones. Such a fund would only be useful if the capital
were laying idle.  The financially strong PBS's should be allowed and encouraged
to use their surplus funds to expand and strengthen their own systems.  The ability
of the co-ops to become autonomous depends on their ability not only to manage
their assets but to grow through investment of retained earnings. The proposed
fund, no matter how well managed, would inevitably link the performance of the
PBS’s ard rvestrict their autonomy.
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6.9 Management Issues

The institutional impacts of the rural electrification program are quite substantial.
The REB and the PBS’s are recognized as one of the few successful organizations
dedicated to promoting rural development. But unlike other successes such as
BRAC and the Grameen Bank, the RE program provides a basic infrastructure
to the rural areas through the mechanism of cooperatives. The RE program is
widely respected and has managed to sustain a high level of fiscal n'unagement and
infrastructure development for over a decade.

One of the strengths of the REB appears to lie in its attentiun to detail. The
technical assistance has been extremely useful in establishing reporting structures
and standardizing equipment purchases. Both are critical elements in the success
of any RE program. A recent IBRD survey observed:

"Our broad conclusion is that the success or failure of R.E. efforts in a country
depends much less on the specific institutional framework used, rather than on
proper planning and the existence of certain pre-requisites. These critical
factors include:

(a)  having a clear cut national objective and an R.E. master plan (broad
strategy, criteria for selecting areas to be electrified, etc.);

(b)  codification of design standards and engineering practices appropriate
to R.E.;

(¢)  adequacy of initial and continued financing (through government
equity, foreign and commercial borrowing, tariff revenues, etc.);

(d)  proper planning and implementation of individual schemes (market
surveys and promotion, load forecasting, design and construction,
supervision, etc.)

(e)  quabty control, operation and maintenance." [13]

The REB has been successful in cach of these areas.

Another strength of the RE programme is the priority given to financial viability.
The guidelines for extension of power lines arc based on the expected revenues
which will be generated relative to capital and O&M costs.  Furthermore, the lines
are not energized until 75% of those signed up for connection have been
connected. RE programs have traditionally been plagued by losses and other
financial difficulties, the success of the REB in this area has been fundamental to
its continued development and growth,
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Given the limited absorptive capacity of the national economy, this program has
managed to meet its growth targets while maintaining its technical standards. [t
provides a valuable lesson concerning the importance of good management
practices in the delivery of development services. The program sets a standard
against which to measure comparable program. However, it is unclear whether
this management structure can be replicated, or even maintained as the area
covered and the number of customers increases. The further growth of the REB
system will be constrained not by access to financial capital but by the availability
of human capital to manage the expansion. The proposed expansion of the system
into less developed areas of the country will place a significant strain on the REB
even with its proposed 25% increase in staffing. [t is this area which most needs
the continuing support of USAID.

One way for the REB to effectively manage its expansion is to spin-off some of
the older. financial strong PBS’s. There is a need to increase the autonomy of the
older PBS’s in terms of their ability to manage their financial activities and the
expansion of their networks. Only by increasing their ability to stand alone will it
be possible for the REB to focus its management capabilities on the new PBS’s
proposed for the less developed areas of the country.

In order to better supervise the performance of the existing and proposed PBS’s,
a better socio-economic monitoring and evaluation system should be established.
This system wouid focus on the quality of services provided by the PBS’s to the co-
op membeis and would identify additional services which could promote the use of
electricity. It would also examine operational problems such as illegal connections
and misunderstandings regarding fees and users’ rights." Many of these M/E
activities, which are described in detail in Chapter III, would be undertaken by the
REB’s evaluation division.

“ A discrepancy between the PBS’s “tated policies and the understanding of these
policies by the co-op members have been observed on a number of occasions as
part of surveys and other field work. This is thought to be a problem of
communications in most instances, but there is always the potential for violation of
these policies.
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7. Recommendations

A number of recommendations have been developed with regards to future
planning of the RE system as a result of this pre-assessment. These are not new
recommendations, but rather they support earlier recommendations based on the
findings of this study. These recommendations relate to two areas: system
expansion, pricing and financial requirements, and organizational objectives.

7.1 Future Expansion of the System

The lines in the rural areas currently ntrolled by BPDB should be turned over
to the REB. The latter has shown g er responsibility in the area of providing
reliable service and collecting fees to. the services provided. An expeditious
transfer would provide significant financial benefits to the REB in the form of
increased revenues and to GOB through better collection of tariffs.

The expansion of the system should focus on semi-rural and peripheral urban
areas. The network should be expanded through enlargement of the areas
currently served (intensification) rather than through extension to remote areas.
Much of the success of the early phases of the project are attributable to the
careful selection of sites with an emphasis placed on a reasonable level of
development.  This technique should be continued and refined. The survey
described in Chapter II would identify factors to be included in this selection
process.

The decision to expand into new areas should be gradual. The exclusive authority
of the REB to provide electricity in these areas should be clearly established", but
the rate at which it assumes this authority should be commensurate with the
development of these areas and with the expansion of its management capabilities.

The REB should promote demand in areas where they will be operating in the
future. Encouragement of battery charging activities at the end of their lines and
the promotion of auto-generation in areas targeted for hookup in the next five
years should be an integral part of REB’s planning process. The Power Use
Department’s role in this regard is discussed in Chapter 111

* Exclusive with regard to BPDB, but this should not preclude local use of auto-
generation.
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There are several options for energy supplies which the REB should investigate to
determine their effect on the demand for electricity or their role as a technology
to be promoted by the PBS’s. Clearly the availability of natural gas and CNG in
the future will encourage the use of as engines which have been shown to be
more cost-ctfeciive than electric morurs.”  Options for cogeneration from local
industries should also be considered as a potential source of electricity for the grid.

The REB is considering generating its own electricity and increasing the voltage
level at which it takes power tfrom the BPDB. The latter is clearly a natural
extension of REB’s activity and should be encouraged where it provides lower cost
power. The decision to move into power generation, while clearly covered under
the REB’s bye-laws, must be entered into cautiously. In order for the REB to
generate its own powel, a new level of expertise and management capability would
have to be developed over time. It vould also be necessary to establish regulations
coverning the selling of power back to the BPDB (e.g. the PURPA laws in the
U.S.). Since the problem for both BPDB and REB is the peak load during the
irrigation season, it is also important to understand how the REB contribution to
the overall system capacity would affect the least-cost expansion plan for the
nation.

7.2 Pricing

The current tariff structure for domestic hookups utilizes too large a life-line block.
The system-wide average consumption is about 30 kWhr/month whereas the first
household block is 70 kWhr/month. A minimum household use would be two 40
watt bulbs operated ftor 3-4 hcurs per night for a monthly generation of 9 kWhr.
Add an 80 watt fan running at 709 for 4 hours and the total would still be only
16 kWhr. Above the level of 20 kWhr, a higher rate would be justified given the
willingness-to-pay. At the same time, the minimum monthly bill should be revised
downwards since it affects nearly half of the users and places a heavy burden
during the low income months.

The pricing structure for domestic hookups should be further revised to offer a
rate which allows the household to amortize the cost of hookup. This implies that
the PBS would provide, directly or through subcontracting, the housewiring but
given the current quality of work this might not be a bad idea. The PBS would
then charge a monthly fee over the first tew years of service with which to amortize
the cost for the wiring and any cost for connection.

* These technologies are the subject of a recent IBRD project appraisal related
to the uses of natural gas.
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Several changes in the tariff for irrigation hookups should be considered. The first
is the introduction of an escalating block rate which, given the high proportion of
pumping costs accounted for by energy, would encourage the use of smaller pumps.
The second change is the use of time-of-day metering to move the irrigation of the
evening peak periods thereby limiting the impact of this load on the system. This
tariff should be introduced if the BPDB introduces a peak/off-peak rate in their
Bulk Service Tariff. Since the time of day peak is less of an issue than the
seasonal peak for irrigation, a general increase in the tariff for irrigation should be
considered to reflect the long run marginal costs of supply capacity for irrigation.
This third change would also encourage the marginal user to switch to diesel
pumps. The increase should be designed to cover onlv the incremental cost
associated with REB's distribution system. Additional increases to reflect BPDB's
higher costs should be considered only if a seasonal premium were introduced by
BPDB.

The fourth change relates to the current capacity charge of 800 Taka/hp per
season.  This charge is small compared to the energy charge. It should be
increased and used in place of the energy charge as a mechanism for capturing the
long run marginal costs for the transmission capacity needed to serve the irrigation
load.  Alternatively, this charge could be escalated with pump size as a means for
encouraging the use of smaller pumps, either to encourage small farmers thereby
meeting equity objectives or to encourage more intensive use during the irrigation
season thereby spreading the ioad over more hours and days.

7.3 Organizational Objectives

The current REB/PBS structure has worked well in expanding the rural
clectrification network and promoting use of electricity in the rural areas. Its
principal objective of promoting financial self-sufficiency has contributed significantly
to the success of its program. However, the program has been largely constrained
to the traditional structure of the rural electrification cooperatives distributing
electricity from the grid as was done in the US in the first halt of this century.
More recent approaches which promote the use of autogeneration in areas which
are remote or which are not scheduled for connection to the central grid for
several years have not been considered by the REB.

Also the exclusive focus on electricity has prevented a broader program addressing
the general energy needs of the rural areas. The survey of rural industries has
pointed up the limited technical knowledge of rural entreprencurs with regards to
types of equipment and alternative sources of energy which can be used for shatt
power and heat. The widespread use of incandescent lighting in huuseholds is a
result of the high cost of fluorescent bulbs and fixtures, however, these more
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efficient sources of lighting are used in rural areas throughout Southeast Asia. For
irrigation, the objective of the REB has been to promote electric pumping despite
the high cost of serving this demand. Clearly, the REB's objectives could be
expanded to determine and promote the most cosi-efficient form of energy for
different applications.

The KREB is currently considering vertical integration of its activities 10 include
connecting to the grid at 132 kV rather than 33 kV and possibly generating its own
power. It remains to be determined whether the REB has the expertise and
management structure to operate generation facilities, however, there is no reason
not 1o extend the role of REB into this area or any other area which promotes
cost-efficient energy usce in the rural areas. The current structure of REB/PBS is
relatively rigid and this has perhaps been the key to its success, but the
organization is evolving and it is time to look beyond this structure not so as to
reject it rather to evolve it so that the REB can both offer new services and
continue to provide existing services in a more cost efficient and equitable manner.

8. General Conclusions

It is our opinion that the RE program in Bangladesh is a good one. It has not
only produced direct benefits, but more importantly, it has established infrastructure
from which substantial benefits are expected to derive. However, the REB/PBS
organization is still evolving in a very positive manner although it has vet 1o achieve
some aspects of institutional maturity associated with a well-functioning rural
electrification organization.  Outside assistance is needed not only to expand the
physical system, but, more importantly, to strengthen the mandgement system,
especially its evaluation capability. There is some discussion of USAID withdrawing
support from this program because it has not produced immediate and significant
results in generating employment and other targeted benefits. This decision would
not be in the best interests of either USAID or Bangladesh. First there 1s a donor
credibility problem of discontinuing funding for a successful program which
continues to require external financing. Second, there is the issue of long-term
benefits which have not yet been realized and will evolve only with the
development of rural areas.
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However, this is not to stay that alternative forms of participation or changes in
strategy for the system should not be considered. The growing interest of other
donors in funding the capital investment for expansion of the system leaves USAID
to focus on strengthening the RE institutions. In order to strengthen the REB,
USAID should continue its technical assistance program and assist in developing
a monitoring and evaluation system. These two activities would strengthen the
REB's ability to oversee the activities of the PBS’s.  They would be separate trom
the REB’s ongoing efforts to establish new PBS’s and extend the distribution
system. There is a recognized need to improve the site selection and cost control
activities of REB as well as to develop more cost-effective systems of delivering
energy. These areas would also benefit from technical assistance.

To the extent that USAID continues to be involved in commodity loans, the best
strategy would be to continue the intensification program by expanding it to other
PBS’s.  This would put USAID in the position of providing funds for PBS’s
established by other donors but this is necessary if these PBS's are to hecome
autonomous. One of the chief objectives of the USAID program should be to
achieve operating and financial autonomy for the PBS’s. The sustainability of the
program will be enhanced by moving these organizations out from under the
REB/donor umbrella. Once these institutions are able to stand on their own, then
the REB will be able to direct its manpower to the development of new PBS’s.
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CHAPTER 2

SCOPE OF WORK FOR A COMPREHENSIVE IMPACT ASSESSMENT

1. Purpose of the Assessment

The review of earlier survey efforts and the conclusions of the pre-assessment
suggest that additional information is required not only to improve our
understanding of the socio-economic impacts of the rural electrification program in
Bangladesh but also to plan subsequent phases of the project and USAID’s
participation in these phases. Since USAID has taken a lead in providing technical
assistance to the project and in performing monitoring and evaluation activities
related to the different phases of the project, it is important that the results of the
assessment provide guidance for improving these TA and M/E acuvities.

Among the cuestions which require further study are:

)

What types of industries benefit from rural electrification and how does
the availability of electricity affect their decisions on where to locate,
what type of production technology to employ and what mix of capital
and labor to use?

How does electricity contribute to the decision to establish an industrial
activity; what are the preconditions in terms of other development

factors?

What is the average household’s willingness-to-pay for connection and
for energy and what factors determine this willingness to pay?

How do cottage industries use electricity and how does it aftect their
productive activities in a quantitative sense?

How do commercial activities alter their activities as a result of
connection to the grid?

How does electricity pricing affect the choice and use of irrigation
pumping?

What are the impacts of RE on female employment?

At what stage in the rural development process should electricity be
introduced?
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Answers to the first two questions are necessary not only for estimating the
economic benefits of rural electrification that result from productive uses, but also
for planning where the greatest benefit can be obtained through extension of the
main power lines (3 phase, 440 volt and higher). It is expected that the response
to these questions will differ for the different categories of industry (small or large,
service or product, footloose, resource-based or market-based).

The answer to the third question is needed to provide proper estimaies of the
benefits to rural households from electrification. This answer will also provide a
better understanding of where to locate lines so as to achieve the highest
connection rate and how to adjust rates to reflect these benefits and encourage
connections. It is anticipated that the response to this question will differ not only
with the inrcome/wealth of the household but also with the level of development of
the village and surrounding area.

The answer to the fourth question is important because relatively little is currently
known about cottage industries and their contribution to male and female
employment and rural incomes. The present assumption is that cottage industries
use electricity only for lighting. The extent to which that is true and how this
affects their level of production and profitability is not known. The answer to this
question can be used to compute the benetits of providing electricity to this sector.
It will also help REB in deciding how to promote the use of electricity and electric
appliances in this sector.

The fifth question is similar to the fourth. There is greater potential for uses of
electrical appliances other than lighting in the commercial establishments, but it is
difficult to understand how the value added is altered merely through the
introduction of these appliances.

The answer to the sixth question would be used to develop a better pricing policy
for irrigation hookups. In order to evaluate alternative pricing policies, it is
important to understand the relative costs for diesel and electric pumps. Also the
issues of maintainability, reliability and portability of these two technologies must
be considered when evaluating the price cross-elasticities. Since the irrigation load
has a significant and growing impact on REB’s capacity requirements, a better
understanding of the demand for this service is required not only for pricing but
also for planning system expansion.

The answer to the seventh question would add to the knowledge about women in
development and how electrification contributes to their productivity.  While it is
not anticipated that the answer will affect system planning, it will suggest how the
REB’s promotional efforts might be targeted towards women.
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The last question is the most difficult, but the answer has the greatest importance
for the planning process. Currently the RE programme emphasizes electrification
of relatively developed areas and these have proved to be the most financially
viable. Now the REB is moving into a phase of expansion which will take it into
more remote, less developed areas. Before undertaking this new direction, it is
important that the REB have an understanding of how electrification contributes
at different stages in that development process and how the benefits will vary with
the point of intervention.

The answers to these questions would be obtained through field surveys. The
specific questions to be asked in these surveys would concentrate on the causal
relationships between the introduction of rural electrification and the marginal
changes in social and economic activities.

2. Structure of the Survey Components and Survey Instruments

The survey would include two separate components. The major effort would be
a household level survey of electricity use ftor domestic, cottage industry and
irrigation activities.  For domestic activities, the household survey would use a
structured interview and some participant observation to determine the factors
which lead to connection and use of electricity, the willingness-to-pay for these, and
the changes in economic and social activity which result from connection to the
grid.

Village irrigation units and cottage industries would be the subject of separate
structured interviews carried out in tandem with the domestic users survey. The
former would focus on the costs and value added from the use of mechanization
in general and electric equipment/appliances in particular. These surveys would
investigate the factors considered in:  a) deciding to mechanize (or not to), b)
choosing electricity or a substitute source of energy. and ¢) changing the level and
cost of produciion as a result.

The second component would be a marketplace survey of commercial and
industrial establishments in the primary markets. This survey would use structured
questionnaires to collect data on the nature and costs of production, the demand
and price for the outputs, and the impacts of mechanization and electrification on
the quality, production costs, sales price and demand for the output. The survey
would employ open-ended questions to determine the factors considered in starting
up and locating the production facility, in deciding to mechanize (or not to) and in
choosing between electricity and substitute forms of energy. Open-ended questions
would also be used to assess the contribution of electricity as a complement to the
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other inputs, such as markets, transport, training in technical skills, credi:, and
supplies of equipment and spare parts, to the development of rural industries.

For both survey components, the procedures and instruments would be built on
past experience in Bangladesh. Some sample questionnaires, which were pretested
as part of this study, are included in Annexes VIII and X. Other relevant
examples can be obtained from the Village Study Group which was active at the
University of Dhaka in the late 1970’s, the village development survey conducted
by BIDS and IFPRI in the early 1970’s, the rural energy surveys conducted in the
late 1970’s by John Briscoe (now at IBRD) and Nural Islam (now at BUET-ATI)
and the recent rural electrification survey by Md Salleh Uddin (now at the
University of Chittagong).

Foreign consultants would participate in the study to add objectivity and breadth
of experience. They would assist in removing potential biases in the survey
instruments currently used and would provide survey instruments which were used
in other countries to analyze decision-making in the choice of energy sources and
to quantify the impacts of new technologies on the economic and social activities
of rural areas.

3. Site Selection and Sampling

The site selection and sample size would differ for the two survey components.
Sampling would be purposive. The basic parameters used to define the sample
would be the level of development of the area in the PBS and the availability of
electricity.

For the household survey componcnt, the ist strata would be the PBS's and
Upazila within the PBS’s. They would be chosen to reflect a range of
development, agricultural regimes and proximity to major urban centers and
transport links. All should have an established electrical service (4 years or more).
The sec ad strata would be the villages and markets within these sites. These
would be selected in pairs, one electrified and one not. They should have similar
characteristics in terms of access to transport, topography and agriculture. The
third strata would be the households. Selection would be made based on income
(low, medium and high) and primary activity (agriculture and non-agriculture).

A total of 5 PBS/Upazila would be selected. For each, two clusters of two villages
each (one electrified and one not) would be selected. For the electrified villages,
the households would include both connected and non-connected households in a
ratio of 2:1. Similarly, for the electrified and non-electrified villages, the ratio of
sample size would be 3:1. Two research assistants would be assigned for three
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weeks per cluster. The sample size would depend on the time required for both
the structured interview and the participant observation. Assuming two households
per day there would be a sample size of about 60 for the electrified village and 20
for the non-electrified village. In addition the research assistants would survey the
local irrigation units, commercial activities and cottage industries. Per cluster, these
are not expected to exceed 30 and therefore all activities would be surveyed.

The results from the household survey of domestic users should be extrapolated to
the target population. Since the sample size for the village survey is relatively
large, a procedure for weighting the sub-samples and extrapolating the results
should be developed based on available district and Upazila-level socio-economic
data and REB consumption data.

The marketplace survey would also use purposive sampling. A total of three PBS’s
would be selected from the 5 included in the household survey. These would have
a significant amount of rural industry and an established electrical service (4 vears
or more and may include tormer BPDB areas). One would be located near a
major urban center (i.e., Dhaka), one near a regional centers (e.g. Comilla,
Chandpur. Moulivibazar), and one in a less-developed area. Two to three large
local markets with a high concentration of industrial and commercial activities
would be selected in cuch PBS. Also two smaller markets would be selected which
have a moderate concentration of industrial and commercial activities.  Three
research assistants would work in the field for two months. The use of participant
observation would limit the sample size and a time budget ot two per research
assistant per day has been assumed.  The average sample size per PBS would be
100 or about 24 in each major market and 12 in each smaller market.

The rural industries and commercial establishments to be interviewed would be
selected to include both electrified and non-electrified tacilities covering the range
of industrial activities found in the marketplace. They would be selected according
to the following criteria:

Electrified industries:

I. should have been elecirified within the last 5 years so that the
reasons for deciding to connect can still be recalled;

should use less than 1.5 kWhr per month since these will provide
better information about the marginal benetits from electritication,
however about 10%-15% should be large footloose industries so
as to determine the contribution of electrification to the siting
these sources of employment.

!\)
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Non-electrified industries:

1. should be located near enough to the power lines to make
conneciion possible now or in the near future;
2. should employ at least four persons.

Both the owner and the operator should be interviewed since the former will know
about local investments decisions and costs and the latter about technical and
maintenance issues.

Most of the data will be categorized by type of industry, size and use of electricity.
Some of the results may be generalized according to type of industry. For this
purpose, data on the rural industry population should be collected through a
complementary industry census conducted by the REB.

Some initial work on the development of the survey instruments was undertaken
as part of the micro-surveys reported in Annexes VIII and X. Some of the
hypotheses to be tested and some of the data to be collected are included in the
attachment to this TOR.

4. Organization of the Survey

The survey would require a variety of expertise including rural sociology, basic
electro-mechanical engineering, and economics. In order to develop such a team,
it is assumed that the foreign consultants would take the lead in identifying
individuals or institutions which can contribute to the individual components of this
study. The participants should be selected based on their past field experience in
similar or related efforts and on their ability to produce meaningful analysis and
reports.

Because of the need for tight management and a consistency of style, a single local
firm should be selected to assume responsibility for all survey components. A
number of research institutions, including the three organizations used in this
pre-assessment, have the capability to undertake the full range of survey activities
but only by sub-contracting some of these components. A research institute would
be preferable to a university because of the former’s orientation towards producing
a product and its ability to mobilize resources. However, university participation
should be encouraged because the universities are able to provide a more rigorous
understanding of how to measure the behavior of the rural population.  The
foreign consultants wou.i have final responsibility for insuring that the
sub-contractors have the necessary sKills.
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The foreign consultants would include one full-time person and one part-time data
specialist. The full-time consultant would be responsible for insuring the quality of
the effort. This would entail:

a. coordinating the activities of the local survey components,

b. reviewing the survey instruments and methods to insure that
the results can be analyzed to produce meaningful results on
the economic and social benefits attributable specitically to
electricity,

c. participating in field tests, training and initial survey work to insure
that the information is being properly collected,

d. planning the data analysis activity to insure that the information is
properly encoded and can be analyzed to produce the information
desired within the time and budget allocated, and

e. reviewing the quality of the analysis and the conclusions derived.

The short-time data analysc would assist in planning data analysis {part d).
5. Training

Since the survey cannot fall back on the comfort of a large random sample, it is
important that the quality of the data be insured through adequate training and
close supervision in the field. The crucial element will be training.  Local
experience with participant observation is relatively limited, therefore sufficient time
must be given to training the research assistants in:

~
o=

methods for establishing and maintaining rapport,

b.  working from a general outline of guestions,
¢. recording information without breaking the tlow of conversation, and
d. dealing with sensitive questions and showing proper respect towaids

respondents.

These techniques are learned through practice. It is important that sufficient time
and attention be given to this activity in addition to the normal training concerning
the purpose of the survey and the questions being asked. It is expected that the
time for training in the household survey, including practice interviews with the
survey supervisors, will require 1 to 2 weeks.
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6. Data Analysis and Reporting

The methods of analysis will vary with the type of survey. For the household
survey, the data frem the structured questionnaire will require computer analysis.
This should be supplemented with general information on the contributions of
electrification to rural development. This information can be obtained from essays
prepared by the research assistants and categorized by their supervisors.

For the market survey, the sample size is smaller and the results should be
categorized according to type of enterprise. Therefore simple manual processing
of the results may be sufficient. The cost data should be used to develop simple
cost models to analyze the advantages/disadvantages of electrification at different
levels of price and utilization. Again the research assistants should prepare essays
summarizing their impressions on the effects of entrepreneurship, locational needs
and investment criteria on the choice of technology and the use of electricity. The
results should be categorized and presented by survey area.

A separate report would be produced for each s -vey component. These reports
would include a description of the methodology and any survey instruments used.
They would also summarize the available secondary data used to extrapolate the
results to the total population within the RE programme. The results of the data
analysis will be presented in tabular form with discussions of the implications of
these findings as they pertain to the benefits of rural electrification.

A summary volume will then be produced in which each of the eight questions
presented at the beginning of this TOR will be addressed. The findings of the
survey will be presented in the form of quantifiable and non-quantifiable benefits
from the RE programme. The recommendations for future expansion of the REB
system and USAID's participation in this expansion will also be presented. These
recommendations will be backed up by the results of the analysis and will be
evaluated with regard to the impacts on economic development and financial
sustainability.
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7. Scheduling

The survey components are expected to begin simultaneously. The proposed time
budget for the household survey includes:

a. 3/4 month for organization of effort and development of an approach,
3/4 month for site szlection, development of the survey instruments,
pretesting and training

¢. two months for surveying and data preparation

d. one and one-half month for data analysis

e. two months tor report writing

The last two activities would overlap, constituting a total survey time of 6 months.

The marketplace survey would be organized during the same initial month with
some allowance for slippage. A period of three weeks would be needed to develop
and pretest the survey instruments and train the research assistants.  The survey
would then last for two months including time for data compilation. This would be
followed by a month for data analysis and development of computerized cost
models for alternative sources of energy.  Report writing would require an
additional month.

The timing of the surveys should be made with due consideration of the rainy
period starting in mid-April. It would require that the survey activity be
commenced by the first week of January 1990 or delayed until after August of 1990
to permit the survey to be conducted in the non-monsoon period.

8. Survey Budget

A survey budget was prepared based on the schedule presented in the previous
section and available information about unit costs. it ¢ included in the
attachments.

del.ucia and Assoctates, Inc 41



ATTACHMENTS

PRELIMINARY BUDGET FOR RURAL ELECTRIFICATION EVALUATION SURVEY

AMOUNT
COST_ITEM REQUIRED UNITS UNIT COST TOTAL COST

FOREIGN CONSULTANTS
Compensation Fully Loaded

Survey Coordinator 6 MN-MONTHS $10,000 $60,000

Data Specialist 1 MN-MONTHS $12,000 $12,000
Per Diem

Dhaka 105 MN-DAYS S$115 $12,075

Rural Areas 45 MN-DAYS $50 $§2,250
Travel

‘nternational 2 TRIPS $3,000 $6,000

Domestic 3 TRIPS $300 $900
Miscellaneous

Secretarial 6 MN-MONTHS $400 $2,400

Communications 6 MONTHS $300 $1,800

Reproduction 6 MONTHS $250 $1,500

Office Space 6 MONTHS $50C $3,000
G&A and Fee 35% $35,674
SUBTOTAL $137,599
HOUSEHOLD SURVEY
Compensation

Principal Investigator 6 MN-MONTHS $1,500 $9,000

Supervisor 4  MN-MONTHS $800 $3,200

Research Assistants 23 MN-MONTHS $600 $13,500

Data Analyst 4 MN-MONTHS $700 $2,800
Per Diem

Principal Investigator 20 MN-DAYS $25 $500

Supervisor 60  MN-DAYS $25 $1,500

Research Assistants 450 MN - DAYS $10 $4,500
Transport

Principal Investigator 3 ROUND TRIPS $200 $600

Supervisor 6 ROUND TRIPS $30 $180

Research !ssistants 30 ROUND TRIPS $15 $450

450 MN-DAYS $5 $2,250

Computer Expense, Data Entry 1 $2,500 $2,500
Secretarial Support f MN-MONTHS $300 $1,800
Communications 6 MONTHS $150 $900
Reproduction 200 100 PAGES $10 $2,000
Overhead and Fees 30% $13,704
SUBTOTAL $59,384
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AMOUNT

COST ITEM REQUIRED UNITS UNIT COST TOTAL COST

MARKET SURVEY
Compensation

Principal Investigator 6 MN-MONTHS $1,500 $9,000

Research Assistants 9 MN-MONTHS $600 $5,400

Computer Programmer 1.5 MN-MONTHS $600 $900
Per Diem

Principal Investigator 30 MN-DAYS $25 $750

Research Assistants 180  MN-DAYS $10 $1,800
Transport

Principal Investigator 3 ROUND TRIPS $200 $600

Research Assistants 9 ROUND TRIPS $15 $135

180 MN-DA:S $5 $900

Computer Expense 1 $500 $500
Secretarial Support 6 MN-MONTHS $300 $1,800
Communications 6 MONTHS $150 $900
Reproduction 75 100 PAGES S10 $750
Overhead and Fees 30% $7,030
SUBTOTAL $30,465
OVERALL STUDY

Foreign Exchange $137,599

Local Costs $89,849
GRAND TOTAL $227,448
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ISSUES AND HYPOTHESES TO BE TESTED

The following is a list of some of the issues to be considered and hypotheses to be
tested in the two surveys.

Household Survev - Domestic, Cottage Industrv, Irrigation

The initial investment for connection is the most important decision
followed by the decision to purchase appliances and finally the
decision regarding the amount of electricity to use per month.

Where there is the potential for cottage industry or for water
pumping, the household will connect for these reasons rather than
domestic uses.

The most important factor in the decision to connect is household
credit/wealth.

Ownership of appliances is the most important determinant of how
much electricity is consumed followed by the level of recurrent

income.

The purchase of appliances generally follows the sequence of lighting,
radio-cassette, fan and television.

The level of development in the area has a general effect on the rate
of household connections.

The household’s willingness to pay for both connection and electricity
is quite high but the latter, being smaller, has a much higher relative
willingness-to-pay.

Monthly payments are a problem during the low income time of year.

Reliability of supply is relatively unimportant {or households.

Many cottage industries use electric lighting but very few use electrical
equipment or appliances.

Electricity does not lead to the introduciion of new cottage industries
but may increase the capacity of existing ones.
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Market Survey - Industrial and Commercial

The location of markets and the availability/cost of transport are the
key elements in deciding on the location of rural industry and
commercial establishments. The availability of electricity may be a
precondition.

Tradition plays a part in the location of industries in the sense that
an entrepreneur very often prefers to locate near his traditional home
or that of his relatives.

The factors leading to mechanization of productive activities are: the
potential for a reduction in the cost of production, improvements in
product quality, an increase in the capacity or rate of production, and
a reduction in demands on management.

Rural industries can be divided between resource and market based
units which locate close to the source of their raw material or their
consumers and footloose units whose locational decision takes into
account a number of other factors.

Footloose industries are more sensitive to the availability of electricity.

The production technology adopted by the industry or commercial
establishment is most often determined by that used by a neighbor
or relative and not by an evaluation of alternatives.

The scale of a rural industry is alsc a major factor in selecting the
production technology

The type and scale of the industry affects both the decision to
mechanize/electrify and the amount of energy used.

Larger facilities tend to be turnkey plants often involving foreign
participation. Small facilities tend to be locally constructed using
technologies from the urban market.

Scale is limited by risk aversion. There is a clear preference to
diversify rather than expand.

Diesel is a potential source of shaft power for most industrial
applications but is less desirable than the electric motors.
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The marginal impact of electricity differs for those industries which
can use diesel and those which cannot, and for those commercial
activities which can use batteries/kerosene and those which cannot.

delucia and Associates, Inc

46



DATA TO BE COLLECTEYL, AND THE USE OF SECONDARY SOURCES

The data to be collected in the surveys should be supplemented with information
from secondary sources including national agricultural and census data, and major
survey efforts such as the rural industry currently being implemented by the
Planning Commission. Local data should be obtained from the PBS records, the
Upazila government offices and from informants such as the village headmen. The
types of data -y be collected through the surveys and local level sources are listed
below.

Household Survey - Domestic Energy Use

Baseline data from Upazila, village headman, and PBS on the level
of development - pukha roads, female/male literacy, proximity to large
markets, and use of electricity

Gross income, land, and major physical assets

Energy use by activity including electricity and other fuels but
excluding biomass for cooking or heating

Monthly expenditure for electricity and fuels
Appliance ownership, sequence of purchase, and use
Reliability of electricity and fuel supplies

Cost data for connection, hcokup, appliances,

Sensitivity of demand to changes in the price of connection and
energy

Basic family parameters, size, ages, sex, number, wage
earners

Changes in social habits as a result of electrification (comparison or
recall)
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Household Survey - Irrigation

Baseline data from Upazila and PBS on arable land, areas cropped,
irrigated land, method of irrigation, electricity use, and prices of
products and inputs from marketplace

Irrigation technology

Command area

Period of use

Purchase price

Operating requirements (quantity and unit costs for labor, parts,
energy)

Reliability of equipment

Repair and maintenance requirements (frequency, type of repair,
man-hours and skill levels required

Reliability of energy supply
Marginal benefit of mechanized irrigation versus traditional methods

Non-cost benefit of electrified irrigation versus diesel

Household Survey - Cottage Industry

Types of products and level of production
Types of inputs, sources and costs

Market for products and prices

Production technology employed

Source, type and number of labor employed

Use of electricity and other sources of energy
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Effect of electrification on level and type of activity

Marketplace Survey

Baseline data from the proposed REB census of rural industries
within the PBS areas and from the on-going USAID/Planning
Commission survey of rural industries

Factors affecting locational decision including availability and cost of
land, labor, transport costs and energy sources

Source of raw ma.:erials

Market area served

Factors leading to growth in the market/demand
Level of production, wcekly and seasonal variation
Uses of equipment and labor

Type of technology used, capacity of motors/engines and source of
processing equipment

Reasons for choice of production technology and source of
information

Factors affecting selection between diesel and electric shaft power

Equipment age, cost of acquisiiion, age and whether new or second-hand

Costs for operation and maintenance of equipment broken down by
labor, material and energy

Factory gate price for outputs
Energy consumption

Skill requirements for operation and maintenance
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Labor recruitment/training
Reliability of energy, equipment

Actual benefits of mechanization:
savings in production costs,
improvement in product quality,
reduction in iabor force,
increased reliability of production activity,
extended hours of operation
increased rate of output
reduction in management/supervision requirements

Sensitivity of decision to electrify to the costs for connection
equipment and monthly charge

Y

Source of finance and importance of credit in establishing industry

Plans and possibilities for expansion of production activity
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CHAPTER 3

DEVELOPMENT OF A SOCIO-ECONOMIC MONITORING
AND EVALUATION ACTIVITY WITHIN REB

1. Current Activities of the Rural Electrification Board

At present the monitoring and evaluation activities of the REB are performed by
three groups each operating under different directorates (see Figure 1). The first
is the Rate Cell, which reports directly to the Member for Finance. It prepares
a monthly MIS report based on the submissions of Form 550 by the individual
PBS’s. This report contains data for csach PBS about the supply of electricity, the
number of customers, the extent of the distribution system and the monthly and
vear-to-date financial performance (see attachments).

The second is the Power Usage Department which is split between the Directorates
of Planning and Management Operations (Figure 3). This department is respon-

sible for working with the PBS customers to promote the use of electricity.

The third is the Evaluation Division which operates under the Director of Programs
and Planning (Figure 4). It assists in the preparation of:

1) The Quarterly Progress Report for submission to IBRD.

2) Pre-feasibility reports on new sites for the RE program for review by
REB and the donors.

3) Project pro-forma for review by the Planning Commission.
It also participates in the preparatory field work related to the formation of new

PBS’s. The only socio-economic monitoring performed by the Division is in the
form of occasional surveys of the demand for electricity in selected PBS's.

2. Role of the Evaluation Division

Before suggesting the monitoring and evaluation activities to be undertaken by the
REB, it is necessary to consider the general monitoring/evaluation needs (M/E) of
the REB. The basic need is to lend support to the planning, operational control,
and promotional activities of REB and the PBS’s.
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Figure 2
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Figure 2
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In the area of planning, the M/E activities should improve the procedures for
selecting areas to be electritied and the setting up of new PBS’s. When selecting
an area to be electrified; the density of consumers and the expected tinancial return
from the extension of the power lines are estimated. These estimates are
computed from standards developed during the earlier phases of the RE program.,
Although considerable data has been collected concerning the rate of growth in
hookups. the consumption for each class of user, and the average costs and
revenues for hookups in each class, this data has not been used to update the
standards. Since there are now a large number of PBS's with a considerable range
of performance. it should be possible to develop better standards for estimating
tuture demand and financial returns.

When setting up new PBS's, the REB helps in the organization of an etfective
manugement structure. The PBS boards are elected by the local populace. but the
REB ussists in identitying potential candidates who can provide eftective leadership.
Good munagement at the local level is the most important element in the success
of a PBS. An important M/E activity would be to review the performance of the
different PBS's and the contribution of Board members to their success.  This
information could then be used as a guide to the setting up of future PBS’s,

At present, the operational control activities of the REB focus on the financial
performance, procurement activities and the growth in consumption ot the PBS's.
The relevant data is collected from Form 550 and reported monthly and annually
in varyving levels of detail. The most effective use of this performance data is 1o
report trends in performance. Where a deterioration is observed. a closer analysis
should be pertormed. For example, a PBS with a negative surplus but improving
operating ratio may be in much better condition than a PBS with a positive surplus
but deteriorating operating ratio.  Management reports can be produced 1o
emphasize these trends and alert the REB to potential problems. The graphical
and tabular analysis shown in Annex Il provides a starting point for this reporting
function. The data shown in Annex Il should be combined with this tinancial data
and with additional performance data to generate reports which compare a PBS’s
financial performance and its system characteristics (e.g. density o users,
consumption by class, average consumption per hookup, average revenues by class
and system losses). This report could be used to assist the REB and the PBS's in
planning for expansion, revision of tariffs and improvements to the distribution
system.

The operational control activities also include intermittent user surveys organized
by the REB. This activity should be extended to include performance audits to
evaluate the quality of service provided to cooperative members. The features of
the RE programme which contribute to its success such as system reliability,

wn
n
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equality of access and enforcement of billing procedures should be audited. As an
example, data on the frequency and duration of outages of individual PBS’s could
be collected from the PBS’s and confirmed through field interviews with current
users.  Data on the charges levied (formal and informal), the customer’s
understanding regarding these charges, the rates and conditions quoted for hookups
to households not yet connected, and the charges for house-wiring could be
collected in a similar manner. The survey required to collect this data should not
be performed by REB or PBS employees because of problems of credibility.
However, the REB should design and supervise the survey. These interviews would
include recent hookups and potential customers so as to provide information on the
efficiency of PBS in providing connections for potential users and their efforts to
minimize costs for these connections.

A performance audit should also be used to examine the sources of non-technical
losses through a combination of line metering and informal observation. This would
be done by the Evaluation Division in cooperation with the individual PBS's and
would focus on those co-ops with the highest rates of non-technical losses.

In the area of promotional activities, the REB’s efforts could be extended beyond
the current actvities of the Power Outage Divisions. As the RE program expands,
this function will become increasingly important. The new promotional activities
could cover a broad range of concerns as follows:

1. assist technology transfer by providing rural entrepreneurs with
information regarding the production technologies available with
electrification.

2. prepare cost evaluations regarding the life cycle costs for diesel and
electric irrigation pumps and shaft power, to identify areas in which the
costs advantages are significant and electrification should be promoted.

3. identify markets for promotion of electrification through review of
secondary data on irrigation and tube-well sales within the Upazila, and
the formation of industrial activities and through a review of the rate of
requests for connection.

4. promote demand in non-electrified areas through the introduction of
battery recharging technologies at the furthest extension of the REB
lines, sponscring mechanization through diesel engines in areas which
would be eligible for electrification once sufficient demand has been
established, and encouraging small auto-generation units in arcas out of
reach of the planned distribution system.
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The M/E activity could contribute to these promotion activities by undertaking the
second and third activities direcily. It could also contribute to this activity by
surveying the unmet energy demands in areas located beyond the existing
distribution network and by monitoring productive activities in the area served by
the network.

3. Additional M/E Activities

The scope of this review was meant to focus on the socio-economic monitoring
function of the REB in general and the means for strengthening this function as
well as the role of the Evaluation Division in specific. The present focus of REB
is on expansion of the rural electrification system and promotion of the use of
electricity. This is its proper role and provides the greatest benefit. Its success is
attributable to the quality and enthusiasm of its staff. However, these conditions
make it is difficult for the REB 1o collect objective data on the socio-economic
impacts of rural electrification, especially since the survey respondents would be
aware that the surveyors work for the REB.

This is not to say that such information would not be useful to the REB, but rather
to suggest that they would have difficulty in collecting such information. The REB
should not conduct surveys but rather contract for surveying activities with
organizations experienced in the design of the survey instruments and the
performance of rural surveys . The data would then be collected by the contractor.

With regard to socio-economic surveys undertaken by donors or local research
institutions, it is important that the REB be responsible for coordination of these
activities. At present, the socio-economic surveys of rural electrification range for
large-sample, institutional efforts to small-sample surveys for academic credit. The
exact number of the surveys undertaken in the last 8 vears is unknown. [t would
be usetul it the Evaluation Division could z.ct as a clearing house for these studies,
especially where donors are involved.  The Division could provide assistance to
these efforts by identifying appropriate sample frames using their data on the
consumption in different PBS's.

The REB should also conduct its own marketing surveys to determine the
characteristics of existing demand and to identify latent demand. Specific areas
in which surveys should be conducted by the Evaluation Division are:
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1. A census of industries and commercial establishments within the
boundaries of the PBS’s to determine their number and type, their size
(based on a simple numeraire such as employees or size of facility), their
production technology, and if not electrified, their potential for electritication
and their distance from existing lines. If electrified, it should be determined
whether they were initially connected to the BPDB.

2. A census activity to determine the type of irrigation wells within the PBS,
their command area, size of engine/ motor, and source of energy.

3. A survey of appliance ownership from a random sample of electrified and
non-electrified households and commercial establishments. This survey would
only be performed in PBS’s which did not have earlier survey results and for
which BBS census data was considered inadequate.

These surveys would be used to provide not only data for future sample frames, but
also a database for use in the promotional efforts of REB.

Another activity which the REB could undertake that would contribute to all three
planning, operational control, and promotional efforts is the development of a
database of performance measures for the individual PBS’s. This database would
utilize the historical data reported in the Form 550, some of which is already
entered into Lotus spreadsheets by the REB’s Rate Division. However, this data
has been entered for only the last two years. Information from earlier periods must
be obtained manually from the monthly or year-end Form 550 for each PBS. Also
no attempt has been made to integrate this data into a single relational database.

As part of this assessment, a database has been developed (using a Lotus
spreadsheet) which includes information on consumption and hookups by class and
PBS and rcvenues, costs, assets, debt service and subsidies by PBS since FY82.
The Rate Cell should build upon this database by collecting additional information
on the distribution of demand (for both power and energy) within each class and
season, the amount of connections currently requested and the number of potential
users not currently connected.

The database could then be used by the Evaluation Division to analyze the pattern
of growth in demand for each class of user. Additional sample data could be
collected regarding the distribution of demand within classes.

Among the questions to be addressed when analvzing the information in the
proposed database are:
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1. Which PBS’s have a faster rate of growth in connections and what
characteristics of the Upazila and the PBS might explain this.

2. How does the mix of consumption by energy class affect financial
performance?

3. What has been the contribution of the takeover of the BPDB’s lines to
the financial performance of the REB systems?

4. How does the average consumption per connection change over time and
as the lines are extended?

5. What regional factors can be used to explain differences in demand and
consumption for irrigation, Group A and Group B connections?

Other M/E efforts in support of REB’s promotional activities should be undertaken
by the Evaluation division together with the Power Usage Divisions. These would
evaluate the technologies available for productive activities (agricultural, industrial
and commercial) in the rural area which use both electricity and diesel and
compare these with the technology commonly used. The comparison would
consider issues of the capital and operating costs, the reliability, quality and scale
of production, and the techaical skills required for operation. The information
collected would be evaluated and summarize 1 for use in developing pamphlets and
programmes aimed at promoting electrified technologies where they are clearly
advantageous, and for promoting related technologies in areas which are not
currently electrified but will be incorporated in the future. The analysis would be
done by the Evaluation Division for use by the Power Use Divisions.

4, Staffing and Equipment Requirements

The above activities would be undertaken in addition to current efforts. The Power
Usage Divisions and the Rate Cells appear to have sufficient manpower for these
tasks, however the Evaluation Division would require additional staff. This Division
is currently has only one officer although in the past there have been four officers
(1 Deputy Director, 2 Assistant Directors and | Statistician) and three field
investigators. One programmer familiar with database systems or able to be trained
in database systems would have to be recruited. One data analyst familiar with
statistical techniques, one technical analyst with knowledge of electrical and
mechanical systems, and one field supervisor for the survey activity would also have
to be added to the existing staff.

In addition, two 286-based desktop computers should be obtained with sufticient
hard disk capacity (40-60 MB) and high density floppy disk drives to organize and
analyze survey data. These should be supported by a wice carriage, letter quality
printers and basic software (spreadsheet packages with good graphics capability and
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SQL-based programmable database systems). One would be assigned to the
Evaluation Division and one to the Rate Cell.

5. Conclusion

The monitoring and evaluation effort requires a coordination between the REB's
Rate Cell, Power Usage Divisions and Evaluation Division. The Rate Cell would
focus on financial performance, through expansion of its MIS system, the Power
Usage Division would focus on technology promotion and extend this effort to
alternative energy sources to non-electrified areas. The Evaluation division would
focus on surveys, performance audits, and economic analysis of alternate
technologies.
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Attachment

FORM 550

BORROWER

FINANCIAL AND STATISTICAL REPORT

TO RUKAL ELECTRIFICATION BOARD MONTH ENDING

PART A STATFMENT G REVENUE AND EXPENSE

- YEAR TO DATE
ITEMS THIS MONTH:
LAST YLAR THIS YEAR :
1 Sale of Eiecvons o0 _ — _ "
2 Other Operaney Revenue 0 i |
VoTowad opcrann: Kevenue (1+0) >_:‘<
SCo 1 of Purdhased power ) >:-§»-
S Ihistnibatien l-'\;wmz'~ﬂpcr.mnn
6 Distnbaion Expense -Maintenanee
7o Custonier Accounts bapense —
R Customer Senvce bBapenee
v Sales Expense o o
10 Adnunstratnve and General Expense —
1 TotalOperanny and Saintonance b spense s thia 1oy T
12 Depreciation and Amortizatien Laponse S
13 Tax Expense Wther . 1‘ - —
14 Interest on Long Torm Debt [ =l
15 Other Deducnons — e * ¢
16 Total Cost of Electne Service (11 tha 15) _
17 Operating Muargins (3-16) | . T
18 Government  Subsidy ! :
19 Non-Operating Margens-Interest |
20 Non-Opcrating NMarpns-Other |
21 Extraordinary  ltems
22 Margins
PART B-AGING OF CUSTOMER ACCOUNTS RECEIVABLLE ELFCTRIC
Class of Total Reccivable current Over 30 days Number
Service NO Amount No Amount No Amount Sf?;\:;)nnn‘nlcd
1 Domestc
2 Commercial
3. Imgation
4. Gen Power' A
5. (Gen Power'B
6. Sureethght
7. Towal
This Month Year 1o Date
8. Collection
9. Percentage of Collection
10. Month Revenue
Quistanding
REB FOEM NO, 550 REV, PAGE | OF 4
6l
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TO RURAL ELECTRIFICATION BOARD

FINANCIAL AND STATISTICAL REPORT

BORROWER

MONTH ENDING

PART C-BALANCE SHELT

ASSETS ANDOTHERDEBITS

LIABILITIES AND OTHER CREDITS

UTILITY PLANT

1. Elecinc Plant an Service

2 Construction Work in Progress
3 Towr! Unhiny Plamt S————
4 Accum Provision for Deprocistion ——

§ Electnc Plant Acquisition Adymny |
6 Ner Unhity plant

-

OTHERPROPERTYANDINVESTMENTSY|

7 Non Uty Piopens

S Specizt Fund Deprecizuen

g Special Fund-Others

10. Total Other Propeny & Investments

CURRENT AND ACCRUED ASSETS
11 Cash-General and Other Funds

12 Specisl Deposits

13. Workine funds

EQUITIES & MARGINS
27. Membership lIssued

28. Mcmbership Subs. But not Issu ed

29 Operation Margins-Prior Year

30. Opcrating Margins-Current Year

31.Non-Operating Margin--Prior Year:

32 NonOperating Margins-Current Yean

33 Donated Capital & Capital Gains

34. Total Margins & Equities

LONGTERM DEBT
35. REB Loans - Cash

36. REB Loans -Provisional Plant

37. REB Loans-Construction Close Out

38. REB Loans -Other

39. Total Long Term Debt

CURRENT ANDACCRUELLIABILITIES

14 Temporany Investments

15 Account Recivabio-Electnig

16  PROV for Uncollectible

17. Accounts Rccivable-Others

18, Matenial & Supplicrs-Elcctrnic

P9 Material &Supplicrs-Merchandise

20. Prepayments

21.0ther Current & Accrucd Assets

{146 Total Current and AccruedLiabilities

22 Total Currents  Accrucd Ager,

40, Notes and Accounts Payable

41 Consumer Deposits

-

42 Accrued Taxes

43 Matured Interest

44 Matured Long Term Debt

45. Other Current & Accrued Liabilities

DEFERRED CREDITS

DEFERRED DERITS
23, Musc, Deferred Debits

25, PDB customer Dues ___

25. Totas Deferred Debuts,

26. Tota! Assets and Other Debits

47. Customer Advance forConstruction

48. Other Deferred Credits

49. PDB Customer Ducs Outstanding

50. Total Deferred Credits

51. Total Liabilities and Other Credits

PART D-CONSUMER SALES AND REVENUE DATA

THIS MONTH

YEAR TO DATE

Class of

4 Number
Scrvice.

Billed

KWH Sold

Amount
Billed

Number

Number W
Min. Bill KWH Sold

Billed

Amount
Billed

1. Domestic {

2.Commercial !

3.Irngation

4. General Power' A

5. General Power'B

6. Street Light

7. Total Sale of Elcctricuty

REB FORM NO. 550 REV.
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FINANUIAL AN D LA LD HILAL REFUR [
TO RURAL ELECTRIFICATION BOARD

LURKUWER

MONTH ENDING

PART E-ENERGY AND

DEMAND DATA

ENERGY THIS MONTH YEAR TO PEAK DEMAND | THIS MONTH YEAR TO
DATE DATE
1. KWH Purchased 1 SUB-ST:"\TlOf;J
2. KWH Sold 7
3. PBS Use
4 Toral (243) - 3
5. KWH Loss (1-4) .
6. Percent Loss 2DATE OF PEAi(
2
3
l 4
PART F-PLANT AND CUSTOMER DATA
- : THIS MONTH YEAR TO CUMULATIVE
PESCRIPTION ‘ DATE FROM INCEPTION

Services Connccled

- Seniccs Removed

Services in Place

Houscs Wired

Villages Elcctrified

Wircd Houscs Inspected

- I RV I NV R

Miles Consiructed (Except 100-41)
. Miles PDB Rcnovaled
. Miles Constructed 100-41
10. Tota! Miles Constructed
11. Total Miles PDB Take Over
12. Totat Miles Encrgized

CONSUMER CONNECTIONS BY CATAGORY

DOM

COMM DTW

STW LIP

GP-A

GP-B

ST.LT | TOTAL

1.This month

2. Cumulative

PART G-AGING OF ACCOUNTS PAYABLE

DESCRIPTION

CURRENT |31

1o 60 DAYS

61 10 90 DAYS

Over 90 DAYS

TOTAL

1. PDB-Power Billing

2. REB-Houscwiring

3.
4

| J—

TOTAL

REB FORM NO. 550 REV.

PAGE 3 OF 4

deLucia and Associates, Inc
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FINANCIAL AND STATISTICAL REPORT BORROWER

TO RURAL ELECTRIFICATION BOARD MONTH ENDING

PART C-1 CHANGES IN UTILITY PLANT
Balan:o i Additions | Retiremen? | Adjustments Cuirent Deaprn.

Description Begining year yeat and Balance Rate

Fiscal vear To Date | To Date Transfers

DIST. PLANT

1. RE3 Project Sub: '

Stations - Not Clasuitied
2, REB Prgject Line

Construction - Not Ciassttied !

3 REB Project Line '

Renovation - Not Classified .

4. PBS constructed Not Ciaseried | ;
5. Total Plart not ; | I|

classitied . : . .
6. Distribution plant E !

classitied : |
7. Total Energized : .

Plant i ’
GENERAL PLANT i ‘ \
8. Land and Land Rights : ’ |
9. Structure and ! v ’ ”

Improvements i | ! ; 1
10. Oftice furninture and ! II

€quipment 5 i
11 Transporaton : . |

Equipments i
12. Stores. Toois & Lab ‘ l

Equipment . ‘

13. Power Operated : ! ‘

Equipment i t

14, Communication Equipment
18 Miscellaneous Equipment
16. Total General Piant i
17. Intengible Plant ,
18. Corstiuction watk

in Progieses
19 Total Utility Plant

NOTES :

CERTIFICATION

WE HEREBY CERTIFY THAT THE ENTRIES IN THIS REPORT ARE IN ACCORDANCE WITH THE
ACCOUNTS AND OTHER RECORDS OF THE SYSTEM AND REFLECT THE STATUS OF THE SYSTEM TO THE
BEST OF OUR KNOWLEDGE

A G M-FINANCE DATE GENERAL MANAGER . DATE

REB FORM NO. 550 REV, PAGE 4 OF 4

delucia and Associates, Inc 04
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ANNOTATED BIBLIOGRAPHY



USAID, "Project Paper : Bangladesh Rural Electrification III", 1986

The project paper listed three objectives for the Third Phase of the Bangladesh
RE program:

a. reducing human fertility,

b. increasing agricultural productivity, and

¢. expanding rural employment.

A preliminary economic evaluation was made by combining two elements:

a. the savings in annualized costs through conversion
from diesel pumps to electric pumps for irrigation
and
b. the revenues paid by industrial, commercial and domestic users.

The latter was used because it was not possible to estimate the willingness-to-
pay of industries or households.  This approach amounts to little more than a
financial analysis except that the costs of supply were adjusted to reflect the
shadow prices for traded goods and labor.

For non-quantifiable social benefits, the paper pointed to the institution-building
associated with the development of the PBS cooperatives and the REB
management, the purported impact on family planning and the bencfits to
commercial and household activities from improved lighting and the extension of
commercial activities into the evening hours. The report included a projection
of energy demand increasing by 159 p.a. through 1990, 13% p.a. through 1995
and by 11% p.a.. through 2600.

The project paper also included a strong recemmendation for the continuation
of TA and for adjustment of the PBS tariffs 10 more accurately reflect the
economic cost of the electricity. The latter was to correspond to a similar
adjustment in the BPDB's tariffs to reflect their marginal costs. The financial
situation of the PBS’s at the time of the report raised concerns as to the long-
term financial viability of the cooperatives. The present situation requires three
levels of subsidy to cover capital and operating costs. These three are:

a. subsidization of the interest rates for the original
investment loans

b. subsidization of the operating deficits for the
PBS’s

c. subsidized bulk tarifts charged by BPDB to REB



The project paper also included a recommendation for an extended monitoring
and evaluation activity to be undertaken by the REB for the purposes of better
planning and financial control.

IBRD, "Staff Appraisal Report for Bangladesh : Rural Electrification Project"
and "Staff Appraisal Report for Bangladesh : Second Rural Electrification
Project"

The reports appraise the two World Bank rural electrification projects. The
load forecast for the projects was based on a disaggregated forecast for a model
PBS with average annual growth rates between 22% and 34%. This reflected
the slower initial growth versus the system-wide growth over the previous two
years of 100% to 200% in all categories.

The benefits were computed by distinguishing between diverted and generated
demand. The benefits from the diverted demand were computed by comparing
the cost of the second best source of energy with the cost of the electrified
alternatives. ~ The second best source included diesel for irrigation and
mechanization of rural industries and kerosene for lighting. The savings were
measured by comparing the full capital, energy and O&M costs for each
alternative. The economic costs were computed using an SCF of .8 for local
expenses relative to border prices and .75 for unskilled labor. For generated
demand, a fraction of these savings was attributed as benefits to electrification.

Rahman, Quazi Mafizur: "Rural Electrification in Bangladesh - A Baseline
Study", March 1983, University of Dhaka

A survey for USAID of 8 PBS's conducted beginning in 1981. This survey
included separate surveys of households, agricultural units, community facilities,
commercial establishments and rural industries. The data collected was similar
to that covered in other household, agricultural and industrial surveys of these
activities but provided relatively little information on energy use. The compiled
data were presented without analysis.

For households data was collected on the source of electricity. Of the 8691
households surveyed only 65 had electricity prior to the introduction of RE and
54% reported having signed up for connection. Despite the lack of electricity,
15% reported owning radios/cassette players. The expenditure for lighting was
measured and 3% ieportea spending more than 50 Taka a month, 31% between
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20 and 50 Taka per month, 44% between 10 and 20 Taka and 23% less than 10
Taka per month.

For the agricultural unit data was collected on the type of irrigation and the
area irrigated for each household. Of the total sample only 414 were found to
use manual irrigation. 1228 to use mechanical irrigation and 163 to use electric
pump irrigation. In addition a sample of 665 agricultural units using irrigation
(252 individual households and 413 pump committees) were surveyed in more
detail.  Of these 172 used low-lift pumps, 325 used shallow tubewells, and 168
used deep tubewells. The capucity of these pumps was 49% 2 cusecs, 47% of
1/2 cusecs and the rest in between. Data was collected on the hours of use, the
costs for the operator and for repair. The area irrigated by these pumps was
relative small: - 35% irrigated less than 10 acres and only 31% irrigated areas
over 30 acres. Most of the owners indicated an interest in electritving their
pumps.

For the community institutions data was gathered on the amount of electricity
and kerosene used each month by type of establishment but the data was
presented in aggregate form. The principal users of electricity where is was
available were post offices, mosques. union councils.

For the commercial businesses, 1515 establishments were surveyed as the their
size. number of employees, and monthly expenditures.  Of the sample,
approximately 2/3 had hookups prior to the creation of REB. Data was
collected on monthly consumption of electricity — with 289 reported no
consumption, 15% reporting consumption in excess of 40 kwhr and the rest in
between.  The monthly consumption of kerosene was also reported as was the
ownership of electrical appliances. The latter were aggregated in a meaningless
way.

A total of 683 rural industries were surveyed of which 589 were mills for rice,
pulses or other agricultural products. Only 47 of these were not already
electrified and nearly all of those having electricity were electrified prior to the
introduction of REB. Of the total, 80% reported having 1 or more electrical
motors and 1% reported having installed capacity in excess of 30 horsepower.
In contrast only 2% reported having diesel engines.  The consumption of and
expenditure for electricity were also determined.  Ouly 18% of the electrified
industries reported a consumption in excess of | MWhr per month and 30%
reported a consumption of less than .4 mwhr.



Rahman, A. Atiq and Hug, Saleemul, "Rural Electrification in Bangladesh: Its
Impact on Rural Commercial and Industrial Sectors" October 1988, Bangladesh
Center for Advanced Studies

This survey was conducted in 1987-88 and covered four PBS’s. A total of 464
commercial enterprises and 174 rural industries were surveyed. The suncy
utilized a series of questionnaires. One was for PBS officials and concerned on
connection activities and priorities. Another was an informant survey in which
commercial and industrial organizations were classified according to when they
were established (before or after RE). Three commercial institution
questionnaires were used: one each for those not-electrified, those which were
electritied under REB, those electrified by BPDB. Two industrial questionnaires
covering entrepreneurship and use of electrification were also used. The sample
was drawn from the main market areas in each of the PBS’s but the sampling
technique seems to have fallen somewhere between random and purposive.

The report tends to attribute growth in commercial and industrial activity with
the introduction of RE. This argument is based on the formation of new
industries but is weakened by the lack of a random sample, the failure to
compare the results with un-electrified areas, and the lack of information on
establishments which were started after the introduction of RE but failed prior
to the survey. The results can quite reasonably be interpreted as a normal
Markov birth-death process.

The survey collects the perceptions of the respondents as to the effect of
electricity on their income. This is acceptable since it is only a perception but
the attempt to have the respondents estimate the increase in sales attributable
to electricity shows a lack of insight into the information which can be
reasonable collected through structured questionnaires.  Other attempts at
correlation between electrification and the characteristics of the commercial
enterprise are largely intuitive and lack either a statistical or empirical basis.
The same is true for comparisons between electricity use and the age of the
enterprise or the period of electrification. This is not to say that these
relationships might not be true, but rather that the survey results do not provide
statistical proof as to their validity.

A survey of appliance ownership in electrified commercial establishments
indicated an average of 2.5 bulbs, .6 fans and .3 radio/cassettes. Only 3% of the
establishments  reported using televisions or refrigerators.  Most  of the
establishments spent less than 100 Taka per month on electricity. The reported
power outages were relatively high averaging about 3.5 hours per week. The
tollow on question of the perceived loss in profit from power outages cannot be
considered to yield meaningful results.
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The survey of rural industries identified the preponderance of agricultural mills.
The rural industries used an average of 4 motors and 8 light bulbs. The level of
electricity use ranged between .3 and 1.5 mwhr per month. A more intensive
use of appliances and a higher consumption of electricity was observed in the
sample villages located nearest to major urban centers. The reported outages
were similar in frequency and duration to that reported for the commercial
establishments.  No attempt was made to relate the consumption, employment
or use of appliances to the level of output of the industries.

The  survey observed an interest among mill owners and agricultural units in
converting back from electricity to diesel to overcome problems of reliability of
energy supply. to take advantage of the lower price of diesel and, in the case of
irrigation. to take advantage of the potential mobility of supply. The survey
made  several observations regarding the complementary inputs required to
increase the use of elearrification.  These include a relaxation of the 100 foot
constraint on hookups and the provision of credit tor hookups and equipment.

USAID and REB. "1983 - Impact Evaluation of Rural Electrification Programme
in_Bangladesh", August 1983

This was the second baseline survey performed by USAID in 1983 and covered
4 PBS’s (Dhaka I Comilla T Rajashahi 1 and Pabna [II) and 10 Upazilas. In
each PBS a survey was made of 100 electrified households and 50 non-electrified
households. A purposive sample procedure was used to focus on villages with a
high rate of electrification.  Although the questionnaire was not included in
report, it appears to have focused primarily on the respondents perceptions with
regards to the benefits of rural electritication.  In addition a survey of
commercial and industrial establishments was conducted at 175 electritied
establishments and 70 non-electrified establishments and a survey of irrigation
pump users was conducted for 81 electritied pumps (238 users) and 45 non-
electritied pumps (132 users).

For the houschold survey, questions concerned whether the benefits from
electricity included:

. a reduction in tuel costs

. an increase in working hours

. In increase in household income

. an increase in reading and children’s study

. an improved social life and increased amusement
an improvement in security.
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The response categories were relative measures such as "don’t know", "greatly
increased”, "increased”, "decreased" and "greatly decreased". These perceptions
were related to factors such as the period of energization, land holdings,
education level of the respondent, and household income. Further comparisons
were made between the year of energization and the relative standard of living
and structure of the house. The reliability of these results can be questioned on
the grounds that the no attempt was made to explore the basis for these
perceptions.  Moreover the resu'ts were surely biased as a result of the
suspicions generated by such questions such as how much gold the household
owned.

Quantitative data on the consumption of different fuels was reported for
electrified and non-electrified households. This data showed that the electrified
household spent half as much of kerosene as the non-electrified household but
spend more on wood and cow dung for cooking. The study did indicate a
average 50% higher income for electrified households versus non-electrified.

This survey was poorly conceived, the analysis of the data provided few insights
and a certain amount of confusion, and overall seemed directed at promoting
rather than evaluating the rural electrification programme.

Khan, Mahbubul Huque, "Impact Evaluation of Rural Electrification in
Bangladesh", REB, 1987

This report shows a considerable evolution over the REB’s 1983 effort. The
survey was originally intended to use the baseline survey sample frame but found
that the villages were to dispersed. Instead the survey used the same PBS’s but
chose adjacent villages where one was electrified and one was not.  Households
were selected at random or a complete sample was used where the village was
small. Four documents were used, a village schedule, a household schedule, an
industry schedule and an irrigation schedule. Each of the villages selected is
described in the report as to its location, since, access, and availability of
services, mechanized irrigation and industry..

The analysis was primarily a comparison of the average characteristics for
electrified and non-electrified  households and  for the different Upazila.
Electrified households were found to have more land, more moveable assets
(watches, bicycles and radios), and a higher average income. Shallow tube wells
were more common then diesel tube wells and were used to irrigate larger
command areas for more people per well as lower cost. The absence of rural
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industry in the survey areas, except for a few rice mills, was attributed to the
absence of any significant markets.

The survey included a question regarding the respondents’ perception of the
impact of electrification.  Not surprisingly, high percentages of respondents
indicated an increase in working hours, household income children’s study and
employment of both males and females and security. On the other hand only a
half the households reported an increase in reading or a reduction in fuel costs.
No attempt was made to ask the a similar question regarding changes in non-
electrified households.  The questionnaire included at the end of the report
indicates that there was considerable additional data which was collected but not
incorporated in the analysis.

Coopers & Lybrand with A. Qasem & Co., "Financial Policies and Performance
of the PBS’s", USAID. Nov 1988

This study follows on an earlier study of BPDB’s supply costs and pricing
practices. The review of the financial performance of the PB3’s is relatively
complete. The target for their analysis is that both the REB and the PBS’s
should achieve financial soundness and the combined organization should
increase the level of self-financing of the programme. The proposal to provide
power from BPDS's 132 kV system through the 33 kv side of a substation was
mentioned.

The financial performance of the PBS's has been below expectation because of a
number of factors including:

a. lower than expected growth in hookups and
consumption

b. inflation in costs of supply systems without
corresponding increase in rates

¢. slower than anticipated transter of BPDB’s rural lines
with their existing customer base which tends to be
commercial and industrial

d. lower than anticipated sales because planning is based on
typical PBS’s rather than actual characteristics and
consumers who indicate their intention to sign up at the
time of the survey have not done so



o

a failure to reduce losses at the projected (and

somewhat unreasonable) rate which drops to 13% in the

fifth year

f. increases in the Bulk Supply Tariff which were not
anticipated in the feasibility studies

g. changes in the exchange rate and continued inflation
leading to significantly higher capital costs

h. a larger proportion of non-dornestic sales than

anticipated.

The REB currently pays BPDB a flat rate under the Bulk Supply Tariff. There
is an alternative two-part time of day tariff under which REB would pay much
more because of the peak demand characteristics of its load corresponds with
the system peak. The PBS's set their own rates within the broad guidelines set
by the GOB that rates should be comparable to those charged by adjoining
BPDB systems, by the IBRD that the rates must exceed the BST and by the
REB regarding maximum charges.

The report discussed the illogical practice of setting aside funds for depreciation
in a bank account but not repaying the principal and interest on the loan. The
report also pointed out that the 5 year grace period on loans to the REB ends
before the 5 year grace period for on-lending of the funds to the PBS’s causing
a cash tlow problem and requiring an extension of the period of subsidies by the
GOB.

The PBS’s sign a legal mortgage for a loan-in-kind at the time that the system
construction is completed and the assets are handed over to the PBS’s. The
REB is supposed to fund its investments through a roll-over »f investments and
the 1% difterential in interest rates (3% p.a. to REB, 4% p.a. to the PBS’).
However, neither of these mechanisms will provide a significant level of funds
for future capital investment. The financial performance of the PBS’s is
mcasured against depreciation which is historical or debt service which is also
historical given the rate of interest. Therefore the older PBS’s have lower
capital costs structures and appear to perform better.

The REB’s loan agreement with the IDA requires a debt service ratio of 1.5 and
a operating ratio of no more than .75. IDA established further criteria for the
PBS’s that the average revenue per kWhr is not less than BPDB’s average
revenue, that revenues should cover operating costs, depreciation and interest
expense after fitth year, and produce a surplus after debt service equivalent to
20% of annual capital expenditure after the sixth year, that accounts receivables
should not exceed two months revenue and accounts payable should not exceed
45 days worth of expenditures.
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The report questions these criteriza in the light of the variable performance
experienced by the PBS's, fluctuations in the REB’s level of capital expenditure
from year to year, and the relatively few instances in which these criteria have
actually been met. Also the financial viability of the programme does not imply
the financial viability (by strict perforraance criteria) of each part of the
organization.

The three forms of financial subsidy at present are the low interest rates applied
by the GOB (and protection from exchange rate fluctuations) in on-lending
funds, the opcrating subsidies paid by GOB to REB and the PBS’s: and the
economic subsidy in the form ot BST rates which are below the marginal cost of
the power generated. In addition there is cross-subsidy of domestic consumers
whose peaked demand and low load factor is the most costly to serve.  The
question of the cificacy of this form of indirect subsidization of the rural poor by
rural industrial users was raised.

The principal factors explaining the variability in pertormance of the PBS's are
the density of consumers and the percentage of non-domestic consumption.
There is also an issue of the rate of hookups which have been slowed by the
connection charge although this eftect has been masked by the REB's takeover
of BPDB's lines.  Another factors is delavs in receiving power from BPDB,
which is a planning problem originating on both sides.  There is also the
constraint of the BPDB's tarift in adjoining areas which limits the rates which
can be charged by the PBS's even though the capital costs for and reliability of
their distribution are much higher and do not benefit from system averaging.

The report projected the financial performance of the PBS's and the REB under
alternative assumptions about the rate of increase in the real price for the BST
assuming that the PBS taritt was adjusted in line with inflation. The results
indicate that the REB would continue to be unable to meet its debt service for
the foreseeable future. Suggestions for alleviating this problem include:

a. increasing the number of connections through loans to
cover the cost of connection which would be repaid as
part of the electricity bill.

b. a more rapid hand over of the BPDB's lines with their
industrial and commercial connections

c. merging PBS's to improve their  system  demand
characteristics, (this would affect the performance in
individual PBS's but not the system as a whole)



d. u: ¢ projected net incoine per mile of new line
‘han the gross income as a basis for expansion

" ng, this would accourt for factors such as load
P . power factor and losses

e. g..crating other sources of revenues through sales of
electric bulbs and appliances, or through a higher
membership fee

f. greater flexibility in the movement of surplus funds held
by profitable PBS’s to less profitable PBS’s through a
general fund

The report recommended that the provisions for calculating subsidies not be
relaxed since the ultimate goal of financial viability should be maintained, but it
did reccommend that the method for calculating the amount of the subsidy
should be adjusted to allow for the cash flow requirements of the different
PBS’s. This would avoid the problem of differences in value of assets, would
recognize tae sources of non-operating inco-ae available to the different PBS’s,
and would appear to reduce the overall level of subsidy from that paid at the
time the report was prepared.

For monitoring financial performance, the report recommended setting
performance target for each PBS's separately. These targets would include the
first year in which revenues would cover :

a. operating costs exclusive of interest and depreciation

b. operating costs inclusive of interest and depreciation

¢. operating costs (exclusive of interest and depreciation) plus
debt service.

Additional goals would be set regarding system losses, costs for O&M per line
mile and costs for administration per customer, levels of persornel, inventory
and accounts receivable/payable re itive to amount of activity.

In order to meet these goals *the PBS’s would have to prepare medium-term
load forecasts and investment plans and prepare short-term financial projections.

The issue of time of day pricing in response to the potential use of BST time of
day pricing and as a mechanism for improving load factors was addressed but
the results as presented were inconclusive. A recommendation for uniform
tariffs was also presented with justification based on equity of transferring of
income from tne lower cost more urban areas to the higher cost rural areas.
The size of the minimum charge was also questioned because of its impacts on
those least able to pay. There was the additional suggestion that this charge
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encourages a certain minimum level of consumption which make represent leads
to inefficient usz among the lower income consumers. Overall there was a
recommendation for a gradual increase in the tariff towards the economic cost
for the electricity.

Coopers & Lybrand and A Qasem & Co., "Financial Policies and Performance
of the PBS’s : Volume 3 - Appendices", USAID, November 1988

The appendices included a consumer survey, an analysis of price elasticity and a
calculation of the relative costs for electricity and substitute petroleum-based
fuels.  The consumer survey was conducted in nine PBS and included 399
households of which 287/399 were electrified. In addition 84 commercial
establi:hments, and 99 users of electrified irrigation were interviewed. A
structur2d close-ended interview was conducted and the survey schedule was
included i1 the appendix. Unfortunately this analysis used level of consumption
rather than income as the prinrig2! parameter for differentiating consumption-
related characteristics.  Therefor: the results are of relatively little use in
estimating benefits.

This survey like others before it observed a correlation between size of
household, incyme and electricity use. The estimates of fuel use prior to
electrification are of questionable vaiidity since the period of recall was several
years. The monthly consumption was relatively low rarely exceeding the initial
lifeline block.  The bill as a percentage of total household expenditures
increased with income but was less than 2% for most households. Not
surprising, the ownership of electrical appliances increased with average monthly
income. The respondents who used electricity were asked aboui the reasons for
their preference for electric lighting over kerosene lighting. The choices offered
were quality, comtort, price and safety and the responses were 62%, 21%, 6%
and 11% respectively. There was no attempt for prioritization of these beefits
or development of a cardinal scale of preference.

For non-electricity users, the connection cost was a greater hinderance to
electrification than energy charges. The questionnaire asked whether electricity
has enabled the household to increase the working hours, the study by children,
reading, writing and visiting. The majority answered in the affirmative but no
attempt was made to understand how, why or to what extent the electric lighting
contributed to these changes. It is interesting to note that less than half the
respondents indicated that the availability of electricity enabled greater use of
radio or TV,
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The survey of irrigation users indicated that most users of electric pumping
believed it was less costly than diesel pumps primarily because of the lower cost
of energy. Diesel pump users indicated that they were not using electric pumps
because electricity was not available, not reliable and/or too expensive. Two
thirds of the pump users sell water to other farmers.

For commercial establishments, the principal use of electricity was for lighting
and the major benefit was perceived to be longer hours of operation. The
analysis presented in this repcrt is very limited given the variety of information
collected in the questionnaires and reflects the scope of the survey which was to
support the financial analysis.

The price elasticities observed in studies from Bangladesh and India were
compared. All were found to have elasticities of -.54 with the lowest for
irrigation and the highest for commercial users.

Coopers & Lybrand and Mertz and Mclellan, "Bangladesh Power Sector Tariff
Study”, UNDP and IBRD, Aug 1986

This study examined the tariffs charged by the BPDB and recommended revised
tariffs based on the long run marginal costs for capacity and the short run
marginal costs for energy. The long run marginal costs were computed using the
WASP program and the projected demand for power. The investments in
generation capacity were primarily gas fueled and included natural gas
combustion turbines, combined-cycle turbines and steam turbine as well as oil-
fired combined cycle and steam turbines and coal-fired steara turbines. The gas
fueled units were the lowest cost and were introduced first in the least-cost
expansion plan. Once the supplies of gas were fully committed then the coal-
fired units were introduced.

Several scenarios were run with different discount rates and different load
forecasts, but the effect was primarily to shift the investment in time rataer than
to change the sequence of investment. Since the scenarios were prepared in
1985, it is likely that the change in relative delivered fuel prices and the
expansion in natural gas distribution would affect this evpansion plan and the
type of investments recommended.

The forccast of demand for generation capacity was complicated by the relatively
high non-technical losses experienced by BPDB. The forecast was further
complicated by the large amount of load-shedding which occurred at the time of
the analysis and prevented an accurate measure of the demand for power on
which to base the forecast.
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The long run marginal cost of capacity was computed using different rates of
growth in demand. The incremental capital and O&M costs needed to serve the
additional demand were computed along with the reduction in fuel costs through
the availability of more efficient baseload capacity, The LRMC was also
adjusted for the increased costs of unserved demand. These incremental costs
were computed over an 18 year period and then discounted to provide an
average value which could be applied over a longer period of time thus avoiding
fluctuations in prices. The resulting time-averaged LRMC was in the range of
$70-384 per kW per annum depending on assumptions regarding discount rates
and the size of demand increments. These results were extremely sensitive to
the costs incurred due to unmet energy demand during the initial period from
1987-89. These costs were high because only limited additional capacity could
be provided.

The costs for distribution were computed using the average incremental cost
approach taking into account past expenditure patterns and the proposed
expenditures in the Power System Master Plan. The transmission costs were
divided between distribution up to the 132/33 substations and up to the 33/11
kV stations 1o allow for incremental costs for each class of user. An allowance
of 1% ot capital costs was included tor O&M and the capital costs were
amortized over their expected life using a 12% discount rate. Also losses of
about 4% during peak transmission were factored into the estimate of capacity
requirements.  An annual cost for HV transmission of Tk. 652 per kW was
derived.

The costs for distribution below the 133 kV level were computed based on the
proportion of BPDB’s past expenditures (computed using revalued assets) for
different levels of distribution (33kV, 11kV and .4kV). These capital costs were
amortized over their expected life using the same discount rate and allowance
for O&M. Teennical losses were then factored into the costs to determine an
annual cost per kW. The results were Tk, 1079 per kW ftor 33 kV, Tk 1702 per
kW for 11 kV and Tk 3047 per kW for .4kV. For REB a higher annual cost of
Tk. 1516 per kW was computed for the 33kV distribution due to the longer lines
and the more difficult terrain of the areas served. Similarly higher costs for
computed at the lower voltages of Tk. 2752 per kW for 11kV and Tk. 2203 per
kW for 4kV. All estimates included a 25% premium (.8 SCF) for foreign
exchange.

The marginal energy costs were computed using a generation allocation model
which takes into account both merit order assignment and the uncertainty of
availability. The current information on energy costs was not used because the
present situation of operating without merit order or planned maintenance was
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expected to change in the future. The present merit order calls for gas-fired
plants to be used for baseload followed by fuel-oil fired plants. The hydro-
electric facility and the HSD turbines were used to service peak loads. The
hydro-electric facility is used primarily as a peak load unit because of the
limitation on reservoir capacity relative to generating capacity, but part of its
capacity 1s credited as baseload capacity due to other uses of the water
discharged.

Since the demand does not vary significantly by season, the only variation in
marginal cost was the day of the week allowing for lower usage on Fridays and
the time of the day with an evening peak between 7:30 pm and 10:30 pm
(during which the HSD turbines are required) and a smaller midday peak
(during which a mix of gas, fuel oil and HSD turbines are used). The marginai
energy costs per kWhr for the evening peak, midday peak, and off-peak periods
were respectively Tk 2.7, Tk 1.1 and Tk 0.7. These estimates are based on the
expected availability of the hydropower and the existing system. Savings from
changes in the generation system as well as the costs for unserved energy were
not included in the marginal energy cost but were instead included in the LRMC
capacity cost estimates to allow for a time-averaged cost calculation.

The final tariffs were developed taking into account limitations on the metering
capacity of BPDB. For high voltage users,the recommendation is to use a time-
of-day metering with a two or three period energy charge as well as a capacity
charge. The latter was to be based on a kVA. The monthly kVA capacity
charge was computed by taking 1/3 of both the LRMC generating capacity
charge and the AIC charge for 133kV distribution and allowing for a system-
wide power factor of .95. The result was Tk 84.4 per kVA per month. The
remaining 2/3 of the generating and distributing costs were added to the
marginal energy costs. It was apportioned to the ditferent hours of the day
according to the marginal unserved energy per kWh of incremental demand over
the day. To this was added the marginal cost of energy at different times during
the day. The results were then averaged over the period for which separate
rates were to be charged. The resulting rates for 33Kv distribution to the REB
were Tk 3.7, Tk 1.02 and Tk .87 (evening peak, midday peak nd oft-peak
respectively or Tk 3.7 and Tk .97 for the peak and off-peak. respectively. The
comparable tariffs for heavy industries using 33kV were lower during the peak at
3.34 but otherwise were similar.

The proposed rates are considerably higher than the existing rate. For the
PBS’s the problem would be aggravated by their low load factor and the peak in
their demand which corresponds ‘o the evening hours. Because of the disparity
with existing rates for all users was sigr. ficant, the study recommended a phased
approach be used based on the maximum permissible increase for each category
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of customer and a minimum increase necessary to insure adequate cash flow for
the BPDB. This would also allow time for the introduction of new meters and
the phasing in of a new multi-part tariff. The initial increase in REB's tariff
would amount to 25%.

The large increase in rates was not expected to have a significant impact in
consumption because the price elasticities were projected to ve between -.1
and -25. The effect of time of day rates was expected to produce relatively
small some shifts in demand away from the peak period. For the REB the total
shift was estimated to be less than 10%.

The general recommendations of the study with regards to increases in tariff
have been followed though ore slowly than recommended. Also the introduction
of multi-part tariffs based on time-of-day metering has proceeded more slowly
" .n expected. The changes in fuel prices, inflation, and installed capacity since
the time of the study should lead to different numeric results for 1989.
However, the general conclusions regarding a need for significant tariff increases
and for peak/off-peak tariffs are still valid.

The methodology used was constrained by the problems of technical losses which
have increased over time, of load-shedding which has abated, the changing prices
for petroleum products, which has continued and by the potential uses of
domestic natural gas, which are still be Geveloped.

Robinson, Warren C., "The Impact of Rural Electrification on Demographic
Attitudes and Behavior_in Bangladesh". USAID, 1985

This report describes a survey conducted to determine the impacts of rural
electrification on fertility. The survey involved 800 households in 4 PBS’s of
which 2/3 were electrified.  The respondents were the women of the household.
The structured interview included in addition to standard questions about family
size, ownership of assets, condition of house, relative wealth, occupation and
electricity consumption questions related to the births occurring in the last year,
the respondent’s use of family planning (method unspecified), frequency of use
(regularly or occasionally), knowledge of where to obtain tamily planning
supplies (yes or no).

The results were compared with the data from the 1983 survey conducted by
REB of 400 electrified households and 200 electrified households. The sample
frame was the same for both surveys though the questionnaires were different.
Not surprisingly the 1985 survey found a greater ownership or electric appliances
and a smaller amount of land ownership. Howe' 1, "the interviewers on-the-
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spot judgement of the level of living enjoyed by the respondent, on the other
hand, suggested the electrified households were actually better-off on average in
1985 compared to 1983." Although the household sizes were smaller in the 1985
survey, it is difficult to determine how any major impact could be observed when
electricity has only been available for about three years. The major attempt at
correlation between rural electrification and fertility involved the fact that a
higher percentage of regular use of contraceptives was found in electrified
households (from 24% in 1983 to 33% in 1985), relative to non-electrified
households in electritied villages (23% to 28%) and to households in non-
electrified villages (23% in 1985). No attempt was made to separate out other
variables related to income, education or other factors commonly related to
changes in fertility. An increase in the solicited size of the ideal family from the
1983 to the 1985 survey is attributed to improved expectations about the future.
The lack of serious survey methodology, the plethora of facile judgments and the
simplistic nature of the questions, make it is hard to take this report seriously.

Timberg, Thomas A., "The Economic and Social Impact of Rural Electrification
in Bangladesh", USAID, 1985

This report is more a discussion piece then a substitive contribution to the
evaluation of the RE program. The principal contribution this report makes to
the understanding of the Bangladesh Rural Electrification Programme is the oft-
quoted story of the prodigal PBS finance minister who cut off power to a club
sponsored by the local Deputy Commissioner. Despite visits to a number of
PBS’s, the report is generally a discussion of secondary sources and methodology.
This assessment was prepared at the beginning of the Phase II project and
therefore the project paper is the source of much of the data quoted. The
methodology focuses on the distinction between demand which is transferred
from BPDB, diverted from other sources of energy and generated by the lower
cost offered through electrification, a distinction included in the World Bank’s
various appraisal report’s over the last seven years.

The report attempted a preliminary estimate of economic benefits by taking the
estimates of area irrigated and the project industrial connections and attaching
some notional savings. Employment benefits from the program were through to
originate in the expansion in agriculture and agro-processing resulting from
irrigation although this was balanced against the loss of employment through the
conversion from the Dhenki to the rice mill. The impact of electrification on
fertility is mentioned in connection with Robinson’s report and the comment
"casual empiricism tells us that is true", is added io the lexicon of this subject.
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Wasserman, G and Davenport, A.; "Power to the People : Rural Electrification
Sector Summary Report". USAID, December 1983

The report examines four rural electrification programs in Bolivia, Costa Rica,
Ecuador, and Philippines to determine their social impacts. The evaluation
study followed on zarlier works by Judith Tendler and Elizabeth Celinski which
questioned the normally expected impacts of rural electrification programs. The
impacts on social services were found to be minimal with the exceptio of street
lighting. The availability of electricity for lighting and refrigeration did not by
itself improve the social services or extend the hours of operation. In part this
was attributed to a lack of coordinated development which would promote these
social services.  There was also relatively little use of electricity for irrigation but
this was due primarily to the topography of the countries considered. The only
consisten impact was the use of electricity for food processing,

The impact of electrification on the commercial and industrial sector was found
to be dependent on the proximity to the market town. Electrification favored
the larger organizations which has the ability to afford and utilize the electricity.
Reasons for non-use included problems of reliability of service, dearth of start-
up capital, and a lack of industrial or commercial skills.

The success of cooperatives as a mechanism for promoting rural electrification
was found to have mixed results with the greatest success noted where there was
"the existence of supportive and mutually reinforcing attitudes and policies".
Financial difficulties were obscrved in all of the cases due primarily to a
mismatch  between  supply and  demand in the initial years following
electrification, especially where cmphasis was placed on providing service to the
poorest households.

Most of the households in the areas were interested in receiving electricity.
Non-connections were attributable primarily to the high initial cost of installation
rather than to the monthly charges. The major use of electricity in households
was lighting followed by the use of radios and irons.

With regard to the complementarity of development inputs, the report observed.

"If a certain threshold of modernity has been reached (e.g.,
it the area has roads, available credity it may not be
necessary for AID to link its rural electrification efforts to
other development activity (for AID could expect the local
nhabitants to make use of electricity relatively easily and
quickly on their own).
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If such threshold characteristics do not exist, AID should
seek to integrate rural electrification projects with other
development programs so that a host of complementary
development activities are introduced along  with
electrification (e.g. linkages with social service programs,
irrigation projects, or small busiress loan programs). "
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Review of Systemwide Demand

The growth of the REB system has been quite dramatic over the last eight years
as shown in the first two tables below. For all classes, the number of connections
system-wide has risen from 23.2 thousand at the end of FY82 10 396.1 thousand at
the end of FY89. The amount of billable energy has increased during the same
period trom 1.4 Gigawatt-hours per year 10 373.4 GWhr. The rate of growth has
varied depending on the class of service.

For domestic hookups, the annual increase has been relativelv linear at about 42
thousand per year resulting in a linear increase in billuble energy of 13.1 GWhr per
vear.  As a result. the average consumption per hookup has remained relatively
steady at about 26 kWhr per month as shown in Figure LS below. this level is
only about 14 of that for the BPDB's domestic hookups, so an increase is expected
in the long run.

For commercial hookups the growth has been linear with an increase of 8500
connections per vear. The billable energy has risen at a rate of 4.1 GWhrs per
vear during the last 8 vears.  The average consumption per connection has
fluctuated between 42 and .54 MWhr per vear but appears to be rising as shown
in the Figure 1.5,

The number of industrial hookups has risen by an average of 1100 per vear
resulting in an increase in billable energy of 23.5 GWhr per vear. The average
consumption per hookup rose during the first tew vears but is now in the process
of a steady decline. The peak was reached in FY84 with an average of 30.1 MWhr
per year versus the current 22.6 MWhr per vear. This trend is shown in Figure 11.2
below.

The number of irrigation pumps connected to the REB svstem has increased by
nearly 2000 per year and the resulting increase in load has been 10.8 GWhr per
vear. The average level of consumption has tluctuated between 3.5 and 7.3 MWhr
per yvear after fulling dramatically as shown in Figure Lo, Assuming a pumping
period of four months in the year, the load placed on the svstem is equivalent to
an addition of 43 GWhr of industrial or domestic load.
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Systemwide Performance

Figure II.1
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DOMESTIC CONSUMERS
Consumers
Consumption

Ave. Consumption

INDUSTRIAL DEMAND
Consumers
Coasumption

Ave. Consuwnaption

IRRIGATION DEMAND
Consumers

Con ption

Ave. Consumption

SMALL COMMERCIAL
Consurners
“onsumption

Ave. Consumpticn

STREET LIGHTING
onsumers
Zonsumption

Ave. Consumption

O

3

SYSTEM

Consumers
Conswrption

Ave. Consumption

Table II.1
Consumers and Consumption by Class

FyYa2 FY83 FY8s FYBS FYB6 Fya7 Fyss F'189

22,285 47,098 79,666 110,133 137,294 210,412 256,253 314,962
3,771 10,063 19,548 31,481 41,417 58,603 79,414 93,399

338 290 308 332 335 337 340 327
344 1,003 1,811 2,579 &,019 5,735 6,631 7,641
6,617 18,078 37,384 66,160 88,881 117,812 141,476 161,054
26,845 26,842 26,570 30,14l 26,942 24,231 22,937 22,569

360 1,371 2,821 3,767 4,795 8,177 10,753 14,437
2,860 9,070 16,996 23,506 26,506 33.9:C 51,592 92,253
15,886 10,479 8,109 7,136 6,.92 5.999 5,451 7,125
0 6,799 14,054 20,985 26,220 “2,1893 48,935 56,150

0 1,612 «,337 8,657 12,838 17,284 21,751 25,458

416 w94 S4i 505 417 485

231 296 459 1,022 1,327 2,517 2,772 2,937
122 164 315 501 817 1,254 1,338 1,281
1,056 621 834 677 696 652 506 449

23,220 56,567 98,811 138,486 173,655 269,000 125,342 396,127
11,370 38,787 78,580 130,306 170,459 233,863 295,571 373,44
979 972 1,011 1,098 1 092 1,057 995 1,035

Table 1.2
Average Growth Rates

Domestic

Industrial

Commercial

Irrigation

Street Lighting

Connections (R%) Consumption (R%)
exponential 36 (.95) 43%  (.93)
linear 41,800 (.97) 13,100 (.97)
exponential 42%  (.92) 46%  (.87)
linear 1,100 (.98) 23,500 (.99)
exponential 34%  (.92) 45%  (.93)
linear 8,500 (.94) 4,100 (.85)
exponential 47%  (.92) 42%  (.93)
linecar 1,950 (.93) 10,800 (.85)
exponential 41%  (.95) 38%  (.93)
linear 450  (.94) 200 (.93)
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Figure 11.7
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Table I1.3

Percentage of Total Consumption Accounted for by Domestic Demand

PBS 1986/87 1987 /88 1983/89
Chittagong I 90% 92%
Noakhall 89% 84% 813
Chittagong II 91% 18% 76%
Pirojpur 52% 56% 523%
Feni S4% 54% 13
Meherpur 43% 6l% 50%
Bagerheat 53% 51%

Barisal I 43% 46% 47%
Kushtia 39% 41% 4ls
Chandpur 36% 39% 39%
Narsingdi 45% 59% 37%
Rangpur 1T 24% 30% 333
Bogra 42% 38% 29%
Matore II 27% 28% 29%
Moulvibazar 28% 283 28%
Sirajganj 29% 30% 26%
Satkhira 32% 30% 26%
Madaripur 35% 33% 26%
Thagkuragon 22% 26% 25%
Habiganj 24% 25% 23%
Jovpurhat 27% 32% 25%
Pabna I1 28% 25% 25%
Pabna I 29% 293 25%
Jamalpur 48% 35% 25%
Natore 1 27% 28% 24%
Jessore 1 26% 25% 23%
Mymensingh 30% 28% 213
Comilla 173 19% 20%
Jessore II 21% 21: 19%
Dhaka 21% 21 17%
Dinajpur 15% 18+ 16%
Rangpur | 20% 19% 16%
Tangail 16% 17% 15%
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Table I1.4

Average Cousumption Accounted for Per Domestic Connection

(kWhr/month)

PBS 1986,/87 1987/88 1988/89
Sirajganj 40.6 41.8 38.9
Dhaka 40.9 40.0 37.1
Moulvibazar 34.1 34.3 35.2
Natore I 29.4 31.0 31.7
Natore II 30.0 29.0 31.0
Chittagong I1I 47.5 30.7
Feni 31.2 30.1 30.0
Jessore 1 26.8 28.3 29.5
Tangail 31.4 30.3 28.5
Pabna 11 30.5 29.4 28.0
Jessore I1 28.0 27.7 26.9
Comilla 21.3 24.5 26.6
Habiganj 26.6 26.9 26.5
Pabna 1 26.9 26.7 24,8
Mymensingh 22.1 24.7 24.5
Bogra 16.6 25.8 244
Chandpur 22.4 23.9 24,2
Madaripur 25.0 27.2 24,2
Rangpur II 20.2 24.5 241
Dinajpur 24.5 26.9 24.0
Chittagong [1 23.1 1.0 23.9
Kushtia 25.2 23.6 23.7
Rangpur [ 22.2 23.5 22.7
Satkhira 22.5 22.6 21.7
Noakhalli 10.2 23.0 21.6
Joypurhat 18.4 23.9 20.7
Barisal 1 17.4 21.6 20.4
Thaqkuragon 18.8 20.1 20.4
Narsingdi 10.4 22.7 20.2
Pirojpur 19.8 20.6 20.2
Jamalpur 19.5 21.4 20.1
Bagerhat 17.2 19.9 19.0
Meherpur 4.9 18.6 18.3
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3agerhat
Barisal I
Bogra
Chandpur
Chiztagong II
Chittagong I1I
Comilla

Chaxa
Dinajipur

Fen:

Habigan}
Jamalpur
Jessore [
Jessore Il
Joypurhat
Kushtia
Madaripur
Meherpur
Moulvibazar
Mymensingh
Narsingdi
Hatore 1
Hatore II
Hoaxhall
Pabna I
Pabr II
Piru)pur
Rangpur [
Ranygpur I
Satxhira
irajgan)
angatl
hagruaragon

I

RN

1981/82

1982/83

Table 11.5

Number of Connections

1983/84

1984/85

1985/86

1988/89

567
4,931

5,576

981

2,303

1,142

1,545
531

472

3,312
917

3,054

6,406
9,589
967

3,024
4,987

4,002
3,592

910
1,218

,358
,963

N

5,356

8,224
11,627

1,171

&

5 684
6,912

7,089

10,450
12,775

1,138
3,182
6,844

6,637
8,058
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Table I1.6

Energv Billed To Household Consumers

1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89

Bagerhat 20 422 946 1,197
Barisal I 86 450 1,048 1,384
Bogra 328 i,5¢62 2,441
Chandpur L4 493 1,417 2,118 2,120 2,663 3,478 4,206
Chittagong I 1,686 2,404
Chittagong II LL6 24 823
Comilila 881 1,472 2,076 2,839 2,820 3,147 4,261 5,572
Dhaka 1,280 2,574 4,007 5,094 6,117 7,770 8,734 8,776
Dinajpur 99 737 1,053 1,665 1,948
Feni 32 776 1,516 2,841 3,617 4,142
Habigan}) 148 719 1,853 2,599 3,077 3,618 4,055
Jamalpur 280 793 1,075
Jessore [ 165 649 1,590 2,322 2,651 2,767 3,447 3,9a7
Jessore Il 457 898 1,654 2,211 3,047 3,250 3,583 3,731
Joypurhat 12 317 389 1.050
Kushtia 30 521 1,2c0 1,675 2,152
Madaripur 124 167 1.558 1,893
Meherpur 64 755 1,397
Moulvibazar 266 818 1,622 2,650 3,667 4,240 4,793 5,192
Mymensingh 35 614 1,116 1,203 1,663 1,986
Harsingdli Il 1,020
Natore I 402 1,000 1,637 2,288 2,691 3,064 4,287
Natore II 91 955 1,613 2,781 3,261 3,695 4,772
Noakhali 60 2,106
Pabna I 145 858 1,320 1,659 1,873 2,350
Pabna I1I 37 308 836 1,568 1,932 2,463 1,142
Pirojpur 3 201 4«9
Rangpur I 17 369 8a. 1,072 1,563
Rangpur II 0 MRS 1,773
Satrhira 42 475 1,115 1,485 2,015
Sirajganj 4,098 4,939
Tangall 139 603 1,333 2,074 2,772 3,545 4,462
Thagkuragon 131 910
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Table I1.7

Average Energy Consumed

1981/82 1982/83 1943/84 1984/85 1985/86 1986/87 19B7/88 198B/B9

Bagerhat 52 2G6 238 228
Bartisal I 156 209 259 245
Bogra 199 309 293
Chandpur 154 272 337 340 272 269 287 291
Chittagong [ 570 369
Chittagong II 277 13 287
Comilla 157 260 284 304 262 256 294 319
lnaka 463 339 378 418 455 491 480 )
Dinajpur 174 386A 295 323 288
Fent 157 357 337 374 3¢2 360
Habigan]j 307 07 351 336 319 322 318
Jamaipur 234 256 242
Jessore I 336 324 365 377 375 321 340 354
Jessore II 397 246 278 295 361 336 332 321
Joypurhat 117 220 287 248
“ashsia 122 322 3C3 283 284
Madaripur 175 300 326 290
Meherpur 59 224 219
Moulvibacar 466 516 405 363 204 439 L1l 423
Mymensingh 132 377 334 265 296 294
Narsingdl 124 272 243
Hatore I 521 361 337 339 347 353 372 380
Hatore II L4 463 341 402 347 360 348 372
tHoakhatt 122 276 259
Pabna I 319 432 366 353 322 325 298
Pabna Il 156 365 374 424 396 366 353 336
Piro;pur 26 233 247 2462
Rangpur I 129 382 345 267 232 272
Rangpur II 64 242 294 289
Satkhira 102 282 31t 279 271 260
Sirajganj 487 532 467
Tangail 302 311 337 353 386 376 Ju4 34l

225 241 245

Thagkuragon
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Bagerhat
Barisal I
Rogra
Chandpur
Chittagong
Chittagong
Comilla
Chaka
Dinajpur
Feni
Habiganj
Jamalpur
Jessore
Jessore I
Joypurhat
Kushtia
Madaripur
Meherpur
Moulvibazar
Mymensingh
Narsingdi
Natore I
Natore II
Noaxhall
Pabna I
Pabna II
Pirojpur
Rangpur
Rangpur
Satkhira
Siraigan;
Tangatl
Thaqkuragon

4

rar

r

s
v

Percentage of Total Customers

Table IL.8

1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 19B7/38 1988/89
82.6x 88.3% 85.3% 85.52

100.0% 88.47% 77.7% 78.9% 80.6%
95.2% 91.5% 90.1%

38.8% 76.9% 73.0% 75.6% 73.97% 72.9% 74.2% 76.2%
92.5% 92.67%

90.3% 94. 7% 33.87%

58.5% 88.72% 82.07% 78.6% 75.7% 73.6% 74.9% 74.87%
94.0% 90.7% 88.9% 89.32 96. 7% 85.3% 84.9% B4.6%
4.2% 79.13% 7.0 77.4% 78.5%

95.4% 87.8% 77.97% 7.3% 774 78.0%

92.6% 77.6% 76.82% 79.0% 78 .52 78 6% 80.07%

85.9% 86.2% 82.8%

95.7% 71.4% 75.6% 74.3% 69.37% 657.8% 67.1% 68.0%
96.37% 80.7% 77.5% T4.46% 7 % T1.4n 70.8% 70.7%
98.5% 89.2% 87.5% 86.0%

91.5% 83.6% 86.7% B8 .10 89.3%

87.4% 80.5% 80.2% 78.2%

97.8% 96. 3% 9%.7"

99.0% 86.5% 91.3% 84 .47 83.0% 82. 47 8L.4% 80.7%
95.2% 83.0% 83.5% 33 .87 81.3% 80.8%

7.3% 838.7% 87.5%

94.8% 83.6% 82.6% 83.7% 77.7% 76,82 76520 76.7%
96.5% 86.22 78.3% 78 7% 8% I 7304 770N 78.1%
a4t DN 92 9%

63.5% 4.9% 75.1% 75 3% TLNN I T

99. 47 85.5% .8% 74.0% 77.8% 77 5% TTL2AN 7 M
99.5% A7 3% da Wl 35.0%

L4 .3% 63.6% 67 W% 07 .00 [ G4.87%

07 . 4% 82 85 5% 85.2%

74.3% 88.7% 72 9% [ ) 73 3% 73.7%

93.7% 75.5% 76.3% 72.5% 72 8% 73.2% 70 6% 70 9%
97.6% 86.9% 86.97% 83.0% 82.9% 79.3% 17 9% 77.2%
86.3% 90.2% 89.6%
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Table I1.9

Percentage of Total Energy Consumed

1981/82 1982/83 1983/84% 19B4/B5 1985/86 198B6/87 1G87/R8 1988/89

Bagerhat 43.0% 52.8% 50.4% 47.87%
Barisal I 75.6% 43.0% +5.57% L7.3%
Bogra 42.2% 37 5% 29.0%
Chandpur 31.2% L2.3% 34.7% 36.5% 34.77% 35.5% 19.2% 319.0%
Chittagong Il 35.6% 92.2%
Chizzagong II 30.8% 18 3% 76.2%
Comilla 44 . 0% 42.6% 21.9% 20.92 18.6% 16.8% 18 8% 19.7%
Chaka 22.07 20.8% 19.2% 20.4% 19.27 20.92 20.6% 16.9%

inajpur 46.2% 22.7% 15.1% 17.6% 16.2%
Feni 31.9% 70.5% 47.3% 53.91 S5¢.3% Sl.iz
Hablganj 45.8% 25.9% 21.1% 23.4% 24.2% 25.1% 25.2%
Jamalpur 4B.3% 35.27% 24. 6%
Jessore I 347 23,47 25.6% 26.1% 27.12 25.8% 25.1% 22.6%
Jessore 11 48.6% 36.5% 36.6% 23.9% 21.0% 20.9z% 20.8% 19.1%
Joypurhat 46. 0% 27.3% 1.7 25.2x
Kushtlia 69.3% 31.5% 38.8% L4 L0.6%
Madaripur 59. 4% 35.0% 33.2% 25.7%
Meherpur L300 60 7N 4 b4
Moulvibazar 60.6% 43,0 L9 6L 23.7% 2.1 277 27 6% 27.5%
Mymensingh 52.5% 316.5% 36.37% 29 L% 28 . %n 20.5%
Harsingdl 45w 58 5% 7.1%
Natore I 43.5% n9.an 30.1% 26.8% 27 % 26.5% R 24 2%
Hatore II 79.5% 40, 4% 33.7% 28.67% 26 3% 26.9% 23 in 28.97
Noaxhalt 88 9% Bu 3% Bl.4%
Pabna I 16.5% 28.8% 28. 4% 30.67% 23 . 9% 25 Wn 24.67Y
Patrna II 56.9% 44, 9% 36.7% 4.5% 35.7% 23 2% AR R4

irojpur 59 4% 521 56020 52.0%
Rangpur I 44 . 0% 26.7% 2410 2030 o l6.l%
Rangpur [I 43.5% 24 3% 3o 334
Satkhlra 69.9% 36.3% 35.9% 32.1% 2% 9 25.8%
Sirajganj 29.4% 30 2% 26.1%
Tangall 33.1X 8.6% 11.5% 14.1% 15.27% 15.9% 1YLn La.57%
Thaqgqruragon 21.67% 2637 25.27%
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Figure I1.14
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Meptadtt-boie & foer  year

Figure IL.16

Change in Average Consumption:
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Table I1.10

Percent of Consumption Accounted for by Industrial Demand

PBS

Moulvibazar
Dhaka
Habiganj
Dinajpur
Thaqkuragon
Comilla
Jessore IT
Pabna 11
Rangpur II
Natore II
Bagerhat
Rangpur 1
Kushtia
Tangail
Pirojpur
Satkhira
Barisal 1
Sirajganj
Jessore 1
Bogra
Chandpur
Madaripur
Natore I
Joypurhat
Meherpur
Pabna 1
Narsingdi
Jamalpur
Feni
Mymensingh
Noakhali
Chittagong 11
Chittagong 11

1986,/87

63%
58%
62%
67%
60%
66%
60%
53%
59%
51%
37%
52%
43%
53%
34%
38%
42%
35%
39%
17%
35%
38%
32%
38%
38%
30%

9%
22%
16%
27%

5%

3%
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1987/88

55%
62%
61%
62%
60%

3%
56%
58%
56%
50%
40%
48%
41%
45%
32%
37%
39%
35%
34%
8%
32%
36%
323
4%
26%
27%
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Table II.11

Average Consumption Per Industrial Connection

(MWhr/month)

PBS 1986/87 1987/88 1988/89

Dhaka
Moulvibazar
Jessore II
Thaqkuragon
Pabna I1I
Habiganj
Tangail
Chittagong 1
Natore II
Dinajpur
Comilla
Jessore I
Bogra
Sirajganj
Meherpur
Rangpur 1
Natore [
Rangpur II
Kushtia
Sackhira
Madaripur
Narsingdi
Pabna I
Jamalpur
Bagerhat
Barisal I
Mymensingh
Joypurhat
Chandpur
Pirojpur
Feni
Noakhali
Chittagong II

W W N w & w
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Table 11.12

Number of Connections

1981/82 1982/33 .983/84 1984/85 1985/86 1986/87 1987/88 1988/89

Bagerhat P L6 91 105
Barisal I 14 75 91 106
43 129 161

! 5C 153 199 279 319 45 370

I 3 5

I 3 3 20

38 72 174 297 483 579 620 772

161 256 346 406 480 598 653 727

18 145 264 290 320

1 3 132 201 223 2al

Habiganj 7 91 158 183 203 236 3
Jamalpur 37 58 94
Jessore I 19 109 123 160 219 266 290 288
Jessore Il 28 75 96 164 150 228 244 275
Joypurhat 94 109 122
nushtia 10 108 135 151 158
Madaripur 25 12 143 i78
Meherpur 10 34 61
Moulvibazar 9 29 66 135 159 2318 27 3.0
Mvmensingh 48 96 122 138 166
Narsingdi 16 24 63
atore [ 35 81 122 168 265 n96 317 336
Natore I 1 108 164 232 296 292 311 326
Neakhall 1! 34 63
Pabna I 79 88 94 114 141 173 182
Pabna I 1 16 84 94 148 168 179 187
Pirojpur 20 69 76
Rangpur 1 L9 155 212 246 306
2angpur 1 15 122 151 223
Satkhlra 1 68 140 7 190 2t
Sirajgan] 59 85 206 270 310 311 37?7 396
Tangail 36 96 6 2 314 332 411
"hakuragon 37 51 62
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Table 11.13

Total Energv Consumed in Industrial Connections

1981/8B2 1982/83 1933/84 1984/8BS5 1985/B6 19B6/87 1687/88 1988/89

Bagerhat 23 296 727 1,053
Barisal I 18 [X%] 838 989
Bogra 135 1,160 2,187
Chandpur 0 313 1,2C3 2,022 2,236 2,624 2,828 3,031
Chittagong I 59 ol
Chittagong II 13 H L8
Comilla 929 1,373 5,398 8,01 9,518 12,320 14,224 15,317
Chaka 2,548 5,575 11,029 14,010 18,880 21,695 26,519 33,429
Dinajpur 14 1,791 4,659 5,843 6,967
Fenli 0 11 41l a3l 493 1,283
Habigan} 157 1,732 5,874 7,041 7,813 B,727 G,430
Jamalpur 128 499 321
Jessore [ 219 982 2,096 2,982 3,605 4,185 X, 102 5,582
Jessore [I 389 749 1,242 4,376 8,729 9,282 9,724 13,132
Joypurhat dal WS35 1,392
Kushtia 11 779 1,342 K 2 2,4
Madartipur 48 B339 1,728 2,028
Menerpur 56 ] 0¢C
Moulvibazar 166 1,014 1,437 7,853 7,952 3.7 PO 12,275
Mymensingn 255 303 1,289 MY 1,460
Narsingdi 9 546
tiatore I 338 945 1,539 2,664 3,143 3,582 - 32 4,070
Natore II 2 1,011 1,898 4,761 6,444 7.265 7,352 7.525
Noakhali 9 ol 236
Pabna [ 591 1,325 1,715 1,689 1,939 2,334 2,336
Pabna II 27 254 809 1,728 2,093 4,632 6.7%7 6,367
Pirojpur 130 262 652
Rangpur I 497 1,717 R 3 562 4,062
Rangpur Il 10 L.357 2.508 2,609
Satkhira 0 4621 1.196 1,773 2,357 2,752
Sirajigan “,B825 5,808 6,060
Tanga:ul 5,115 7,675 8,955 10,756 11,718 1127 11,989
Thagkuragon 366 1.i.8 2,050
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Table I1.14

Average Energy Consumed

1981/82 1982/83 19R3/8B4 19B4/BS 1985/86 1986/87 1987/88 1988/89

Bagerhat 1.029 6,578 10,613 10,745
Barisal I 2,580 9,955 1C.819 10,041
Bogra 6,279 13,488 16,462
Chandpur 720 12,2061 11,852 11,489 9,357 8,492 3,269 3,478
Chittagong I 39,333 25,250
Chittagong I:I 3,557 5,200 4,174
Comilla 61,916 26,925 43,884 34,011 24,250 23,393 23,726 22,007
Chaka 31,652 26,736 36,643 37,261 “w2,33% -3.3028 42,1396 43,160
Cinajpur 1,593 21,976 22,782 RNV A 22,843
Feni 860 5,640 5, 08Y ., 951 .08k 5,530
Habigan} 44,951 35,350 47,182 £l 57 iv,8602 R IRV Ju,4R83
Jamalpur L5109 L2l 12.833
Jessore 23,011 15,344 18,07¢C 21,077 14028 17,2995 NN 17,585
Jessore Il 27,819 164,542 14,531 313,665 «7,3158 we il 1203 13,048
Joypurhat v, 333 RN 9,437
Xushtia 2,138 13, 1v? PSR Loel22 13,383
Madaripur 3,340 1224 NERE 12,636
Meherpur L1200 N - 1L, 737
Moulwvibazar 316,783 53,342 30,248 78,138 54,094 “B 922 1) 319,627
Mymensingh 10,634 L Le? ER ) ? 9,605
Narsingdt 20375 12,552
Hatore [ 19,293 16,291 15,162 18,371 P NERDOE] 14,1323
Hatore II 3,600 18,559 13,957 254,047 24,430 KT DY 21,626
Noakhali DRI 4,866
Pabna I 14,961 15,871 18,841 16,244 19,2108 PR )
Pabna Il 54 720 29,906 16,171 19,420 17.297 ~,127 3a,792
Piroipur NENR h,234
Rangpur I 22,298 ThH .32 .. Le, 707
Rangpur IQ 1.0 IR 13,952
Satxhira 680 12,206 11,573 iLe 2 13,7620
Slrajgan) L5 53y 15,679
Tangail 284,149 116,292 175,585 74,105 35,237
Thagkuragon 19,784 36,281




Table [1.15

Percentage of Total Customers

1981/82 1982/83 19831/84 1984/B5 1945/86 1G84/87 19R87/88 1988/89

Bagerhat 4.7 1.2% 1.7% 1.5%
Barisal I 1.1 1.87% L.5% 1.37
Bogra 1.2% 1.87% 1.5%
Chandpur 0.2% 1.3% 2.1% 2.1% 2.4y 2.2% 2. 1.8
Chittagong II c. 0.17%
Chittagong I! 0.1% 0. 0.4%
Comilla 0.6% 1.0% 1.72 2.2% 3.3 3jo1x 3. 3.0%
Dhaka 2.7% 2.4% 2.6% 2.8% 3.3% 2.9% 2. 2.9%
Dinajpur 1.5 4.3 L. 6% 3. 3.3%
Fenl 0.17% 0.1% 1.8% 1.7% 1. 1.5%
Hablgan) 0.7% 1.9% 1.8% 1.7% 1.5% 1. 1.8%
Jamalpur 1.42 1.32 1.5%
Jessore 1.9% 2.6% 1.6% 1.8% 2.0% 1.9% 1.8% 1.6%
Jessore I 1.2% 1.2% 1.1% 1.5% 1.6% 1.52 1.6 1.6
Joypurhat 3.1% 2.7% 2.1%
Kushria 1.87 3.32% 2.3% 2.0% 1.7%
Madaripur 1.5% 2.4% 2.0 L.9x
Meherpur 0.5% 0.7% 0.7%
Moulwvibazar 0.8% 1.2% 1.0% 1.3% 1.4 1.7% 1.9% 2.2%
Mymensingh 1.5% 2.0% 2.0% 1.9% 1.8%
Narsingdi 0.9% co6n 1.1%
Natore ! 2.1 1.7% 1.8% 1.8% 2.7% 2,31 2.3 20150
Hatore I1! 0.2% 2.6% 2.2% 2.3% 3.0 2.0% 2.0% 1.9%
Noakhall 0.4% 55 2.6%
Pabria I 5.5% 2.2% 1.7% 1.7% 1.6% A L.6n
Pabna 11 0.2% l1.12 1.92 1.7% 2.0% 1.7% 16% Loan
Pirojpur 1.2% 2,670 2.

Pangpur I 1..% 3.3% 3.0% 31 Cn 3.

Rangpur Il 3.2% 3.1% 2.5% 2.

Satkhira 0.1 2.4% 2.2% 2.0% LA 1.

Sirajganj 1.7% 1.5% 2.4% 2.8% 3.1 2.4% 2.0 2.

Tangail 1.12 1.7% 2.6% 2.8% 2.2% R 2.

Thagkuragon 2.7% P 1.



Table [1.16

Percentage of Total Energy Used

1981/82 1982/83 1983/8B4 1984/85 1985/85 1986/87 1987/83 1988/89

Bagerhat 48.5% 37.0% 39 5% 42.0%
Bartsal [ 15.9% L2.46% 39.0% 33.8%
Bogra 17.4% 28.2¢ 28. 4%
Chandpur 0.32% 26.9% 29.5% 34.92 16.67 35.0% 31.8% 28.1%
Chittagong Il 3035 3.9%
Chitragong Il 2.6% 1L.5% 4.4
Comilla L6.57% 39.8% 56.97% 59.0% 62.3% 65.7% 2. 8% 54.3%
Dhaka 43.5% 45.02% 52.87 56.1% 59.2% 58.4% 52 Wt 64, 5%
Dinajpur 6.7% 55.1% 66 .67 61.9% 57.9%
Feni 0.42% 1.0% 12.8% 15.87% DN 15 8%
Hablganj 48.52% 62.47% 67.0% 63.5% 61.5% TN 958.6%
Jamalpur 22.1% 219 18.8%
Jessore I “6.1% 35.5% 33.7% 33.5% 36.9% 39.1% 3.3 28.8%
Jessore [I «1.5% 30.5% 27.5% 474 60.1% 59.7% S6 .t 1.8%
Joypurhat 18 0% 331.48% 26.1%
Kushria 26,47 &7.0% 3.4 L1oin L2.5%
Madaripur 23.1% 38.3% 36 4l 27.5%
Meherpur 17 .6% 25 5% 25.0%
Moulvibazar 37.7% 53 3% 446.0% 70.3% 63.1% 63.57 na 8 64 . 6%
Mymensingh 15.27 26.1% 26.77 2475 5.1
Harsingdl 3.2% 205 13.8%
Hatore I 36.5% 27.8% 28.13% 31.2% 32.3% 32.3% 1187 26 4%
Natore II 1.6% 42.8% 39.7% 48.97% 52.0% 51. 4% ~3n 45 6%
Hoakhall 5.0% roan J.1%
Pabna I 67.2% I 16.97% 31.52 29 9% 270 213
Pabna Il L2.3x 37.0% 35.5% 38.0% 38.7% 52 7% R AN 2.5%
Pirojpur 337 KDU A 36.2%
Rangpur I 36.0% 9.2 5l.6n TN £1.8%
Rangpur II 39.5% 59.2% T 29 02%
Satkhira 0.6% 32.2% 38.6% 3g. 3z IR B 5.2%
Sirajganj 34 65 501 12.0%
Tangail 73.3 66.2% 60.97 59.07 52.7% “5 Ly 319.07%
Thaqgkuragon 60. 4% 6. 1N 56.9%

Il -
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Table [1.17

Percent of Consumption Accounted for by Irrigation Demand

PBS 1986/87 1987/88 1988,/89
Mymensingh 35.0% 39.5% 58.6%
Jamalpur 24.1% 39.2% 53.1%
Pabna I 31.2% 34.7% 47.2%
Jovpurhat 32.0% 32.1% 46.8%
Tangail 28.4% 34.3% 44 .0%
Bogra 39.6% 33.3% 41.5%
Natore I 34.0% 31.5% 40.6%
Madaripur 16.5% 20.7% 40.1%
Narsingdi 41.5% 21.6% 39.7%
Jessore 1 22.3% 28.3% 37.5%
Rangpur I 19.2% 24.0% 34.6%
Sivajgpani 26.9% 26.0% 33.9%
Satkhira 15.4% 19 .45 27.9%
Meherpur 18 . 1% 10.0s 22.5%
Dinajpur 15.4% 16.3% 21.93
Chandpur 13.5% 12.8% 18.2%
Jessore 11 9.3% 12.0% 17.9%
Comilla 8.8% 9.8% 17.3%
Natore 11 15.2% 13.6% 17.0%
Feni 11.4% 12.9¢ 16.4%
Dhaka 17.3% 13.8% 15.6%
Thaqkuragon 15.2% 10.1% 15.4%
Pabna 1I 7.5% 7.4% 14.6%
Kushtia 12.5% 12.4% 14.2%
Rangpur Tl 9.4% 7.2% 10.8%
Chicttagong 11 0.83% 7.7%
Habiganj 3.9% 4.3% 6.2%
Barisal I 0.9% 1.2% 6.1%
Chittagong 11 1.0% 1.33%
Noakhali 0.6% 1.2%
Pirojpur 0.5% 0.3%
Moulvibazar 0.0% 0.0% 0.2%
Bagerhat 0.1% 0.2%
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Table 11.18

Estimated Average Consumption Accounted for by Irrigation Demand
(MWhr/month, 4 month average)

PBS 1986/87 1987,/88 1988/89
Mymensingh 4.8 4.0 5.0
Meherpur 1.7 1.7 3.5
Chittagong II 2.0 2.6
Jessore I 1.4 1.6 2.5
Dhaka 3.3 1.9 2.4
Narsingdi 3.9 1.9 2.1
Tangail 1.6 1.6 2.1
Barisal I 2.3 1.3 2.1
Chandpur 2.1 1.3 2.0
Rangpur I 2.2 1.8 2.0
Madaripur 3.1 1.7 1.9
Comilla 1.0 1.0 1.9
Joypurhat 2.2 1.8 1.8
Bogra 2.3 1.7 1.8
Chittagong I 2.8 1.8
Jamalpur 2.8 1.7 1.7
Habiganj 1.6 1.2 1.6
Matore [ 1.1 1.0 1.6
Pabna [ 1.3 1.2 1.5
Dinajpur 1.3 1.2 1.5
Jessore I1 0.9 1.0 1.5
Sirajgan]j 1.3 1.1 1.4
Thaqkuragon 1.0 0.9 1.4
Satkhira 1.7 1.2 1.4
Pabna 11 1.1 0.9 1.4
Kushtia 1.2 1.1 1.4
Feni 0.9 0.9 1.2
Natore II 1.1 0.9 1.2
Rangpur I1I 1.6 1.2 1.2
Noakhali 0.6 0.8
Bagerhat 0.3 0.8
Moulvibazar 0.1 0.1 0.6
Pirojpur 1.0 0.4
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Table 11.19

Tubewells by Type for Each PBS

(%)
Year FY88 Year FY89

FY88 Tubewells Low Lift | FY89 Tubewells Low Lift

Total Deep Shallow  Pumps | Total Deep Shallow Pumps

Bagerhat 2 0t 0% 100% | 2 0% 0% 100%
Barisal I 9 0% 0% 100% | 34 0% 0% 100%
Bogra 336 233 77% 0% | 644 18% 823 0%
Chandpur 225 12% 4% 84% | 262 13% 5% 823
Chittagong I 3 33% 0% 67% { 7 las L4 713
Chittagong LI 0 | 16 6% Oz 9413
Comilla 575 213 42% 37% | 732 20% 42% 383
Dhaka 771 363 4l% 24% | 919 43% 373 20%
Dinajpur 371 25% 70% 5% | 497 22% 74% 4%
Feni 245 8% 37% 55% | 301 7% 36% 57%
Habiganj 137 34% 52% 14 | 170 31% 54% 15%
Jamalpur 231 12% 87% 1% | 458 14% 85% 2%
Jessore 1 633 28% 65% 7% [ 704 27% 6% 6%
Jessore 11 539 9% 86% 5% | 648 8% 86% 5%
Jovpurhat 171 38% 62% 0% | 368 35% 65% 0%
Fushtia 1.5 0 28% 66% | 150 8% 35% 57%
Hadaripur 231 0% 6H9% 30% | 533 0% 83% 17%
Meherpur 29 59% 21% 21% [ 60 55% 35% 10%
Moulvibazar 18 0% 100% 0% | 18 0% 100% 0%
Hvmensingh 188 953 5% 0% | 377 86% 14% 13
Narsingdi 57 35% 60% 5% [ 200 20% 712% 8%
Natore 1 1067 10% 82% 9% | 1246 10% 83% 7%
Natore [I 557 113 87% 3% I 606 10% 87% 2%
Noakhali 6 3% 334 33s | 13 8% 77% 15%
Pabna 1 641 11w 88% R | 819 113 881 2%
Pabna I1 279 93 87% 4% | 385 71 90% 3%
Pirojpur 1 0% 0% 100% | 4 0s Ot 100%
Rangpur [ 328 33% 60% 7% | 530 206% 693 53
Rangpur I1 75 19% 33% 48% | 165 183 36% 45%
satkhira 319 16% 843 0% | 465 13% 871 0%
sirajganj 1049 11% 79% 10% [ 1204 10% 81l% 93
Tangail 1476 19% 77% 4 [ 1763 21% 763 L
Thagkuragon 59 75% 22% 3% | 13 71% 26% b
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Bagerhat
Barisal I
Bogra
Chandpur
Chitragong [
Chitragong I
Comilla
Chaka
Dinajpur
Fent
Habliganj
Jamalpur
Jessore
Jessore

.

T
Joypurhat
Kushtia
Madar:ipur
Meherpur
Moulwvidazar
Mymensingh
Narsingdt
Natore [
Natore II
Woarkhali
Pabna I
Pabna II
Plrojpur
Rangpur I
Rangpur 1[I
Satkhira
Sirajganj
Tangatil
Thagruraygon

18
165

102
23

Table I1.20

Number of Connections

FY83 FYB& FY85 FY86 Fya? FY88
ol
2 9
67 336
.8 14 14 37 205 225
3

1
n 129 156 277 528 575
275 367 233 249 733 771
13 139 275 a7
4 8 140 211 245
1 3 29 k12 116 117
25 231
79 259 318 331 552 633
11 229 290 320 485 539
3 32 17
1 § 67 39 125
1 57 231
3 29
1 2 5 1 17 18
1 51 I3 126 188
11 57
233 404 535 765 993 1,067
90 235 195 %) 527 557
1 6
19 117 276 334 L49 64l
35 79 124 91 217 279
1 1
1 18 63 170 228
51 75
23 L7 167 319
347 577 535 616 Bu? 1,049
188 400 743 797 1,129 1,476
45 59
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Table 11.21

Energy Consumed

Fys2 Fy83 FY84 FY85 FY8é Fysaz? Fyss FY89
Bagerhat 1 6
Barisal I 9 28 179
Bogra 308 1,368 3,492
Chandpur 96 225 922 812 836 1,016 1,137 1,365
Chittagong I 17 35
Chitrageng Il 4 83
Comilla 174 450 1,475 1,745 1,522 1,659 2,211 4,897
Dhaka 1,985 4,034 5,372 5,122 5,883 6,414 5,858 8,102
Dinajpur 96 570 1,074 1,543 2,638
Feni 4 122 687 652 860 1,326
Habigan) 1 75 205 386 4990 624 1,000
Jamalpur 140 889 2,317
Jessore I 7 906 1,973 2,710 2,317 2,360 3,890 6,622
Jessore [l 57 493 1,096 1,891 1,308 1,450 2,062 31,507
Joypurhat 14 372 902 L.953
Fushtia o 27: 387 501 750
Madaripur 25 362 968 2,960
Meherpur 27 125 631
Moulvibazar 2 1 6 7 ? ) 7 6
Mymensingh 31 685 824 1,424 2,351 5,669
Narsingdi 36 252 1,093
Hatore I 170 1,296 1,973 3,117 3,280 3,866 L. 276 7.179
Hatore I1I 17 274 870 1,445 1,774 2,852 1,598 2,807
Noakhall 9 31
Pabna I 52 440 1,157 1,470 2,026 2,616 4,504
Pabna II 104 305 574 483 651 873 1,846
Pirojpur 2 4
Rangpur I 4 279 519 .0l 1,774 3,365
Rangpur II 67 292 572
Satkhtira 167 313 7.3 1,199 2,.8!
Sirajgan} 3,748 4,283 6,624
Tangall 280 1,233 2,452 3,372 4,100 ,322 8,491 13,516
Thaqkuragon 92 187 553
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Bagerhat
Barisal [
Bogra
Chandpur
Chizragong
Chittagong
Comilia
Chaxa
Cinajpur
Fenti
Habigany
Jamalpur

Jessore I
Jessore 1!
Joypurhat

Fushtia
Madaripur
Meherpur
Moulvibazar
Mymensingh
Harsingdi
Matore !
Natore II
Neaxhals
Pabna I
M

Pabna

ore
e

Table 11.22

Average Energv Consumed Per Customer

Fys2 £vY33 FYg4 FY85 F786 FYA7
9,002

9,194

32,080 8,336 29,726 57,989 32,779 8,397
3,000
19,375 14,512 7,051 12,244 7,629 4,122
24,064 18,1336 16,735 17,074 24,610 13,063
14,825 7.5%4 5,188
2,170 230,348 9. 284 3,410

1,080 37,372 12,783 9,709 6,533

T oane

12,829 19,901 11,672 9,393 7,139 5,412
16,407 54,802 9,134 7,286 4,287 3,622
9,.07 B,753

630 7,965 4,561

5C,302 12,483

6,750

3,220 1,499 4,219 2,082 2,331 556
61,580 26,355 17,909 19,374

15,636

14,8113 10,125 6,193 6,640 5,046 4,398
11,307 5,902 5,351 4,587 4,238 4,304
5,470 6,468 5,887 “,819 5,178

5,969 5,349 5,652 4, L32 4,227

7,810 29,318 12,828 3,73

L, 545

14,545 3,93 6,004

5,124

24,374 11,690 8,340 5,901 5,324 6,565
4,089

II-33

1,000
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Table [1.23

Percentage of Total Customers

FYa3l FYB4 FYgs FY8s ryaz? Fyss FY89
Bagerhat 0.0% 0.0%
Bartsal I 0.0% 0.17% 0.4%
Bogra 1.9% 4. 67 5.8%
Chandpur 1.22 0.2% 0.1x% 0.32% 1.3% 1.3% 1.3%
Chitrageng 12 0.0% 0.1%
Chitragony 171 0.0% 0.3%
Cemilla 0.6% 1.3% 1.2% 1.9% 2.9% 2.8% 2.8%
Chaka 2.62% 2.8 1.62 1.72 3.6% 3.5% 3.82%
Cinalipur 1.1% 4. 1% L.7% 4 9% 5.1%
Fen. 0.3% 0.2% 1.92% M4 1.8% 1.9%
Habigan) 0.1% 0.1% 0.3% 0.3% 0.%% 9 9% 1.0%
Jamalpur 0.9% 5.2% 7.5%
Jussore 1.9% 3.6 3.6% 3.1z 3.9% 4. 0% 4.0
Zessore I 0.2% 2.6% 2.7% 2.7 3 3% 3oun 3.8%
Joypurhat 1.5% 2.7 4.3 6.4
Kushtia 0.2% 2.0% 1.7% 1.7% L6k
Madaripur 0.1% 1.2 3.2% 5.8%
Meherpur 0.4&% .65 c.7x%
Moulwvibazar 0.2% 0.0% 0.0% 0.0% 0.1% 0.1% 2.1%
Mymensingh 0.27% 1.6% 0.9% 1.7% 2.6% L1
Harsingds 0.6% 1.47% 3.6%
Natore [ L.92% 5.8% 5.7% 7.7% 7.9% 7.7% 7.9%
Hatore [l 2.2% 3.12 3.9% 4.5% 3.5% 3.5% 3.5%
Noarhalt 0.0% 0.1 0.1
Pabna I 1.32 2.9 5.0% 4. 9% 5.1% 6.5% 7.2%
Patna II 2.5% 1.82 2.2% 1.32 2.1% 2.5% 3.0%
Piro)pur 0.1% 0.0% .14
Rangpur [ 0.2% 0.7% 1.32 2.4 400 5.6%
Rangpur 11 1.3% 20 2.0%
Satxhira 0.8% 0.7% 2.0% 3.27% 4.2%
Sirajgan) 6.0% 6.72% 5.5% 6.2% 6.5% 7.3% 7.8
Tangail 5.5% 7.0% 9.1% 8.7% 7.9% g9.2% Lo.on
Thagkuragon 3.37% 1.9% 2.7%
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FYa2
Bagerhat
Barlsal I
Bogra
Chandpur 68.6%
Chittagong II
Chittagong I
Comilla 8.7%
Dhaxa 33.9%
Dinajpur
Feni
Habigan}
Jamalpur
Jessore [ 16.2%
Jessore II 6.1%
Joypurhat

Kushtia

Madaripur

Meherpur

Moulvibazar 0.4%
Mymensingh

Narsingdi{

Natore I 18.4%
Hatore II 14.8%
Noakhali

Pabna I

Pabna II

Pirojpur

Rangpur I
Rangpur II

Satkhira

Sirajganj

Tangatl 66.9%
Thagkuragon

Table 11.24

Percentage of Total Energy Used

FY83 FY84 £Y85 £Y86 FY87

0.9%

39.63%

19.3% 22.63% 14.0% 13.7% 13.5%
0.8%

13.0% 15.5% 12.8% 10.0% 3.8%
32.52 25.7% 20.5% 18.5% 17.3%
45.0% 17.5% 15.4%

4.3% 11.1% 214 t1en

0.2% 2.7% 2.3% 2.8% 3,97

26,12

2.7 31.73 30.4% 23.7% 22,32

20.1% 24.3% 20 9.0% 9.3%
54.0% 32.0%

0.7% 16.1% 12.5%

121 16.5%

8.1

0.1 0.2 0.1% 5. y.0%

45.62% 0.8 26 .87 35.0%

a1.s%

38.1% 36.27 36.6% 33. 7% 320
11.6% 18.2 16 97 14.3% 15.2%
5.9% 14.7% 24.97 274 31.2%

15.2% 13.4% 12.6% 8.9% 7.5%
e

10.3% 20.1% 14, 9% 1921

9.4%

12.8% 101 15,4k

26.9%

17.74 21.12 22.9% 22.5% 28.4%
15.2%
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Figure 11.20
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Table I1.25

Percentage of Total Consumption Accounted for by Commercial Demand

PBS 1986/87 1987/88 1988/89
Feni 18% 173% 163
Chandpur 15% 15% 14%
Chittagong I1 5% 68% 11%
Barisal I 13% 133 11%
Satkhira las 13% 11%
Jessore 11 9% 10% 113
Jessore 1 12% 12% 11%
Pirojpur 12% 10% 10%
Pabna 11 11% 10% 10%
Bagerhat 10% 8% 0%
Habiganj 10% 9% 9%
Comilla 8% 8% 8%
Natore 1 7% 8% 89
Natore 11 6% 8% 8%
Noakhali 6% 7% 8%
Sirajganj 8% 8% 8%
Rangpur 1 9% 8% 7%
Moulvibazar 7% 7% 7%
Rangpur 11 7% 6% 6%
Madaripur 9% 9% 6%
Pabna I 8% 7% 6%
Myimensingh 8% 7% 5%
Kushtia 5% 5% 4%
Dinajpur 3% 4% 4%
Jamalpur 5% 33 3%
Narsingdi 4% 7% 3%
Dhaka 3% 3% 3%
Meherpur 1% 4% 3%
Chittagong I1 0% 2%
Thagkuragon 3% 3% 2%
Tangail 3% 33 2%
Joypurhat 3% 2% 2%
Bogra 1% 1% 1%
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Table I1.26

Average Consumption Accounted for bv. Commercial Demand

(kWhr/month)

PBS 1986,87 1987/88 1988/89
MNatore I 48.7 59.1 67.6
Dhaka 127.2 6S.2 65.5
Chittagong II 13.4 40.9 63.9
Pabna I1I 52.6 52.7 50.2
Sirajganj 51.7 48.3 47.8
Jessore 11 42.0 42.9 47.1
Moulvibazar 47.8 47.9 47.1
Comilla 42.2 42.6 45.8
Habiganj 47.1 41.5 45,6
Natore II 55.2 39.2 42.5
Mymensingh 38.8 42.6 40.7
Feni 44,8 40.0 40.6
Rangpur II 31.8 39.9 38.7
Jessore I 34.6 35.1 36.6
Tangail 48 .8 37.2 35.7
Meherpur 10.8 52.0 35.4
Bogra 18.9 33.2 35.1
Satkhira 32.3 35.3 35.1
Madaripur 39.0 4l1.7 34.7
Dinajpur 28.2 35.7 34.5
Jamalpur 24.8 26.9 31.4
Chandpur 31.0 30.9 31.3
Kushtia 28.6 28.0 31.1
Noakhali 12.4 28.1 29.4
Pirojpur 47.8 29.6 27.9
Thaqkuragon 27.5 34,7 27.7
Pabna I 35.6 30.6 27.6
Rangpur I 23.5 25.5 26.3
Bagerhat 26.6 24.3 25.5
Jovpurhat 35.1 30.2 240
Barisal 1 23.7 25.3 22.4
Narsingdi 7.0 23.7 18.6
Chittagong 11 0.4 10.7
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Table 11.27

Number of Connections

FY83 FY34 FYRS FyY8s FY8? Fysa FY89

Bagerhat 117 384 681
Barisal I 130 805 1,138 1,330
Bogra 53 153
Chandpur 808 1,797 2,060 2,635 3,534 31,3130 4,
Chitragong II “66
Chittagong II 335 28
Comilla 682 1,462 2,324 2,671 3,598 3,337 4,
Chaka 437 717 859 1,571 1,793 L,
Dirajpur 39 412 763 1,007 1
Feni 52 ala 1,332 2,230 2,507 2,
Habigan) 61 964 1,754 1,949 2,418 2,671 2
Jamalpur 195 295
Jessore 1 1,002 1,418 1,759 2,673 3,608 4,C8B6 o,
Jessare I 1,060 1,615 2,233 2,515 3,321 3,612 3
Joypurnat 147 223
Kusiitia 35 360 525 577
Madaripur 163 662 957 1
Meherpur 31 PRI)
Moulvibazar 282 L94 1,425 1,759 1,971 2,232 2,
Mymensingh 26 L35 615 739 352 i,
Narsingdi 191 358

Natore ! 423 610 751 1,058 1,514 1,743 :
Natore [ 331 1,157 1,441 160 2,319 2,554 2,
Noarnall 134 470

Pabna [ 421 807 897 1,060 1,432 L.574 1
Pabna II 149 907 1,160 1,291 1,755 1,927 2
Piraojpur 1 163 2%
Rangpur 324 876 1,321 1.878 2,165 2,
Rangpur [I 136 L83 623
Satkhira 283 219 1,502 1,735 .36 .
Sirajgan) 927 1,194 1,693 1,651 2,118 2,443
Tangatl 216 227 611 709 1,424 1,621
Thagruragen 103 250
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Bagerhat
Barisal I
Bogra
Chandpur
Chirtagong I
Chittagong 1I
Comilla

Dhaka
Dinajpur

Feni

Habiganj
Jamalpur
Jessore |
Jessore Il
Joypurhat
Kushtla
Madaripur
Met.zrpur
Moulvibazar
Mymensingh
Narsingdt
Natore I
Natore II
toarhali
Pabna 1
Pabra Il
Piroipur
Rangpur I
Rangpur I
Satuhiira
Sirajgan]
Tangall
Thag<wurayon

127

142

200

14

220
279

63

137

101

88
15

27

523

456

233

535
476

250
353

316
318

17

18

Table 11.28

Energy Consumed

836

966

722

184
781

856
718

638
119

398
676

an
635

231

274

FY86 Fys?
4 80

10 133

6

890 1,157
27

1,251 1,589
958 1,100
154 199
571 958
1,049 1,234
29

1,137 1,304
1,353 1,470
3l

84 152

10 163

2

919 L. Ce9
296 315

8

549 751
851 821
10

470 532
842 961

0 47
398 “51

5 118

458 627
1,170

581 624
7
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Bagerhat
Barisal [
Bogra
Chandpur
Chittagong I
Chittagong II
Com.lla

Dhaka
Dinajpur

Fenl

Hablganj
Jamalpur
Jessore 1
Jessore IT
Jcypurhat
Kushtlia
Madaripur
Meherpur
Moulwvibazar
Mymensingh
Narslngdi
Hatore I
Natore I
Noakhali
Pabna I
Pabna I
Pirojp.
Rangpur I
Rangpur 11
Satxhira
Sirajgan)
Tangatil
Thagkuragon

T
-

416

915

472

438
526

443

648

608

420
205

248

Average Energy Consumed Per Cusotmer

Table 11.29

405

L88

789

128
454

442
356

496
97

L84
475

514
602

107

FY85

510
917
225
792
575

539
373

665
515

585
520

384

951

682
654
567

513
570

424
125
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507
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339
538
565
297
415
504
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465
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427
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387
621
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L22
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424
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Table [1.30

Percentage of Total Customers

FY83 FY84 FY85 FY86 FY87 FYsa FY89

Bagerhat 12.67% 10.2% 12.6% 12,47
Barisal I 10.5% 19.5% 18.47% 16.7%
Bogra 1.5% 2.1% 2.5%
Chandpur 20,42 24.5% 22.07 231.0% 23 21.9% 20.2%
Chitragong II 7.3% 7.1
Chitragong II 9.4% 4.3% 5.47%
Comiila 9.4% 14.6% 17.5% 18.3% 19.67% 18.5% 18.8%
Chaka W.17 5.5% 6 0% 7.6% 8.1% 8.1%
Oina)pur 3.2% 12.2% 13.2% 13.3% 12.57%
Fenl 4,27 11.47 17.9% 18.4% 18. 17.7%
Habigan} 5.8% 20.17% 16.7% 17.9% 17.8% 17 16.1%
Jamalpur 7.3% 6. 7.8%
Jessore [ 23.6% 18.9% 19.7% 24.7% 25.2% 25. 25.7%
Jessore I 17.1% 18.1% 20.6% 21.1% 22.6% 23 22.9%
Joypurhat 495 5. 5.4
Kushtia 6.5% 11.0% 8.87% 7. 7.0%
Madaripur 10.1% 14, uy 13. 12.7%
Meherpur 1.47% 2 2.8%
Moulvibazar 12.0% 7.5% 13.97% 15.37% 14.5% 15. 15.7%
Mymensingh L.67% 13.32 13.07 12.1% 11.5 12.3%
Narsingdi 11.0% 9 7.6%
Natore I 8.82% 8.8% 8.0% 10.7% 12.0% 12.6% 12.3%
Hatore II 7.9% 15.42 14.2% 1.6% 15.5% 16.1% 15.6%
Noakhali L.8% 7.13% 6.2%
Pabna I 29.42 19.7% 16.2% 15.7% 16. 4% 15.9% 15.37%
Pabna II 10.5% 20.8% 20.7% 17.9% 1740 DA 16.1%
Plro;pur 0.5% 9.6% L1.9% 11.8%
Rangpur [ 55.6% 33.4% 27.7% 26. 3% 25 A% 25.6%
Rangpur II 29.4% 202N PROIREH 9.97%
Satkhira 25.67% 7.6% 23.7% 20.3:¢ L85 19.17%
Sirajganj 16.17% 13.97 17.5% 16.5% 16 .37 17.2% 17.3%
Tangalil 6.3% 4.0% 7.5% 7.8% 10.0% P 10.1%
7.6% 6.3% 0.4%

Thagkuragon
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Bagerhat
Barisal I
Bogra
Chandpur
Chitragong II
Chittagong I
Comilla
Dhaka
Dinajpur
Feni
Habigan)
Jamalpur
Jessore I
Jessore I
Joypurhat
Kushtia
Madaripur
Meherpur
Moulvibazar
Mymensingh
Harsingd:
Natore I
Natore II
Noakhali
Pabna I
Pabna II
irojpur
Rangpur I
Rangpur I
Satkhira
Sirajgan}
Tangatil
Thagkuragon

T

T

7.97%
11.32%

Table 11.31

Percentage of Total Energy Used

FY84 FY85 FY36 FY87 F¥B8 FYag

8.5% 10.0% 8.4% 9.4y

8.5% 12.7% 12.8% 11.4%

0.8% 1.0% 1.1%

12.9% la.a 14.6% 15. 4% 15.5% 14.0%
0.1% 2.5%

5.5% 67.9% 11

5.5% 7.1% 8.3% 8.52 8.4 8 5%

2.2 2.9% 3.0% 3.2 3. 2.9%

2.1% 4.7 2.8 4.0 3.8

3.3 16.7% 17.8% 18 2% 17 13 16.0%

8.4% 8.9% 9.5 9.7% 3.8% 9.2%

5.0 354 3.3

8.6% 9.6% 1165 1220 11.8% 10. 7%

10.5% 7.8 9.3% 9.5% 10.3% 10.9%
2.7% 2 4% 1.9

5.6% 5.1% 4.9% 4.6% Loak

4.9% 8.8% 8. 6% 6.0%

1.3% 3.5 2.6

5.9% 5.7% 7.3% 7.0% 7.0% -0

1.9% 7.1 9.6 7.7% 6.8 5.0%

3.9 6.7% 3.2

4.6% 4.7 5.6% <.5% 3 5% 8.4%

7.4% & oy 6.9 Ao 1Ry 3.1

5.6% 7.3% 7.9%

10.6% 8.1% 8.8% a.2% 7.3 5.8%
13.9% 14.0% 15.6% 11.0% 9. 5% 9.6%
0.6% 12 2 10 u 10.0%

45.77 16.7% 11.4% 3. 0n 8.2% 7 3y
20.0% 6.6% 6.5% 6.3%

29.6% 18.2% 1. 8% 13.5% 12.6% 110
841 8.0% 7.7%

1.0% 1.9% 3.2 2.8% 2.7% 2.4y

2.8% 3. 2.4
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Bagerhat
Barisal I
Bogra
Chandpur
Chittagong
Chittagony
Comilla
Chaxa
Dinajpur
Feni
Habigan;
Jamalpur
Jessore I
Jessore 1D
Joypurnhat
Kushtla
Madaripur
Meherpur
Moulvibazar
Mymensingh
Narsingdi
Hatore I
Natore 1[I
Noakhali
Pabna I
Pabna Il
Pirojpur
Rangpur I
Rangpur 11
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Siraigan
Tangai.
Thagqruragon

.

v
v

32

13
53

(N3

61
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19

21

23
L8

48
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Table 11.32

Number of Connections

66
68

15
27

57
26

21
60
28

19
124

55
87

27
24

72
94

109

14

16
156
36

48

115

51

45
118

104
110

29
32
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16

3Q
143
56
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Table 11.33

Energy Consumed

Fys2 FYB3 FY8¢ FY85 FY86 Fya? FY88 FY89

Bagerhat 1 10 15

Barisal I 11 33 41

Bogra 1 1

Chandpur 6 11 4 28 40 65 66

Chitzagong < 1

Chitragong I7 1 3 2

Comilla 16 18 14 22 43 46 &7 L5

Dhaka 32 18 15 17 34 Ll Y3 40

Sina:pur 0 ? 13 26

Feni 8 18 43 59 59

Havigan} 3 18 56 99 90 15, 120

Jama.pur 3 4 8

Jessore [ 4 14 26 36 66 70 65 66

Jessore ] 35 40 &7 L6 8C 85 80 75
Javp

Fas 2 10 22 1?7

Macartipur 1 31 50 5%

Meterpur 1 4

Moulvibazar 6 7 10 20 49 267 94 11

Mymensingh 6 39 41 55 73

Narsingdl 4 7

Natore I 14 26 47 57 71 19 85 72

Watore Il 5 24 53 65 73 67 66 56

1 7 9

k) 46 74 93 117 119 103

. 5 12 43 54 60 be 57

6 14 19

? 13 16 18 10

. 8 13 11

? 20 32 54 14

92 S¢ 53

1 16 23 kY3 4“6 42 [
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Table [1.34

Average Energv Consumed Per Customer

FYs3 FYBL FY85 FY8as Fya? FYsg
200 690

550 629

200

1,140 766 692 824 708 778
333 60C

761 503 68 490 343 299
674 783 739 B52 .89 EEN
240 560 W26

792 560 548 502

Bad 1,053 740 822 583 849
5C0 308

768 8885 782 B27 88 354
797 855 622 807 605 «68
1,242 476 55¢C

738 559

e

2,289 2,144 1,268 1,734 2 514
499 1,393 1,171 1,236

727

702 824 825 778 146 563
790 927 806 762 540 52
200 500

1,722 5,076 1,200 799 27 6C3
1,284 755 803 708 585 678
520 528

1,049 891 651 324

842 619

915 869 516 560

523 260

126 966 734 733 742 613
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Table 11.35

Percentage of Total Cusotmers
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Kev to Figures 11.8, I1.14,
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Annex I

FINANCIAL PERFORMANCE DATA FOR THE PBS'S



Financial Performance of REB and the PBS's

The financial performance of the REB has been relatively strong given the
newness of this effort and the general financial experience with similar efforts in
other countries.  In order to analvze the performance of the individual PBS's. as
well as of the RIEb, the historical data recorded on the Form 330 was entered
into a computer database. The wbles and graphs presented in this annex were
developed trom this database.  Rather than analvze the performance of the

individual PBS’s, they have been grouped according to their age and level of

financial acuvity as shown in Table [11L1.

The first three groups are part of the original 19 estublished in the FYS2 1o
FYS84. Group A has the largest gross income currently in excess of Tk. 60
million per vear. The Group B PBS's have a lower gross income currently
ranging between Tk 40 and Tk o0 million per vear. Group C have the lowest
gross income for their group ranging trom Tk 20 million o Tk 40 million.  The
lowest gross income in group C was reported by the newest PBS'S inthe group.
Groups D and I were established in FYSo 870 Group D has gross income
between Tk 10 million and Tk 20 million whereas Group B has o gross income
of less than Tk 10 million.

The rapid growth in revenues shown in Figure LT and Table HLT has generally
outpaced the increase i costs for all Groups except the newer ones as shown in
Figure 120 "The revenues have inercased faster than the expansion of the
network as shown i Figure L3 and Table 11200 whereas operating and
maintenance costs have been held under control by all groups except Group C
(Figure L4 and Table 11.21).

The result of the good tinancial performance has been o reduction in the
working ratios (measured with expenditures exclusive of depreciation or interest)
tor all five groups as shown in Figure RS and Tuble HLo. With the exception
ot Group D. the ratos have serded between .7 and .S with Groups A and B
having the lowest ratios.

The finuncial statistics indicate that most ¢f the PBS's are able 10 meet their
direct expenses and o generate some surplus to contribute towards debt service
as shown i Figure HLo and Table HET. Howevero only the older ones are able
to generate o net surplus atter depreciation and mterest as shown i Table HLS.

e

.
)

i

""{‘Ji

bsoanalveis will {gnore depreciation in tavor of focusing on debt service

VCments . The  current practice of  setting  aside funds for both

vpreciation  and  debt  service serves no discernable  purpose and s
ontradictory to both common accounting practices and economic rationale.
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The newer PBS's have shown the same slow growth in surplus experienced by
Groups A through C.

Despite the rapid growth in debt as a result of development of the distribution
network (Figure 117 and Table I11.13), the surplus has grown more rapidly.
The rate of return as measured by the surplus of gross income above direct
expenditures (exclusive of depreciation and interest) is still relatively small but is
increasing and for the older PBS's in Groups A and B have reached the
acceptable level of 8% (Figure 11S).

The conclusion that must be drawn from this brief review is that the current
group of PBS’s have pertormed well in financial terms.  If the current trend
continues. they should be able 1o meet their future debt service requirements.
However, it s clear that the expectation of achieving self-sutticiency with regards
to debt service after five vears was unrealistic. The financial success of the
PBS's is not a vet a fuir accompli. and several factors could impact negatively.
The principal concern is the ability 1o control operating and maintenance costs
as the distribution svstems become older and likelv downturn in revenues {rom
extension of the lines to more marginal areas.

The expected increase in the cost of clectricity charged by the BPDB is not
expected 1o cause ditticulties for the PBSs™ because of the ability to pass on
these increases 1o the customers with relatively little loss in total consumption,
especially, where the sume increases are passed on to BPDB's other customers.

Clearly, the performance of the PBS's is not uniform.  Some of the PBS's such
as  Barisal. Noakhali, Chitagong T and Il Jovpurhat and  Tangail,  have
unuacceptable operating ratios and need 1o improve their perforigance. However,
even these have been improving their performance with the one exception of
Tangail.

The financial study of the REB by Cooper’s and Lybrand has pointed to
potential ditficulties with future investments and debt service requirements and
to the need for recveling funds between the healtnier PBS's and the weaker
PBS’s.  An elaborate financial model has been developed as part of this study to
assist the REB in adjusting tariffs and planning future investments in existing
PBS’s.  While past trends provide only part of the story, they do argue for a
certain level of optimism with regards 1o the ability of the individual PBS's to
achieve financial self-sutficiency and to eventually operate as autonomous units
without relving on REB for investment capital.

I - 2



fable IIL.1

The PBS’s Grouped by Volume of Turnover

Group A
Comilla PBS1

Tangail PBS-1
Dhaka PBS]1
Group B
Serajgonj PBS
Natore PBS 1
Jessore PBS 11
Jessore PBSI
Habiganj PBS
Moulvibazar PBS
Natore PBS 2

Group C
Feni PBS

Kushtia Bally Bidyu
Dinajpur PBSI
Mymensingh PBS1
Satkhira PBS
Pabna PBS]
Chandpur PBS
Rangpur PBSI
Pabna PBSII
Group D
Bogra PBS
Thakurgaon PBS
Rangpur PBS2
Jamalpur PBSI
Group E
Narsingdi PBS
Meherpur Pally Bidt
Chittagong PBS2
Noakhui. PBS
Barisal PBS
Madaripur PBS
Pirojpur PBS
Joypurhat PBS
Bagerhat Palli Bidt
Chittagong PBS1
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Figure III.9
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FINANCIAL AND STATISTIC..L REPORT REBR

Table 111.2

Total operating revenue
(000's Taka)

FYB2 FY83 FY54 FYRS FYB6 FY87 FY88 FY89
Dhaka PBS! 6,458 15,739 27,522 37,655 59,831 71,334 101,152 127,266
Tangail PBS-1 385 9,35% 15,182 2,18t 41,738 54,695 67,596
Comilia PBSL 2,269 5,688 12,754 21,555 28,266 38,434 55,883 69,638
2CC 1.655 L, 587 8,218 L2.335 14,358 21,780 27.015
5 PN “, 240 1276 20,515 24,402 Jo,574 L1, 8580
526 2,647 £,505 18,377 25 212 31,082 ~1,131 49,5139
L2 3,748 6,521 9,247 11,981 17,495 22,475
g6 85?7 2,645 8.875% v, 551 16,934 28,282 30,208
MNP 5,772 LUCe2 17,897 21,312 26,151 38,351 ~5,387
L3 3,682 T.B2S 747 17,055 20,¢27 33,317 “ 3,009
wlio 2,87 5,792 3 25,743 29,479 3H.298 WHT70

EXI “, .78 6,6R2 Ll.912 170l 21 1ot ERNURT N

o 3,00 5,260 L., 300 21,817 25,054 5. nB5

<8 2,008 6,566 10,60 LEL3L

pRel) L.923 5,587 8,95 L, 3EL

7 TN B, 5300 9, . 15.(85

87 2,10 . Gl 7. et Ii,elh

263 %, 40w e b7l L2906

Tvat Samity 6C 3,785 b,ie5 4,531

a 4,195 15,963

N 2,237 5,677

o 288 2,763

a al. Bude 1,605 L0507
Joypurhat FhRS 2,23: 6,705 G.bn
Piro:pur PES 127 L.953 2l
Rangpur PBS2 3,724 13,302 T3
Jama.pur PESL 1,238 5,152 ]
Tharurgaon PBS 1.2064 5,162 3,673
Chittagong PBS2 754 1,395 PR
Bogra PBS 1,365 9,373 19,325
Menerpur Paliv Bide 277 2,728 0,337
Cn.ttagong PES. 82 2,262
Nars:ingdi{ FES L1k 2,632 6,35%
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Table 111.3
Cost of purchased power
(000’s Taka)

Fya2 FY83 FY84 FY85 Fy86 FY89

Dhaka PBS1 2,342 12,948 19,949 24,577 37,718 77,051
Tangatl PBS-! 630 7,683 12,1258 15,867 52,948
Comilla PBSI 62« 4,256 8,827 13.789 15,760 62,244
Chandpur PBS &2 1,275 «, 175 6,528 7.954 lv, 265
Habigan; PBS Ll 2,658 8,476 .1.938 22,486
Mou.vibazar g 155 1,639 @ bk 10.578 14,510 25.078
Pabna P8 1. Ces 3,Cac 4.bol 0,559 33 ‘w270
Pabna b 539 2,264 L,e306 5,912 Gl PR MR
Sera ycn; i S84 5,29 .25 231,362 5,120 AL lin b R
Jesscre PESL 20T 2,82 n, LB §,302 PO NEIE T i, 137 23,8647
Jessore PBS I 320 2,239 4,388 8,020 15,329 RGN RESNLRA 28,097
Natore PES L 293 3,232 5.558 7,589 10,872 132 18,239 2,527
Yatore P3S 2 3w 2,532 “, 2063 9,327 1,304 25,987 Le 822 24,129
Rangp.ur P350 58 1,085 31,6463 7.6 1L.892 13,965
Satrnira PBS “6 G59 3,587 5,162 7,749 L. 683
en: P3 ics PR ] 4,366 7.35¢4 LLUBlLe 13,244
Ay 98 1,797 3,650 5,245 A, 77 13,323
: 290 4,005 8,5%: 1.374 1,601
41 2,163 L1447 5,918 )

: 2.7 L. b9 DRI

35 R 3,167 «. 220

g 2512 177 1,530

a.st 10192 2 Ru? 1,812

Jovpurnat PES 8l5 4o lel 0,674
Piro pur PES 547 2.5t 2,008
Rangpur PESC 2,211 5,508 8,304
Jama.pur PBSL Tuaw 192 5.930
Tharurgaon PES 7638 2,458 4,896
Ihittageng P352 706 2,745 3,877
Bogra PBS SC9 5,582 12,2077
Menerpur Pally Bidt 142 1,683 4,064
Chittagong PBSI 82 1,609
{ 281 1,575 3,777

Table [11.4
O&M Costs less Depreciation and Interest
(000's Tuka)

FYB2 FY&3 FYRw FYBS FY86 rY8ss FY89
Dhaka PBS! 3,245 14,364 21805 28,047 43,509 66,641 85,981
Tangail PBS-1 1,165 8,988 13,638 17,957 43,040 62,640
Comilla PES! 1,549 5.73% 1,084 16,188 3.8/ 42,569 5C,5:0
Chandpur PBS 356 2,263 5,282 Ll kb L7787 22,078
Habigan; PBS 625 DRI PY L5 8310 23 3 27,951
Moulvibazar PBS 8893 2,714 D263 8,531 26 30,642
Pabna P3S: LCs 1,802 £l G0 Ll PO 17,948
Pabra PESIC 259 .32 2% SRl K. B LAl PR3N Jl.B8l2
Seraygc 1L L0k £, 8482 Ll Az 15,800 LB Ue RO SO R 3549
Jessore PRUL 1,035 «~.,.0H8 h,2uH L1208 thogTh Rl ~ RN
'essore PESOIL PR ] 3,197 t, 125 LU Lo Qyl Tt ' ERINT.
. 1.183 “,utl 7,243 4,577 PRI N Lol JR2 ERUER)
N “28 3,847 e, La7 11,358 n.2is 2L e . 2 bl
Ranppuet 200 2.056 €,195 AR N 7
Satrli,ra 364 2,040 5400 "2 L5
Feni PBS 375 {6 6,732 T3 . 7
Mymens.ingh PBS. 295 2,743 H.all - . L7
Cinajpur PBSL 2352 76C 5,758 N 2 R L
Fushtia Bally &idyut Samity 24 3,799 3 il
Madaripvr PBS - la
Barisal PRS “ N
teakhali PBS ) 2
Bagerhar Pal.: ®.¢t 3.0L7 . &
Joypurhatr P8BS 2,202 Loel? 9,
Piro;pur PRS 1.8« 30359 o,
Rangp.ar PRS2 3. 87 7,825 P
Jamalpar PRLL 2,342 G LTl B, ueh
Tharurgaon PBS 1,923 L,L3Y 7,510
Chittagony PBS) 1,708 «, 726 6. 798
Bogra PBS 1,99 8,089 19,612
Meherpur Pally Bide 580 3,434 6,365
Critttagong PBSL 865 628 3,777
HNarsingdi PBS 1,269 3,495 6,320
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Table II1.5
Surplus after Depreciation and Interest
(000's Taka)

FY82 FYa3 FY85 FY86 FYBRB FY89

Dhaka PBS! 2,7¢€3 952 5,124 8,948 23 . Bu9 25,467
Tangail PBS-. (662 168 5,230y (5,570 T4 (1,448
Comtlla PBS! 323 (=9 (1,63 (0,700 L2713 4,955
Chancpur PBS T (825, (6.9C3) (5. eel- 0 I (7,263
Habigan: P35S 7, (152, [N /) 1,235 nolh8 6,3.6
Mouivibazar 2 (D (27 (2,550 R 8ol 12,346
Patn 2 e 17Cs 2,877, [EIEES o, (3,184,
Patbn 1233 el 12,252 { EEN 3 ] 1,ull
Ser R Lles DY P B .l 200
Zes N - 1552, (B, CRD 19 L.B23
les Z 2. (677 (11,232, “RT [ 560
Nat . 2 (761, ) (5.30%: LAl o7 1,362
Nat ERv (1,022, L0l (6,344 (832 2..r8 982
Ran (15 (6597) (2.006; 8Ly (3,120
Sari 1292 (1,989 (3,099) ~82 {2,836)
Fen (328, (61,833% 60,852 (5,037 (B,055,
Mym {286 (1.87%) 2,167 (2 625 (6,754
in (2225 (980) (2,433 3,487 1,335
:s . (202) (1,668} (3,95 (5,041
e ¥ (20183 (1,044,

T g (2,572, (&,035;

a p (2,720 (4,379

2 Fal.. ® (3.510; (5,658,
4 PEC (2,158 12,677,
ro;pur P3E (2,781 (3,839,
ngpu.r PRS2 al (2,779;
malpur PBSI (3,015, (2,840,
arur n (208795 (2,773,
Rittagery (3,598 («,769:
Bogra (1,730 (544
Merer 3,362, (4,047,
Chite (€34, (4,373,
Narsingdi PBS PR (2,6419)

Table I11.6
Operating Ratio_(excluding Depreciation and Interest)

Fra D FY85 Fr86 FY87? FYBB FT89
Dhaka PBS: Lol L HU (74 .73 C 75 [ 0.68
Tangail PBS-: TS [ 8BS 0 GO C Bl °79 3.92
Comilla PBS! PRI C 8. c.75 0.82 0.77 G.73 0.73
Chancpur PBS L33 L ls .ol MBS 1.0 .82 c.B2
Habigan; PBS L. 28 c.az c.73 0.76 2.75 Loda c.67
Moulvibazar P:C D33 C.95 3 K9 0.74 0.66 C.62 .62
Patna P35] ) L2 C.98 1.032 .65 o 78 0.80
Pabna PBSII 1.53 1.09 0.66 .96 C 78 0. 66 c.7C
Serajgony PBY 1l9 1.1 0.87 0.89 G.87 c.75 G.74
Jessore PES: 1.1 1.05 0.88 1.11 G 932 5z .70
Jessore PBS 17 S 1.C6 0.75 0.75 0.B2 C 78 .76
Natore PBS | 1,07 1.09 0.80 0.84 G.R2 G C.74
iatore PRS 7 126 0.97 0.79 0.83 [N G 76 G .72
Rangpur PBSI 1.02 0.9 0.93 ¢ 81 0.73
Satkhira PBS 1.09 0.97 0.93 G 71 0.77
Fent PBS 0.30 0.76 1.10 1.C0 0.93
Mymernsingh PHS: 1.28 1.10 1.C2 c.87 0.79
Dinajpur PBS! 0.90 0.7¢ c.7 o.70
Kushtia Bajly B:.dv 1.00 1.04 C.%7 0.90
Madaripur PRS 1.19 C.85 J.85
Bartisal PBS 1,44 1.02 1.01
Noakhal.1 PLS 313 1.48 .10
bagertat Pal.: b 1.8 1.14 L.e2
Jeypurbiat PR 1.04 .99 0.97
Pororpur PBS 2.51 .72 )
PES 1.0¢ 0.76 G.85
L P 2.26 1.06 ;.88
Tharurgaon 1.52 0.86 0.78
Chirttagong PE.. 2.27 1.39 137
Bogra PSS 1.46 0.86 0.81
Meherpur Paliy .2 2.09 1.26 1.00
Crinragony Pao 7.65 1.67
Marsingdy PRY 3.07 1.33
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Table 111.7

Surplus Before Depreciation and Interest

(000's Taka)

FYs2 FU83 Fy8s FY85 FY86 FYg7
Dhaka PBS1 3,213 1,375 5,616 9,612 16,321 17,678
Tar.gall PBS-1 (78C; 3.3 1,543 3,224 8,096
Comilla PBS! 719 (&2, 2,066 5,467 5,193 8,920
Chandpur PBS (155) (634 (756) (64) (1,129 (3C2)
Habliganj PBS 5 (132 L16 3,841 5,083 6,118
Moulvibazar PBS (360 (€a 325 L247 6, 68U 10,415
Pabna PBS. (&0 (489, (46C; 1303 Siu it
Pabna PBSII (1635 (75 (266) 2,588 187 P06y
Serajgoni PBS 2 (v.te (..288; 2.375 2,322 3,350
Jessore PBS!I i8C1: L2095 (622 1,542 (L,BlY; 2,004
Jessore PBS I (w26 (22 {332) 3,427 6,499 5,228
Hatore PBS 1 (25C) (282} (610) 2,334 2,723 3,865
hatore P3S 2 (331) (825; 216 2,948 3,608 5,053
Rangpur P3S1 (15%0) (40} 371 696
Satkhira PBS (260) (1606) lo7? 652
Feni PBS (257) 955 2,174 (936)
Mymens iigh PESL (214) (601) {(%90) (le?:
Dinaipur PBSI (201) (L97) 652 3,513
Kushzia Bally Bidyur Samity (154) (13) (247,
Madar.pur PBS (818,
Barisa. PBS “h76)
Noakhali PBS (609)
Bagerhat Pall: (1,-Cly
Joyparhat PBS (8C)
Pirojpur PBS (1,007)
Rangpur PBS?2 (151,
Jamalpur PBS!I (1,373
Thakurgaon P35S 1059
Chitragong £35S0 (957,
Bogra P3S (631
Meherpur Pal.y B:id:. (302)
Chittagong PBS. (865)
Narsingdt PBS (855)

Table 1118
Electricity Cost as %

FY82 FYB3 FY8L FY85 FY86 Fy87
Dhaka PBS1 2% 90% in 38% B77% 877
Tangail PBS-. ER B5% B9 38% K B4
Comilla PBS! Wl 5% 83 867 i 8.l%
Chandpur PBS 2% 53% 73 7a 69 A
Habiganj PBS ch 207 65 8i% 75%
Moulvibazar P35S 8% 607% 120 Bul B8O
Pabna PBS! Cx 59% 2% 735 70
Pabna PBSII ch 395 65% 5% (254 b
Serajgon} PES 9% 792 B3 B6 % G 7
Jessore PBSI 2C% 707 81X 83 630 7
Jessore PBS Il 24 66% 722 79 197 7o
tatore PBS 1 25% 2% 7% 792% Tu% 7%
Natore PBS 2 8% 66% 1% 82% 9% 745
Rangpur PRS] 29% 53% 6L 6%
Satkhira PES 13 X33 66% 627
Fenl PBS 29 274% 657% %
Mymensingh PBS! 33% 66% 687% 687%
Dinajpur PBS! 387 0% 7%
Kushtia Bally BS 197 5% 65%
Madaripur PBS i
Barisal PBS L2%
Noakhall PBS 287
Bagerhat Pall: 38%
Joypurhat PBS 35%
trojpur PBS 304
Rangpur PBS2 575
Jamalpur PRSI 32%
Thakurgaon PBC (294
Chittagonyg PES2 L1
Bogra PBS Lo
Meherpur Pally B 257
Chittagong PRS! 07
Narsingdi PBS 222
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Table I11.9
Total Utility Plant Assets
(000's Taka)

FyY82 F't83 FYbs FY85 FY86 FY87 FyY88 FY89
Dhaka PBS1 9,022 9,794 147,192 155,509 205,891 159,309 203,744 260,188
Tangall FBS-1 1,878 10,8595 51,164 127,258 209,605 166,399 213,406 238,739
Comilla PBS1 2,190 14,373 66,582 240,099 146,537 227,691 228,149
Chandpur PBS “,879 11,078 44,836 141,662 119,934 193,337 202,307
Habiganj P3S 1,09C 1,235 30,558 L6549 166,382 125,309 108,621
Moulvibazar P3S 2,478 12,505 658 L6047 86,837 126,801 146,568
Pabna PBS: 1373 LoisT ,B9C L9248 . .88

Pabna PESII 10724 L2, L3532 L5201 9,

Sera gon) P3S 2 N P 136,54 062 T,

Zesscre PBSI L9588 7. 7o, B4S BTN $3% o

Jessore PBS 1. 5,240 7. 82,657 «? .8 «81 L7,
Natore PBS © 12,9357 ) 79,754 i5,:1 MDY R , 169,252
Natore PBS 2 8,872 9, 54.538 28,393 Lbel 1L2,517 137,282 158.38C
Rangpw.r PBSL 2.178 51,823 LL2B 153,430 L ,lel 135,018
Satkhira PBS 2,924 70,034 813 131,587 L0220 115,693
Fen:. PBS €,137 1,287 363 55,558 L3110 162,679
6,25 8,477 2G 122,18: L4b6 289,853
17 38,580 139,8C6 901 171,632
it Samity 8,346 126,22¢C L1613 aa
121,461 SCLours w2
119,022 R N
7,177 S8 147,73
Lat 95.8C9 14 172 lue,llb
95,972 To 56 Ll et
67.02C [T Ya,Hle
184,850 Ll iy 175 a2
119,746 16 301 les BBl
94,213 2y, 735 1B1.996
77.867C 77,901 93,908
118,374 119%,143 172,796
Metierpur Pally Bidu. 64,574 81,214 170,22
Chittagong P35I 1,699 10,289 142,075
Narsingcd: PBS 9,722 08,4631 89,796

Table 11110
Annual Depreciation
\
(000's Taka)

FY82 FYB3 FYBa FY8S FYB6 FYB8 FY89
Dhaka PBS! L48 397 22,965 L, L46 5,295 5 4,661 6,645
Tangall PBS-1 17 148 1,377 B,uin 5.57¢ G, 5,251 6,401
Comilla PBS! 39 634 8,472 7,008 6,027 7 2,746 6,418
Chandpur PBS 188 163 52 v.835 W 532 “ 4,974 5,82
Hablgan) PBS 13 2¢ 583 L,928 3. 84b 4 3106 3,069
Moulvibazar P:S 271 207 682 £33y 0,680 1,594 [
Pabna PBS!I 86 ilb 2,22 2,987 LI B ! 3,529 3.896
Pabna PBSII 56 77 82 5,237 “ LoEu? 31,587
Sera ;pgon; PBU LGa 255 2,765 9,502 M 2,958 3,836
jessore PL51 27 LB 2,133 L0 B iloe 5,144
Jessore PRS I 505 254 1,005 16, €605 ¢ KA 5,087
Natore PhY L cl W74 1,846 7,637 o TN «,108
Hatore PRS2 39 129 1,20 9,258 “ K 4,820
Rangpur PBESI 654 Nl > 58 3,715
satkhira PBS 32 1.8C8 a 827 3,301
Feni PBS 50 62,789 { &, W, 10 L, 499
Mymensingh PBL. 72 1,266 .07 5, «.382 6,209
Dinajpur PRS! 483 3,086 2 3.337 W, 7y
Kushtia Bally B.dv.t Samity L8 1,655 3 2,199 3,723
Madaripur PBS 3 3,754 3,594
Barisal PBS 3,239 SOl 3,974
Noakhali PBS 1,123 RO 1,812
Bagerha: Pal.. k.- 2,611 VI H.934
Joypurhat P8BS 2,184 2, uk 3,002
Piro)pur PBS 1,132 1,37 2, w07
Rangpur PR 3,624 P T P AT
Jamalpur PBSL 2,279 3,294 o, Cud
Thakurgaon PBS 1,115 3,306 4,936
Chittagong PBS. 1,266 2,268 2,918
Bogra PBS 1,690 2,988 4,257
Meherpur Pally Hide 461 2,684 “,013
Chittagong PBS: 71 87 2.857
Narsingd! PBS 704 1.676 2,450

>
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Table I1I.11

Accum. Provision for Depreciaticn

(000’s Taka)

FY82 FY83 FY84 FY85
Dhaka PBS1 “48 8L5 13,811 18,261
Tangail PBS-1 17 319 1,397 9,833
Comilla PBSI1 391 956 9,468 16,579
Chandpur PBS 188 379 882 7,717
Habiganj PBS 13 33 613 5,561
Moulvibazar P83 272 478 1,160 g,500
Pabna PBS: 89 227 2,630 5,598
Pabna PBSI: 56 233 1,036 £,206
Serajgon} PBS ~le 6s9 3,624 12,987
Jessore PBS. 27 2.2 2,345 12,470
Jessore PBS ! 505 759 1.765 16.373
Natcre PBS 1 BlL L2275 3,122 18,759
Natore PBS 2 3% 168 1,384 10,643
Rangpur P3S1 656
Satwn: P55 32 L. 840
Fen: 62,839
Mymens:ingn PEIL 72 1,338
Uina’p.r P3S. 484
Fushtia Bally vt Samity 4«8

Madaripur Py
Barisa. PBS
Noaknall PBS
Bagerhat Pa... b.c:
Joypurhat P5S
Piroypar P2s
Rangpur PBS2
Jamalpur P3S
Thakurgaon P
Chittagong PES2
bogra FBS
Meherpur Pally B.ds.
Chittagong PXS:
Narsingd: P3S

FY86
23,555
15,409
22,6C7
12,250

9,390
15,981
9,.18
8,626
17,368
L7.BLA
21 .58480
225k
3,034
5.1Cs
3,018
3.57C
1,783

Table I11.12
Turnover/Assets {exclusive of depreciation)

Fva7
29,210
22,256
29,728
16,617
13,952
16,381
12,454
120729
21,4835

7a
27,498
6,856
16,655
72

7.
Qr
-
5,
9,72
6,03
6,030
4,801
3,460
a,2c9
1,133
2,600
2,184
1,12
3,624
2,274
1,115
1,266
1,690
461
71
704

FY88
33,871
27,498
32,469
21.592
17.118
19.975
25.960
14,590
24,354
26,615
30,894
20,018
3.3
11,384
L2766
13,728
VLl

W, 368
L, 996
LAY Y
5,048
1,480
5,516
L, W3l
2.508
6,059
5.572
L, 422
3,534
4,678
3,14
158
2,380

FYB82 FY83 FYB4 FY85
Dhaka PBS1 .72 L6l c.19 C 24
Tangall PBS-1 0.21 C 86 .30 G.17
Comilla PBS) el U.al c.l9 0.13
Chandpur PBS C 04 o 15 ¢ 11 .08
Habigan} PES .31 3 38 .14 1.24
Moulvibazar PES c.2] c.21 c.i5 c.13
Pabra PBSI .39 .29 c.Cs u. o6
Pabna PBSII .06 c 37 0.C8 0.08
Serajgen; PBY .83 0. 54 0.07 0.13
Jessore PB3) o032 C.4b 0.10 0.08
Jessore PRS ID o7 0. 3y 0.11 C.09
Natore PSS | 507 020 0.08 0.09
hatore ¥ES 2 ¢ o1 0.32 G.11 0.1
Rangpur PBSI 0.G2 0.0«
Satkhira PBS 0.0¢4 0.03
Feni PLS 0.02 1.13
Mymensingh P85, 0.01 0.04
Dinajpur PBS. 0.0: 0.01
Kushtla Bally %iayumity 0 01

Macdari{pur PR3
Barlsal PBS
Hoakhali PBS
Bagerhat Pal.., h.:
Joypurhat PRS
Pirojpur PES
Rangpur PBS:
Jamalpur PBS.
Thakurgaon FBS
Chittagong PK32
Bogra rbBS

Meherpur Paliy #:d
Chittagon, PBASL
Narsingdi PBS

1 - 14

FYBO
G.29
.00
0 12
0.07
G.15
coll
C.Ca
C.09
0.15
G.CR
0oz
s.1l
c.C29
S 07
¢.05
0 Cyv
0.06
0.05
0.05
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FY89
40,517
33,9C0
38,887
27,405
20,188
24,450
19,856
8,584
28,238
32,059
3750
24,00
28,137
15,099
15,0482
18,2248
16,028
14,087
10,720
12,765

9.622
7,294
11,25C
K
w4l
12,853
9.617
9,358
6,453
8,930
7,159
3,016
4,830
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Table II1.13
Totai Long Term Debt
(000's Taka)

FY82 FY83 FY84 FY85 FY86 FY87 FY88 TY89
Dhaka PBS1 25,848 23,113 173,589 181,718 207,869 186,954 272,856 256,566
Tangall PBS-1 2,655 13,723 51,766 127,417 210,997 172,376 215,095 242.527
Comtirla PBSI 3,72 13,874 12,236 178,273 242,988 150,297 252,28¢C 255,347
Chandpur PBS 3,927 11,57 “5,146 103,814 142,770 133,022 213,267 165,949
Habiganj PBS < 1,7¢C0 30,917 116,365 14C,107 191,633 121,682 134,707
Moulvibazar PBS 3, 13,668 45,656 142,285 226,369 96,238 134,972 X2
Pabna PBS! 1 “,223 84,564 303,767 108,812 1231750 130,00 104,763
Pabna PBSII 2 13,8572 36,572 109,542 117,104 06,700 iS5l LIl 22
Seraigoni PBS 2 11,282 140,007 lew 276 15C 285 222,779 147,158 L2465
Jessore PRS. 2, B,5.1 C.23C 158,020 203,079 1l0.8L2 218,122 . 529
Jessore PBS 1! 3, c,c68 5.,137 149,67¢ 155,059 227,858 167,83  BBZ
Natore PBS & i3 6la C,419 134,524 150, .98 273,8hY 170,745 L2204
Natore PBS 2 N w67 5522 12%,825 led, De 82,0210 271,600 L2229
241 58,452 90, 380 1638, 54l 135,716 : 2le
3,307 72,223 119,731 Leb 55 125,340 LeULBLT
b, 462 1,350 103,027 TILe7 103,080 125
6,708 L9,852 53,520 128,036 7,222 e
362 39,433 120,539 156,942 152,048 52
T Samuty 8,785 72,618 162,903 120,374 79
13,524 184,207 93
134,103 136,999 5%
22,834 123,787 Le, G973
108,395 159,466 183 304
103,603 bl,058 .75
75,676 72.184 oy
197,289 159,529 .877
N 125,644 119,307 L7445
P35 99,650 151,252 ,292
Chitragong PBS2 84,662 90,746 v6,830
Bogra PBS 126,504 131,888 185,357
Meherpur Paliyv Bias 67,874 94,C82 173,395
Chittageng P23. 3,598 20,559 154,300
3Narsingdi P3S 16,379 77,731 97,658
Table 111.14
Interest on Long Term Debt
FY82 FYa83 FY84 FYRS FY86 FY87 FY83 FY89
Dhaka PBS1 1.¢ 26.0 5.2 37.7 2,079 6,000 6,000 9,141
Tangail PBS-: 10.6 6.2 11 .4 18.7 6,598 6,098
Comilla PBS: 1.8 i.6 5.6 5,866 7,330 6,300 7,754
Chandpur PBS 502.2 4,490 6,357 6,388
Habiganj PBS 2.4 30.6 3,675 3,726 &,200
Moulvibazar Pis 5.0 3,8C0 3,772 &,374
Patna PySI 12.2 122 5,867 3,600 3.6%
Pabna PBSII 4.5 10.0 10.5 3,740 4,000 .82
Serajgon: PEYS 1.0 1,115 4,300 4,750 ~.800
Jessore PBOL 2.5 2.0 8,183 6,224 6,150
Jessore PHS 11 10.5 51.1 5,333 5.012 5,107
Natore P3S 1 1.0 4.5 2.3 2.5 3,861 ,8u: 5,261
Natore PHES 2 67.9 7.0 33.7 63 4,492 5,222 5,454
Rangpur PBIL 5,9C7
Satkhira PRS 14.3 1,100 4,102
Fen! PBS . 1,100 4,865
Mymensingh PBS: 10.7 5.352
Dinajpur PBSI 3,186
Kushtia B.B.S 2,524

Madaripur PHBS
Barisal PHS
Noakhall PRS
Bagerhat Pall: #..::
Joypurhat P3S
Plrojpur PRES
Rangpur PBS2
Jamalpur PHSL
Thakurgaon PRS
Chittagong PBGS.
Bogra PBS

Meherpur Pally b.de
Chittagong PES.
Harsingdi PBS

wn
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Table I11.15
Positive Surplus (Before Depreciation and Interest)/L.ong Term Debt

FY82 FY83 FY84 FY85 FY86 FYB7 FYRR FYBG

Dhaka PBS1 0.12 0.06 0.03 0.05 G.08 0.09 0.13 3.6
Tangall PBS-1 0.03 0.03 0.03 0.05 0.0~ 0.02
Comilla PBSI 0.19 0.17 0.03 0.02 0.06 0.06 .07
Chandpur PBS 0.02 0.03
Habiganj PBS 0.01 0.03 0.04 0.03 0.11 0.10
Moulvibazar PBS 0.01 0.04 0.03 0.11 0.12 0.1¢4
Pabna PBS! 0.01 0.03 0.04
Pabna PBSII 0.02 0.02 0.08 £.09
Serajgonj PBS .12 0.02 0.02 0.03 0.07 .08
Jessore PBS! 0.01 0.02 0.0¢ .07
Jessore PBS Il 0.02 0.04 0.02 0.05 J.Cé
Natore PBS 1 0.02 0.02 0.62 0.05 .07
Natore PBS 2 0.02 0.02 0.03 0.06 .06
Rangpur PBLL 0.03 .05
Satkhira PBS 0.03 2.¢C
Fenl PBS 0.02 ¢.01
Mymensingh PES: 0.01 3.02
Dina)pur PBS:. 0.01 0.02 0.05 .05
Kushtia Baliv B 0.01
Madaripur PBS 09.01 0.02

8s

P8S
Bagerhat Palli b
Joypurhat PBS
Pirojpur P8BS
Rangpur PBS2 0.02 0.01
Jamalpur PBS! 0.01
Thakurgaon PBS 0.01
Chitragong PBS2
Bogra P'BS 0.01 0.02

Meherpur Pally B
Chitragong PBST
Narsingcél PB8S
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Dhaka FBS1
Tangall PBS-1
Comilla PBS1
Chandpur P25
Habiganj PBS
foulvibazar PBS
Pabna PBS1
Pabna PBSII
Serajgoni PBS
Jessore PBS!
Jessore PBS II
Natcre PES 1
Natore PBS 2
Rangpur PBS51
Satikhira PBS
Feni PBS
Mymens:ingh
Dinaipur P3
Kushtia B.B §
Madaripur P33
Barisal PBS
Noakhali PBS
Bagerhat

Joypuibatr PES
Piroipur PBS
Rangpur PBS2
Jamalpur PBSI
Tharkurgaon PBS
Chittagong FBS2
Bogra PBS

Meherpur Pally Bid
Chittagong PBS:
Narsingdi{ P3S

Dhaka PBS1
Tangall PBS-1
Comilla PBS)
Chandpur PBS
Habiganj PBS
Moulvibazar PBS
Pabna PBSI
Pabna PBSII
Serigon) PBS
Jessore PESQ
Jessore FHS 11
tatore PHS 1
Natore PRG 2
Rangpur PBS1
Satxhira PBS
Feni{ FBS
Mymensingh PBS:
Dinajpur PBS1
Kushtla Bally B S
Madar{pur PHS
Barisal PBS
Hoakhall PBS
Bagerhat Palli B.dt.
Joypurhat PBS
Pirojpur PRS
Rangpur PBS2
Jamalpur PESI]
Thakurgacn PBS
Chittagong PB52
Bogvra PBS
Meherpur Pally Bidt.
Chittageng PBS:
Narsingdi{ PBS

FY82 F

147

306

léeé

FYBS

10.7

Y83

162

72
125
146
287
293
4«21
15
327

Table 111.16

Total Miles Constructed

FY84 FY85
6961 36
37 3
11 13
107 Q
0 o]
0 o]
124 o}
7 4
103 0
221 0
3 o}
26 0
138 0
75 0
145 2
105 0
71
0 0
0

Table I11.17

FY8s
50

—
D o=
=~ O

~

w
OCWVWOOIDDO0OO Vo

w
o~
[

O=0o0

Total Miles PDB Taken Over

Fv8e

0.0
21.
13

- O

53.
10.

ot

32,
192,
28.
19,
25,
45.

12.

67.
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O MO o

FYs?

o

-]

154
403
64

269
507
109

FY89

&,

57.

7

[= RV RV

102

Ll

114
128
172
147
149
701
145
164
133
178
160
163
162
BE-D
167
222
166
151
226
174
202

75



Dhaka PBS1
Tangall PBS-1
Comilla PBS1
Chandpur PBS
Habigan) PBS
Moulvlibazar PBS
Pabna PBS1
Pabna PBSII
Serajgonj PBS
Jessore PBS!
Jessore PBS I!I
Natore PBS 1
Natore PBS 2
Rangpur PBS1
Satkhira PBS
Feni PBS
Mymensingh PBuL
Dinajpur PBS!
Kushtia Bally &.
Madaripur PBS
Barisal PBS
Hoakhall PBS
Bagerhat Pall:. B
Joypurhat PBS
Plrojpur PRS
Rangpur PBS2
Jamalpur PBS!
Thakurgaon PBS
Chittagong PBS?2
Bogra PBS
Meherpur Pally B
Chittagong PBS!
Narsingd: PBS

Dhaka PBS1
Tangall PBS-1!
Comilla PBS1
Chandpur PBS
Habiganj PBS
Moulvibazar PR3
Pabna PBS1
Pabna PBSI!
Serajgonj PBS
Jessore PBS)
Jessore PBS I
Natore PBS 1
Natore PBS 2
Rangour PBS1
Satkhira PBS
Feni PBS
Mymensingh PBS!
Dinajpur PBS}
Kushria Bally Bi
Madaripur PBS
Barlsal PBS
Noakhalj PBS
Bagerhat Pall. =
Joypurhat PBS
Pirojpur PBS
Rangpur PBS2
Jamalpur PBS)
Thakurgaon PBS
Chittagong PRS?
Bogra PBS
Meherpur Pally ¥
Chittagong PEC.
Narsingd! P8Y

Total Lines Energized

Table II1.18

FY83
3,725

221
220
242

95
125
16
135
593
3169
780
425
933

FY84 Fyss
4,264 4,300
417 494
310 419
348 769
238 394
125 583
270 335
261 302
696 709
537 1,200
782 834
451 4«80
631 757
75 152
145 314
105 200
7l 220
156

9

Table II1.19

FY87
4,389

257

247
120

PDB Lines as Percent of Lines Energized

FY86

0%
2%
%4
2%

L}

N

20%

o
“

FYsg7

0%

o~

FyYas FY89
0z 1%
1ay 12%
X 117
1% 1%
3% 3%
1% 1%
1% 1%
31% 307%
2% 27
ba 4 A
1% 1%
“0% 33%
20% 12%
8% 7%
9% 67
52% 357
7% %3
357 207
07 137
ox “
132 13%
5% Ly
2%

I - 18

FY8s
4,552

682
592

677
.38

479
X33

516
IS
247
276
L3i
238
17
16l
528
256
547
229
393
416
175
264

FY89
4,588

807
719

1,017

5u6
703
493

417

36l
31338
313
6951
487
£31
246
605
719
494
347

3
W



Table I11.20
Revenues per Mile Energized

FYs2 FY83 FY34 FY8s FY86 FY87 FY88 Fy89
Dhaka PBS1 1,989 L,225 6,455 8,759 13,755 16,253 22,224 27,747
Tangall PBS-1 4,727 42,18¢C 36,393 42,857 0 79,1602 80,229 83,714
Comilla PBS1 15,412 25,814 «1,180 51,450 50,775 57,0610 94,453 96,67
Chandpur PBS 2,515 6,851 1e,319 10,685 13,168 17,090 24,182 26,559
Habiganj PBS 239 4,971 17,839 36,242 47,508 51,281 73,171 76,095
Moulvibazar PBS 21,266 52,327 31,538 «3,2617 50.477 63,663 70,498
Pabna PBSI! 8,308 13,885 19,462 27,084 32,97 39,915 +5,8.8
Pabna PBSII PENDE=51 6,044 11,284 29.39¢ 31,618 55,619 95,609 87,700
Serajgon} PBS 5,613 G,733 14,429 25,572 30,451 37,324 53,586 €2,852
Jessore PBSI 3,092 9,867 14, 5€8 12,622 13,27 16,05 25,616 30,098
Jessore PBS I 2.553 3,813 7,407 16,356C 3T,938 35,359 45,937 94,408
Natore PBS 1 3,336 9,841 14,818 24,822 32,756 39,782 4,35%6 6,30
Natore PBS 2 764 6,169 9,929 18,689 27,540 30,748 &2,772 W3, 640
Rangpur P3S? 621 13,251 24,137 32,275 LRI 64,059
Satkhira PBS 71 6,131 14,509 20,566 32,112 35,745
Fenl PBS 1,117 6,821 25,176 21,631 33,978 «C,006L
Mymensingh PES! 1,139 9,740 21,322 15,222 20,3029 17,20
Dina:pur PBSI 1,695 27,656 32,450 “6,304 4B, 7L
Kushtia Bally 3.8 7,032 47,152 76,556 65,824 50,886
Macdaripur PBS «3,230 La,aal L4, 308
Barisal PBS 22,535 20,563 17,798
Noarnall PBS 1,:22 65,656 8 192
Bagerhat Pai.: 21,18 18,961 17 EB2
Joypurkat PBS 17,185 36,1698 29,22
Pirojpur PRS 6,767 12,178 10,321
Rangpur PBS2 10,518 19,497 16,485
Jamalpur PBS: 4,995 20,107 20,856
Tharurgaon P35S 6,732 9,432 11,639
Chittagong PBS2 5,521 14,859 20,083
Bogra PB3S 5,529 23,830 31,940
Meherpur Pally B 2,308 6,562 8,812
Chitzagong FES!: 471 4,580
Narsingd!l FBS 2,872 9,969 18,316

Table [1.21
O&NM (exclusive of energy)/Miles Energized

Fvg2 FY83 FY8&4 ryas FY# FY87 FYga FY89
Dhaka P3S1 278 382 459 8C7 1.33: 1,619 1,603 1,946
Tangall PBS-: 6,566 5,9C0 3,67% 4,229 C 2.979 9,220 12,012
Comilla PBS1 £,287 6,509 6,608 5,487 7.737 10,099 11,284 11,502
Chandpur PBS 3,932 4,478 4,501 2,250 4,472 5,682 5,706 5,69¢
Habigan} PBS 9 5,102 4,924 4,971 3,844 8,082 9,442 10,008
Moulvibazar PES 8.630 14,015 3,521 6,215 6,085 6,845 7.6
Pabna PBS1 5,059 4,315 5,282 7,920 8,768 7,654 7.651
Pabna PBSII 3,207 6,172 4,280 4,815 10,829 .c.817 11,122 12,558
Serajgonj PBS 2,717 2,450 2,68% 3,043 5,520 6.703 7,102 7.699
Jessore PBS1 W, 9% 3,206 2,912 1,586 5,378 «, 079 3,845 4,621
Jessore PBS ! 2,831 1,485 2,221 2,618 W, 754 H,025 6,620 7.724
Natore PBS 1 3,183 2.897 3,759 4,143 G, 6 7,596 B,035 8,660
Natore PBS 2 2,370 J,6071 2,826 2,708 4,924 5,480 6,340 5,836
Rangpur PBS! L8739 6,381 8,095 G,691 7,922 10,176
Satkhira PBS 2,192 3,603 W, 755 7,156 6,649 6,495
Fen! PBS 2,535 (3,50) v, 68/ 6,9.0 9,453 9,429
Mymensingh PBS: 2,772 4,303 4,038 4,925 4,373 3,328
Dirajpur PRS! 3,022 7,540 5,767 30,227 31,569
Kusht:a Baily L.dyus Samity 20,140 20,379 27,986 23,313 14,004
Madaripur PBS 23,484 10,842 9,787
Barisal PBS 18,070 9,671 7,852
Noakhall PBS 2,516 4,997 3,973
Bagerhat Pali: B:dt 24,259 9.57¢% 7.668
Joypurhat PES 11,523 NI 8,527
Piro;pur PBS 11,887 11,667 6,278
Rangp.r PBG2 L, 702 L, 3HG w504
Jamaipur PBS: 7.685 .87 6,160
Thakurgaon P85 6, Gut 1,621 3,193
Chittagong PBS2 7,354 8,664 11,88
Yogra PBS 4,403 6,366 5,642
Meherpur Pally Bide. 3,642 6,212 3,200
Chittagong PHS! 1,125 4,397
Narsingdl PBS 6,375 7,273 7,332
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Annex IV

CHOICE OF TECHNOLOGY FOR SHAFT POWER
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Choice of Technology for Shaft Power

The principal choice of a source of shaft power for industrial applications is
between electric motors and diesel engines. This choice has a significant impacts
on both the financial viability and the economic benefits derived from rural
electrification.  The primary factors affecting this decision where there are
reliable sources of ooth diesel' and electricity are:

1. the initial cost,

2. the operating and maintenance costs,

3. the power transmission system between
engine/motor  and final use,

4. ease of operation and maintenance,

The initial cost includes the cost for the engine/motor and for installation. In
the case of electric motors in new applications, this cost may include the cost for
connection to the power lines. Since this is a large one-time cost, it can have a
significant effect on the selection process. However, with the current market
prices, the electric motors tend to be less expensive than the diesel engines as
determined in the market survey discussed in Annex IX. When the connection
and wiring charge is added, the initial capital costs are expected to be
comparable or to favor the electric mator.

The operating and maintenance costs include the costs for energy, labor for
maintenance and operation and spare parts for repairs. These costs are typically
computed together with the capital costs as part of a life cycle cost. This cost is
important only for those who have sufficient funds to choose between the two
options. The cost will also vary with the expected life of the engine/motor. The
electric motor has a much jonger life and is frequently purchased as a second-
hand unit. The dieszl engine has a shorter life but this can be extended through
proper maintenance and there are some second-hand sales.

The energy costs for the electric motor are currently slightly lower than for
diesel engines. The costs for an operator are not thought to differ significantly
for the two sources of shaft power, however, the operator of the diesel would
need slightly higher skills to perform intermittent repairs. The costs for

I This discussion focuses on the use of diesel engines. The same analysis is required
for gasoline-powered engines and natural gas-powered engines. However, neither are
currently used and the data for this analysis was collected from existing applications
and experiences.
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maintenance including spare parts and labor will be higher for a diesel engine
than for an electric motor because of the more difficult operating environment
of an internal combustion engine and therefore the more frequent and more
difficult repairs.

The most commonly used transmission systems are belt drives. Since AC motors
are the most common form of electric motor, there is no variability in speed
except through the use of different drive wheels and multiple belts. For diesel
engines there is greater variability of speed, however the engines have difficulties
in providing power at lower speeds and a belt or gear based transmission svstem
is required. Also the diesel engine has less ability to handle variable loads such
as are experienced in sawmills and grinding and drilling equipment. In general,
the electric motor has better operating characteristics especially since small units
can be used to power individual pieces of equipment, whereas diesel engines are
more cconomical when used in larger configurations with belts used to drive
more than muliple pieces of equipment.

The ease of ration and maintenance is a very important consideration in the
process of .ting between engines and motors. The most important factor
appears to oc the ease of maintenance, since skilled mechanics are located in
central areas and must travel to the site to perform repairs. This increases the
costs for maintenance and the time that the equipment is down. There does not
appear to be any significant difference in ease of operation between the diesel
engines and the electric motor.

At present there is a clear preference for the use of electric motors over diesel
engines in almost all applications where electricity is available.  The only
exception is the use of diesel engines for irrigation where multiple uses are
made of the engine (see Annex VII). The basis for this preference is primarily
the lower financial cost. In order to understand the magnitude of this
difference, a comparison was made between a 25 bhp diesel engine and a 25
bhp electric motor. This size is commonly found in rural industries (see Annex
X). The results are summarized in Tables IV.1 and IV.2. A number of
assumptions were made in preparing this comparison. These are summarized in
Table IV.3. The average cost per operating hour is only Tk. 62.5 for an electric
engine almost 20% less than for the diesel engine. The major source of this
savings is the lower energy cost. The predominance of the energy cost in the
total operating costs is applies to both engines and motors as shown graphically
in Figures IV.1 and IV.2,

Clearly, the results of this comparison are extremely sensitive to the cost of fuel.
The variation of costs per horsepower hour with the fuel price are shown in
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Figure IV.3. A 50% increase in the cost of diesel or electricity would introduce
about a 1/3 increase in the cost of per horsepower hour.

The comparison has also been extended to include the economic costs tor the
engine and motor. The economic costs were computed by adjusting the capital
costs to exclude duties and taxes’, by shadow pricing the labor and by adjusting
the diesel price to the border price plus local transport and the electricity price
to the long run marginal cost of generation. The economic price for diesel was
estimated to be the same as the financial cost but the economic price for
electricity as originally estimated in the BPDB Tariff study is twice the financial
price.

The engine/motor is assumed have relatively low utilization with only 2000
operating hours per month and an average load of only 35%. This Is consistent
with small-scale intermittent operations commonly found in small-scale rural
industries.  For small sawmills, the power utilization during operations was
observed to be less than 20% and the operating hours are less since they vary
with season and supply of raw material.  For larger operations such as textile
mills, the operating hours would be longer and the average engine load would
be closer to 45%-60%.

The capital costs of the engine have relatively little impact on the total cost for
shaft power.  This is true whether the price of the engines and motors is
adjusted by + 40% as shown in Figure IV.4 or whether the discount rate used
10 annualize the cost is adjusted as shown i Figure IV.5. In either case. the
change in cost per horsepower is imperceptible.

Labor costs are more important in their effect on the cost per horsepower hour,
however, the labor costs for engines and motors are assumed to be the same.
Both require a tull-time operator. The cost of the operator will depend on the
type of equipment which is being driven by the engine/motor.  The only labor
cost which will vary is the cost for maintenance which is considerably higher for
diesel engines.  However, this does not appear to be a significant factor as
shown in Figure IV.7. A 50% increase in labor costs increuases the cost per
horsepower-hour by only about 1/6 and this is true for both engines and motors.

Because most of the costs for the engine and the motor are variable, ie. lubor,
energy and spare parts, there is little variation in ithe cost per horsepower-hour
with the level of utilization. A doubling in the number of hours operated would
only reduce the cost by about 3% for diesels and even less for electric motors.

2. At present the motors and engines being imported for irrigation are exempt irom
import duties, however, these values have been included in the current analysis.
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Clearly, for utilization of less than 500 hours per year, the impacts would be
significant. The absence of significant economies with greater utilization suggest
that the expected trend towards multiple uses of engines will only be significant
where the level of use in each application is relatively limited.

The power utilization will have a significant effect on the costs for shaft power
because the efficiency of the engine and motor declines as the power utilization
rises above or falls below the operating norm. The relationship between load
and efficiency was approximated using a performance curve from a locally used
diesel engine of similar size. This curve assumes a maximum efficiency at 80%
load as shown in Table IV.3, but there is a significant drop off as the load
approaches 1009% or when the load falls below 40%. The impact of this under-
utilization or over-loading of the engine/motor is significant as shown in Figure
IV.9. Given the initial assumptions of a similar performance curve, the impact is
the same for the engine and the motor. It is thought that the electric motor
should be less sensitive to variation in load than diesel engines, but the variation
in cost with power utilization will still be significant.
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DIESEL ENGINE MODEL

BELT DRIVE - 25 HP
Financial Economic

Capital Cost | 32,000 | 25,600 | 1000's Taka
Cost for Overhaul | 6,000 | 5,400 | 1000's Taka
Period Between QOverhauls | 5 | 5 | Years
I | |
I I I

Cost for Regular Maintenance 5,600 5,280 | Taka per year

Cost For Mechanic 500 500 | Per hour or visit

Mechanics Time Required | 8 | 8 | Hours/Visits per
Year

Cost for Parts [ 1,600 | 1,280 | Per Year
Fuel Consumptior at 80% Load | 4.50 | 4.50 | Liters per hour
Lubricant Consumption | 25.0 | 25.0 | Liters/1000 liters
Cost of Fuel | 7.8 | 7.8 | Taka per liter
Cost of Lubricant | 25.9 | 25.9 | Taka per liter
lours Operated | 2,000 | 2,000 | Per Year
Operators Required | 1.0 | 1.0 | Mn-hrs/operating hr
Average Load | 35%] 35% | 3
Annualized Capital Cost | 4,144 | 4,166 |
Costs Per Hour of Operation | | |

Capital | 2.07 | 2.08 |

Operator | 15.00 | 15.00 |

Maintenance | 3.40 | 3.18 |

Fuel and Lubes | 54.31 | 54.31 |

Total | 74.78 | 74.57 |
Cost Per HP output | 8.55 | 8.52 |
Annual Cost | 149,555 | 149,137 |
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ELECTRIC MOTOR MODEL

BELT DRIVE 25 HP
Financial Economic

Capital Cost ] 12,500 | 10,000 | 1000's Taka
Cost for Overhaul | 3,250 | 2,925 | 1000's Taka
Cost for Regular Maintenance | 1,313 | 1,250 | Taka per year
Cost For Mechanic [ 500 | 500 | Per hour/visit
Mechanics Time Required | 2.0 | 2.0 | Annual Hours/Visits
Cost for Parts | 313 | 250 | Per Year
Fuel Consumption at 80% Load | 16.58 | 16.58 | kWhr per hour
Cost of Electricity [ 2.0 | 7.9 | Taka per kWhr
Hours Operated | 2,000 | 2,000 | Per Year
Average Load | 35% | 35% | %
Salvage Value | 20% | 20% |
Annualized Capital Cost | 927 | 1,140 |
Costs Per Hour of Operation | | |
Capital | 0.46 | 0.57 |
Operator | 15.00 | 15.00 |
Maintenance | 0.86 | 0.81 |
Electricity | 46.18 | 69.24 |
Total | 62.50 | 85.61 |
Cost Per HP output | 7.14 | 9.78 |
Annual Cost | 125,008 | 171,229 |
Discount Rate | 5.0% | 10.0% |
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CONVERSION FACTORS

Assumptions

1. diesel fuel consumption based on .225 liters per horsepower hour used

2. electricity consumption based on .746 kWhr per Hp-hour adjusted by
motor efficiency of .9

3. diesel financial fuel price assumed to be Tk. 7.8 per liter and
electricity price Tk 2 per kWhr.

4. economic price assumed to be same for diesel but Tk 4 per kWhr.

5. energy consumption adjusted for average load and energy efficiency at
that load

6. a paid operator is used for all motors, the cost for the operator is Tk
15 per hour of operation

7. maintenance required every 250 operating hours for a diesel engine
versus 1000 hours for an electric motor

8. major engine overhaui required every 5 years for a diesel engine versus
8 years hours for an electric motor

9. salvage value and economic life are both higher for an electric motor,

20 years and 20%, respectively, than for a diesel engine with 10 vears
and 10%, respectively

10. capital ccst amortized over the life of the motor/engine at the real

interest rate

Standard Conversion Factors

Skilled Labor 1.00
Semi-skilled Labor 1.11
Unskilled Labor 1.33
Imported Equipment, Parts0.80
Electricity 0.67
Real Discount Rate 5.0% financial (formal source of credit)

10.0% economic (social discount rate)

Engine/Motor Efficiency Conversion Table
Load  Efficiency Factor

0.30 0.70
0.40 0.80
0.50 0.91
0.60 0.94
0.65 0.95
0.70 0.96
0.75 0.97
0.80 1.00
0.85 0.96

0.9 0.88
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Annex V

IMPACTS ON RURAL INDUSTRY



Impacts of Rural Industry

Types of Industries

Most of the rural industries are resource-based in the sense that they are located
in the rural areas to be close to the source of supply of inputs. Rural industries
can be broadly grouped according to the resources used as follows:

Food and agricultural 20%
Wood, Cane and Bamboo 209
Textiles 52%
Metals 2%
Pharmaceutical and Chemicals 19
Printing and Paper Products negl.
Leather and Rubber Goods negl
Glass and Ceramics 1%
Miscellaneous 2%

The statistics 10 the left of these categories e the frequencies observed in the
1981 BIDS study of rural and cottage industries.  Although no more recent survey
is available. it is clear that the first two categories have increased relative 1o the
others in the last decade.  Another major change has been the increased use of
mechanization and electricity.  In the 1981 survey. only the textiles and metals
industries were found to be consistent users of machinery although a majority of
the chemicals. printing and ceramics industries also relied on machinery.  Also the
expenditure for electricity at that time was found to account for only .8% of the
total cost of inputs to the production process. Only the metal working and printing
industries were found to be significant users of electricity.

Today, the most common rural industry are mills for processing rice and tlour.
These may bz cingle-purpose mills or combined rice\lour mills. Other mills include
pulse and oil presses. Other food processing tacilities include cold storage. crop
drying and small-scale manufucturers of sugar or vegetable bused products. Both
ciectric and diesel powered mills can be found in the rural arcas. but where
electricity is available, it is the preferred source of energy.  Electricity is also very
much preferred for cold storage because of the reliability when combined with
diesel generator backup but it is less important for other food processing activities
where diesel motors are frequently used.

The wood, cane and bamboo industries process local materials cither as o service
to the owner of the material of for sale in the market place.  Sawmills are a
refatively recent but growing phenomenon in electritfied areas where the motor-
driven band saw is replacing nand-sawing. Downstream processing of wood for
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furniture and framing for buildings are also found and employ varying levels of
mechanized tools and equipment. The processing of cane and bamboo tend to be
smaller less-mechanized industries.

Rural textile industries range from small tailoring shops for producing garments
to large jute and textile mills. Electricity is an important source of energy for
mechanization in the ilarger mills and medium-sized textile and jute processing
enterprises. [t is less important in garment making and the small-scale processing
of jute.

Metal-based industries include re-rolling mills, metalworking shops, and machine
shops. Most are relatively small scale but require electricity tor shaft power. Even
welding is done primarily through the use of crude arc welders rather than oay-
acetylene torches.

Glass and ceramic industries are mostly small scale and use various fuels for firing
the product. There is relatively little use of electricity except for lighting.

Benefits of Mechanization

The decision to mechanize an industry is generally based on one or more consider-
ations which relate to the profitability of the enterprise. These considerations can
be grouped as follows:

1. to reduce the overall cost of production. In this case, the capital
invested in equipment substitutes for labor or provides higher yields
from the raw materials. The benefits to the owner are the savings
resulting from lower unit production costs.

2. to increase product quality or to produce additional tvpes of
products. In either case, products are produced which could not
otherwise have been produced. The benefit to the owner is the value
added derived trom these products.

3. 1o replace labor as a means to simplify the production process and
reduce the management requirements. The difficulties of managing
a large labor force caa be considersble and can represent a
considerable expense in terms of time and money to the owner.
The benefits of mechanization in this case are to reduce the costs for
managing this labor and, in many cases, to improve the reliability of
production..  These benefits may be in addition to savings in
production costs or may comp. usate for net increases in production
costs.
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4, to increase the rate at which the product is produced. If there are
constraints of the availability of facilities and labor, then
mechanization can allow for meeting production schedules without
investing in new facilities or employing additional labor. The
benefits of mechanization in this case are the marginal increase in
production.  Alternatively, the benefit may be a reduction in
production time which permits the owner to engage in other
productive activities or to enjoy more leisure time.

It is the decision to mechanize which leads to improvenients in profitability and
product quality. At the same time, this decision substitutes capital for labor except
in those situations where a new product is being produced. The increase in output
per worker will ieduce the total employment in that industry, but at the same time
il generally increase the skill levels of those working in the industry.

The decision to mechanize appears to be an effective mechanism tor mobilizing
rural capital. With the exception of the very large industries, most rural industries
do not have access to the formal credit sector. Instead the investments are
financed through a combination of sale of land and raising tunds from relatives in
the form of loans or partnerships.  Although some studies have suggested a
relatively high interest rate associated with these informal loans. The micro-study
in the Comilla PBS indicated that the loans between tamily members are most
often interest free and reflect a social obligation rather than a financial obligation.
The source of the family funds is a combination of retained earnings and
remittances which would otherwise not be employed in productive activities.

The decision to mechanize will also improve the quality or reduces the cost of the
goods and services available in the rural area and produce products which can be
exported to the urban areas or substitute for products imported from the urban
area.  For example, the introduciion of sawmills and wood-related industries
permits local production of furniture and building supplies which would otherwise
be brought in from urban markets. The wood used is a combination of local
supplies and logs transported for the hills tracts near Chittagong and from the
Sundarbans. The introduction of mechanized rice/flour/oil mills reduces the costs
tor processing the rice which is consumed by the household or sold in the market.
The mechanization of textile production allows the rural area 1o produce for sale
in the urban centers.  These industries either process locally grown jute taking
advantage of the lower transport costs or import fibers taking advantage of the
lower local production costs.  The mechanization of the metal working industries
permits local fabrication of simple metal products for agriculture, construction and
transportaticn and provides the capability to repair equipment and machinery used
in local industry, agriculture and transport.
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Benefits of Electrification

The decision to use electricity in rural industries is generally made where a
connection to the grid is available. There is very little auto-generation although
some standby capacity may be provided where the reliability of supply is
insufficient.!  Where a connection to the grid is not possible then diesel engines
can be used as a source of shaft power, but this option is limited by available
technology to certain industries and generally involves a higher cost.2  The
quantification of the benefits from electrification requires that a comparison be
made with the best alternative source of energy.

The power characteristics of the diesel are appropriate for rice/flour milling and
oil presses using belt drives. The engines are less appropriate for large-scale power
applications such as re-rolline mills, variable torque applications such as sawmills
or constant speed applications such as lathes.  Diesel motors are also not
appropriate for use with hand tools or are welding except when combined with a
generator.  Finally diesels are less desirable than electric motors in industries such
as textile mills where multiple production units are being operated and an elaborate
system of belt drives would be required to operate off of a centrai engine.

In sitvations where diesel engines are appropriate but less desirable than electric
motors, the engines may continue to be used even after electricity is provided
because of the capital cost to purchase an electric motor. In this case, the adoption
of electricity is delayed until the end of the economic life of the diesel engine.

The higher operating cost of diesels is associated with two factors, the cost of
energy and the cost of maintenance. The current price for eleciricity is less than
the economic cost and the efficiency of ihe electric motors is greater than small
scale diesel engines as discussed in Annex V. As a result the energy costs for the
two are relatively similar as shown below:

' The government’s restrictiori on the use of autogeneration prevents any
judgement from being made as to the financial viability of this source of electricity.
However, the energy transtormation from diesel shaft power to electricity involves
about a 10% loss in the generator and adds the capital and maintenance cost of
the generator.

* the problems of available production technology is a major issue. Many
applications which currently use electric motors could also use diesel engines if the
correct form of power transmission were provided. However, most power
transmission systems are limited to simple belt drives which can be easily
maintained.
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diesel engines

Tk. 7.80liter * .225 liter/hp-hr = Tk. 1.76/hp-hr

electric motors

Tk. 2.0/kWhr * 746 kWhr/hp-hr * 1/.85 efficiency = Tk. L75/hp-hr

When lube costs are added to the these energy costs, the results are a 20% lower
cost for electric motors. The maintenance requirements for diesels also tend to run
higher.  Electric motors operate with little of no maintenance except an overall
once every 5 to 15 years. The diesel engine requires regular maintenance of the
fuel injection system and a major overhaul about every five years. The capital and
operating costs for diesel engines and electric motors are similar.

The benefits of the electricity can thus be quantified as the savings in production
costs relative to the next best alternative.  For industries which can utilize diesel,
the cost savings are the lower energy and maintenance costs plus a savings from
the use of several small motors rather than a central engine with belt drives,

The calculation of economic benefits requires that the costs for the energy be
computed in border prices. The ecoromic costs for the engines and motors are
similar since both are imported. Therefore, these costs can be excluded from the
calculation. However, the border price for imported spare parts for maintenance
must be included. These benefits apply to industries which would have been able
to operate using either sourc ' of shatt power.

For some industries, the cost of production with diesel engines is not financially
viable. In this case, it may become viable with the introduction of less costly electric
motors which lower the total production cost to a point where the products can be
sold for a profit. For these industries, the benefits of electrification are less than
implied by a calculation of the savings from the use of electric motors rather than
diesel engines since the latter would not have been used.

For other industries, diesel shaft power is not used because of problems with access
to, the cost of or the skill levels required for the appropriate type of power
transmission system. In this c(m, the benefits are computed by comparison with
diesel-powered auto-generation.? Again care must be exercised since many

> The lack of autogeneration alternatives is due less to the viability of the
technology and more to the restrictions of government which prohibited the use of
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industries may not have been financially viable if operating with the higher energy
cost of autogeneration. Also this comparison is appropriate for future industrial
activities, but it was not an option in the past.

For the benefits provided not by rural electrification but by the rural electrification
programme. it is necessary to exclude those industries which had previously
received electricity from the BPDB and were absorbed into the programme when
these lines were handed over to REB.“ It is also reasonable to exclude all
industries located along the alignment of the former BPDB’s lines since these
weiild have had access to electrification even without the REB programme.

Tvpes of Industries and the Effects on Benefits

So far the estimate of benefits has relied on the comparison of diesel and electric
options.  In order to perform a more complete analysis of the benefits of rural
electrification, it is necessary to consider the locational decisions of these industries.
In order to do this, it is necessary to define a topology of rural incustries. The
benefits of electrification to the locational decision can then be determined for each
category.

The first category includes large industries, such as textile mills, which must have
electricity for their processes but draw their inputs from regional centers and sell
their output in urban centers or overseas. These industries are relatively footloose
and are established to meet a specific demand. If such an industry moves to a
rural area, then there will be no specific efficiency benetfits to the nation because
that industry would have located somewhere else. However, there are equity
benefits because of the transfer of employnient and income to the region which has
electrified.  Electricity is not the only basis for the locational decision but without
it the decision would not have been made.

autogeneration except in certain circumstances.  This ban was put in effect to
protect BPDB for external competition and has only recently been rescinded.  To
date, the technology of autogeneration has not made significant inroads into the
rural areas although the availability of natural gas makes this an interesting
economic issue for the future.

* Statistics on the number and power requirements of these specific industries
are not currently reported.
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The second and third categories includes small and medium industries which are
dependent on the local area for their supply of raw materials (resource-bases
industries such as rice mills, sawmills and brick factories) or for the purchase of
their output (market-based industries such as turniture factories and engineering
workshops).  For these industries, the introduction of electricity permits them 10
establish neur to their source of supplies or their markets. [If electricity is an
important component of their production activity and it 1s not available ten these
industries will locate in the nearest market which has electricity. The consumer will
then absorb the additional cost of transport for collection of the raw materials or
distribution of the final products.

A fourth category are those medium to large scile industries where security of
energy supply is a critical factor (e.g. cold storage and certam continuous chemical
processes).  In this case grid electricity backed up by diesel generators s the
combination required to insure reliability of supply.  The decsion to locate the
factlity will depend tirst on the avatlability of electricity and then on issues of
location ot raw materials and markets depending on which is more important.

The complete topology then raises three issues:

1. the dependence of the industry on electricity-based technologies

2. the dependence of the industry on local resources and local demand

3. other factors dtfecting site selection such as price and availability of land
and Iabor, and the location of one’s relatives.

The benefits of electric,., 9 an industry will depend on the locational alternatives
available to the industry and the relative costs of operating in the alternative sites
given their access to alternative energy sources, supplies of raw materials and
markets.

Demand for Electricity

The REB reported a total of 7641 rural indusury connections (Group A - excludes
cottage ndustries) consuming an average of 13.4 MWhr per month. The number
of hookups has been growing at an average annual rate of 46% (Figure 1) while
consumption has grown at o shghtly Tower rate of 429 p.a. (Iigare 230 As woresult
there has been a drop in averaye consumption per hookup from 2.2 KWhr per
month i FYS2 and FYS3 1o 1.9 xWhr per month in FYSS and FYSY,

The growth in demand has been dramatically attfected by the takeover ot BPDB

lines.  Since these generally serve the larger clectritied factories, they provide a
significant boost to the total demand. The decrease in the average consumption
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per industrial hookup over time is attribuiable to the connection of new industries
just starting up. These tend to be smaller activities whose demand will grow in the
future with their level of output. It is likely that the decline in consumption per
hookup will end at some point in the future and there may even be a slight
increase as the size of the average industry increases.

Industrial users account for a relatively small percentage of total connectinns in the
REB system. The lowest percentage is in the two Chittegong PBS’s where they
amount to less than ¥2% and the highest percentage is in Dinajpur, Comilla and
Dhaka with percentages between 2.9% and 3.3%. The PBS's with the largest
number of industrial connections are Dhaka, Comilla, Tangail, Sirajganj, and
Chandpur which together account for 1/3 of the total connections.

Industrial users accounted for about 43% of total energy consumed in FY89. They
accounted for nearly 2/3 of the consumption in Dhaka and Moulvibazar and more
than %z the consumption in Comilla, Dinajpur, Jessore II, Habiganj, Pabna Il and
Thakuragon. The consumption by rural industry in Dhaka, Comilla, Moulvibazar,
Tangail and Jessore 11 and Habiganj together accounted for 559 of the REB total
demand by this class of customer.

A typical electric load as observed in BCAS surveys in the Comilla area consists of
an installed capacity of 20-30 Hp. operated from 4 to 8 hours per day with an
average load ranging from 10% to 30%. This implics a monthly consumption
between .5 and 1.5 MWhr. The higher average consumption is accounted for by
the large industries which consume a disproportionate amount of energy and which
had originally received electricity from BPDB.

Cost of Supply and Alternatives

The industrial load is considered the most desirable since it is concentrated in the
market areas and therefore is easier to serve and since it extends throughout the
daytime with very little weekly or seasonal peak. The load is largely reactive due
to the predominance of motors in the makeup of the demand, however, switchuzble
capacitors have been introduced to improve the power factor. Much of the major
industrial load was taken over from BPDB und therefore represented relatively
little additional cost for the REB for a considerable increase in revenue.

The current taritf for the industrial loads is in the form of a fixed energy charge
of Tk. 2.55 -2.70 per kWhr, a meter rental of Tk 30/month and a capacity charge
of Tk 10 per KW/month with a minimum monthly charge of Tk 100. For an
industry with a load in excess of 25 kW and equipped with demand meters, the
charge is Tk 40 per kW/inonth with a monthly minimum charge of Tk 500. There
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is also a penalty for operating with a power factor below (0.85. The Bulk Supply
Rate from BPDB is Tk. 1.28. Allowing for technical and non-technical losses of
about 16%. the tariff is 76%-85% greater than the cost of the energy.

Some of these industries have the option for co-generation while others must
maintain standby generators to insure reliability of supply. Since the electricity is
utized for highting and shaft power, but not for dircct heating, the impact on
demand tfor electricity from the increasing use f natural gas as a source of fuel for
process heat should be minimal.
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Annex VI

IMPACTS ON HOUSEHOLDS



Impacts on Households

Household Uses of Electricity

Electricity is used in rural households for both domesiic purposes and for cottage
industry. In this annex. the focus is on domestic uses.  Cottage industries are
productive use generally requiring lighting but not shaft power or process heat.

The domestic uses of electricity can be broudly grouped into five categories as
follows:

I. Lighting, in which case the clectricity replaces kerosene,

2. communications, in which case grid electricity replaces electricity
stored in rechargeable batteries,

3. cooling. in which case there is no substitute®,

. cooking heat. in which case the electricity replaces biomass, and
Cwater supply. as w substitute for hand pumps.

4

tn

Lighting is used in the evening after dark and betore going to sleep. Because the
habit of rural farmers is to rise well betore dawn, this evening period rarely exceeds
2-3 hours. The minimum house connection is genes2Lry two 20 or 40 watt bulbs.
Communications involve e use of radios, two-tor-one (radio-cassette players) and
televisions. The latter are relatively rare except in the wealthier homes. Battery-
powered transistor radios continue to be used even after electritication. Cooling
is generally provided by small fans.  These are typically purchased after the hght
fixtures and radio-cassette. Cooking heat is rarely used because of the expense.
Where a coil is used. it 1s usually because the connection is illegal or not metered,
Refrnigeration units are expensive and extremelv rare in the rural areas. Domestic
water supply is provided by hand pumps or from surface water, electricity s not
currently used for this purpose.

The Benetits of Electricity and Their Measurement

The benetits from electritication of the household are generally measured in terms
of the savings in cost of alternative tuels which are replaced by clectricity and by
the social benefits attached to better lighting and communications,

"This is true when considering the use of fans, but for cold storage, where
kerosene chillers and refrigerators can be used.
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he benefits from electric lighting are often measured by comparing it with the
kerosene lighting commonly used in un-conrected households. In some cases an
effort is made to equate the fuel required to produce a similar level of lighting, but
this s difficult. In fact, the light provided by electricity is an entirely differen:
product than kerosere lighting. The only comparable source of kerosene light is
the pump lamp which is not often used in “he rural areas.

The benetits of electricity for communication is measured by computing the costs
for the purchase and recharging of the 12 volt batteries used to power televisiors
and two-for-one units in non-electrified households  Hewever, the introduction of
electricity generally leads to a much wider use of these appliances. Therefore the
amount of substitution due to diverted demand is less than the amount of
generated demand due to lower energy costs,

The benefits of electricity for powering fars is often measured simply by the
amo:nt the user pavs for electricity since there 's no direct substitution.

The  social benefits from electrification of lighting, communications and cooling
are -nerally not quantitied, Irstead. the changes in social behavior are reported.
The changes which are frequently mentioned by proponents of the program are
extended hours for evening work or socializing, more school work and reading, and
better family planning practices.

Since the uses of electricity provide a value to the houvsehold, it should be possible
to measure this value in terms of what the houselold is willing to give up in order
to have the electricity.  This is referred to as the willingness-to-pav. It is often
anproximated by using the amount actually paid, but this results in a significant
underestimate of the value piaced on electricity by the household. The willingness
to pay is much higher as indicated both by the low elasticity of demarnd, and the
willingness of wealthier households to invest in appliances which use electricity.

The willingness-to-pay must be measured for three difterent components of the
domestic connection. The first is the willingness to convert assets {rom savings to
household connecuons.®  The initial cost for connection inciudes the cost of
housewiring, the cost for the initial light fixtures, the security depesit and a cost
tor connecting to the existing distribution lines if these are located more than 100

2 The term assets is used in this discussion to distinguish from current income.
A change of assets wonld occur when a household purchased a durable good from
savings or through tne sale of family assets, e.g. jewelry, animals, land, ete. It is
assumed that “he price of the durable good is in excess of the amount which could
be allocated trom monthly disposable income.

VI-2



feet from the household. The second component is the willingness to purchase the
appliances which use electricity. Because of the price of these appliances relative
to rural incomes, this purchase is generally in accomplished through an exchange
of assets. The third component is the willingness-to-pay for monthly consumption
of energy. This expense is generally paid out of current income.

The willingness-to-pay is a measure of the value the household places on these
three components. Although data is not currently available for the individual
components, it is possible to speculate on the factors which determine their value
to the rural houschold. The value of a connection is associated with access to
electricity to meet a latent demand for the use of electric appliances.> This
demand will depend on the level of development of the village and the surrounding
areas which in turn affects the consumer’s knowledge about the uses and benetits
of electric appliances. The value will also be affected by the complementary uses
for electricity for cottage industries and other productive activities within the home
which would benefit from the use of electric appliances and equipment.  Finally,
the value will be affected by the wealth of the household. Since the connection is
paid for out of this wealth, the greater the amount of wealth the more the
household will be able to pay. Since electricity is a visible sign of wealth, the
status it imparts to the user adds to its value.

The preliminary survey results indicated that the measurement of the value of
connection is much more difficult to determine than the value of the other two
components because of the large amount involved. However, the response of
households in developed areas was more definite than in underdeveloped areas.
The willingness-to-pay for connection can be quite considerable and can lead 1o
informal payments for expediting connection. The amount of these informal fees
may even exczed the formal payment for connection.  Where information is
available on informal payments for connections, this can be used to approximate
the willingness to pay. Alternatively, households located away from the existing
REB lines often indicate the maximum amount they are willing to pay for extension
of service to their home. Although this amount is less that what REB will charge
(otherwise they would be connected), it does provide an indication of willingness
to pay.

The value attached to the ownership of appliances is directly associated with the
benetits of electricity, better lighting, greater comfort, and access to information and
entertainment.  The household will purchase appliances in some sequence and
amount which indicates the relative value of the different appliances. Light fixtures
are the first appliance obtained but typically only a few are installed. The next

* This term is meant to include light bulbs.
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purchase is typically a radio-cassette followed by a far and then a television. The
order of investment is determined by the relative costs for these appliances. The
extent of investment is determined by the wealth of the household.

A measurement of the willingness-to-pay for these appliances is not essential for
determining the benefits from rural electrification. However, appliance ownership
is important factor when trying to understand the value associated with the
consumption of electricity. The household’s demand for electricity will depend on
the stock of appliances currently available in the household. Their demand function
is likely to be kinked with a very high value associated with the initial amount of
energy consumed then a steady drop in value for additional units of energy up to
a point of saturation where very little value is placed on additional units. The point
of saturation is determined by the inventory of appliances and the leisure time
available to the household.

For example, a household with two electric lights will attach considerable value to
the electricity required to light at least one bulb for an hour each evening. The
value of lighting both bulbs for an hour will be somewhat less as will the value for
a second hour of lighting. Beyond 3-4 hours, the value will become negligible
since the period of darkness during which the family is awake extends for only a
few hours in the evening and perhaps one hcur in the morning. Lighting during
other periods of time could be used to provide security but there is little indication
that the houschold places much value on this use of lighting.

The same analysis can be performed for consumption in a household possessing
communications devices and fans in addition to the light bulbs. The result is a
series of kinked demand curves which are a function of the ownership of appliances
(see Figure 1). The value attached to the consumption of electricity will also
depend on the recurrent income of the family out of which the monthly bills are
paid.

Because of the current rate structure of the PBS's includes a subsidized rate for the
first 70 kWhr, the amount paid for electricity is a relatively poor measure ot the
value of electricity to the household. The attempt 1o add part of the differential
cost for the nearest substitute (e.g. kerosene lighting and battery powered
communications) provides a better measure. However, this technique ignores two
significant problems:

1. Substitutes are not always available and,

2. where substitutes are available, the quality is sufficiently different. as in
the case of lighting, to argue that they are ditferent goods.
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It is very likely that the values attached to both access to and use of electricity
are considerably higher than typically estimated in rural electrification. The
preliminary survey results indicated that in more developed areas a 50% increase
in the tariff would cause very little reduction in consumption. However, these
values cannot be estimated without a closer examination of the household’s
willingness-to-pay for both connection and coi.sumption.

A survey has been proposed to perform this tunction.  The willingness-to-pay for
connection would be determined for both electrified and non-electrified households
whereas the consumption would be measured ftor electrified households and
substitute energy use would be measured for non-electritied households. The survey
would also examine how this willingness-to-pay varies with:

—

development of a region (as measured by density of pukha roads and

proximity to a major market area)

gross household income (cash and kind) and wealth (major assets)

apphance ownership (or plans for purchase of appliances)

peer pressure (as measured by percentage of households having

connections and difierent appliances)

5. complementary uses of electricity from a domestic hookup (cottage
industry, water pumping)

6. general knowledge (female and male literacy)

P00 19

Demand for Electricity

The growth in domestic hookups has preceded at a relatively rapid rate both

system-wide and in the PBS’s. The latter has had an average rate of increase of

36% per annum. The increase in number of PBS’s lead to a rapid increase in
hookups from FY86 but the growth in total consumption did not accelerate
indicating that the new systems were being introduced in less developed areas with
lower levels of initial demand. The number of hookups is greatest among the older
PBS’s and those located near major urban or regional centers. The 11 PBS's
energized in FYS82 which include Dhaka, Comilla. Chandpur. Tangail, Moulvibazar,
Sirajganj. Jessore ©and I and Natore Tand H and Pabna 11 account for about
45% of the hookups. The first four of these account for nearly 1/4 of the hookups.

Domestic hookups account for between 65% and 93%¢ of all the hookups in each
PBS. the higher percentages are found in the newer PBS’s where productive uses
in agriculture and industry have not yet been established. For the same reason, the
proportion of electricity consumed in households is highest for these new PBS’s
where the range is 25% to 92%. In the older PBS’s the proportion is in the range
of 17% to 25%.
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The average monthiv consumption per household connection for the entire REB
system is currently 27 kWhr, having fluctuated betveen 24 and 28 since FY82. The
range is much greater for individual PBS’s. The average monthly consumption in
less developed areas such as Bagerhat, Jamalpur, Meherpur, Narsingdi, and
Pirojpur is currently in the range of 19 to 20 kWhr. In the more developed areas
such as Dhaka, Moulvibazar, Natore I and 1, and Sirajganj, the average household
consumption is between 30 and 37 kWhr per month. These consumption figures
indicate that the current lifeline rate covers a majority of the domestic users and
is well above the average level of consumption. These figures also indicate that
the typical household consuraes significantly more than the 2-4 bulb, 3-4 hour per
night minimum use even in the less developed areas, even after allowing for
multiple hookups off the same meter.

There is a tendency for the @ .erage household consumption to increase over time
as more appliances are connected. At the same time, the initial hookups tena to
have a higher rate of consumption than the later hookups which represent more
marginal consumers. As a result there should be an increase in the average
household consumption during the first few years after energization followed by a
gradual leveling off and eventually a decline as the initial households approach
saturation and the hookups being added have needs which are much less than the

average hookup. This trend can be seen in the older PBS's as shown in Figure
2

Cost of Supply and Alternatives

Domestic hookups account for about 1/4 of the total consumption. The primary
demand occurs during the evening which corresponds with the daily peak demand
for BPDB. The load does not have significant weekly or seasonal fluctuation. This
load 1s largely for lighting and there is no problem with the power factor. This is
an expensive demand to serve, because of the small amount consumed per hookup,
the physical dispersion of load and the daily peaking of the consumption.

The current tariff for households is a block rate beginning at Tk. 1.45-1.55 per
kWhr up to a consumption level of 70 kWhr. This is the lowest rate charged to
any user. Most of the PBS’s then apply a rate of Tk. 1.65 per kWhr for
consumption between 70 and 200 kWhr. Consumption above that level is charged
Tk. 2.55. In addition a monthly meter rental of Tk 2.5 is charged and a minimum
monthly charge of Tk 25-30 is applied for energy use. This demand is assumed
to have a higher non-technical loss due to illegal connections and bypassing the
meter and therefore the initial block rate is just sufficient to cover the cost of the
power supplied by BPDB. The relatively high limit on this first block rate means
that most households pay this low rate.
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The only alternative sources of energy are kerosene for light. The Coopers and
Lybrand survey found an average expenditure for kerosene lighting of about Tk. «2
per month. In the rare instances where electricity is used for cooking, natural gas
or biomess fuels provide a more cost-effective substitute.  Electricity can be
provided not only through the grid but through autogeneration and rechargeable
batteries.  The former is not used in Bangladesh because of a government
prohibition which was only recently rescinded. The latter is found in villages which
are not electrified but are within a reasonable distance from a recharging point.
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Irrigation

Demand for Irrigation

Improvements in agricultural production and productivity are achieved through a
number of complementary inputs. The primary mix of direct inputs to modern
agriculture include seeds, fertilizer, and irrigation.  In Bangladesh there has been
a parallel growth in the use of HYV seeds, the application rate of fertilizers and
the areas under irrigation as shown in Table VIL1. Houssain [ . Chewdury [ .
Palmer-Jones and others have pointed out the importance of these parallel
developments, but have also recognized that irrigation is the most important not
only because it increases vields but because it allows for multiple cropping.  In
addition to the primary innuts, there are basic infrastructure requirements which
include etficient markets for the sale of farm products, storage facilities, inexpensive
transport between the agricultural areas and the markets, institutional credit 10
support the transition from a subsistence to a cash-based agriculture, and extension
services 1o support the introduction of new technologies.

It is difficult 10 weight the relative impacts of these inputs on the growth in total

agricultural output and output per arca cropped.  The marginal benefits of

irrigation can be estimated through agricultural production models and they can be
observed through surveys of irrigated and non-irrigated sites. For some dry season
crops it may be possible to attribute most of the value added to irmgation but tor
most crops the value added is derived from a package of complementary inputs.

The rapid increase in irrigated land over the last 15 vears as shown in Table V1.2
indicates the growing mmportance of irrigation in agriculiure. The increase i
irrigation has been accomplished primarily through minor irrigation schemes where
the command area rarely exceeds 40 ha. These minor irrigation schemes are
implemented through ditferent technologies which range from the traditional non-
mechanized water-lifting techniques to large mechanized systems.,

[rrigation Technology

The traditional non-mechanized technology employ dhoons and swing baskets to
irrigate dry season crops in low-lving areas which have a supply ot surface water
in canals, ponds or streams.  These systems are used to irrigate the Boro crop in
command ureas of 2 ha or less.
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Table VIIL.1

Annual Growth Rates

Regions Acreage Irrigated Fertilizer HYV Area Yield

Cultivated Area Consumption Rate
Chittagong Division: 1.1 2.7 4.1 5.1 0.2
Chittagong 0.4 3.0 2.7 5.2 0.97
Ctg. Hill Tracts -2.2 1.0 9.4 2.1 3.1
Noakhali 1.4 -7.2 5.0 3.8 -0.85
Comilla 1.1 4.5 6.9 5.4 1.2
Sylhet 1.6 4.3 10.2 6.7 -0.64
Dhaka Division: 1.0 8.3 9.9 9.8 1.9
Dhaka 0.1 2.3 7.1 8.9 1.4
Kishoreganj 1.6 1.2 9.1 7.6 0.76
Mymensingh 1.2 9.7 12.4 11.1 2.2
Tangail 0.9 11.1 12.5 7.9 1.4
Faridpur 1.4 6.9 13.6 15.7 3.8
Rajshahi Division: 0.67 10.6 13.3 17.2 3.13
Rajshahi 0.45 6.4 13.2 17.5 2.85
Dinajpur 0.7 7.9 10.4 19.1 2.5
Rangpur 0.7 12.8 13.7 19.4 3.6
Bogra 1.5 15.5 12.9 14.8 3.6
Pabna 0.1 13.0 16.2 13.6 2.5
Khulna Division: 1.25 0.8 7.6 8.3 0.85
Khulna 0.5 2.9 13.6 8.0 0.2
Barisal 0.95 3.3 9.7 3.0 0.45
Patuakhali 3.4 -5.8 9.2 0.9 -1.5
Jessore 0.24 15.3 12.6 13.0 2.5
Kushtia 2.4 10.5 10.9 11.6 2.0
Bangladesh 1.0 6.25 10.0 9.4 1.5

Note: Growth rates are calculated on the basis of initial and final year
figures. Growth rates of irrigated area and fertilizer consumption are
for ther period 1976/77-1985/86 and 1976/77-1986/87 respectively.

Source : Chowdury, ASR, Volume I
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Table VII.2

Area Irrigated Under Ditterent Crops
(1000’s Acres)

Year Aus Aman Boro Wheat
1975/76 182 208 2,618 125
1876/77 189 208 2,022 178
1977/78 211 208 2,515 231
1978/79 228 241 2,436 351
1979/80 227 317 2,491 426
1980/81 295 347 2,467 481
1981/82 279 455 2,574 468
1982/83 309 480 2,816 478
1983/84 358 392 2,959 529
1984/85 347 385 3,175 699
1985/86 406 469 3,110 659

Source : Agricultural Statistics 1986/87

The simplest mechanized systems employ Low-Lift Pumps (LLP). These pumps
increase the lifting height and expand the command area of a single source up to
16 ha. These pumps are typically diesel powered units. They have a capacity of
2 cusecs and a typical command area of 11-27 ha. They were popular in the
period from 1960 through 1970, when they were widely distributed BADC under
government subsidized programs. They have since become less popular as shown
in. Table VIL3a.  Changes in the method of distribution and limits on the
avatlability of surface water have coatributed to this decline.

Shallow Tube Wells (STW) are the next level of technology. These are drilled to
a depth of about 20 meters with the maximum lift of about 10 meters. The water
is extracted using hand pumps or more commonly centritugal pumps powered by
diesel engines or electric motors.  The centrifugal pumps have capacities of .5-2
cusecs and are used to irrigate a command area of about 3-15 ha. They are used
primarily in lowland areas where the groundwater is near the surface. They have
also been introduced in some upland areas in Rajhahi. Bogra, Barind and
Madhupur. There the depth of water pumped has been increased by digging pits
to establish Deep Set Shallow Tube Wells (DSSTW).
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1980/81
1981/82
1982/83
1983/84
1984/85
1985/86
1986/87

Source:

Table VII.3a.
LLP Rental, Sales and Acreage

Units Fielded

Rental Sales Canal Digging Total
Cumulative Programme
31,688 2,206 2,155 36,049
28,149 9,594 3,611 41,354
17,619 21,973 3,447 43,039
9,308 34,307 - 43,615
8,337 42,324 - 50,661
758 50,899 - 51,657
2,699 55,397 - 58,096
BADC
Table VIL.5b
Shallow Tube Well Sales
Previous
Sales 24,615
1980/81 17,538
1981/82 26,458
1982/83 39,780
1983/84 33,560
1984/85 27,593
1985/86 8,775
1986 /87 15,570
Total: 193,889
Source : Miristry of Agriculrture
Table VII.3c.
Deep Tubewells In Operation
Year Number Operated Area Irrigated
(Acres)
1980/81 10,131 641
1981/82 11,491 798
1982/83 13,794 999
1983/84 15,519 1,026
1984/85 16,901 1,090
1985/86 17,803 970
1986/87 18,744 958
Source: BADC,

Acreage
Irrigated
(Acres)

1,379
1,461
1,365
1,031
1,135
1,084

N.A.

Source: all three tables from Palmer-Jones, ASR Vol I,
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In the early 1980's shallow tube wells became the principal form of irrigation
technology introduced in the rural areas. Their introduction coincided with the
increased use of high-vielding varieties. Although the government participated in
the distribution of these units beginning in the mid 1970°s through BADC rental
programmes and BKB credits. the period of most rapid growth was from 1950 to
1986 as shown in Table VIL3b. At the end of this period the increased cost of this
technology and other inputs relative to a stable price for rice resulted in a decline
in sales.

The most recently introduced technology for minor irrigation is the Deep Tube
Well (DTW). These are drilled to depths of 25-40 meters. A turbine pump is set
in the well and the maximum pumping lift is about 20 meters. The pumps are
operated by diesel engines or clectric motors.  They typicallv have a capacity of 2
cusecs and irrigate a4 command area of 18-45 ha. Although these units dre designed
for use in areas where the groundwater is low, they have been introduced
thisughout the country and often serve the same area as STW's. The number of
DWT's used has increased rapidly in the last few years and is expected to increase
in the future under the encouragement of various donor programs.

[rrigation Programs

The spread of mechanized minor irrigation over the last two decades has largely
been under the control ot the BADC and BKB. This former was responsible for
importing the pumps, selecting sites, constructing the wells and renting the pumps
for a fee. From 1974, BADC engaged in the sale of second-hand pumps.  BKB
has been selling STW's to farmers groups. However. sales were relatively slow until
1982 when private sector importers began selling the pumps with credit from the
government. Sales rose rapidly tor several years then fell in FYS7 and FYSS us the
economics advantages of STW's were reduced by higher costs and lower returns 1o

the farmers. The latter resulted from output prices rising slower than the cost of

inputs and from the success in meeting the demand for irrigation in areas with the
greatest potential to benefit from minor irrigation schemes. It also was caused by

the end of certain agricultural eredit programs and. with them. the ease of

defaulting on loans which had significantly reduced the cost to the purchasers in
FY82-FYSA.

In the last year there has been a resurgence in the sales for STW's as a result of
the government’s decision to end restrictions on the impert and installation of
shallow tubewells,  This decision has resulted in a significant decrease in price of
STW's due both 1o the elimination of import duties and the strong competition
between suppliers. These wells are being bought not only by cooperatives but also
by informal groups and. in some cases, individuals. Meanwhile, the BADC is in the
process of liquidating its supply of spare parts and getting out of the shallow
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tubewell business, although it is involved in a final program for installing STW’s in
underdeveloped areas of the country.

The purchase and installation of Deep Tube Wells is still largely under the control
of the BADC and BWDB although efforts are being made to reduce their
influence. The BADC and BWDB had maintained a monopoly on the import,
installation and operation of DWT'’s but recently the Grameen Bank has purchased
a large number of DTW's from BWDB in Thakurgoan and is currently purchasing
DTW’s trom the BADC in Tangail.

Ai hough donors continue to fund Deep Tube Well Projects, which are then
implemented by the BADC, there is increasing attention being given to the
institutional structures for the ownership and operation of the DTW’.  For
example, Saudi Arabian aid was recently used to fund the import and construction
of 20 thousand DTW's in Dinajpur and Rangpur districts.  These units were then
sold to the Grameen Bank at a subsidized price and the bank will now operate
these units on a for-profit basis. Also the IBRD is considering alternative methods
of ownership and operation for the DTW’s purchased under its proposed Third
Deep Tube Well Loan. In the longer term it is expected that BADC will cease
operating DTW's and eventually the importation and ownership of these wells may
be turned over to the private sector as has happened with STW's.

The Ministry of Agriculture is considering introducing some restrictions on the
siting of DTW’s so as to improve their utilization. These regulations would limit
the use of DTW's to upland areas where the low water table makes this technology
more appropriate. At the present time this technology is found serving command
areas which adjoin other areas served by STW's. It appears that the current
subsidies offered for the use of DTW’s has made them competitive in areas where
STW's can provide sufficient lift.

[t is expected that as privatization of the country’s irrigation program continues,
that ownership will increasingly be taken up by smaller groups and individual
owners. The increase in competition will no doubt lead to some over-investment
in minor irrigation schemes and a downward pressure on the price of water charged
to users of the minor irrigation systems.

Benefits of Electrified Irrigation

The benefits of electrified irrigation relative to diesel irrigation are due to the
greater reliability and lower capita costs rather than lower energy costs. A
comparison of the estimated typical costs for LLP, STW and DTW units, both
diesel and electric are shown in Table VIL4-9. The energy costs are less in
financial terms for electricity based on a cost per kwHr of Tk. 2.0 and an energy
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Table VIL4

DIESEL LOW LIFT PUMP

Financial Economic

Capital Cost | 22,0
Cost for Overhaul | 3,3
Cost for Regular Maintenance | 3,1
Cost For Mechanic |
Mechanics Time Required |
Cost for Parts [ 1,1
Fuel Consumption at 80% Load |
Lubricant Consumption | 3
Hours Operated | 1,0
Operators Requitred |
Average Load |
Annualized Capital Cost | 2,6
Costs Per Hour of Operation |
Ccapital | 2
perator | 15.
Maintenance | 3
Fuel and Lubes | 35
Total | 56
Cost Per HP-hr output |
Annual Cost | 56,7

7.

00
00
00

.76
.27
.70
56
02

| 17,516
| 2,964
| 2,876
| 500
| 4.0
| 876
| 3.24
| 35.0
| 1,000
| 1.0
| 42%
| 2,741
I

| 2.74
| 15.00
| 3.47
| 35.27
| 56.48
| 7.53
| 56,477

Table VII.S
ELECTRIC LOW LIFT PUMP -

Financial Economic

Capital Cost | 17,
Cost for Overhaul | 2,
Period Between Overhauls [

Cost for Regular Maintenance | 1,
Cost For Mechanic [
Mechanics Time Required |
Cost for Parts |

Fuel Consumption at 80% Load | 9

Hours Operated | 1,

Opcrators Required |

Averape Load |

Annualized Capital Cost | 1,

Costs Per Hour of Operation |
Capital |
Uperator | 15.
Haintenance |
Electricity | 21.
Total | 39.

Lost Per HP output |

Annual Cost | 39,

1.

1.

5.

800
670
8
445
500
2.0
445
.95
000
1.0
50
321

32
00
78
86
96
33
960

22,250
3,004
8
1,556
500
2.0
556
9.95
1,000
1.0

2,536

2.54
15.00
1.93
43.72
63.19
8.43
63,189
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I
I
I
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|
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I
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I
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Table VII.6
DIESEL SHALLOW TUBE WELL - 6 HP

Financial Economic

Capital Cost | 12,500 | 9,952 | Taka
Cost for Overhaul | 1,875 | 1,684 | Taka
Cost for Regular Maintenance | 2,625 | 2,498 | Taka per year
Cost For Mechanic | 500 | 500 | Per hour or per visit
Mechanics Time Required | 4.0 | 4.0 | Hours or Visits per Year
Cost for Parts | 625 | 498 | Per Year
Fuel Consumption at 80% Load | 1.08 | 1.08 | Liters per hour
Lubricant Consumption | 25.0 | 25.0 | Liters per 1000 liters
Cost of Fuel | 7.8 | 7.8 | Taka per liter
Cost of Lubricant | 25.9 | 25.9 | Taka per licter
Hours Operated | 1,000 | 1,000 | Per Year
Operators Required | 1.0 | 1.0 | Man-hours/operating hour
Averapge Load | 50% | 50% | $
Arnualized Capiral Cost | 1,519 | 1,557 |
Custs Per Hour of Operation | I I
Capital | 1.52 | 1.56 |
Uperator | 15.00 | 15.00 |
“aintenance | 3.00 | 2.83 |
Fuel and Lubes | 10.03 | 10.03 |
Total | 29.55 | 29.42 |
Cost Per HP-hr output | 9.85 | 9.81 |
Annual Cost | 29,56 | 29,419 |

Table VII.7
ELECTRIC SHALLOW TUBE VELL - 6 HP

Financial Economic

Capital Cost | 9,000 | 11,250 | 1000's Taka
Cost for Overhaul | 1,350 | 1,519 | 1000's Taka
Period Between Overhauls | 8 | 8 | Years
Cost for Regular Maintenance | 1,225 | 1,281 | Taka per vear
Cost For Mechanic | 500 | 500 | Per hour or per visit
Mechanies Time Required | 2.0 | 2.0 | Hours or Visits per Year
tost for Parvs | 225 | 281 | Per Year
Fuel Consumption at 80% Load | 3.98 | 3.98 | kKWhr per hour
Hours Operated | 1,000 | 1,000 | Per Year
Uperators Required | 1.0 | 1.0 | Man-hours/operating hour
average Load | 50%] 50% | %
annualized Capital Cost | 668 | 1,282 |
Costs Per Hour of Operation | | |
Capital | 0.67 | 1.28 |
Operator | 15.00 | 15.00 |
Haintenance | 1.39 | 1.47 |
Electricicty | 8.7 | 17.49 |
Total | 25.81 | 35.24 |
Cost Per HP output | 8.60 | 11.75 |
Annual Cost ] 25,806 | 35,242 |
VIl - 9
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Table VII.8

DIESEL DEEP TUBE WELL - 30 HP

Financial Economic
Capital Cost | 45,000 | 35,828 |
Cost for Overhaul | 6,750 | 6,062 |
Cost for Regular Maintenance | 4,250 | 3,791
Cost For Mechanic | 500 | 500 |
Mechanics Time Required | 4.0 | 4.0 |
Cost for Parts i 2,250 | 1,791 |
Fuel Consumption at 80% Load | 5.40 | 5.40 |
Lubricant Consumption | 25.0 | 25.0 |
Hours Operated | 1,000 | 1,000 |
Operators Required | 1.0 | 1.0 |
Averape Load I 50% | 50% |
Annualized Capital Cost | 5,470 | 5,606 |
Costs Per Hour of Operation | | !
Capitval | 5.47 | 5.61 |
Cperator | 15.00 | 15.00 |
Maintenance | 5.60 | 5.00 |
Fuel and Lubes | 50.13 | 50.13 |
Total | 76.20 | 75.74 |
Cost Per HP-hr output | 5.08 | 5.05 |
Annual Cost | 76,205 | 75,745 |
Table VII.O

ELECTRIC DEEP TUBE WELL - 30

Financial Economic

Capital Cost 25,000 31,250
Cost for Overhaul 3,750 4,219
Cost for Regular Maintenance 1,250 1,406
Cost For Mechanic 500 500
Adechanics Time Required 1.3 1.3
Cost for Parts 625 781
Fruel Consumption :t 80% Load 19.89 19.89
Hours Operated 1,000 1,000
Operators Required 1.0 1.0
Aaverage Load 50% 50%

Annualized Capital Cost 1,855
Costs Per Hour of Operation
Capital
Operator
daintenance
Electricircy

1.85
15.00
1.72

| | |
| ! l
| | |
| | |
| l |
| | |
| | |
| | |
| | |
| | l
Salvape Value [ 20% | 20% |
I | |
| | !
| | |
| I |
| | |
| 43.72 | |
| | |
| | |
| | |

Total 62.30 107.94
Cost Per HP output 4.15 7.20
Annual Cost 62,295 107,938
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Notes to Tables VII.4-9 and Figures VII.1-6

CONVERSION FACTORS

Assumptions

diesel fuel consumption based on .225 liters per horsepower hour used

electricity consumption based on .746 kWhr per Hp-hour adjusted by
motor efficiency of .9

diesel financial fuel price assumed to be Tk. 7.8 per liter and
electricity price Tk 2 per kWhr.

economic price assumed to be same for diesel but Tk 4 per kWhr.

energy consumption adjusted for average load and energy efficiency
at that load

a pald operator is used for all pumps

maintenance required every 250 operating hours for a diescl engine
versus 1000 hours for an electric motor

major engine overhaul required everv 5 vears for a diesel engine
versus Evears hours for an electric motor

salvage value and economic life are both higher for an electric
motor, 20 vears and 20% than for a diesel engine, 10 vears and
10%

capital cost amortized over the life of the motor/engine at the real
interest rate

cost for operator Tk 15 per hour of operation

Standard Conversion Factors

Skilled Labor 1.00
Semi-skilled lLabor 1.11
Unskilled Labor 1.33
Imported Equipment, Parts 0.80
Electricicy 0.50

Financial Economic
Discount Rate 5.0% 10.0%

Engine/Motor Efficiency Conversion Table

Load Efficiency Factor
0.10 0.45
0.20 0.58
0.30 0.70
0.40 0.80
0.50 0.91
0.60 0.94
0.65 0.95
0.70 0.96
0.75 0.97
0.80 1.00
0.85 0.96

0.9 0.88
0.95 0.84
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requirement of .82 kWhr per horsepower hour at the shaft versus a cost for diesel in the
rural area of Tk 7.8 and a consumption of 223 liters per horsepower hour at the shaft.
[n economic terms the energy cost for diesel s much lower than clectricity because the
tormer is priced slightly above its border price whereas the latter is estimated to be only
halt of its long-run marginal costs.’

The ditferential cost of using an electric pump rather than a diesel pump, is tsed as the
basis tor computing the benefits of rural electrification for irrigation. A comparison wis
made using typical LLPO STW and DTW configurations and current prices for the
meror engine and the pump as presented in Annex IN. The cost for the well was assumed
to be the same regardless of technology, The results as summarized in Tables VILY 10
VILY. indicate that the savings in lubricants and capital and maintenance costs give electric
pumps a signiticant advintage both at the time of initial purchase and over the lite of the
pump.  Based on the numbers in these tables, the tinancial benefits tor electrified 1LLP.
STW and DTW aire Tk 16,7420 Tk 37500 Tk, 13910 per vear respectiney assuming
1000 hours ot operation. The positive savings pertaing over o wide range of pump
utihization and improves with the amount of use as shown in Figures VLT o VILo.
Clearly, it 1s the much larger savings in financial costs which have lead o the rapid
clectritication of these units. A comparison of the wells installed and the wells electrified
is hown in Table VIL10.

Table VIL10
Comparison of Growth in Wells and Growth in_Irrication Hookups

PBS New New STWs Percentage
Connections and DTWy IBS Connection

1981/82 360 28,458 .36
1982/83 1,011 42,083 2.4¢
1983/84 1,430 33,285 4.17¢
1984/85 946 28,975 3.3¢
1985/86 1,02S 9,677 10.6%¢
1986/87 3,382 16,511 20.5¢%
1987/88 2.576

1988/89 3,684

' The 1987 Tariff Study for BPDB recommended a LRMC pricing strategy in which the rate
for irrigation would be more than Tk. 4 per kWhr in 1989 prices.
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These benefits do not extend to the economic comparison. There the cost of eneray is
much higher for electric pumping. There would be a significant savings to the economy
from using diesel pumps because of the lower capacity needed to meet the seasonal peak
in power.

The electritied wells have benefits other than the savings in financial costs. These include
better operating characteristics of electric motors, especially with regards to their greater
reliability, case of operation and speed control properties. At one time they were
perceived as less reliable because of the extensive load shedding by the BPDB was
oceurring with serious frequency during the peak demand period which coincides with the
heaviest use of the irrigation pumps.  This problem has largely been resolved and is not
expected to reoceur in the future it the BPDB continues expansion ot its capacity in line
with the demand or if the REB becomes involved in power generation.

The diesel pumps have benefits other than the savings in economic terms. Their mujor
advantage s portability. In Bangladesh the introduction of the motorized "shallow boat"
for use during the rainy season has created an additional demand for motive power. The
diesel engine used on the pump is also suitable tor powering the boat. This engine also
has potential tor powering rice mills, providing on-furm transportation, ploughing fields,
ete.  Several ol these uses are now appearing in the rural area”  The potential for
ncreasing the utihzation of the diesel engine on a pump. which would otherwise lie idle
tor S months in the vear, has been reterred to by various field investigators. However, this
conversion s expected o be limited since for many applications it s tinancially
advantageous to use electricity for irrigation and to purchase a diesel motor for other uses.

Demand tor Electritied Irrication

The growth in demand for irrigation has growth hookups has been highest in the PBS's
of Dhaku, Natore [0 Sirgjeany and Tangail which together account for about 305¢ of the
total rrrigation connections. The buildup in connections tends 1o be relatively gradual.
While new wells may be designed for electricity, the older wells must he converted and
this will s only done after the dieset engine has reached the end of its usetul lite. As a
results the newer PBS's have relatively few connections, whereas the older PBS's, with the
single exception of Moulvibazar, all have more that 130 connecuons. Tangail is the leader
with over 1750, For this reason Tangail also has the largest electriciv consumption for
rrigation accounting tor nearly 1372 of the system total for this class. The four PBS's
mennoned above account for about 43% of total svstem consumption for irrigation.

“ A good example of the extent to which this use of the ubiguitous 6-8 Hp
diesel engme can be carried can be seen in rural Thailand where even locally
tabricated half-ton tarm trucks are powered by these engines.
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The average annual energy consumed per connection ranges for 2.5 MWhr in Moulvibazar
up to 20 MWhr in Mymensingh. The former has relatively few small pumps whereas the
latter has major irrigation systems.  Otherwise the PBS average consumption per
connection falls within the range of 5 to 9 MWhr per year. From tables 2.4 and 6 above,
the typical consumption per tube well is estimated to be 5 MWhr for a shallow tube well,
I'TMWhr for a LLP and 35 MWhr for a DTW. Assuming a four month period of
irrigation, the monthly consumption per pump would be 1.2, 4.2, and 8.7 MWhr.
respectively. The predominance of DTW's in Mymensingh, Meherpur and Thakuragaon
have produced high average consumption levels in the first two but not in the third. The
signiticant proportion of LLP's in Bagerhat, Barisal, Chittagong, and Pirojpur has had little
aftect on average consumption, probably due to under-utilization of these pumps. Other
PBS’s with high average consumption such as Dhaka and Chandpur, can be partly
explamed by the high proportion of both DTW and LLP. However. no such explanation
applies in the other high average consumption PBS's such us Tangail, Narsingdi. and
Jessore L The variation in consumption per hookup depends on the agricultural regime
and average command arca rather than on the type of pump used.

Cost of Supplv and Alternatives

As o percentage of total annual REB electricity consumption, irrigation accounts for 25%.
the comparable figure for the BPDB is only 8%. However, the concentration of this load
in the period from February to May means that REB  system-wide demand increases bv
S0% 1o 100% and irrigation accounting for nearly half the total. This load is spread
throughout the day and evening and does not have a signiticant weekly variation. The
load is Targely reactive due to the predominance of motors in the makeup of the demand,
however, switchable capacitors have been introduced to improve the power factor. Some
of this load was tuken over from BPDB but a considerable amount is the result of
expansion ot the grid throughout the agricultural areas. Because of the physical isolation
of the foads and the peaking of consumption. irrigation is the most expensive demand to
serve.

The current taritt for irrigation is Tk, 1.95-2.05 per kWhr. This is the lowest rate other
than the domestic charge, despite the high cost of serving this demand. It has been
recommended that a differential time of day charge be introduced to shift this demand
away from the carly evening hours, but this would require the installation ol new meters.
e also possible o introduce increasing block rates, as is done in India, in order 1o
improve efficiency and o foster irrigation water markets that tavor the smaller land
holders. The only alternative source of energy is the diesel power as discussed above.
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Year

1975/76
1976/77
1977/78
1978/79
1979/80
1980/81
1981 /82
1982/82
1983 /84
1984 /85
1985/86

Power Pumps Tubewells

1,363
1,232
1,370
1,434
1,535
1,645
1,739
1,844
1,647
1,661
1,504

Table VIL.X1

Area Irrigated by Different Methods

262
233
314
396
446
547
669
1,017
1,648
2,171
2,379

Doons

967
728
980
961
977
911
880
7126
588
454
421

Swing Baskets

143
161
154
171
181
205
212
209
206
195
206
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(Acres)

Canals

229
265
265
246
301
371
403
396
331
364
403

Others

491
38

473
452
430
368
358
372
322
254
269

Total

3,457
3,003
3,588
3,661
3,872
4,049
4,264
4,566
4,744
5,121
5,183



Table VIL.X2

Irrigaged Fertilizer
Area As % use (lbs/acre) HYV Cereal
of Cultivated on cultivated of Total

Area Land Cereal Area Cropping

(1985/86) (1985/86) (1986/87) (1985/86)

Chittagong Div. 27.6 113.9 42.9 152.4
Chittagong 45.0 177.2 75.9 153.4
Ctg. Hill Tracts 16.8 157.2 73.3 123.0
Noakhali 9.4 87.5 48.3 154.9
Comilla 32.3 179.1 29.6 167.5
Sylhet 27.3 45.9 24.6 141.5
Dhaka Division: 26.8 140.6 34.7 164 .3
Dhaka 26.1 224.5 34.1 137.7
Kishoreganj 42 .6 133.6 44,4 161.5
Mymensingh 28.3% 128.5 42.9 184.0
Tangail 35.0 148.6 32.0 171.4
Faridpur 9.1 71.8 16.0 183.1
Rajshahi Division: 25.0 133.8 34.8 158.9
Rajshahi 22.5 101.3 31.9 132.3
Dinajpur 15.9 100.8 32.4 136.2
Rangpur 27.1 104.3 35.3 191.9
Bogpra 45.9 280.6 46.2 184.5
Pabna 21.7 180.4 29.3 157.1
Fhulna Division: 15.8 74,5 18.4 139.7
Khulna 7.2 57.2 12.6 131.0
Barisal 9.8 46.8 11.5 146.6
Patuakhali 2.0 14.4 5.0 140.6
Jessore 23.7 93.4 26.0 135.2
Hushtia 41.5 186.5 38.9 149.2
Bangladesh 24.0 117.7 33.2 154.5

Source : Chowdury, Agricultural Sector Review, Volume I - estimated from BBS

data

Source: Estimated from BBS Data.
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Annex VIII

SURVEY ON HOUSEHOLD WILLINGNESS-TO-PAY

Prepared by

By: Dr. M. Asaduzzamar.
Senior Research Fellow
BIDS, Dhaka



A Report on the Development of an Instrument to
Understand Consumer’s Willingness
to Pay for Rural Electrification

1. The Principal Investigator (PI) was contracted to develop a survey instrument
for understanding some of the issues related to willingness-to-pay (WTP) for
electricity. The basic hypothesis was that WTP retlects the utility derived by a
person trom rural electricity. If they are ready to pay higher charges, they must
derive higher utility, it is argued. There are. however, several factors that may
condition the WTP. One is the ability to pay which may be represented by
surrogate variables like income or assets. The perceptions of the (potential)
customer with regards to the uses of electricity may also be a factor.  These
perceptions are themselves a function of education and contact with the outside
world. The availability of substitute fuels/energy is also likely to influence WTP.
Finally external environment. as typified by the general ievel of development in
the area. mav be o factor either because of changes in perception that it brings
or because that it raises the problem of "keeping up with the Jones.”

2. With these factors in mind, a TOR was developed which drew up a tentative
list of questions to be tested or probed. These were:

(a) the current price paid for both capital invzstment in house wiring and
apphances:

(b)  the current level of consumption and price paid for energy;
(¢c)  the anticipated response of the user to an increase in energy prices;

(d)  the reason that the user does not increase consumption at the current
level:

(¢)  how the user responded to earlier increases in electricity.
3. A questionnaire was prepared to develop an instrument for answering these
questions and testing the hypotheses (see Annex). As Jaid down in the contract,

the questionnaire was based on a survey instrument used in Pakistan, but
modifications were 1iade to reflect conditions in Bangladesh.
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4. The pre-testing was carried out in two places, vis., Kaliakoir Upazila under
Dhaka PBS - 1 and Jamalpur Sadar Upazila under Jamalpur PBS. The former
represents a comparatively developed area where electricity became available in
1984 while the latter is economically less developed in which electricity became
available only in 1986. In Kaliakoir, 4 electrified and 4 non-electritied households
were investigated. In Jamalpur the numbers were 3 each, thus making a total of
7 electrified and 7 non-electrified households.

Findings/Discussion

5. Generally little or no problem was found in approaching the households and
eliciting information. Observations for individual questions and their problems are
summarized as follows.

6. (i) People can remember when they first connected their houses but not
exactly when electricity became available in the village.

(if)  The source of energy used by type of use is not ditficult to ascertain but
among the uses, radio, TV, and two-in-one should be mentioned separately
while the sources of energy such as ‘coal’ and ’battery’ (rechargeable)
should be grouped under the "other" category.

(i) ~ Among the appliances in use. light bulbs and electric fans are most
common followed by radio-TV. Wattage is ditficult to determine except
for lighting, although the information on brand and model of equipment
is readily available. Probably this information can be used to find out the
"wattage”, but this does not appear to be a critical question.

(iv)  Battery use is limited to flashlight batteries (see ii above.) Hence the
detailed questions on batteries may be omitted. Alternatively, the question
nay be asked only if rechargeable batteries are uvsed. In this situation,
their cost, recharging costs, travel time or ditficulties may be determined.

v) On household activities between meals and sleep, the universal response
seems 1o be that there is really not much to do. The maximum time the
household remains awake after meals is an hour t most. They really have
to get up early in the morning, hence, people go to sleep early. Electricity
really does not change this behavior much.
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(vi)

(viii)

(ix)

(x)

(xi)

On the expenditure made at the time of first connection, the total
expenditure is recalled without much difficulty but the breakdown by
connection, wiring, etc. is difficult to recall. In any case, it is the total cost
which is of concern to the consumer. On the other hand, an advance
(refundable security payment) is required to guard against non-payment.
Possibly this money should be treated separately and explicitly.

Whether a 50% increase in price would be borne by the consumer for
getting a connection seems a bit difficult for peopie to answer. We got
a mixture of responses. But in the case of the developed area (Kaliakoir),
people are more definitively in favour of electrification even at higher cost.

The relationship wiih inflation and with level of development becomes
clear when people are asked if they would pay 50% more for connection
now. Jamalpur people seem to be hesitant, but Kaliakoir pecple would
favor electrification, especially since inflation since the introduction of
electricity has exceeded 50%.

On the maximumn that may be paid now, some are not sure; while for
some others 50% extra seems to be the limit. It is proposed that one
should ask whether any more than 509% additional cost would be paid, and
if so, how much more.

Some of the respondents were not sure why they had bills above average
in certain months while others can trace the reason (ramadar, marriage).

In the more developed area, the general response to the question about
an increase in monthly bills of up to 50% was that it would not bring
much of a change in consumption. In the less developed area, the
response was more negative.
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(xii)

(xiii)

The extent of the reduction in electricity consumption which would result
in a price increase was difficult to assess. So was the response to the
question regarding an upper limit on cost at which point the connection
would be disconnected. Also, when people talk of disconnections, they do
not think that it would be done immediately, but rather that they would
try to bear the cost as long as they could.

The question of the response to a reduction in price elicits more animated
response. Most would increase consumption mainly by using more bulbs
and purchasing fans, if they can.

Non-Electrified Households

(i)

(i)

That willingness to pay may be related to general development is again
borne out by the fact that practically all who have electricity in Jamalpur
village have had it since the time electricity was introduced in the area.
Not mauy obtained it later on. In the case of Kaliakoir, the respondents
have obtained connection at different times.

The cost for alternative fuels for the niost importan: use, lighting, appears
to be a major determinant of willingness to connect in the un-connected
households in the economically depressed area. This appears to be less
strong a reason in Kaliakoir but is not completely absent from people’s
mind.
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A Questionnaire on
Domestic Consummers Willingness to Pay for RE

Village: Unions:
Upazila: District:
PB5:

Date of Interxview:

1. liutie of head of household:
Age:
Education:
Main Occupation:

Seconcary occL.aticns

2. Dc you have electricity connection in your house?
Yeu NCo
. G Year clectrificaticr: veyui in viilaye?
) If ves to (2) above, wner &id you have tihe counec-

tion?



4, Type of fuel by type of use (tick only)

Fuel type Cooking Lighting IXIron Fan Pump/motor Other

Fuelwood
Twigs/lecaves
Straw/Jute
Sticks
Cowdung
Rerosene
Dicsel
Ciharcoel
Coal
Electricity
Battery (Small)
datcery (Rechyg)

ot cs




5. a)

b)

c)

a)

[
e

L)

Did you experience any shortage of kerosene in your

area during the last one year?

Yes No.

If yes, when vas the last timc it happened?

months/days ayo.

Could you manage to buy the anouni you norwmally

purchase during that period?

Yaes NOo.

((If yes, continue: If no, gc to (e)]

If yes, what was the maximua price you had paid?

Tk, per bottle/ky./seer

If not, how did you male uyp for the
shortage 2?2 (tick)

¢ss kerosene tharn usual

[

Using
Using more of electricity

Using othor fuels: which?

ias there becn any change I chie norieal

o; fuel uce in the nou;ch;lu last nionth?
Yes do

If yes, wihlcCi OlLe Gle y8u ULE Lore I

Why?

which one did vou uso less?

'u‘h)' ?

guantity



6. Do you use the following appliances ? If so, give
details;
Year of Source wWwattage Hours run If not
Appliance purchase of power within used When?
last if
24 willing
hours to
Refrigerator
Radio/two-in-one
TV
Iron
'an
tleater
Other:z (specify)
7. a) Do you use batteries for running any of these appliances
Yos No.
) If yes, how umany, type anc wiy o fox
Tuoe No. For
Onall (FuoL.)
sediu
Laryge (hechg.)
Ccij If, batteries are net in . viether willing to purchase

thoem, and if so, their no. ictended and use by type:



8. a) Wwhat did you and your family members do last night after
meal but before sleep: (tick)

Study Sewing
watching TV Wacshing up
Listen to radio/ Livestock care

twc-in-one

Gossip Others
(specify)

(b) Are these your normal activitics during that time every
evening ?

Yes No

et —

rOR ELLCTRIFIED LCUSLHOLDS
S. a) When from dic¢ you start using electricity in your
household?
{mcuth of) __ (yocar)

(b) iHow much dic you spenc {or your connection aund other
chargyes:

v“or connection: Tk,
For wiring: k.

CGthers ( Spuc 1 i: ) . T

Total: Tk.
Let ¥ = Totul connection cost X 1.50

[
~—

If you were choroed The 0ot thie fiue :ou e nave
connection, woulad you soill have gecidew i
favour oL Coi.coction?

Yeo 1o _ Lot sure
(i) If not, would you have regucested for connccetion at Tk,
X charye now?

Yes No . liot sure

) If yes (for connection now), »hat 10 the ive s LU
yOu may pay ior conaection i present?

The




10. What in your view are the most important uses of electricity
(rank in order of decreasing importance starting with

the most)
i.
ii.
iii.
11. a. Duringy the last once ycar, what has been your average

electricity bill per month?
(see the bills, if necessary)

Tk.

b) What is the maximum bill you have paid in a month during
the last onv year?

Tk,
When?

Recason for higher bill:

Let 2 = Average wmonthly chargye X 1.5 = Tk.

12, a) If your montiily bill now beccaes Tk. 2 how would you
react tc that o

ULisconnect
Reduce consunption
Defer purchase of appliances
Mo change
b) If 'disconnect' is the responoe, wnat ic tlic additicnal
monthly bill tnat way be paic Lefore deciding to
disconncct.

2 or Tk.



c)

d)

L)
expendi

13'

(]

If the response 1s reduction of consumption, what are
the uses of electricity where the cut back will be made?
(First three in order of importance)

If consumption is reduced, in what manner will the
expenditure be affected?

Shall try to keep expenditurc unchanged:

Lower consulption but expenditure may still rise
somewhat:

It expenditure still rices, by what percentage it may
rise ?

If 'deter purchase vi aplicicces' which ones will not
be purchased?

‘no chenge in consumption', upto what level of

e

ture will there be no change?

fa
[ ala]

Th.

How would you respona if
<
2

your .onthly charyes are
5% than at presc

lowered by ent?

No changc

Increase conswaption: In viiich use?:
Buy new appliances: which ones?



9.

10.

11.

FOR_NON-ELECTRIFIED HOUSEHOLDS

lHow far is the nearest household with electricity?

yards/metres

itow ftar is the nearest electrcity pole?

L)

c)

i
~

vards /metres

why dc not you have electricity?

INO necessity (go to b)

Hot available nearby

Costly {0 to c)
Otherg {specify)

Pleasc explain why you may Lot need it?
If costly, why s0?

Connection and wiriny charges are high
t‘onthly chargyes are high

Lippliance cootly

éthers (specify)

How much onc has to pay for connection anu wiring
cnarges?

'rom houscholds with electricity
Common knowledye
Cuess

Cthers (specity)



12.

13.

e)

a)

b)

e

v

Any idea about monthly charges or use?

Kwh

T

source of information:

From other consumers

REB

Common Knowledge

Guess

Others {specify)

If you are uiven
whole charge at a

T 1

Tk.

Tk.

TK.

A
Fh

Th.

60G

660

600

£00

(2]

o

-~

vou are allcwed
5 the wanimun you would |

connection
time would you be ready tc pay?

to pay

If you had electricity what would you

i

)

and reguestea to

nonthly

i. (oot i1nportant)
ii, ==e=- (2nd most important)

iii. (200 oot important)

What 1o the neoioaun

For (i) + (11)

Generally ?

you fae,

fog (1) 7

instaelluents,

have

gl

useda it for?

iray the

what



10

Suggested Modifications to the Questionnaire
on the Basis of Pretesting

General Part

Q. 4, Make explicit mention of TV, Radio/Two-in-one among uses
Take out 'Coal' and Battery (rechargeable)

U 5. Add 5(h). DPrcsent price of kerosene? Present pcice of
a kupi

Q. 6. Take out 'wattage' 'Ask ‘brand and 'model' instead.
Q. 7. b) If batteries are in use, &443d another column for

'cost of purchase/hire' and 'cost of recharging'.

In case of recharging further ask the cost of
travel, distance travellec.

Also, the lencth of time batteries have been in use
may be askad,

Electririeca liousechold

9. (c May be modificu as

9 (c) Would you still consider getting a connection, if you
have to pay more than Th., %,

Yoo oo
9 () If yes, upto how much more you think is rcasonable ?
TK.

Non-clectrified houschold

Add 11 (c¢) 'Costly comparcad to kerosene!
in the list of likely responses
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Techno-economic Assessment of Diesel Versus Electric
Sources of Mechanization

INTRODUCTION

Productive uses of electricity in the rural areas are the key to the viability and
success of the rural electrification program and fundamental for a rural-based
economy. In Bangladesh, the main thrust of rural electrification is to atfect rural
development through use of electricity in productive sectors as well as giving
opportunities for better social life. According to the power use plan of
Bangladesh Rural Electrification Board (REB), utilization of electric services in
irrigation and in rural industries are among the priority areas of power use. It s
therefore imperative 10 convince rural people about the potential benefits of
energy substitution through electrification for diesel or gasoline in their various
productive uses.

It should be noted that apart from the economic factors, there is a need to
consider a variety of non-economic factors in any realistic analysis of energy
alternatives.  Various energy-based differ from each other in terms of
technological, social, environmental and economicai characteristics. It is
important to consider these aspects in deciding on policy issues relating to the
assessment and adoption of these technologies.  With this aim in view, the
present study has been limited to a techno-economic assessment of shaft power
provided by either diesel engines oir electric motors for use in irrigation and
rural industries.

Scope of the Study

The scope of the present study has been delineated as tollows:

(a) Compilation of data/information on capital costs, fuel consumption,
costs of the operation and maintenance, normal utilization and lfe
expectancy of various size diesel engines and electric motors;

(b) Preparation of performance requirement matrix for different
productive activities and performance characteristics matriz for diesel
and clectric motors in order to ascertain their appropriateness from a
techno-economic view point.
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Methodology

For the purpose of the present study, three sample surveys have been
undertaken as follows

(a) A market survey to collect cost data for different size engines
and motors from the suppliers in Dhaka market area;

(b) A user's survey to generate data/information on the relative
addvantages/disadvantages of diesel engines and electric motors
used in irrigation and in selecting industries; and

(¢) An informants survey regarding preferences for the different
physical characteristics of diesel engines and electric motors
under various productive uses based on expert opinion.

All three surveys have been conducted using a predesigned questionnaire
Methodologically. this type of survey is not wholly normative but rather based on
a participatory approach. Secondary sources of literature have also been
reviewed for comparison and relative assessment.

Data/information/expert opinion generated for the study have been processed,
analyzed and finally tabulated in a format desired for the textual presentation in
line with the the project’s Terms of Reference (TOR).

DEMAND FOR MECHANISED SHAFT POWER: DIESEL ENGINE

Diesel engines are used in Bangladesh as a source of shaft power for a range of
machinery and equipment. The major current use of engines is for irrigation,
During 1981 about 73% of the population of engines in the country (about
1,74,000) had irrigation as their main use (BSEC-Market Survey, 1983). These
engines are often put to other uses, such as driving threshers, rice hullers etc.,
when not in use for irrigation. The majority of engines in use in Bantladesh
have horsepower in the range 5-9 HP (about 40% of the total population of
engines) and 12.5-18 HP (about 26%). This reflects the size of engines required
for minor irrigation schemes in Bangladesh.

Shallow tubewells irrigation typically uses engines of 5-6 HP. LLP typically uses

8 HP (1 cusec pump) and 16 HP (2 cusec pump) and DTW typically uses
engines of 22 to 31 HP. Both water and air cooled engines are used for
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irrigation. The average annual requirement for diesel engines for irrigation and
the potentizal for substituting electric motors 1IN 1985-90 are shown in Table 1.

The BSEC and World Bank in Table 1 are based, interalia, upon investments
and replacement requirements to meet agricultural production targets as well as
availability of surfauce and ground water. However, the impact of rural
electrification on the scope for substituting electric motors for diesel engines in
irrigation has also been taken into account.

Apart from irrigation. rural industries (small scale) otfer increased opportunity of
using shaft power provided by electric motors.  Considering the present market
demand for diesel engines for irrigation and the increasing number of rural
industries (estimated 109 vearly growth rate), the scope for substituting electric
motors tor diesel engines is quite high if the electric motors prove to be techno-
economically more advantageous.

PRODUCTIVE ACTIVITIES SELECTED FOR THE STUDY

Four different types of productive units were visited and a set of
data/information on shaft power use have been generated. The tollowing
presentation discusses briefly each of the productive units.

Rice Mill

There are different types of rice milling technologies. Among these Engleberg
type steel huller is the most common mechanized rice milling technology in
Bangladesh. 1t consists of a cast iron roller with ribs at its periphery which
rotates in a housing with a metallic sieve. The housing contains the paddy tor
milling. Dehusked and polished husk and bran pass through the sieve leaving
milled rice to come out at the end of the roller and housing.

There are three sizes of huller. The biggest size is No. 2 huller with milling
capacity of 0.5 - 0.75 tons/hr. The next size, the No. 8 huller has a milling
capacity of 0.35 - 0.5 tons/hr. The smallest one is the No. 4 huller which has a
capacity of about 0.3 tons/hr. The No. 2 huller is used in industrial scale mills
where rice processing is done commercially. The other two sizes are used
primarily in mills owned by individual farmers.
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Tuble 1

Average Annual Requirement for Diesel Engines for Irrigation and Scope for
Substituting Electric Motors During 1985-90 Based on BSEC and World Bank Estimates

Average Arnual Reguirement (1985 - 1990)
BSEC wB
] T : o I
Diesel  |Electric IElectric | Diesel | Electric |Electric
Engine  [Motors  |Motors as| Engine | Motors Motors as
| 'percent prercent
! ct Dicsel of Diesel
i Engine |Engine
|
1 —_
5-12 HP Engfines i
STW & 1 cusec LLP 24,000 | 3200 13.1 44,000 600 1.4
12-17 HP Engines
LLP (2 cusec) 3,380 | 800 23,7 11,000 980 8.9
|
18-25 HP Engines !
"""""""" | ;
DTW 3,600 | 260 ! 7.2 5,080 1240 26.4
! !

Source: BSEC Market Survey on Diesel Engines, April, 1983, Planning Commission,
Bangladesh Minor Irrigation Scctor, A Joint Review by the Government and the World
Bank.
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Rice mills are mainly powered vy diesel engine and eiectric motor. The No. 2
huller is driven by a 20-30 HP prime mover. The other two sizes are equipped
with smaller HP prime nmiovers ranging between 1) and 20 HP depending on the
capacity. It should be noted that these hullers are usually equipped with more
power than needed for themillingin order to prevent jamming and insure the
safety of the prime mover. This is specially true it the prime mover is an
electric motor.

Rice milling is a seasonal activity. The harvest twice is the peak season of rice
milling but milling continues at a lower rate thr »zhpout much ot the year. In
peak season, the mills run on average of 10-12 hours a day. However, average
utilization ot these mills throughout the vear is about 4-3 hours & dayv.

The rate charged for milling is higher ftor diesel engine mills than tor electric-
powred mills. Diesel engine mills charge Tk. 8/- per maund' of paddy while
electric motor mills charge Tk. 6/- per maund of paddy.

Saw Mill

The Saw mill is @ mechanized technology tor cuiting and sawing tree logs into
useful sizes. A steel band saw is used. This saw rotates vertically around two
wheels. Mechanical power drives the lower wheel. The saw passes through a
horizontal table fitted in the column in between the wheels. One end of the log
is placed on the table and manually ted forward by two operators pushing and
pulling at either end.

The capacity of a saw mill is determined by the miaannn thickiess of the log it
can handle. This varies from 18-30 inches. The maximum longitudinal size of a
log that can be handled by these mills is 6 feet. The output is used mainly for
the construction and furniture industry.  Saw mills are generally equipped with
15-30 HP electric motor. It is reported that there are diesel engine powered
saw mills in the timber rich areas where electricity is not available.  However,
the number of such saw mills is small.

Saw mills are busiest in the dry season.  Average running hours in dry season is
about 6-8 hours a day whereas the yearly average running hour is about 3-4
hours a day.

Small Engincering Workshop

"1 maund = 37.3 kg
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Small engineering workshops using include common machine tools such as
lathes, drill presses, grinders, and electric arc or gas welding machines. These
workshops are suitable for making simple mental parts for agricultural
implements, automobile parts, metal grills and furniture, etc. They are mostly
custom order workshops.

The equipment used in these engineering workshops are typically operated by
electric motors, usually 1-3 HP. Diesel engines are rare.

Because of their custom order product line, small engineering workshops are
busy in dry seasons when the demand for construction and transport activity is
high.  These workshops are run by semi-skilled technicians some of whom posses
formal technical training.

[rrigation Scheme

Irrigation in Bangladesh is done by individual tarmers and or by farmers’
cooperatives. In the former case, traditional non-mechanised technologies are
commonly used to irrigate small plots. In co-operative irrigation systems, a
mechanised pumping set is installed at a suitable location in the operated area
and the pumped water is distributed in the lands of the co-operative members
through a network of channels.

Water is pumped either from surtface or ground water sources. In case of
surface water, 1-2 cusec, centrifugal-type low lift pumps (LLP) are used. These
are driven by 15-20 HP prime movers. For ground water pumping, two types of
pumps areused, shallow tubewell (STW) and deep tubewell (DTW). For STW,
0.5 cusec centrifugal pumps are used where water is available up to 20-25 feet
below the ground. These pumps are run by about 10 HP prime movers. For
DTW, the water is extracted from 60-80 feet below the ground using turbine
pumps. These pumps usually have a 2 cusec capacity and are driven by 25-30
HP prime movers. Both STW and DTW pumps are run by either diesel engine
and electric motor.
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COMPARISON OF PHYSICAL CHARACTERISTICS AND COST DATA OF
DIESEL ENGINE AND ELECTRIC MOTOR

The results of a market survey of the physical characteristics and costs of diesel
engines and clectric motors ranging between | to 30 HP, are summarized and
presented in Table 2. The names and addresses of the suppliers/marketing
agents isgiven in the attachments.

For comparative horsepower, electric motors are more compact than diesel
engine. The weight to power ratio for diesel engine is in between 10-17 kg/HP.
While for electric motors the ratio is between 7 and 10 kg/hp. The life
expectancy for diesel engines varies between 8 to 20 years depending on make
and size whereas the life expectancy for electric motors varies between 15 1o 20
years irrespective of make and model. Diesel engines require overhauling at
least 4 times in a vear ifused regularly but electric motors require overhauling
only once in 5-7 vears of its operation,

From Table 2 it is evident that investment cost for a 2 cusec capacity pump with
diesel engine is Tk. 36,000 which is double the price of the same pump with an
electric motor.  For smaller pumps of 1 cusec capacity, the investment cost is in
between Tk. 12,000 to Tk. 16,000 for both electric and diesel powered pumps.
The cost for the pump (exclusive of prime mover) is in between Tk. 2500/- to
Tk. 4000/= depending on capacity (cusec.)

For equal pump capecity. the annual operating cost in the case of diesel engine
system is 1.25 to 1.5 times higher than for an electric motor system.  The annual
operating cost for a 1 cusec diesel pump is between Tk, 32,000/ to Tk. 35.000/-.
An electric 1 cusee pump the operating cost is much lower ranging between Tk.
24,000/~ to Tk. 25.000/~. The energy cost tor both the sources of shatt power
does not ditter signiticantly.  For diesel engine the energy cost s about Tk.
25,000/~ per annum whereas tor electric motor it is about Tk, 23.000/- per
annum.  As regards lubricating cost. the ditference is very sharp. For a 1 cusec
diesel pump, the lubricating cost is about Tk. 1500/- per annum, while tor
electric pump, the lubricating cost is only Tk. 72/- per annum.  Maintenance cost
for diesel and electric pumping systems also differ significantly.  For diesel, they
are estimated to be Tk, 6000/~ to Tk. 8000/~ per annum versus Tk. 600/- t> Tk.
1000/- per annum for electric pump.
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Basic of Cost Estimates:

(a) Investment costs is the price of equipment and their auxiliaries
like speed control or switching as provided by the
suppliers/marketing agents. It may be noted that the investment
cost under consideration does not include the cost for civil works.

(b) Operating cost calculated for an irrigation pump system is
based on the following assumptions:

(1) Pumping system works 16 hours a day with two
paddy growing seasons for a total of 180 days in
a year.

(i) The brake horse power for 1.0 cusec pump is 5.5

hp and for a 2 cusec pump 14 hp, The
operating costs include fuel. lubricating oil. and
repair and maintenance. The cost for diesel,
electricity, lubricating oil. and grease are
computed at the prevailing market prices.

IX-8



PERFORMANCE REQUIREMENTS FOR DIESEL ENGINE AND ELECTRIC
MOTOR FOR DIFFERENT APPLICATIONS

A survey was carried out on selected productive units to determine the priorities
assigned to ditferent performance reguirements of shatt power by the
owner/operators of these units. The owners/operators were asked about their
requirements tor different performance characteristics of shaft power. The
performance characteristices and the scale for their priority were fixed
betorchand.

The priorities given to ditferent characteristics in the ditferent end uses are
presented in Table 3. The productive units were from the agricultural and
industrial sectors (rnice mills, saw mills, small engineering workshops and DTW
irrigation scheme ). All these units had electric prime movers except for one rice
mill which was powered by diesel engine. A list of these enterprises is given in
the attaachment.

The average score tor different performance characteristics across the surveyed
units is shown in Table 3. It can be seen from data in the table that need for
certain performance characteristies such as variability of speed. seasonal
alternative application and mobility for other uses are not important. However,
performance characteristics such as ease of operation, case of repair and sate
operation are very important. Precise speed controll ability for quick onjott.
reliability, size. clean operation and safe energy source are less important.
Alternative uses of prime movers are even less important but this isdue to the
semi-urban nature of the market sureved.  Altenrative uses are thought to be
more important in the rural areas.

The total score for these performance characteristics is between 28 and 42 which

implies that these characteristics wee either important but not essential or
‘usetul” to the respondents,
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TECHNICAL PERFORMANCE CHARACTERISTICS OF DIESEL ENGINE
AND ELECTRIC MOTOR

An informant survey was conducted to determine the technical of diesel engines
and electric motors. The technical experts were asked to give their evaluation
of the different performance characteristics using a 1-10 score scale where 1
refers to very poor performance and 10 refers to excellent perforniance. The
names and addresses of the experts from whom opinion was sought is given in
the atachment.

The results are summarized in the performance matrix for diesel engines and
electric motors presented in Table 4. The average scores for each expert on all
characteristics is shown in the last row of Table 4. Table 5 presents the average
score given by each expert on the overall performance characteristics of diesel
engine and electric motor for the different application.  For all applications, the
experts prefer the electric motor to the diesel engine. The averge rating from
each of the three experts shows an identical preference for electric motors over
diesel engines. The diesel engine received about 6 points and electric motor
about 8 points in the 1-10 score scale of importance.

The performance of Jiesel engine and electric motor with respect to individual
technical considerations is shown in Table 6 where the average judgement of the
three experts is presented for different end uses. On variability of speed, the
performance of diesel engine is near to excellent while that of electric motor is
poor. The reverse is truefor clean operation. For precise speed control, ease of
operation, ease of repair, compactness and ease of installation, the score for
diesel engines is average while that for electric motors is close to excellent. For
low speed-high torque, high speed, precise speed control. reliahility of input
energy, safety of operation, safety of energy source and mobility for other uses,
both are considered equally good. A summary performance matrix for these
characteristics is presented in Table 7 using a simplified rating scheme.



Table 2

Physical Characteristics and Cost Data for Diesel Engines and Electric Motors

Type of Engine/ Size (HXLXW) Welghr H.P. R.P.M. Life Frequency Pump Investment Yearly Operating Cost with Pump (Tk)
Motor {mm) (kg) (yrs) O/H (No. of Capacity Cost w/out w/ pump Energy Lubricating Mainten. Total
times/yr) (Cusec) pump (Tk) (Tk) Cost 0Oi! Cost Cost Cost
Diesel Engine 1120X1986X550 410 24 1500 15-20 &4 2.0 32000 36000 66074 6000 10000 82074
Diesel Engine 145 13 2000 8-10 4 1.0 10760 13200 25274 1440 8000 34714
Diesel Engine 618X814X480 140 12 2000 8-10 &4 1.0 10800 15500 25274 1728 6000 33002
Diesel Engine 995X1000X530 269 12 1500 15-20 4 1.0 17000 19500 25274 1440 6000 32714
Electric Moror 450X750X500 215 30 1500 15-20 0.14 1.0-2.0 10300 13400 23633 72 1000 24705
14400 60157 61229
Electric Motor 370X68CZX450 160 20 1500 15-20 0.14 1.0-2.0 14100 16600 23633 72 857 24562
17600 60157 61086
Electrie Motor 380X640X450 145 15 1500 15-20 0.14 1.0 13700 16200 23633 72 785 24490
Electriec Motor 330X550X380 95 10 1500 15-20 0.14 1.0 10100 12600 23633 36 642 24311
Diesel Engine 480X715 X350 107 7.5 1500 1.0 25000
10.5 2000 1.5
Diesel Engine 14 3000 1.0 30000
1.5

Source: Market Survey 1989

Assumptlions: 1. Pump is used for Irrigation Purposes. Works 16 hrs/day and 180 dys/yr
2. Brake horse power for 1.0 cusec pump = 5.5 hP; cusec pump = 14 hP
3. 1 Liter of Diesel = .8 kg
4. Price. Diesel Tk. 6.90/litre

Lubricating Oil, Tk.120/gal
Grease, Th.24/1b
Eiectricity Tk ‘kwhr
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Table 3

Technology Preference Score Given by Owners/Operators

Type of Industry Rice Mill Saw Mill Engineering Workshop 1Irrigation Scheme
Niesel Electric Dlesel Electric Diesel Electrlc Electrlic

Performance Characteristics

Speed Varlablility 5 5 5 5 5 5 5
Precise Speed 1 1 5 1 1 1 1
Ability of Quick On/Off 1 2 1 2 1 1 3
Reliabilley 4 1 2 1 4 2 1
Ease of Operation 1 2 1 1 1 1 1
Ease of Repair 1 1 1 1 1 1 1
Size 5 4 2 2 1 1 2
Clean {No Exhaust 2 3 3 3 1 1 4
Uperation

Alternative Uses 3 3 4 4 4 3 5
Semi-Permanent Applicat 4 3 1 4 1 1 5
Seasonal Application 5 5 5 5 5 5 5
Mobility for Other Uses 5 5 5 5 5 5 5
Safe Operation 1 1 1 1 1 1 1
Safe Energy Source 1 1 1 1 2 4 1
TOTAL SCORE: 39 37 37 36 33 32 40

Source : Field Survey 1989

1 = essentlal, lmportnat but not essential, 3 = useful, & = desirable !f no additional cost, 5 = not needed
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DECISION-MAKING IN SELECTION OF ENERGY SOURCE

Prepared by

Bangladesh Center for Advanced Studies
Atiq Rahman



lame of
Industry

.

’a

Madhya Bazar
Rice Mill

2. Diesel Rlce
HMill
3. MV. Faroquee

». Babu! Sav Mill

¢. Blsmillah
Saw Mill

7. Profullah
Chandra Pal

8 Tamizudd1

9. Tamlzuddin

10. Habl.ur
Rahman
Rice &
0il Mill

11. Chandina

Textile
Mill

12. Jenin Cold
Storage

s)/ .
-
-

Type

Rice
Mill

Rice

Intendling Industrialist walting ¢

Sav Mill

Engg -
Workshop

Saw M1}

Pottery

Saw
Mili
Icec:em

Factory

Rlice &
oil mill

Twisting
Mill

Cold
Storage

Products

Rice &
Flour

Do

Wood+
Rickshaw
body

Window -
grills

Wood &
Timbex
Pottery

Wooo

Icecrear

Rice,
wheat ¢
oil

Twisting
Yarn

Preservatlion

IR VR
Energy Slze of
Engine
Elect- 20 BP
ricity
Diesel 17 HP

Elect-
ricity

-do-

-do-

Humat
.abour

Elccz-
ricaty

-do-

-do-

Elect-
ricity

-do-

20 HP

2 Hp

20 EP

20 HP

7.5 HP

Y.

. Table 1

Esploy Datk of Investment Exlstence

Establish-

—— oent
—_———

2 1983 70,000/ -

—_—

[

1987 50,000/~

or Re connectlon

& 1985 82,000/~
2 1989 20 200/ -
4 19386 Qg ,uco/ -
[ Traditlona &.000/-

Susiness

)

1985 £85,000¢ -

2 +12 1988 95,000/~

1 HP (Part-time:

30 HP

15 HP
2 HP
1 HP
0.5 BP (7)

80 HP
2.7 HP
2 HP
1.7 BP
(47)

3 1987 1.5 lakh
{existing
factory)

22 1985 23 lakh

22 1982 2.5 crore

Prior
Electricity

-—

No

Yes

to

No

No

Source Credit Source
of
Technolology
————e ™ _
Father Father’s monay
or from another
Rice Mill
Brother Brother’s
(Khulna)

Friend in Land Sold

Sylhet ¢ Father-
in law
Technlcal Father
School it Sold
Dhaka Land

Previous Bank Loan &

Buslness informal credit
Fazily Self
Business
Friend Sale of
Land
Daudkandt -do-
Existing Brother's
¢ Own
Business
Father’s Bank loan
Yarn & own
Business
Another Bank Loan

Business

Used PDB
Before

—

¥o

No

No

Yes
(PLCH
land)

-do-

No

No



PO

-
I8

13.

14,

15.

16.

17.

Bamboo Tooth
Pick & Wood
processing
Industry.

Satata
Engineering

Dadu Silk
Mills

Md. Rowshan
Ali

Narenda Dab Nath

Tooth
Pizk &
Wood
process

Engg .

Work-
shop.

Silk
Mill

Weaving
Factory

-do~

Tooth -do-
pick &
wood
Window -do-
Grils &
Agri.
Equipment
Clothes -do-
(Sharrt,
Pent, Shree,
Umbrellay)
Longi Human
Labour
Body Street -do-

0.5 HP
(25)

2 HP
0.5 HP
(2)

1 HP
(25)

Table 1 (cont.)

50 1984
2 1980
32 1985
2 1972
2 1973

Unknown

51,500/~

60 lakh

.2,000/-

34,000/ -

No

No

From
Japan

Anothar

Workshop
(as an
employee)

Bustiness

Father

Father

Bank Loan No

Land Mortgage Yes
& Borrow from
Brother-in-law

Bank lLoan No
Land Mortgage No
and own

Land Mortgage No



RURAL INL JSTRY SURVEY

DECISION-MAKING IN SELECTION OF ENERGY SOURCE

Close-ended Questions

1. Type of Industry

o

Products Produced by this Industry
3. Basic Source of Energy
4, If Mechanized

a. Description of engine(s)/motor(s)
. size
. age
iii. expected life
iv. country of manufacture
v. where purchased
vi. purchase price
vil. purchased new or secord hand
viii. direct drive or belt drive
ix. geared for multiple speed

b. Description of operation
i. period of use during day, week, year
il. hours used last month
iil. average and maximum hours used per day
iv. maximum hours of continuous use
v. problems with overheating

¢. Cost of operation
i. frequency of major overhaul
il. when was last major overhaul j.erformed
iii. what was the cost for major overhaul
iv. how often are regular repairs required
v. what is the average cost for these repairs per time
vi. what was total cost for repairs in last six months (or since some identifiable
event

AW



vil.  what was the cost for fuel/electricity last month

(a) for fuel what is the consumption per hour or normal operating

period
viil. what is the maximum monthly cost for fuel/electricity
ix. who operates the equipment
X. is this the operator’s sole activity
Xi. what is the wage for the operator
Xil. total labor force and wage structure

d. Reliability of operation

i. how often is the equipment unavailable due to failure of the engine/motor
il. wnat is the typical duration of the period of unavailability due to mechanical

failure

iil. how often is the equipment unavailable due to failure of energy supply
iv. what is the typical duration of the period of unavailability due to lack of

energy
v. what repairs are normally performed by the operator
vi. where is the mechanic that repairs the equipment located
(a) distance
(b) place (e.g. central market)
vil. what are the repairs normally performed by the mechanic
vill. is there backup equipment
ix. is there a backup source of energy

5. Selection of Production Technology
a. where did owner learn about production technology
b. how did he select equipment
c. how was size of engine determined
d. how was gearing, size of pulleys, type of belt selected

6. Markets
a. Where are products sold
b. Where are raw materials purchased
¢. Is market growing
d. Is competition growing
e. If so, is the profitability of this activity threatened



7. Source of Finance
a. what was the total cost for the production unit
b. how was the purchase financed
i. sale of land
ii. borrowings from friends and relatives
(a) interest
(b)  interest free
(¢) partnership
iii. savings
iv. supplier credit
v. institutional credit

1



Open-Ended Questions

1. For Mechanized Industries that converted from non-mechanized processes

a. What lead to this conversion
i. saw technology used by others
il. cost of equipment was reduced
iil. demand increased

b. What were the benetits from this conversion
i. improve product quality
il. increase production rate or capacity
iil. reduce cost of production
iv. diversity products
v. reduce labor and simplify management

2. For Mechanized Industries - What are the relative advantages of electric over diesel or
vice versa
a. alternative technology not suitable for production process
lower capital cost
lower operating cost
reliability of equipment
reliability of fuel
ease of operation
better control

R

3. For Electrified Industries - What advantages are provided in addition to the use of
electric motors

a. lighting for extended hours of operation or better visibility in work
area
b. fans

4. For all Industries - Do you have plans for expansion of your activity?
a. if not then why not
b. if so what technology will you employ and why

s



