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EXECUTIVE SUMMARY
 

The Ru:al 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). Donor 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. \Vhile 
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 pi-- ssessment 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 futuie: and to devise 
a system for the REB to monitor and evaluate the socio-economic Il)acts 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 productivity, 
rural industrial growth and employment, cotta(ye industries, social well-beirie. familv 
planning and equity. The pre-assessment was also to examine the complementary
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 que.,tions and to meet 
the goals of the p;e-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 establishmeii.s improvernents 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 isnot whether the electricity provides these bene fits, 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, from 
autogeneration or from other sources. 

Within the context of development, electricity is a form of infrastructure. Its 
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 its 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 attached 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 tariff, 
but for the latter, the use of 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 to be extended twohad another 
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 majQrity 
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 erforcement 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 a benefit to the consumel well in excess 
of the rates paid. The household 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 sectois 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 industries, 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 poplation. 

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 henefits 
to rural industry. The latter are associated with the introduction of mino" 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 Lire 
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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 economic 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 result 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 second 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 rural 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 for 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 PBS's. 
Other donors will undertake higher risk ventures which extend the coverage of the 
system, but the contribution of USAID to consolidatinLg 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. Th first is a full-scale assessment which includes a survey of domestic 
and productive users of electricity in the rural area!'. The survey would provide 
more detailed information about the benefits to different classes of users. This 
survey would provide input to the on-going decision 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 evaluatc 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 follows:
 

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

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

c. 	 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 specific 
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; 

2. 	 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; 

3. 	 The impact upin household economic activity, particularly cottage industry 

production and employment; 

4. 	 The impacts upon family planning decisions and fertility rates; 

5. 	 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 addtional 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.2 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 off-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 f 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 energized
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 buildiig 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 evaluation 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 
2. 	 irrigation 
3. commercial uses 
4. 	cottage industries 
5. household uses and street lighting 

The impacts of the RE program on women, the environment, family planning and 
regional equity were then added to list. Because of thethe 	 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 I along with an annotated bibliography of those documents 
specifically concerned with the RE program. 

Particular attention was given to surveys performed measureto the impacts of the 
RE program beginning with the 1983 baseline survey. Although the quality of these 
surveys has improved over time, none has examined the causal relationship between 
the introduction of electricity arid 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 to 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 differences 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 consurntion of electricity was found to be considerably higher than the current 
tariff. 

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 general 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 V!II 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 turne:I over to REB, was used to analyze the changes 
over tine 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 II and 1II. 

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 ,vhich to base 
their statistical analysis. However, neither the method of surveying nor the data 
analyzed has proved very enlightening. The surveys have all employed structured 
interviews with close-ended questionnaires. These questionnaires incorporate 
stanoard questions regarding income, employment, household characteristics and 
agriculture activities. To these are grafted a simple set of questions rearding 
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 rehttively 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 between the "haves" and 
the "have-nots" were pcrformed 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 activities. 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 affected 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 quantifiable benefits of rural electrification 
that can be obtained from these surveys. Nor can the information collected 
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 ordip ,is: 

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 networks 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 effectivc.ly, 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 thousand 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 sipulate that the tariffs should not be 
less than the BST rate. The GOB stipulates that the PBS tariff must be 
comparable to the BPDB tariffs where they serve adjoining areas. In addition, the 
KLB 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. Tie range of tariffs 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 First block (70-125 kWhr/month) 
Second block (up to 200 kWhr/month) 
Thereafter 
Minimum Charge 
Meter Charge 

Commercial Energy Charge 
Capacity Charge 
Minimum Charge 
Meter Charge 

Industrial 
(A) 

Energy Charge 
Capacity Charge 
Minimum Charge 

Meter Charge 

Industrial Energy Charge 
(B) Capacity Charge 

Minimum Charge 
if load 25-85 kW 
if load >85 kW 

Meter Charge 

Commercial 	 Energy Charge 
Minimum Charge 
Meter Charge 

Street Energy Charge 
Lighting 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 

2.35-2.55 Tk./kWhr 
5 Tk/kW 
25-30 Tk./month 
5 Tk./month 

2.45-2.55 Tk./kWhr 
50 Tk/kW 
500 Tk./month 
or 20 Tk/kVA 
125 Tk./rnont!i 

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 current 
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
year phases, although an accelerated effort is now under consideration. 

6. 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, 
c. 	 to decrease inequalities in income distribution, 
d. 	 to improve the position of women in rural areas by enhancing their 

opportunities for employment, 
e. 	 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. 	 to reduce the use of those indigenous renewable fuels which are of higher 

socio-economic cost, 
h. 	 to reduce imports of fuel, and 
i. 	 to improve 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 Electriciy 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 identify/ing 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 nmrkets 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. It 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 attributab , the concern for introducing RE later in the 
development cycle. The site select, 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 aiiounting 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 the 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 clected 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 tar, 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 fact:)r affecting both the decision to purchase a pump and the choice 
between a diesel and an electric pump appears to be financial cost. The 
fluctuation 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 
fluctuation 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 of 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 household meters is not known but is 
thought to be extensive, M. Khandaker, REB, personal communication. 

8 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 fuel 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 ,,,-asonal peak has generally been
compounded by the practice of pumping during thL peak period of the day. This 

problem may he 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 II. 

The present tariff structure for irrigation hookups is a flat energy charge and a 
fixed seasonal 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-cornputed 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 Cottage 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, '.ie 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 aicas 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 IV 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 hip 
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 

10 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 operation 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. It 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 II and X] For the smaller enterprises, 
the utilization of the electric motors is relatively low (probably not exueeding a 20% 
load factor during working hours and less than 10% for the dy as a whole). 
Higher levels of utilization would apply for 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 uuring 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 sr.rved 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 ioc.tiou for these industries has considerable latitude and will be 
determined by a number of factors such as transport costs, the availability of labor 
and electricit, 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 l-eCated 
elsewhere. However, it will provide significant equity benefits by allowing 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 tht- 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 fiom 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 iodustries 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 levela of development to permit
efficient collection of inputs and distribution of the outputs. 

Some if the resource and market based industries require firm power for 
mechanization. For these industries, rural electrification contributes significantly to
their 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 enertgy 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, 

b. 	 labor skills are increased, and 
c. 	 goods and services can be made avail;,ble 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. 
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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 procesbes 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 
a&tivities 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 been 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 uf 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 
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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 
electrification to family planning is found only where it provides: 

a. 	 better lighting and cold storage for health centers and family planning clinics 
b. 	 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 sourcc 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 for mechanized wood cutting, most notably through the 
use of diesel powered saws. 

13 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 goverment 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 years of 
operation (extendable to seven years). This F,:bsidy is based on the difference 
between 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 sorne 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 reqL ; 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 III. 

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 tariffs 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 expanions will be harder to justify 
because the marginal cost of these expansions will be in excess of the marginal 
revenues which would be generated by the current tariffs. The most ecolomically 
efficient means for dealing with this problem is to allow each PBS to set its tariff 
according to its costs, however, this raises equity issues particularly with respect to 
the impact on the most isolated areas being2 served. If a uniform tariff for all 
PBS's is considered desirable, then the level of the tariff 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 Loals 
of autonomy and equity which widl be further exacerbated as the system is extended 
into more remote areas. 

The Coopers and Lybrand report has pointe' out the need for the introduction of 
cash flow management in place (fthe 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' , central fund for transferring funds in the form of de positsiboans 
from strotng PBS's to weak ones. Such a fund would onlv be useful if the catpital 
were layinig 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

t-ops autonomou;of the c to become depends on their ability not only to mainage 

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 avdL restrict 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 nanagement and 
infrastructure development for over a decade. 

One of the strengths of the REB appears to lie in its attentijn 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.; 

(c) 	 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) 	 quality control, operation and maintenance." [13] 

The REB has been successful in each of these areas. 

Another strength of the RE programme is the priority given to financial viability. 
The guidelines for extension of power lines are 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. It 
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 tme 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. It 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 capibilities 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 woud focus on the quality of services provided by the PBS's to the co­
op membetis and would identify additional services which could promote the use of 
electricity. I: would also examine operational problems such as illegal connections 

4and misunderstandings regarding fees and users' rights." Many of these ME 
activities, which are described in detail in Chapter III, would be undertaken by the 
REB's evaluation division. 

14A 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 he an integral part of REB's planning process. The Power Use 
Department's role in this regard is discussed in Chapter III. 

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-effecive than electric mot,,rs." 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 from 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 powei. a new level of expertise and management capability would 
have to be developed over time. It vould also be necessary to establish regulations 
governing 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 Pricingz 

The current tariff structure for domestic hookups utilizes too large a life-line block. 
The system-wide average consumption is about 30 kWhriaonth whereas the first 
household block is 70 kWhr/month. A minimum household use would be two 40 
watt bulbs operated for 3-4 h(urs per night for a monthly generation of 9 kWhr. 
Add an 80 watt fan running at 70% 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 :,tructure 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 few 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. 

deLucia and A-s ociati's, Inc 29 



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 only 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 currcnt REB/PBS structure has worked well in expanding the rural 
electrification 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 half of this centur. 
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 [or 
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 entrepreneurs with regards to 
types of equipment and alternative sources of energy which can be used for shaft 
power and heat. The widespread use of incandescent lighting in houtseholds 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 he 
expanded to determine and promote the most cost-efficient form of energt for 
different applications. 

The REB is currently considering vertical integration of its activities to 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 to extend the role. of REB into this area or any other area which promotes 
cost-efficient i _isj c 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 an 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 eCiuitable [linner. 

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 infiastructure 
from which substantial benefits are expected to derive. However, the REBPBS 
organization is still evolving in a very positive although it has vet to achievemanner 
sor,- 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 management system,
especially its evaluation capability. There is some discussion of USAID withdrawinu 
support from this program because it has not produced immediate and significant 
results in generating employment and other targeted benefits. This decision would 
not he in the best interests of either USAID or Bangladesh. First there is a donor 
credibility problem of discontinuing funding for a successful program which 
continues to require external financing. Second, there is the is;suC 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 from 
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 he 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 activities. 

Among the cuestions which require further study are: 

1. 	 What types of industries benefit from rurl e!ecLtrification 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'? 

2. 	 How does electricity contribute to the decision to establish an industrial 
activity; what art the preconditions in terms of other development 
factors'? 

3. 	 What is the average household's willingness-to-pay for connection and 

for energy and what factors determine this willingness to pay? 

4. 	 How do cottage industries use electricity and how does it affect their 
productive activities in a quantitative sense'? 

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

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

7. 	 What are the impacts of RE on female employment'? 

8. 	 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 estimates 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 income/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 benefits 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 for 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 c) changing the level and 
cost of produc'ion 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 startinT 
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, credit, 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 usedwere 
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 .iist srata "'Ould 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, id 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 industrv and an established electrical service (4 years 
or more and may include former 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 each 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 of two per research 
assistant per day has been assumed. The average sample size per PBS wotild be 
100 or il)oLlt 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 facilities covering the range 
of industrial activities found in the marketplace. They would be selected according 
to the following criteria: 

Electrified industries: 

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

2. 	 should use less than 1.5 kWhr per month since these will provide 
better information about the marginal benefits from electrification, 
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 
connection posbible 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. 
Sorne 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. have final responsibility for inslring 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 specifically 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 analvsi 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: 

a. 	 methods for establishing and maintaining rapport, 
b. 	 working from a general outline of questions, 
c. 	 recording information without breaking the flo, 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 he 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 I 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 from 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 
sustainabilitv. 
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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, 
b. 3/4 month for site selection, development of the survey instruments, 

pretesting and training 
c. two months for surveving and data preparation 
d. one and one-half month for data analysis 
e. two months for 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 instrumcnts 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 reCquirL 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. 

S. Sur.-ev Bud2et 

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

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 $115
MN-DAYS $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 $300
MONTHS $1,800
 
Reproduction 6 MONTHS $250 $1,500
 
Office Space 6 MONTHS 
 $500 $3,000
 

G&X 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 $180
$30 

Research .'3sistants 
 30 ROUND TRIPS $15 $450
 

450 MN-DAYS $5 $2,250

Computer Expense, Data Entry 1 $2,500 $2,500
 
Secretarial Support 6 MN-MONTHS $300 $1,800
 
Communications 
 6 MONTHS $150 $900
 
Reproduction 200 $10
100 PAGES $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 tIN-DAYS $10 $1,800
 

Transport
 
Principal Investigator 3 ROUND TRIPS $200 $600
 
Research Assistants 9 ROUND TRIPS $15 $135
 

180 MN-DAiS $5 $900
 
Computer Expense 1 $500 $500
 
Secretarial Support 6 MN-MONTHS $300 $1,800
 
Communications 6 MONTHS $150 $900
 
Reproduction 75 100 PAGES $10 $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 Survey - Domestic, Cottage Industry, Irriigation 

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 for households. 

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

Electricity does not lead to the introduction 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 also 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. 

[arger 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. 

deLucia and Ascmalte, Inc 45 



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. 
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DATA TO BE COLLECTEt 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 tile 
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 ..) 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, hookup, 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 materials
 

Market area served
 

Factors leading to growth in the market/demand
 

Level of production, weekly 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 acquisition, 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 

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 -tach PBS about the supply of electricity, the 
number of customers, the extent of the distribution system and the monthly and 
year-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 th 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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In the area of planning, the M/E activities should improve tile procedures for 
selecting areas to be electrified and the setting up of new PBS's. When selecting 
an area to be electrified; the density of consumers and the expected financial 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 
future demand and financial returns. 

When setting up new PBS's, the REB helps in the organization of an effective 
management structure. The PBS boards are elected by the local populace. but the 
REB assists in identifying potential candidates who can provide effective leadership. 
Good management at the local level is the most important element in the success 
of a PBS. An important MI'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 ipof future PBS's. 

At present, the operationai control activities of tile REB focus on the financial 
performance, procurement activities and the growth in consumption otf the PBS's. 
The relevant data is collected from Form 550 and reported 1mnontilv and annually 
in varving levels of detail. Tile most effective use of this performance data isto 

report trends inperformance. Where a deterioration is observed, a closer analysis 
should be performed. 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 opera:ing ratio. Management reports can be produced to 
emphasize these trends and alert the REB to potential problems. The graphical 
and tabular analysis shown in Annex III povides a starting point for this reporting 
function. The data shown in Annex 1I should be combined with this financial data 

and with additional performance data to generate reports which compare a PBS's 
financial performance and its system characteristics (e.g. density of users, 
consumption by class, average consumption per hookup, average revenues hy 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, 
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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 activities 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, sponsoring 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 areas 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 directly. 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 to collect objective data on the socio-economic 
impacts of rural electrification, especially since the survey respondents would be 
aware that the surveyors work tr 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 instrdments 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 survey.- 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 years is unknown. It would 
be useful if the Evaluation Division could ,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 electrification 
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 measurt_; 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 re-venues, 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 analy;zing 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 technical skills required for operation. The information 
collected would be evaluated and summarize i 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 Eguipment 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 :he past there have been four officers 
(I Deputy Director, 2 Assistant Directors and 1 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 sufficient 
hard disk capacity (40-60 MB) and high density floppy disk drives to organize and 
analyze survey data. These should be supported by a wide carriage, letter quality 
printers and basic software (spreadsheet packages with good graphics capability and 

deLucia and Asmociats, Inc 59 



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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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 
c. 	 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 benefits 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 15% p.a. through 1990, 13% p.a. through 1995 
and by 11 % p.a.. through 2000. 

The project paper also included a strong recommendation for the continuation 
of TA and for adjustment of the PBS tariffs to 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 tariffs charged by BPDB to REB 
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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 industries. data collected wasrural The 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% aeporteo 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 cap:city 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 electrifying 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 28C 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 58% 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 I or more electrical 
motors and 11% 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. Oiily 18% of the electrified 
industries reported a consumption in excess of I MWhr per month and 30% 
reported a consumption of less than .4 nwhr. 
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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 surxy 
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 
electrified 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 
follow 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 frorm 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 electrification. These include a relaxation of the 100 foot 
constraint on hookups and the provision of credit for 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 1. Rajashahi I and Pabna I1) 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 riot included in 
report, it appears to have focused primarily on the respondents perceptions with 
regards to the benefits of rural electrification. In addition a survey of 
commercial and industrial establishments was conducted at 175 electrified 
establishments and 70 non-electrified establishments and a survey of irrigation 
purnp users was conducted for 81 electrified pumlps (238 users) and 45 non­
electrified pumps (132 users). 

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

a. a reduction in fuel costs 
b. an increase in working hours 
c. in increase in household income 
d. an increase in reading and children's study 
e. an improved social life and increased amusement 
f.an improvement in security. 

I-5
 



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 analvsis 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 PBS'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 provideto 
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
 

c. 	 slower than anticipated transfer 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 
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e. 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-domestic 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 mLximun 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 flow 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 '3f investments and 
the 1% differential in interest rates (3% p.a. to REB, 4% p.a. to the PBS's). 
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 fifth 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 criteria 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 performance 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 ,)pcra ting subsidies paid by GOB to REB and the PBS's, and the 
economic subsidy in the form of 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 te most costly to serve. The 
question of the cffi.C'acy of this form of indirect subsidization of the rural poor by 
rural indust,-ial users was raised. 

The principal factors explaining the variability in performance 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 has been by the REB'sthis effect masked takeover 
of BPDB's lines. Another factors is delays in receiving power from BPDB, 
which is a planning problem originating on both sides. There is also the 
constraint of the BPDB's tariff 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 PBS was in with Thethe tariff adjusted line inflation. 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 bil!l. 

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) 
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ie projected income 
han the gross incomc; as a basis for expansion 

ng, this would account for factors such as load 
power factor and losses 

d. i net per mile of new line 

e. 	 g,.zrating 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 recommend 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 t'ie sources of non-operating income 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 
c. 	 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 -citive 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 us2 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 
calculation -,f the relative costs for electricity and substitute petroleum-based

a 

fuels. The consumer survey was conducted in nine PBS and included 399 
households of which 287/399 were electrified. In addition 84 commercial 
estabEishments, and 199 users of electrified irrigation were interviewed. A 
struc',L ll close-ended interview was conducted and the survey schedule was 
included i the appendix. Unfortunately this analysis used level of consumption
rather than income as the prirri ; . parameter for differentiating consumption­
related characteristics. Therefi,',, the results are of relatively little use in 
estimating benefits. 

This survey like others before it observed a correlation between size of 
household, inc re and electricity use. The estimates of fuel use prior to 
electrification are of questionable vaiidity since the period of recall was several 
years. The monthiy 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 asked about thewere reasons for 
their preference for electric lighting over kerosene lighting. The choices offered 
were quality, comfort, price and safety and the responses were 62%, 21%, 6% 
and 11% respectively. There was no attempt for prioritization of these beiefits 
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 
compared. 

elasticities 
All were 

observed 
found to 

in studies from 
have elasticities 

Bangladesh and India were 
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 steam 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 rather 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 exoansion plan and the 
type of investments recommended. 

The forecast 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-$84 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 to allow for incremental costs for each class of user. An allowance 
of 1% of capital costs was included for 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 MV 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, l1kV and .4kV). These capital costs were 
amortized over their expected life using the same discount rate and allowance 
for O&M. Tcchnical losses were then factored into the costs to determine an 
annual cost per kW. The results were Tk. 1079 per kW for 33 kV, Tk 1702 per 
kW for 11 kV and "'k 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 I1kV 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 is 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 different 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, Fk 1.02 and Tk .87 (evening peak, midday peak nd off-peak 
respectively or Tk 3.7 and Tk .97 for the peak and off-peak, re:;pectively. 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 to the evening hours. Because of the disparity 
with existing rates for all users was sign 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 Ute 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 
ti,.n expected. The changes in fuel prices, inflation, and installed capacity sincethe 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 developed. 

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

This report describes a survey conducted determine theto 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 knowledge where obtainoccasionally), of to family 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 Fimple
frame was the same for both surveys though the questionnaires were different. 
Not surprisingly the 1985 survey found a greater ownership of electric appliances
and a smaller amount of land Howe, r, on-the­ownership. "the interviewers 
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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 electrified 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 question.s, 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 much of the data Theof quoted. 
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 to 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 earlier 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 seivices. There was also relatively little use of electricity for irrigation but 
this was due primarily to the topography of the countries considered. The only 
consistent impact was the use of electricity for food processing. 

The impact of electrification on the commercial and industrial sector foundwas 
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 iiJi demand in the initial years following
electrification, especially where emphasis was plkced 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., 
if the area has roads, tvailable credit) 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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Annex II
 

REB HISTORICAL DEMAND DATA 



Review of Systemwide Demand 

The growth of the REB svstem has been quite drarratic 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 to 396.1 thousand at 
the end of FY89. The amount of billable energy has increased during the same 
period from 11.4 Gigawatt-hours per year to 373.4 GWhr. The rate of growth has 
varied depending on the class of service. 

For domestic hookups, the annual increase has been relatively linear at about 42 
thousand per year resulting in a linear increase in billable energy of 13.1 GWhr per 
vear. As a result, the average consumption per hookup has remained relatively 
steady at about 26 k\Vhr per rnonth as shown in Figure 11.5 below, this level is 
only about 1,4 of that for the BPDB's domestic hookups, so an increase is expected 
in the long run. 

For conmerci',l ho okups the growth has been linear with an increase of 8500 
connections per year. The billable energy has risen at a rate of 4.1 GWhrs per 
vear during the kist 8 years. The averagce consumption per connection has 
Iluctuated betCwunl .42 and .54 MWhr per year but appears to be rising as shown 
in the Figure 11.5. 

The InIumber of industrial hookups has risen by an average of 1100 per year 
resulting in an increase in billable energy of 23.5 GWhr per year. The average 
consumptiom per hookup rose during the first few years but is now in the process 
of a steidy decline. The peak was reached in FY84 with an average of 30.1 MWhr 
per year versus the current 22.6 MWhr per year. This trend is shown in Figure 11.2 
bel)w. 

The num1ber of irrigation pumps connected to) the REB system has increased by 
nearly 200() per year and the resulting increase in loid has heen 10.8 G Whr per 
year. The averaCe level of consumption has fLuctualted betwCCn 5.5 and 7.3 Whr 
per year after failling dramatically as shown in Figure ll.. Assuti ng a pumping 
period of four months in the year, the load placed the system is Cquivailent to.ml 

an addition of 43 GWhr of industrial or domestic loid. 
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Systemwide Performance
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Figure 11.3 
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Figure 11.5 
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Table II.1
 
Consumers and Consumption by Class
 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 

DOMESTIC CONSUMERS 
Consumers 22,285 47,098 79,666 110,133 137.294 210,4:2 256,253 314,962 

Conswrption 3,771 10,063 19,548 31,481 41,417 58,603 79,414 93.399 
Ave. Consumption 338 290 308 332 335 337 340 327 

1NDUSTRIAL DEMAND
 
Consumer5 344 1,003 1,811 2,579 4,019 5,7C5 6,631 7,641
 

Consumption h,617 18,078 37,384 66,160 88,881 117,812 141,476 161,054
 

Ave. Consunption 26,845 26,842 26,570 30,141 26,942 24,231 22,937 22,569
 

.RRIATON DEMAND
 
Cor.su;ners 360 1,371 2,821 3,767 4,795 8,177 10,753 14,437
 

lourzption 2,860 9.070 16,996 23,506 26,506 38,913 51,592 92,253
 

Ave Corsumption 15,886 10.479 8,109 7,136 b,192 5,999 5,451 /,325
 

SMA2 CCSMERC : AL 
e -s:; 0 6,799 14,054 20,985 26.220 42,189 48 935 56,150 

nsumptLon 0 1,412 4 ,337 8,657 12,838 17.28. 21, 751 25,:.58 

Ave, Consumpt cn 416 494 544 505 47/ 485 

STREE: LIGHTING 
Consumers 231 296 459 1,022 1,327 2,517 2,772 2,931 

ons.ump tIon 122 164 315 501 817 1,254 1,338 1,281 

Ave. Consumption 1,056 621 834 677 696 652 506 449 

SYSTEM
 
Consumers 23,220 56,567 98,811 138,486 173,655 269,000 325,342 396,127 

Consumption 11,370 38,787 78,580 1.0,306 170,459 233,863 295,571 373,445 

Ave. Consumption 979 972 1,011 1,098 1 092 1,057 995 1,035 

Table 11.2 
Average Growth Rates 

2)
Connections (R2) Consumption (R


Domestic
 
exponential 36% (.95) 43% (.93)
 

linear 41,800 (.97) 13,100 (.97)
 

Ind ustrial
 
exponential 42% (.92) 46% (.87)
 

linear 1,100 (.98) 23,500 (.99)
 

Commercial 
exponential 34% (.92) 45% (.93)
 

linear 8,500 (.94) 4,100 (.85)
 

Irrigation
 
e:ponential 47% (.92) 42% (.93)
 

linear 1,950 (.93) 10,800 (.85)
 

Street Lighting
 
exponential 41% (.95) 38% (.93)
 

linear 450 (.94) 200 (.93)
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REB DATA FOR HOUSEHOLD CONSUMERS
 

Figure 11.7
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Table 11.3
 

Percentage of Total Consumption Accounted for by Domestic Demand
 

PBS 


Chittagong I 

Noakhali 

Chittagong II 

Pirojpur 

Feni 

Meherpur 

Bagerhat 

Barisal 1 
Kusht ia 
Chandpur 
Narsiridi 
Rangpur II 
Bogra 

Narore I 

Mou lvibazar 
Siraj ganj 
Satkhira 

Madaripur 
Thaqkuragon 

Habiganj 
Joypurhat 
Pabna Ii 

Pabna I 
Jamalpur 
Natore 1 

Jessore 1 


Mymnensingh 
Comilla 

Jessore [1 

Dhaka 

Dinaj pur 

Rangpur 1 
Tangail 


1986/87 


89% 

91% 

52% 

54% 

43% 

53% 

43% 

39% 
36% 
45% 
24% 
42% 

27% 

28% 
29% 
32% 

35% 
22% 

24% 
27% 
28% 

29% 

48% 

27% 

26% 

30% 

17% 

21% 

21% 

15% 

20% 

16% 


1987/88 


96% 

84% 

18% 

56% 

54% 

61% 

51% 

46% 

41% 
39% 
59% 
30% 
38% 

28% 

28% 

30% 

30% 

33% 
26% 

25% 
32% 
25% 

29% 

35% 
28% 

25% 

28% 
19% 

21-

21i 

18% 

19% 

17% 


1988/89
 

92%
 
81%
 
76%
 
52%
 
51%
 
50%
 
48%
 
47%
 
41%
 
39%
 
37%
 
33%
 
29%
 
29%
 
28%
 
26%
 
26%
 
26% 
25%
 
25% 
25% 
25%
 
25%
 
25% 
24% 
23%
 
21%
 
20%
 
19%
 
17%
 
16%
 
16%
 
15%
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Table 11.4 

Average Cosumption 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 II 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 II 30.5 29.4 28.0 
Jessore II 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 24.4 
Chandpur 22.4 23.9 24.2 
Madaripur 25.0 27.2 24.2 
Rangpur II 20.2 24.5 24.1 
Dinajpur 24.5 26.9 24.0 

Chittagong II 23.1 1.0 23.9 
Kushtia 25.2 23.6 23.7 
Rangpur 1 22.2 23.5 22.7 
Satkhira 22.5 22.6 21.7 
Noakhali 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 
Bagerhac 17.2 19.9 19.0 
Meherpur 4.9 18.6 18.3 
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Table 11.5 

Number of Connections 

1981/82 1982/83 1983/84 1984185 1985/86 1986/87 1987(88 1988189 

Bagerhat 766 3.329 z.,6,) 5,910 
BarLisaL I ,100 3,212 4,872 6,413 
Bogra 3.296 tj.,75 '.,308 
Chandpur 567 3,054 5,356 7,089 8,073 1..3C6 12.97C 15,938 
Chittagong 11 5 918 7 .... 
Chi:taeong :1 3,2'8 62. 5,118 
Comilla 4,931 6,406 8,224 10,450 :1,054 13,527 1 985. 19,426 
chaxa 5,576 9,589 11,627 12,775 14,131 17.536 18,835 20,532 
Cina2pur 1,138 2,679 4,.472 5,85 7,638 
Fen. 1,171 3,182 5,813 9,377 . :2,351 
Habiganj 967 3,712 6,844 4,619 .668 1 S5 13,725 
.'amaipur 2,397 3,83. 5,065 
Jessore 1 981 3,024 5 684 6,637 ',514 9,723 0 5, ' 974 
Jessore 11 2,303 4,987 6,912 8,058 F,812 10.535 1:,;75 :2,258 
joypurhat 200 2,679 3,5>3 ,94. 
Kus h" a 496 2,741 5,1: b,6Th 8.513 
Madar~pur 1.416 3,70C 585-. 7,192 
Meherpur 2,163 4,5.5 8,145 
Moulvibazar 1,142 2,028 5,977 8,637 9,514 11,214 11,3K :2,673 
Mymensingh 536 2,719 3,963 5,116 b7',1 7.397 
"arsIngdL

1atoreI 1,545 4,002 5,704 7,812 7,678 
1,513 
9,385 

3,517 
13,5:9 

881 
12035 

aore II 531 3,592 5,876 7.972 8.87 12,311 13355 
Nloakhall 2,61' 5,927 13 320 
Pabna I 910 3,065 4,156 5,12 t),528 8,'47 
?a n, l! 472 1,218 3,256 4,139 5,619 7,8..2 . 1 32 
?Projpur 1)6 ' 2,272 3,087 
Ra:ngpur I 
Ra,-.k;pur 11 

258 1,669 3,208 
312 

,8'.
3 .112 

5 
,1 

. ,,091 
7,'15 

Satkhra 821 2,551 4,b20 ',,22 8,235 

S;rajganj
.a.Aga i 

3,312
917 

4,358
2,963 
2,932 

6,536
4,951 

7,014
6,795 

7,288
7,573 

'0,
11,273 ::,5:: 

8o5 

.882
13620 

4 571 
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Table 11.6 

Energy Billed To Household Consumers 

1981/82 1982/83 1983/84 1984/85 1985/86 1986187 1987/88 1988/89 

Bagerhat 20 422 946 1,197 
Barisal I 86 450 1,048 1.384 
Bogra 328 1,542 2,441 
Chandpur 44 493 1,417 2,118 2,120 2,663 3,478 4,206 
Chittagong 1 1,686 2,404 
Chittagong T: 446 24 823 
Comilla 881 1,472 2,076 2,839 2,820 3,147 4,261 5,572 
Dhaka 1,290 2,574 4,007 5,094 6,117 7,770 8,734 8,776 
Dinajpur 99 737 1,053 1,665 1,948 
Fe 92 776 1,516 2,841 3,617 4,142 
Habiganj 148 719 1,853 2,599 3,077 3,618 41055 

JamaIpur 280 798 1,075 
Jessore I 
Jessore Ii 

165 
457 

649 
898 

1,590
1.654 

2,322
2,211 

2,651
3,047 

2,767
3,250 

3.4.7 
3.583 

3,987
3,731 

Joypurhat 12 317 88) 1.050 
Kushtla 30 521 1,2C0 ',675 2,152 

Madaripur 124 767 1,558 1,893 
Meherpur 6. 755 1,397 
Moulvibazar 266 818 1,622 2,650 3,667 4.241 ,753 5,192 

Mymensingh 35 614 1,116 1,203 1.663 1,986 
Narslngdl 94 t,84 1 020 
Nat ore I 402 1,000 1,637 2,288 2,691 3,064 3.752 4,287 
Natore I! 91 955 1.613 2,781 3,261 3.6 3 ,!73 4,772 
Noakhall 160 .!77 2.06 

Pabna I 145 858 1,320 1,639 1,873 2,213 2.350 
Pabna :1 37 308 836 1,568 1,932 2,463 2, ')i 3 142 
P rojpur 3 2 "21. 649 
Ra:.gpur 17 369 8-., ,7 1-2 1,563 
Rangpur I .0 3. 1.23,, 1,773 
Satkhira 42 475 1,115 1,485 ',d53 2,015 
Sirajganj 4,398 0,2 4,939 
Tangall 139 603 1,333 2,074 2,772 3,545 ."126 4,462 
Thaqkuragon 131 485 910 
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Table 11.7 

Average Energy Consumed 

1981/82 1982/83 1983184 1984/85 1985186 1986187 1987/88 1988/89 

Bagerhat 52 206 238 228 
Barisal I 156 209 259 245 
Bogra 199 309 293 
Chandpur 154 272 337 340 272 269 287 291 
Chittagong 1 570 369 
Ch'ttagong 277 13 287 
Comil-a 357 260 284 304 262 256 294 319 
naka 463 339 378 418 455 491 480 440 
DiuaJpur 174 386 295 323 288 
Fena 157 357 337 374 362 360 
Hablganj 307 507 351 336 319 322 318 
Jamapur 234 256 242 
Jessore 1 336 324 365 377 375 32' 340 354 
Jessore 11 397 246 278 295 361 336 332 323 
Joypurhat 117 220 287 248 
.-sl' ta 122 322 303 283 284 
Maar i4ur 175 300 326 290 
Meherpu: 59 224 219 
Moulvibazar 466 516 405 363 404 409 411 423 

Mymeznsingh 132 377 334 265 296 294 
Nars~sgdi 124 272 243 
Natore I 521 361 337 339 347 353 372 380 
1atore 11 344 463 341 402 387 360 348 372 
NoakhaLi 122 276 259 

a 319 432 366 153 322 320 298 
pabr;a :I 156 365 374 424 396 366 353 336 
Pirojpur 26 238 247 242 
Rangpur 1 129 382 345 267 282 272 
Rangpur 64 242 294 289 
Satkh:ra 102 282 311 270 271 260 
Sirajganj 487 502 467 
Tangait 302 311 337 353 386 376 3o. 341 
Thaqkuragon 225 241 245 
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Table H.8 

Percentage of Total Customers 

1i81/82 1982183 1983184 1984185 1985/86 1986/87 1987/88 1988189 

Bagerha2t 82.6% 88.3% 85.3% 85.5% 
Barisal I 100,0% 88.4% 77.7,% 78.9: 80.6% 

Bogra 95.2% 91.5% 90.1% 
Chandpur 98.8% 76.9% 73.0% 75.6% 73.9% 72.9% 74.2% 76.2% 
Chittagong 11 92.5% 92.6% 

Chittagong :1 90.3% 94.7% 93.8% 

Comilla 98.5% 88.7% 82.0% 78.6% 75.7% 73.6%. 74.9% 7..8% 

Chaka 94,0% 90.7% 88.9% 89.3% 94.7% 85.3% 84.9% 84.6% 

Dinajpur 94.2% 79.3% 77.1% 77.% 78.5% 

95.4% 87.8% 77.9% 77.3% 77.4% 78.0% 

fabiganj
aa pur 

92.6% 77.4% 76.8% 71,0% 78.5% 
89.9% 

78 6% 
86.-% 

80.0% 
82.8% 

essore 1 95.7% 71.4% 75.6% 74.3% 69.3% 67.8% 67.1% 68.0% 
esso~e 11 96.3% 80.7% 77.5% 74.4% 73.8% ;,.4% 70.8% 70.7% 

Joypurhat 98.5% 89.2% 87.5% 86.0% 

usth ta 91.5% 83.6% 86.7% 88.1" 89.3% 

Madaripur 87..% 80.5% 80.2% 78.2% 

Meherpur 
Moulvbazar 99.0% 86.5% 91.3% 84.4% 83.0% 

97.8% 
82.4-% 

96.3% 
81 % 

95.7" 
80.7% 

Mymens ingh 95.2% 83.0% 83.5%: 93 6" 82 3% 80.8% 

Nars ingdi 

Natore 1 94.8% 83.6% 82.6% 83.7% 77.7%'. 
87 3: 

76.t% 
88.j7%
7 
, 2% 

87.5% 

76.7% 
Natore II 96.5% 86.2% 78.3% 78.7% 89 9% 78 . .5% 78.1' 

NoakhaL 8i. 92 9% 
pabna 1 63.5% 74.9% 75.10 75 38% 7. ,' 'i%.% 7'. 

Pabna 1, 99.4% 85.5% 74.8 74 .0% 77.8% 7 .20 78.5%" 

7irojpur Q9.5% m 85.0% 
Rangpur : 44.3% 63.6% b7 .. 6:ov t:, 64.8% 
Ra:ngpur t) 7 ,.% 82 fl: 85 5. 85.2% 

Satki' ra 74.3% 88.7% 72 9%. 74.7% 73 8' 73.7% 

0ir~iganj 93.7% 75.5% 76.3% 72.5: 72 4% 73.2% 7. 6!: 70 9% 

Tangalt 
Thaqkuragon 

97.6% 86.9% 86.9% 83.0% 82.9% 79.3% 
86. 3% 

77 9%' 
90.2% 

77.2% 
89.6% 
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Table 11.9 

Percentage of Total Energy Consumed 

1982/82 1982/83 198384 1984185 1985186 1986187 1)87 R8 1988/89 

Bage rhat 43.0% 52.8% 51. % 47 8% 

Barisal 1 75.6% 43.0% 45.5%' 47.3% 

Bogra 42.2%. 37 5% 29.0% 

Chandpur 31.2% 42.3% 34.7/ 36.5% 34.7% 35.5% 39,2% 39 0% 

Chittagong 1: 956: 92.2% 

Chittagong 1T 90.8%' 18 3% 76.3" 
Comilla 44.0% 42.6% 21.9% 20.9% 18.6% 16.8% 18 8% 19.7% 

haka 22,0% 20.8% 19. 2% 20.4% 19.2% 20.9% 20 6% 16.9% 

Dinajpur 46.2% 22.7% 15.1% 17.6% 16.2% 
Fe:. i )1.9% 70.5% 47.3% 53.9% 54.3% 51.1% 
HabLganj 45.8% 25.9% 21.1% 23.4% 24.2% 25.1% 25.2% 

'amalpur 48.3% 35.2% 24.6% 
.e s sore 134.7% 23.4% 25.6% 26.1% 27.1% 25.8% 25.1% 22.6% 
Jessore II 48.6% 36.5% 36.6% 23.9% 21.0% 20.9% 20.8% 19.1% 

.oypu rhat 46 0.% 27.3% 31.77. 25,2% 
Kusht La 69.3% 31.5% 38.8% 41 4% 40.6% 

Madaripur 59,.% 35.C% 332% 25.7:% 

Mehe rpur 43 3% 6 7t' 49.8% 

Moj 'vibazar 60.6% 43,0" 49 6% 23.7% 29.1% 27.7% 27 6 " 27 5% 
Mymens Lngh 52.5% 36.5:% 36 3: 29 1% 28 . 23 20.5:1 
Nars ingdiI.5 -%58 5% 37 1% 
Natore : 43.5% 29.4% 30.1% 26.8%; 7 . 26 2 6 . 24 2% 

Natore I1 79.5% 40.4% 33.7% 28.6% 26 3% 2 9% 2 . 28.9% 
Noakha1i 88 9% 8o ! 81.4% 
Pabna : 16.5% 28.8% 28.4% 30 6% 2831% 29 ..b': 
Pa Ina:I 56.9% 44.9% 36.7% 34.5% 35.7% 28 2% 2 5% 24.9% 

?irojpur 99.4% 52 .% 56 2 52. % 
Rangpur 1 44.0% 26.7% 24.1: 2- 3% .16. 1% 

Rangpur II 43.5% 2. 3%*; I , 33.4". 
Sarkhlra 69.9% 36.3% 35.9 32.1% 2c 9% 25.8% 

Sirajganj 29.4% 2'% 26.1% 

Tangaii 33.1% 8.6% 11.5% 14.1% 15.2% 15 9% 1, 1% 14.5% 

.haqkuragon 21.6% 26 3% 25 3% 
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REB DATA ON INDUSTRIAL DEMAND
 

Figure 11.12
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Figure 11.14 
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Figure 11.16 
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Table II.10 

Percent of Consumption Accounted 

PBS 1986/87 

Moulvibazar 63% 
Dhaka 58% 
Habiganj 62% 
Dinajpur 67% 
Thaqkuragon 60% 
Comilla 66% 
Jessore II 60% 
Pabna ii 53% 
Rangpur II 59% 
Natore II 51% 
Bagerhat 37% 
Rangpur 1 52% 
Kushtia 43% 

Tangail 53% 
Piroj pur 34% 
Satkhira 38% 
Barisal 1 42% 
Sirajganj 35% 
Jessore 1 39% 
Bogra 17% 
Chandpur 35% 
Madaripur 38% 
Natore I 32% 
Joypurhat 38% 
Meherpur 38% 
Pabna 1 30% 
Narsingdi 9% 
Jamalpur 22% 
Feni 16% 
Mymnensingh
Noakhali 

27%
5% 

Chitcagong II 3% 
Chittagong II 

for by Industrial Demand 

1987/88 1988/,89
 

65% 65%
 
62% 64%
 
61% 59%
 
62% 58%
 
60% 57i
 
63% 54%
 
56% 52%
 
58% 5o%
 
56% 49%
 
50% 46%
 
40% 42%
 
48% 42%
 
41% 41%
 

45% 39%
 
32% 36% 
37% 35%
 
39% 34%
 
35% 32t
 
34% 29%
 
?8% 25%
 
32% 28%
 
36% 27% 
32% 26i
 

34% 26%
 
26% 25% 
27% 21% 
131 20%
 
22% 19%
 
15, 16%
 
25% 15%


7 

11% 4%
 
3% 4% 
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Table 11.11
 

Average Consumption Per Industrial Connection
 

PBS 


Dhaka 

Moulvibazar 

Jessore II 

Thaqkuragon 

Pabna IT 

Habiganj 

Tangail 

Chittagong I 

Natore II 

Dinajpur 

Comilla 

Jessore I 

Bogra 

Sirajganj 

Meherpur 

Rangpur 1 

Natore 1 
Rangpur !I 

KusV-tia 
Satkhirca 
Madaripar 
Narsingdi 
Pabna 1 
Jamalpur 

Bagerhat 


Barisal 1 

Mymensingh 

Joypurhat 

Chandpur 


Pirojpur 

Feni 

Noakhali 

Chittagong II 


(MWhr/month) 

1986/87 1987/88 1988/89
 

3.3 3.5 4.1
 
4.1 3.6 3.3
 
3.7 3.4 3.3
 
1.6 2.1 3.0
 
2.4 3.3 2.9
 
3.3 3.3 2.9
 
3.4 2.7 2.5
 

3.3 2.1
 
2.0 2.0 2.0
 
1.9 1.8 1.9
 
1.9 2.0 1.8
 
1.4 1.4 1.5
 
0.5 1.1 1.4
 
1.3 1.4 1.3
 
0.9 1.2 1.2
 
1.2 1.3 1.2
 
1.1 1.2 1.2
 
1.3 1.4 1.2
 
0.9 1.0 1.2
 
1.0 1.1 1.1
 
1.0 1.1 1.1 
0.2 0.6 1.0
 
1.3 1.1 1.0
 
0.6 0.9 0.9
 
0.5 0.9 0.9
 

0.8 0.9 0.8
 
0.8 0.9 0.8
 
0.8 0.8 0.8
 
0.7 0.7 0.7
 

1.1 0.5 0.5
 
0.4 0.4 0.5
 
0.1 0.4 0.4
 
0.7 0.4 0.3
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Table 11. 12 

Number of Connections 

1981182 1982/3 1983,84 1984/85 I985186 1986187 1987/88 1988189
 
Bagerhat -91 105
 
Barisal 1 14 75 91 106
 
Bogra 43 129 161 
Chandpur 1 50 153 199 273) 339 345 370 
Chittagong 1 3 5 
Ch4ttagong 1, 3 3 20 
ComnIla 30 72 174 297 488 579 620 772
 
Thaka 161 256 346 406 486 598 653 737
 
)..ajpur 18 145 264 290 320 
e-I 1 3 132 201 223 241 

Habiganj 7 91 158 189 203 236 311 
ama pur 37 58 94 
.ssore T 19 109 123 160 219 266 290 288 

Jessore II 28 75 96 164 190 228 244 275 
Toypurhat 94 109 122 
Kusht ia 10 108 135 151 158 
!adar pur 25 112 143 178 
!ehe rpu r 10 34 61 
Xo-i.vjbazar 9 29 66 135 159 238 276 340 
My:mensIngh 48 96 123 138 166 
.. ars irgdi 16 24 63 
Natore 1 35 81 122 168 265 296 317 336 
Natore I1 1 108 164 232 296 292 3'1 326 
!cakha II 11 34 63 
pabna I 79 88 94 114 141 173 182 
?abna :r 1 16 84 94 148 168 179 187 
P1 rojpur 20 69 76 
Rangpur I 49 155 212 246 306 
Ringpur II 15 122 151 223 
,.tkhira 1 68 140 171 190 210 

S rajganj 59 85 206 270 310 311 377 396 
Zargai1 36 96 6 2 314 382 411 
Thakuragon 37 51 62 
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Table 11.13 

Total Energv Consumed in Industrial Connections 

1981/82 1982183 983184 1984/85 1985/86 1986187 1987/88 1988189 

Bagerhat 23 296 727 1,053 
Barisal 1 18 443 898 989 
Bogra 135 .60 2,387 
Chandpur 0 313 1,203 2,022 2,236 2,624 2,828 3,031 
Chittagong 
Chittagong :: 13 

59 
15 

:3. 
48 

Comilla 929 1,373 5,398 8,010 9,518 12.320 :4,224 15.317 
Dhaka 2,548 5,575 11,029 14,010 18,880 21,695 26,5.9 33.429 
Dinajpur 14 1,791 4,659 5,8..3 b,967 
FenL 0 11 411 831 993 1,283 
Habigani 157 1,732 5,874 7,041 7,813 8,727 9,431 
Jamalpur 128 495 821 
.,essore
Jes1ore 

1 
.: 

219 
389 

982 
749 

2,096
1,242 

2.982 
4,376 

3.605 
8,729 

4,195
9.282 

.,2
9.72. 

5,382
I,.133 

3oypurnat 44 I 39,2 
Kusht la 11 779 >34.3 t,,)2 2.145 
Madaripur 48 83; 1,,25 2,028 
Mehe rpur 50 21 700 
MouLIvibaz r 166 1,014 1,437 7.853 7,952 3,7 :...I.. 12,2,5 
Mymens 4n n 255 803 1,389 "71.. 60 
Na rs g i 19 - 546 
Natore 
Natore 

1 338 
2 

945 
1,011 

1,539
1,898 

2,664
4,761 

3.143 
6,444 

3,t8K7 
.2b5 

- '.1-2 
,52 

4,O70
7,525 

Noakhal 9 236 
Pab a 1 591 1,325 1,715 1,689 1 939 2,334 2,336 
Pabna :: 27 254 809 1,728 2,093 4, 32 6. "' 6,367 
P? rojpur 133 2b2 452 
Rangpur 497 1,717 2,71'? 3 562 4,062 
Rangpur 10 1,57 2.)r, 2,609 
Satk: ra 0 421 1.196 .773 2 ,.3 7 2,752 
SLraga 2 4.825 5. 6,063 

Tanga i 5,115 7,675 8,955 10,756 11,718 ,2 7 1,89 
T aqkuragon 366 a>8 2,050 
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Table 11.14 

Average Energy Consumed 

1981/82 1982/83 1983/84 1984/85 1985t86 1986187 1987188 1988189 

Bagerhat 1,029 6,578 '0,613 10.745 
Barisal 1 2.580 9,955 c0,819 10,C41 
Bogra 6.279 :3.488 16,462 
Chandpur 720 12,2b 11,852 11,489 9,357 8.492 8,269 8,478 
Chittagong i 39.333 25,250 
Chittagong
ComIlla 61.916 26,925 43,884 34,011 24,250 

'i,'t67
3,033 

5,2 0
23. 726 

4.,174
22007 

Dhaka 31.652 26,736 36,643 37,261 .2.331 3.028 2,396 49,160 
:1,na;pur I 593 21 976 22,782 21.>4 22.843 
Fe m. 860 5.640 .8 ,P91 '. 5 . 530 
Habigan3 44 .951 35,350 47 ,18 .,579 86.1 3 ,483 
2ama pur " ' 8u3 
Jessore 23,011 15,344 18.070 21.077 '.25 17 . , 5 
Jessore 27,819 14,542 14,531 33,665 ..9, 15 3 3 
Joypurha ', . . 437 

Kusht .a 2.138 12, 7 , 133 
Xadarip v 3,3.4 12 Z., ' 626 
Meherpur ,. 737 
Mou v2,ba.ar 36.783 53,342 30,246 78,138 54.094 .4 '22 39 ,27 
Mymens irngk 10,634 7 ,.5 ')) 25 
Nars ngd. 
Natore : 19,293 16,291 15,162 18,371 5 

5 
, 

12 552 

3 3 
iatore 11 3,600 18,559 13,957 24,047 , . . . 5 626 

Noakha i , . 866 
Pabna 14,961 15,871 18,841 ! ,244 ' SS 2 , 55 470 

Patna :i 54 720 29,906 16,171 19,420 17,297 )127 3-,792 
Pirospur 8 , '34 
Rangpur 0 29,298 u62 J 7 
Rangpur II 3 7 . ,1 952 
Satkhira 680 12,206 '.503 . 276 

S 1ra ganj . 53, 4 . 5 679 

Tangail 284,149 116,292 175,585 _ 74.1 3 2. V. 30,237 

Thaqkuragon 19,78. 25,162 36,283 
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Table 11.15 

Percentage of Total Customers 

1981182 1982/83 1983/84 1984/85 1985/86 !Q86t87 1987/88 1988189 

Bagerhat 4.7% 1.2% 1.7% 1.5% 

Barisal 1 1.1% 1.8% '.5% 1.3% 
Bogra 1.2% 1.8% 1,5% 

Chandpur 0.2% 1.3% 2.1% 2.1% 2.4% 2.2% 2.0% 1.8% 
Chittagong :1 00% 0.1% 

Chittagong II 0.1% 0.5% 0.4% 
Comilla 0.6% 1.0% 1.7% 2.2% 3.3% 3.1% 3.0% 3.0% 
Dhaka 2.7% 2.4% 2.6% 2.8% 3.3% 2.9% 2.9% 2.9% 

Dinajpur 1.5% 4.3% 4.6% 3.8% 3.3% 
Feni 0.1% 0.1% 1.8% 1.7% 1.6% 1.5% 

Habiganj 0.7% 1.9% 1.8% 1.7% 1.5% 1.6% 1.8% 

Jamalpur 1.4% 1.3% 1.5% 
.essore I 1.9% 2.6% 1.6% 1.8% 2.0% 1.9% 1.8% 1.6% 

Jessore 1: 1.2% 1.2% 1.1% 1.5% 1.6% 1.5% 1.6% 1.6% 
Joypurhat 3.1% 2.7% 2.1% 

Kushtia 1.8% 3.3% 2.3% 2.0% 1.7% 
Madaripur 1.5% 2.4% 2.0% 1.9% 

Meherpur 0.5% 0.7% 0.7% 

Mouljibazar 0.8% 1.2% 1.0% 1.3% 1.4% 1.7% 1.9% 2.2% 
Mymens Lngh 1.5% 2.0% 2.0% 1.% 1.8: 
Nars ingdi1 0.9% 0 6 .1% 
Natore I 2.1% 1.7% 1.8% 1.8% 2.7% 2.3% 2.3% 2.1% 

1atoreI1 0.2% 2.6% 2.2% 2.3% 3.0% 2.0% 20% :9% 

Noakha 1 0.4% 5 ; 3.6% 
Pabna , 5.5% 2.2% 1.7% 1.7% 1.6% _7% 16% 

Pabna :1 0.2% 1.1% 1.9% 1.7% 2.0% 1.7% . 

Pirojpur 1.2% 2,6% 2.1% 

?angpur 0 1.1% 3.3% 3.0% 3 c% 3 3:: 
Rangpur 3.2% 3.1% 2.5: 2.7% 

Satkhira 0.1% 2.4% 2.2% 2.0% 1.9% 

Sira~ganj 1.7% 1.5% 2.4% 2.8% 3.1% 2.4% 2.o' 2.6% 

TangaiL 1.1% 1.7% 2.6% 2.8% 2.2% 2 4; 2.3% 

Thaqkuragon 2.7% t )% 1.2% 
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Table 11.16 

Percentage of Total Energy Used 

1981/82 1982/83 1983184 1984/85 1985/86 1986187 1987/8 1988/89 

Bagerhat 48.5% 37.0% 39 5% 42.0% 
Barisal I 15.9% 42.4% 39.0%. 33.8% 
Bogra 17.4% 28.2" 28.4% 
Chandpur 0.3% 26.9% 29.5% 34.9% 36.6% 35.0% 31.8% 28.1% 
Chittagong :: 3 3% 3.9% 
Chittagong 2.6. '. 5% 4.4% 
Comilla 46.5% 39.8% 56.9% 59.0% 62.8% 65.7% 628% 54.3% 
Dhaka 43.5% 45.0% 52.8% 56.1% 59.2% 58.4% 62 '; 64.5% 
Dinajpur 6.7% 55.1% 66.t% 61 9'. 57,9% 
rent 0.4% 1.0% 12.8% i5 8% 9. 15 8% 
Hab iganj 48.5% 62.4% 67.0% 63.5%. 61.5% 7. 58.6% 
Jama pur 22.1% 2:. 18.8% 
jessore 46.1'. 35.5% 33.7% 33.5% 36.9% 39.1% 34 3.' 28.8% 
Jessore :: 41.5% 30.5% 27.5: 47.4% 60.1% 59 7% 5T ' 51.8% 
Joypurhat 38 3>.8% 26. 1 
Kusht ia 24.4% 47.0% .3.4% 41 ,,. 41.5% 
Madaripur 23.1% 38.3% 36 4% 27.5% 
Meherpur 37.6'' 5:5 25.0"% 
Moulvibazar 37.7% 53 3% 44.0% 70.3% 63.1% 63.5% , 4 6. 64 6": 
Mymens ingh 15.2% 26.1% 26 .77T 15.1% 
Nars ingd i 
Natore I 36.5% 27.8% 28.3% 31.2% 32.3% 

9.2' 
32.3% 

:2 ''. 
3i 8% 

1). 8% 
26 ,% 

Natore I! 1.6% 42.8% 39.7% 48.9% 52.0% 51 4, : 45 6% 
Noakhail 5 0% 2% I. 
Pabna 1 67.2% 44.4% 36.9% 31.5% 29 9% 7 :. 21.3% 
Pabna :: -2.3% 37.0% 35.5% 38.0% 38.7% 52 7; "... 52 5% 
P rojpur 33 7% 7. 36.2% 
Rangpur I 36.0% 49.2% 51 6% .8% 
Rangpur 11 39.5% 59.2% _ 2" 
Satkhtra 0.6% 32.2% 38.6% 38.3% 3% 35.2% 
Siraj gan j 34 b % 2'; 32.0% 
Tangait 73.3% 66.2% 60.9% 59.0% 52.7% -5 4.% 39.0% 
Thaqkuragon 60.4% f43.2 56.9% 
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REB ANNUAL DATA FOR IRRIGATION USERS
 

Figure 11.17
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Table 11. 17
 

Percent of Consumption Accounted for by Irrigation Demand
 

PBS 


Mymensingh 


Jamalpur 

Pabna I 

Joypurhat 

Tangail 

Bogra 

Natore I 

Madaripur 

Narsingdi 

Jessora I 

Rangpur I 

Si':ajo j 
Saukhira 

Meherpur 

Dinajpur 

Chandpur 

Jessore 11 

Comilla 

Natore 11 

Feni 


Dhaka 

Thaqkuragon 

Pabna II 

Kushtia 
Rangpur II 
Chitragong II 
Habiganj 
Barisal I 
Chittagong II 
NoKhali 
Piroj pur 

Moulvibazar 

Bagerhau 


1986/87 


5.0% 


.24.1% 

31.2% 

32.0% 

28.4% 

39.6% 

34.0% 

16.5% 

41.5% 

22.3% 

19.2% 

26 .9% 

15.4% 

18.1% 

15.4% 

13.5% 

9.3% 

8.8% 


15.2% 

11.4% 


17.3% 

15.2% 

7.5% 


12.5% 

9.4% 

0.8% 

3.9% 

0.9% 


0.5% 

0.0% 


1987/88 


39.5% 


39.2% 

34.7% 

32.1% 

34.3% 

33.3% 

31.5% 

20.7% 

21.6% 

28.3% 

24.0% 

26.0% 

19.4% 

10.0% 

16.3% 

12.8% 

12.0% 

9.8% 


13.6% 

12.9% 


13.8% 

10.1% 

7.4% 


12.4% 

7.2% 


4.3% 

1.2% 

1.0% 

0.6% 


0.0% 

0.1% 


1988/89
 

58.6%
 

53.1%
 
47.2%
 
46.8%
 
44.0%
 
41.5%
 
40.6%
 
40.1%
 
39.7%
 
37.5%
 
34.6%
 
33.9% 
27.9%
 
22.5%
 
21.9%
 
18.2%
 
17.9%
 
17.3%
 
17.0%
 
16.4%
 

15.6%
 
15.4%
 
14.6%
 
14.2%
 
10.8%
 
7.7%
 
6.2%
 
6.1%
 
1.3%
 
1.2%
 
0.3%
 
0.2%
 
0.2%
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Table 11.18 

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

PBS 


Mymensingh 
Meherpur 
Chittagong II 
Jessore I 

Dhaka 

Narsingdi 

Tangail 

Barisal I 

Chandpur 

Rangpur I 

Madaripur 

Comilla 

Joypurhat 

Bogra 

Chituagong I 

Jamalpur 
Habiganj 
Nafore 1 
Pabna 1 
Dinajpur 
Jessore 11 

Sirajganj 

Thaqkuragon 
Satkhira 

Pabna II 
Kushtia 

Feni 
Natore II 
Rangpur II 
Noakhali 

Bagerhat 

Moulvibazar 

Pirojpur 


1986/87 1987/88 1988/89
 

4.8 4.0 5.0
 
1.7 1.7 3.5
 
2.0 2.6
 
1.4 1.6 2.5
 

3.3 1.9 2.4
 
3.9 1.9 2.1
 
1.6 1.6 2.1
 
2.3 1.3 2.1
 
2.1 1.3 2.0
 
2.2 1.8 2.0
 
3.1 1.7 1.9
 
1.0 1.0 1.9
 
2.2 1.8 1.8
 
2.3 1.7 1.8
 

2.8 1.8
 
2.8 1.7 1.7 
1.6 1.2 1.6
 
1.1 1.0 1.6
 
1.3 1.2 1.5
 
1.3 1.2 1.5 
0.9 1.0 1.5
 

1.3 1.1 1.4 
1.0 0.9 1.4 
1.7 1.2 1.4
 
1.1 0.9 1.4
 
1.2 1.1 1.4
 
0.9 0.9 1.2 
1.1 0.9 1.2
 
1.6 1.2 1.2
 

0.6 0.8
 
0.3 0.8
 

0.1 0.1 0.6
 
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 Pwunps Total Deep Shallow Pumps 
Bagerhat 2 0% 0% 100% 2 0% 0 100% 
Barisal I 9 0 0% 100% 34 0% 0% 100% 
Bogra 336 23% 77% 0% 644 18% 82% 0%. 
Chandpur 225 12% 4% 84% 262 13% 5% 82% 
Chittagong I 3 33% 0% 67% 7 14% 14k 71% 
Chittagong II 0 16 6% 0% 94 
Comilla 575 21% 42% 37% 732 20% 42% 38i 
Dhaka 771 36% 41% 24% 919 43% 37% 20% 
Dinajpur 371 25% 70% 5% 497 22% 74% 4% 
veni 245 8% 37% 55% 301 7% 36% 57% 
Habiganj 137 34% 52% 14% 170 31% 54% 15% 
Jainalpur 231 12% 87% 1% 458 14% 85% 2% 
Jessore 1 633 28i 65% 7% 704 27% 66% 6% 
Jessore 11 539 9% 86% 5% 648 8% 86% 5% 
Joypurhat 171 381 62% 0% 368 35% 65% 0% 

Fushtia 1K5 6i 28% 66% 1 150 8% 35% 57% 
ladar ipur 231 0% 69% 30% 533 0% 83% 17% 
'.eherpur 29 59% 21% 21% 1 60 55% 35% 10% 

-ouIvibazar18 0% 100% 0% 18 0% 100% 0% 
.ine is ingh 188 95i 5% 0% 377 86% 14% 1% 
Narsingdi 57 35i 60% 5% 200 20% 72% 8% 
N,1t ore 1 1067 10% 82% 9t 1246 10% 83% 7% 
Xciore Ii 557 11% 87% 3% 606 10% 87% 2% 
Noakhati 6 33% 33% 3% 13 8% 77% 15% 
Pabna 1 641 11% 88% 1% 819 11; 88% 2% 
Pabna 11 279 9% 87% 4 385 7% 90% 3% 
P i roj Pu 1 0% 0% 100% 4 0. 0% 100% 
Rangpur 1 328 33% 60,% 7% 530 26% 69% 5; 
Rangpur II 75 19% 33% 48% 165 18% 36% 45% 
Satkhira 319 16% 84% 0% 465 13% 87% 0% 

Sirajganj 1049 11% 79% 10% 1 1204 10% 81% 9% 
Tangail 1476 19% 77% 4% 1 1763 21% 76% 4 
Thaqkuragon 59 75% 22% 3% 1 137 71% 26% 4% 
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Table 11.20 

Number of Connections 

FY82 FY83 FY81. FY85 FY86 FY87 FY88 FY89 
Bagerhat 2 2 
Barisal I 2 9 34 

Bogra 67 336 644 

Chandpur 6 48 14 14 37 205 225 262 

Chittagong 1 3 7 
Chittagong 2 1 16 

CoML11a 18 44 129 156 277 528 575 732 
haka 165 275 367 233 249 733 771 919 

D0lna pur 13 139 275 371 497 

Fen! 4 8 140 21' 245 301 

Habiganj 1 3 29 34 ".6 137 170 

Jama Ipu r 25 231 458 

Jessire 1 12 79 259 318 331 552 633 104 

2essore :: 7 11 229 290 320 485 539 648 

0oypurha t 3 82 171 368 
Kush-a 1 I 67 99 125 150 

Madar:p .r 1 57 231 533 

M.eherpu 8 29 60 

Moulvibazar 1 1 2 5 1 17 18 18 

Mymensingh 1 51 41 106 188 377 

iars i gdi 11 57 200 
Natore 1 
atore II 

23 
3 

233 
90 

404 
235 

535 
395 

765 
442 

993 
527 

1,067
557 

1,246
606 

Noakhali 1 6 3 

Pabna 1 19 117 276 334 449 641 819 

Pabna 12 35 79 124 91 217 279 385 

Piro pur 1 1 4 

Rangpur I 1 18 63 170 328 530 

Rangpur 21 51 75 165 

Satkh Ira 23 47 167 319 465 

Sirajganj 
langail 

102 
23 

347 
188 

577 
400 

535 
743 

616 
797 

8 7 
1,129 

1,049 
1,476 

1,204 
1.763 

Thaqkuragon 45 59 137 
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Table 11.21 

Energy Consumed 

FY82 FY83 FY8. FY85 FY86 FY87 FY88 FY89 

Bagerhat 1 6 
Barisal 1 9 28 179 
Bogra 308 1,368 3,492 
Chandpur 96 225 922 812 836 1,016 1,137 1,965 
Chittagong 1 17 35 
Chittagong II 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 6,41. 5,858 8,102 
Dinajpur 96 570 1,074 1,543 2,638 
Feni 4 122 687 602 860 1,326 

-abiganj 1 75 205 306 490 624 1,000 
2aaIpur 140 889 2,317 
Jessore 77 906 1,973 2,710 2,317 2.390 3,890 6,622 
Jessore 1 57 493 1,096 1,891 1,308 1,450 2,062 3,5r7 
Joypurhat 14 372 902 1.353 
Kusht,.a 0 271 387 501 750 
MadarLpur 25 362 968 2,960 
Meherpur 27 125 631 
MoulvLbazar 2 1 6 7 7 5 7 46 
!Iymens ingh 31 685 824 1424 2.351 5,669 
Narsingdl 86 252 1,093 
Natore 1 170 1,296 1,973 3,117 3,280 3,866 4.276 7.179 
Natore II 17 274 870 1,445 1,774 2C90 1,998 2,807 
Noakhall 9 31 
Pabna I 52 440 1,157 1,470 2,026 2,616 4.534 
Pabna 1 104 305 574 483 651 873 1,846 
Pirojpur 2 4 
Rangpur I 4 279 519 1,0" . 1,774 3,365 
Rangpur II 67 292 572 
Satkhira 167 313 713 1,199 2,181 
Sirajganj 3.748 4,283 6.424 
Tanga1 280 1,233 2,452 3,372 4,100 6,322 8,491 13,516 
Thaqkuragon 92 187 553 
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Table 11.22 

Average Energv Consumed Per Customer 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 1,000 3 OCO 
Barisal 1 9,00" 5,091 8,326 
Bogra 9.194 6,789 7.127 
Chandpur 32,080 8,336 29,726 57,989 32,779 8,397 5,288 8.070 
Chittagong 1 11,333 7,003 

ti:agong 8,C00 1 .375 
Coriia 19,375 14,512 :7,051 12,244 7,029 4,122 4,309 7.493 
:haka 24,064 18,336 16,735 17,074 24,411 13,C63 7,790 9,588 
- ina pur .4,825 7,534 5,188 4.777 b 078 
-eni 
Habiganj 1,080 

2,170 
37,372 

20,348 
12.783 

9,284 
9,709 

3,43C 
6,533 

3,772 
-,.33 

-.857 
, 515 

.ama 1pur 1:2.C ,9.5 6 .726 
'essore 1 12,829 19,901 11.672 9,393 7,139 5,413 b,565 3,926 
'essore 1: 16,407 54,802 9,134 7,286 4.287 3.5C2 4.C27 
2oypurhat 9,107 8,753 7,133 7 2.7 
F.sht La 630 7,965 4,t63 4,4'3 5.55 
Madar pur 50,302 '2,483 6,722 7,749 
Meherpur 6,753 6.757",,183 
Moulvibazar 3,220 1,499 4,219 2,080 2,331 556 400 2.556 
Mymens rngh 61.580 26,355 17,909 19.37 . 15,993 23,.67 
Narsingdi 15,b36 7,412 8,506 
Natore 1 14,813 10,125 6,193 6,640 5,C46 4.398 4, 151 6.208 
Natore II 11,307 5,902 5,351 4,587 4,238 4.314 3,686 4.827 
Ncakha 1 2,571 3,263 
Pabla 
Pa.ra 

5,470 
5,969 

6,468 
5,349 

5.883 
5,652 

4,819 
4,492 

5,175 
4,227 

-80C 
3,

5
2i 

6,170 
5,560 

?Pro~p.r , 1.600 
Rangpur 0 7.810 29,318 12,82: 8, ',24 7,844 
Rangpur " >.5- 1 4,635 4.767 
5at14ra 14,545 8,93. 6. u4 -,93. 5,56. 

raj 5,124 4,518 5,703 
arga 24,374 11,690 8,340 5.901 5,324 6.565 6,519 8,346 
Thaqe-ragon 4.089 3,596 5.643 
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Table 11.23 

Percentage of Total Customers 

FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bae rhat 0.0": 0.0% 

Barisal 0 0% 0.1% 0.4% 
Bowra 1.9% 4.6% 5.8% 

Chandpur 1.2% 0 2% 0.1% 0.3% 1.3% 1.3% 1.3% 

Ch~ttagcng :: 0.0% 0.17' 

Chitt agon 0.0% 0.3% 
Com !'a 0.6% 1.3% 1.2% 1.9% 2.9% 2.8% 2.8% 

'haka 2.6% 2.8% 1.6% 1.7% 3.6% 3.5% 3.8% 
-a ,pur 1.1% 4.1% ".7% 4. 9% 5.1% 

F .,, 0.3% 0.2% 1.9% 71.7 1.8% i.9% 
,abi, ar, 0.1% 0.1% 0.3% 0.3% 0.9% 0 9% 1.0% 
.ama pur 
essore 1.9% 3.4% 3.6% 3.1% 

0.9% 
3.9% 

5.2": 
.0% 

7.5% 
.4.0% 

ssore .. 0.2% 2.6% 2.7% 2.7% 3 3". 3 .4% 3.8% 

oy pur:a. 1.5% 2.7% 4 3% 6.4;. 

Ku s. . a 0.2% 2.0% 1.7% 1.7% ' 6% 
Madar4pu. 0.1% 1.2% 3.2% 5.8% 

Meherpur 0.4% 0.6% 0 7% 
MoulvIbazar 0.0% 0.0% 0.0% 0.0% 0.1% 0,1% 0.1% 

Mymensingh 0.2% 1.6% 0.9% 1.7% 2.6% 4 1% 

NarS Lngl. 0.6% 1.4% 3.6% 

Natore 4.9% 5.8% 5.7% 7.7% 7.9% 7.7% 7,9% 

Natore 2.2% 3.1% 3.9% 4.5% 3.5% 3.5% 3.5% 

Noakha L 0.0% 0.1% 0.1% 
Patna 1.3% 2.9% 5.0% 4.9% 5.1% 6.5% 7.2% 

Patna 2.5% 1.8% 2.2% 1.3% 2.1% 2 .. % 3.0% 

FIrojpur 0. 1 % 0.0C. I% 
Ra:-,gpur
Rangp jr 

I 
1 

0.2% 0.7% 1.3% 2.4% 
1 . 3% 

. % 
1,2;;: 

5 6% 
2 .0% 

Satkhira 0.8% 0.7% 2.0% 3.2% 4.2% 

Sira;ganj 6.0% 6.7% 5.5% 6.2% 6.5% 7.3'; 7.8: 

7angaUl 5,5% 7.0% 9.1% 8.7% 7.9% 9.2: :0.00% 

Thaqkuragon 3.3% 1.9% 2.7% 
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Table 11.24 

Percentage of Total Energy Used 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 0, % 0.2% 
Barisal I 0.9:: 1.2% 6.1% 
Bogra 39.6% 33. 3% -1.5% 
Chandpur 68.6% 19.3% 22.6% 14.0% 13.7% 13.5% 12.8% 18 2% 
Chittagong H 1.% i 3% 
Chittagong !1 0.8% 7.7% 
Comilia 8.7% 13.0% 15.5% 12.8% 10.0% 8.8% 9.8% 17.3% 
Dhaka 33.9% 32.5% 25.7% 20.5% 18.5% 17.3% 13.8% 15.6% 
D.najpur 45.0% 17.5% 15.4% 16.3% 2i.9% 
Feni 4.3% 11.1% 21.4% 1.%12.9% 16.4% 
HabLganj 0.2% 2.7% 2.3% 2.8% 3.9% 4.3% 6.2% 
Jamal pur 24.1% 39.2% 53 .1% 
'essore I 16.2% 32.7% 31.7% 30.4% 23.7% 22.3% 28.3% 37.5% 

Hessore11 6.1% 20.1% 24.3% 20.5% 9.0% 9.3% 12.0% "7 9% 
Joypurhat 54 .0% 32.0% 32. I% -6 8% 
Kushti a 0.7% 16. 3% 12.5% 12.4,% 14 2% 
Madaripur 12.11 16.5% 20.7% 4. I% 
Meherpur 18.I% 10.0% 22 '% 
Moulvibazar 0.4% 0.1% 0.2% O,1% 1% .0% .0% .2% 
Mymens i-gh 45.6% 40.8% 26,8% 35.0% 39, 5% 58.6% 
NarsIngdl 41.5% 21 6% 3q. 7% 
Natore ' 18.4% 38.1% 36.2% 36.6% 33.7% 34.0% 31.5% 0.6% 
Natore II 14.8% 11.6% 18.2% 14 9% 1.3% 15.2% 13.6% 17.0%: 
Noakhalti 0.6% '.2% 
Pabna I 5.9% 14.7% 24.9% 27.4.% 31.2% 34.7% 47.2% 
Pabna 11 15.2% 13.4% 12.6% 8.9% 7.5% 7.4% 14.6% 
Piro3pur 0.5% 0. 3% 
Rangpur 10.3% 20.1% 14.9% 19.2% 2 .0% 34 6% 
Rangpur 11 9.4% 7.2% 10.8% 
Satkhira 12.8% 0. 11% 15.4% 19. .% 27 9% 
Sirajganj 2t.9% 26.0" 33 .9% 
Tanga.l 66.9% 17.7% 21.1% 22.9% 22.5% 28.4% 34.3% 44.0% 
Thaqkuragon 15.2% 10. 15.4% 
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REB DATA ON SMALL COMMERCIAL CONSUMERS
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Figure 11.22 
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Table 11.25 

Percentage of Total Consumption Accounted for by 

PBS 


Feni 

Chandpur 

Chittagong II 

Barisal I 

Satkhira 

Jessore !1 

Jessore 1 
Piroj pur 
Pabna II 
Bagerhat 

Habiganj 


Comilla 

Natore I 

Natore II 
Noakhali 
Sirajganj 
Rangpur 1 
Mou1vibiar17 
Rangpur II 
Madaripur 
Pahna 1 

MvmensinKh 
Kushciia 
Dincij pur 
JaIaIlpu " 
Narsingdi 
Dhaka 


Meherpur 
Chirtagong II 
Thaqkuragon 
Tangail 
Joypurhat 
Bogra 


1986/87 


18% 

15% 

5% 


13% 

14% 

9% 


12% 


12% 
11% 

10% 

10% 


8% 

7% 

6% 
6% 
8% 
9% 

7% 
7% 

9% 

8% 

8% 
5% 


3% 

5% 

4% 
3% 


1% 

3% 

3% 

3% 

1% 


1987/88 


17% 

15% 

68% 

13% 

13% 

10% 

12% 


10% 
10% 

8% 

9% 


8% 

8% 

8% 
7% 
8% 
8% 

7% 
6% 

9% 
7% 

7% 
5% 


4% 

3% 
7% 

3% 


4% 

0% 

3% 
3% 
2% 

1% 


Commercial Demand 

1988/89
 

16%
 
14%
 
11%
 
11%
 
11%
 
11%
 
11%
 

10% 
10%
 
9%
 
9%
 

8%
 
8%
 
8% 
8% 
8% 
7%
 
7% 
6%
 
6%
 
6%
 
5% 
4%
 

4%
 
3%
 
3%
 
3%
 

3%
 
2%
 
2%
 
2% 
2%
 
1%
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Table 11.26 

Average Consumption Accounted for bv Commercial Demand 

PBS 


Natore 1 

Dhaka 

Chittagong II 

Pabna II 

Siraj ganj 
.Jessore II 

Mouivitazar 
Comilla 

Habiganj 

Natore II 
Mvnens ingh 
Feni 


Rangpur II 
Jessore I 
Tangail 
Meherpur 
Bogra 

Satkhira 

Madaripur 
Dinaijpur 
Jamalpur 
Chandpur 


Kushtia 


Noakhali 

Pirojpur 

Thaqkuragon 
Pabna 1 
Rangpur 1 
Bagerhat 
Joypurhat 
Barisal 1 

Narsingdi 
Chittagong II 

(kWhr/month) 

1986/87 1987/88 


48.7 59.1 

127.2 65.2 

13.4 40.9 

52.6 52.7 


51.7 48.3 

42.0 42.9 

47.8 47.9 

42.2 42.6 

47.1 41.5 

55.2 39.2 

38.8 42.6 
44.8 40.0 


31.8 39.9 

34.6 35.1 

48.8 37.2 

10.8 52.0 


18.9 33.2 

32.3 35.3 

39.0 41.7 
28.2 35.7 
24.8 26.9 

31.0 30.9 


28.6 28.0 


12.4 28.1 

47.8 29.6 

27.5 34. 7 
35.6 30.6 

23.5 25.5 

26.6 24 .3 
35.1 30.2 

23.7 25. 3 
7.0 23.7 


0.4 


1988/89
 

67.6
 
65.5
 
63.9
 
50.2
 

47.8
 
47.1
 
47.1
 
45.8
 
45.6
 
42.5
 
40.7
 
40.6
 

38.7
 
36.6
 
35.7
 
35.4
 

35.1
 
35.1
 
34. 7 
34.5
 
31.4
 
31.3
 

31.1
 

29.4
 
27.9
 
27. 7 
27.6
 
26.3
 
25.3
 
24.b
 
22.4
 
18.6
 
10.7
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Table 11.27 

Number of Connections 

FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 117 384 681 856 
Barisal 1 130 805 1,138 1,330 
Bogra 53 153 279 
Chandpur 808 1,797 2,060 2,635 3.584 3,830 4,230 
Chittagong II 466 548 
ChLttagong Il 335 28 293 
Comilla 682 1,462 2,324 2,671 3,598 3,837 4,882 

4aka437 717 859 1,571 1.793 1,)77 
Dinajpur 39 4.2 763 1,C 7 11.220 
Feni 52 414 1,332 2,230 2,507 2,8'8 
Habiganj 61 964 1,754 1,949 2,418 2.671 2,763 
Jamalpur 195 295 475 
Jessore [ 1,002 1,418 1,759 2,673 3,608 4,086 4,52' 
Jessore '1 1,060 1,615 2,233 2,515 3,321 3.617 3.911 
Joypurnat 147 223 312 
Kusht ia 35 360 525 577 668 
Madar ipur 163 662 957 1 172 
Meherpur 31 110 234 
Moulv bazar 282 494 1,425 1,759 1,971 2,232 2,459 
Mymensingh 26 435 615 739 852 1,123 
"ars ingd: 19 358 -23 
Natore I 423 610 751 1,058 1,514 1.743 1,924 
aore 1 331 1,157 1,441 160 2,319 2,554 2.661 

Noakna 1 134 4 77 688 
Pabna 1 421 807 897 1,060 1,432 1,57. 1,747 
Pabna :: 149 907 1,160 1,291 1,755 1,927 2.075 
P i ro pur 1 163 321 427 
Rangpur I 324 876 1,321 1.878 2,15 2,.05 
Rangpur 1: 136 483 62] 826 
Satkhira 283 219 1.502 1,735 1,46 2,137 
Sira gainj 927 1,194 1,693 1,651 2,118 2,443 2,658 
Tanga I 216 227 611 709 1,424 1,62, 1,786 
?haqkuragon 103 230 329 
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Table 11.28 

Energy Consumed 

FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 4 80 155 235 
Barisal I 10 133 295 332 
Bogra 6 41 91 
Chandpur 127 527 836 890 1,157 1,374 1,515 
Chittagong : 1 65 
Chittagong II 27 89 123 
Comilla 142 523 966 1,251 1,589 1,899 2,398 
Dhaka 200 456 722 958 199 1,315 1,481 
Dinajpur 4 154 199 379 461 
Feni 3 184 571 958 1,137 1,296 
Habiganj 14 233 781 1,049 1,234 1,267 1,488 
'apur 29 79 145 
'essore 220 535 856 1,137 '.3C4 1.622 1,891 
esore 279 476 718 1,353 1.470 :,782 2,126 

loypurhat 3. 67 79 
Kusht Ia 2 84 852I5 232 
Madaripur 10 193 405 443 
Meherpur 2 44 73 
Moulvibazar 63 193 638 919 1,69 1,208 1,326 
Mymengh

ars:gd4 
1 119 296 315 

8 
417 

78 
4.82 
87 

Natore 
Natore 1: 

137 
101 

250 
353 

398 
676 

549 
851 

751 
821 

1.154 
1,145 

1,488 
1,329 

Noakha i I0 102 204 
Pabna 1 88 316 377 470 532 552 550 
pabna "[ 15 318 635 842 961 1,165 1,205 
piro pur 0 47 36 125 
Rangpi: 1 17 231 398 451 U79 712 
Rangpur !: 5 i18 264 336 
satkh4ra 18 239 458 627 779 859 
Sira gan. 1,170 1.323 1,464 

a Lai1 27 119 274 581 624 680 729 
:haqkuragon .7 63 88 
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Table 11.29 

Average Energy Consumed Per Cusotmer 

FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 
BarLsal I 
Bogra 
Chandpur 
Chittagong 
Chittagong 
CoM.lla 
Dhaka 
Dinajpur 
Feni 
HabIganj 
Jamaipur 
Jessore 1 
Jessore T0 

'cypurhat 
Kushtia 
Madar Pur 

I 
11 

315 

416 
915 

472 

438 
526 

405 

488 
789 

128 
454 

442 
356 

433 

510 
917 
225 
792 
575 

539 
373 

140 

67 
149 

379 

501 

682 
654 
567 

513 
570 

424 
125 

319 
284 
226 
372 

161 
507 

1526 
339 
538 
565 
297 
415 
504 
422 
344 
468 

291 
304 
398 
371 
4 

490 
511 
782 
428 
480 
498 
322 
422 
514 
362 
336 
500 

306 
269 
421 
376 
128 
766 
550 
786 
414 
488 
548 
377 
439 
565 
295 
373 
416 

Meherpur 
Moulvibazar 
~mers ingh
Narsinwdi 

443 496 
97 

665 
515 

577 
565 

129 
573 
465 
84 

624 
575 
512 
284 

424 
565 
488 
223 

Natore 1 
Natore L 

648 
608 

484 
475 

585 
520 

606 
1063 

584 
662 

709 
470 

812 
510 

NoakhaIi 
Pabna 1 
pabna IL 
Pro jp.r 
Rangpur I 
Rangpur 
Satkh~ra 
Srajganj
Tangal 

420 
205 

248 

514 
602 

107 

125 

538 

442 
615 

384 

951 

653 

480 
687 

30 
362 

73 
532 

881 

149 
427 
t31 
573 
282 
361 
387 
621 
585 

338 
367 
633 
355 
3Z6 
.79 
423 
58C
447 

352 
331 
6C2 
334 
316 
465 
421 
574
428 

Thaqkuragon 330 416 333 

II - 42
 



Table 11.30 

Percentage of Total Customers 

FY83 FY84 FY85 FY86 FY87 FYS FY89 

Bagerhat 12.6% 10.2% 12.6% 12.4% 
Barlsal 1 10.5% 19.5% 18.4% 16.7% 
Bogra 1.5% 2.1% 2.5% 

Chandpur 20.4% 24.5% 22.0% 23.0% 23.1% 21.9% 20.2% 
Chitragong !! 7.3% 7.1% 
Chitagong :1 9 4" 4.3% 5.4% 
Comrn la 9.4% 14.6% 17.5% 18.3% 19.6%: 18.5% 18.8% 
Dhaka 4.1% 5.5% 6 0% 7.6% 8.1% 8.1% 
Dinajpur 3.2% 12.2% 13.Z% 13. 3'; 12.5% 
FenL 4.2% 11.4% 17.9% 18.4% 18. 3% 17.77 
Habh ganj 5.8% 20.1% 19.7% 17.9% 17.8% 17 8% 16.1% 
jamaapur 7.3% 6.7% 7.8% 
Jessore 1 23.6% 18.9% 19.7% 24.7% 25.2% 25.9% 25.7% 
Jessore 1 17.1. 18.1% 20.6% 21.1% 22.6% 23 1% 22.9% 
.oypurhat 4 3, 5.6% 5.4% 
Kushrt a 6.5% 11.0% 8.8% 7.7% 7.0% 

Madari p r 10.1% 14..% 13. "1% 12.7% 
Meherpur I."4% 2.3% 2.8% 
Moulvibazar 12.0% 7.5% 13.9% 15.3% 14.5% 15.3% 15.7% 
Mymensingh 4.6% 13.3% 13.0V 12.1% 11.6% 12.3% 
Narsingdi 11.0% 9 0% 7.6% 
"atore I 8.8% 8.8% 8.0% 10.7% :2.0% 12.6% 12.3% 
Na ore 1I 7.9% 15.4% 14.2% 1.61 15.5% :6. 1 15.6% 
Noakhali 4.8% 7,3% 6.2% 
Pabna : 29.4% 19.7% 16.2% 15.7: 16.4% 15.9% 15.3% 
Pabna 1: 10.5% 20.8% 20.7% 17.9% 17.4% 17.4% 16.1% 
Piro"pur 0.5% 9 W: 9::9 11.8% 
Rangpur 1 55.6% 33.4% 27.7% 26 3% 25 8% 25.6% 
Rangpur 11 29.4" 12 2% 1 7;3% 9.9% 
Satkhira 25.6% 7.6% 23 .7% 20. 3% 1).i8% 19.1% 
Sirajganj
.angail 

16.1% 
6.3% 

13.9% 
4.0% 

17.5% 
7.5% 

16.5% 
7.8% 

16 3% 
110,0% 

17. % 
1% 

17.3% 
10.1% 

..aqkuragon 7.6% 6 3% 6.4% 
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Table 11.31 

Percentage of Total Energy Used 

FY83 FY84 FY85 FY_6 FY87 FY88 FY89 

Bagerhat 
Barisal I 

8.5% 
8.5% 

10.0% 
12.7% 

8.4% 
12.8%. 

9.4% 
11.4% 

Bogra 0.8% 1 0% 1.11. 

Chandpur 10.9% 12.9% 14.4% 14.6% 15.4,. 15.5% 14.0% 
Chittagong :1 0.1% 2.5. 

Chittagong : 5.5% 67.9% 11.4. 

ComiLla 4.1% 5.5% 7.1% 8.3% 8.5% 8.4% 8 5% 

Dhaka 1.6% 2.2% 2.9% 3.0% 3.2% 3.1% 2.9% 

Dinajpur 2.1% 4.7% 2.8% 4.3i. 3.8% 

Fen. 3.3% 16.7% 17.8% 18 2% 17 *% 16.0% 

Habiganj 4.4% 8.4% 8.9% 9.5% 9.7% 8.8% 9.2% 

Jama Ipur 
Jessore T 7.9% 8.6% 9.6% :1.6% 

5,0% 3,5% 
11.8. 

3.3% 
1.210.7% 

Jessorc : 11.3% 10.5% 7.8% 9.3% 9.5% 10.3": 13.9% 
Joypurhat 2.7% 2 4: 1.9% 

KuSht a 5.6% 5.1% 4.9% 4.6% 4 .4,% 
Madar Lpur 4.9% 8 8% 8.6, 6.0% 

Meherpur 1.3% 3.5% 2.6% 

moulvibazar 3.3% 5.9% 5.7% 7.3% 7.0% 7.C% 0% 

Mymensingh 1.9% 7.1% 9.6% 7.7% 6.8% 5.0% 

Narsingdi 3.97. 6.7% 3.2% 

Natore 1 4.0% 4.6% 4.7% 5.6% .5% 3 51. 8.4% 

Natore -1 4.3% 7.4% 1,% 6.. ; I.i %% 

Noakhal 1 5.6% 7.3% 7.9% 

Pabna 10.1% 10.6% 8.1% 8.8% 8.2% 7.3% 5.8% 

Pabna :1 2.2% 13.9% 14.0% 15.6% 11.0% 9 9% 9 6% 

Pirojpur 0.6% 12 2% 1.0.0% 
Rangpur 
Rangpur 

1 
:1 

45.7% 16.7% 11.4% 
20.0. 

8.t: 
6.b% 

82-; 
6.5% 

7 3% 
6.3% 

Satkhira 29.6% 18.2% 14.8% 13.5% 12.6% 11.0% 

Sirajganj 
Tangail 
Thaqkuragon 

0.4% 1.0% 1.9% 3.2% 
8.4% 
2.8% 
2.8% 

8.-% 
2.7% 
3..% 

7.7% 
2.4% 
2.4% 
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REB DEMAND DATA FOR STREET LIGHTING
 

Figure 11.23 
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Table 11.32 

Number of Connections 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 10 19 37 
Barisai 40 65 72 
Bogra 4 6 11 
Chandpur 10 19 21 48 65 102 103 
Chittagong 1 7 7 
Chittagong 6 4 8 
Comilla 27 19 35 60 115 153 161 170 
Chaka 32 21 17 28 51 129 137 146 

Dinajpur 2 23 38 65 
FenI 19 45 112 123 132 

8 27 124 118 191 167 183 
.ama.pur 12 14 22 
Jessore 13 23 36 55 104 183 184 131 
essore 53 48 61 87 110 171 171 174 
Joypurnat 3 
Kush'Ia 3 39 41 41 
Madaripur 15 69 110 120 
Meherpur 4 8 

Mouivjbazjr 2 4 5 27 29 166 200 210 
Mymers ingt 24 32 38 51 90 
Narsngdi 2 9 11 
Iatore 1 
atore 

26 
15 

48 
46 

66 
68 

72 
94 

110 
102 

150 
146 

152 
146 

152 
146 

Noakha[ 10 18 23 
Pabna 1 3 15 109 125 197 198 198 
?abna 2 6 27 80 73 132 132 132 
Pirojpur 24 29 39 
Rangpur 14 16 55 56 62 
Rangpu r 19 23 23 
Satkhjra 16 30 94 122 128 
Sira ga:ij 61 52 57 156 143 2C9 212 215 
:angaK 8 26 36 56 b8 9 73 
.haqkurago: 2 
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Table 11.33 

Energy Consumed 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 

Bagerhat 
Barisal 
Bogra 
Chandpur 
Chit:agong 
Ch:ttago%'g 

Dhaka 

'I a pu. 
Fen , 
Ha b gar, 

Jesore 
:essore 11 

16 
32 

14 
35 

6 

18 
18 

3 

14 
40 

11 

14 
15 

18 

26 
47 

.4 

22 
17 

8 
56 

36 
46 

28 

43 
34 

0 
18 
99 

66 
80 

1 
11: 

40 

1 
46 
44 

7 
43 
90 
3 

70 
85 

10 
33 
1 

65 

3 
47 
44 

13 
59 

15. 
4 

65 
80 

15 
41 
1 

66 
1 
2 
45 
40 

26 
59 

120 
8 

66 
75 

r.T a.- -

Macaripar 
Met~erpur 
mo"IvIbazar 
Myme-.s ingh 
Narsingdi 
Natore 1 
Na:ore !I 
Noakha 1i 
P'.,3 
Pa-'na . 

i ro_,p-.ir 
Rag r 

Ra,.*p r 
at I ra 

Si ra ga n 

6 

14 
5 

7 

26 
24 

5 

1 

10 

47 
53 

46 
12 

16 

20 
6 

57 
65 

74 
43 

7 

7 

23 

2 
1 

49 
39 

71 
73 

93 
54 

13 

20 

34 

10 
31 

267 
41 

19 
67 
1 

117 
60 

6 
16 

8 
32 
92 
46 

22 
50 
1 

94 
55 

4 
85 
66 
7 

119 
b/ 
14 
18 

13 
54 
-

5o 

42 

17 
51 

4 
111 
73 

7 
72 
56 
9 

103 
57 
19 
10 

11 
14 
53 

44 
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Table 11.34 

Average Energy Consumed Per Customer 

FY82 FY83 FY8- FY85 FY86 FY87 FY88 FY89 

Bagerhat 200 690 536 
Barisal I 550 629 599 
Bogra 200 118 
Chandpur 1,140 766 692 824 708 778 644 
Chittagong - 143 
Chit:agong 333 60C 333 
Com4Ila :.156 761 503 468 490 343 299 272 
Dhaka 2,C1.0 674 783 739 852 489 331 283 
0,na p. 240 560 426 5C5 
Fen. 792 566 548 502 463 
Hablgan 844 1,053 740 822 583 849 686 
Jam a p . r 5C 308 444 
J;essore 2.121 768 888 782 827 488 354 
2esore ..333 797 8j5 622 807 605 468 435 
'ov rn a t 

1,243 476 552 415 
madarlpJ: 165 738 559 478 
"ene rp"r 502 667 
Mculvibazar t.032 2,289 2,144 1,268 ,73. 2.738 514 54. 
Mynens t1rg:. 499 1,393 ,171 1,236 1.035 
Nars ingdi 727 722 
Natore ' -056 702 824 825 778 146 563 474 
Nat re :7 644 790 927 806 742 540 452 384 
Noakh. 200 50 439 
i'ana 1.722 5,076 1,200 799 727 603 522 
Pa na :: 500 1.284 755 803 708 585 472 432 
P o p0L. 500 528 559 
Razngp..r 1 1,049 891 451 324 169 
RanK;) r 842 619 478 
Sat kh, ra 915 869 516 500 1'2 
Sirajgarw 523 266 248 
Tangai 126 966 734 733 742 613 c22 
Traqkuragon 1,000 
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Table 11.35 

Percentage of Total Cusotmers 

FY82 FY83 FY8 FY65 FY86 FY87 FY88 FY-89 

Bagerhat 0.3% 0.4% 0.5% 
Barisal 1.07. 1.1% 0.9"; 
Bogra 0.1% 0.1% 0.% 
Chandpur 0.3% 0.3% 0.2% 0.4% 0."% 0.6% 0.5% 
Chittagor.g 0.1:. 0 I% 
Chittagong 0.2% 0.6% 0.1% 
Co-ia 0.5% 0.3Z 0.3% 0.5% 0.8% 0.8% 0.8% 0.7% 

0 a0.5% 0.2% 0.1% 0.2% 0.3% 0.6% 0.6% 0 .6% 
4r.apu 0.1% 0.4% 0.5% 0.7% 

Fe:; 0.5.: 0.6% 0 9% 0.9% 0.8% 
Hab a ,an2 0.8% 0.6% 1.4% 1..% .1. % . : 1.1% 
ana'" ,,:. O 5% 0.3% 0.4.% 

.ess3rei,3% 0.5% 0.5% 0.6% 1,0. 3% 1.2% 0.7% 
e S , e 2 2% 0.8% 0.7% 0.8% 0.9% 1.2% 1.1 1.0% 

0. ;1% 
K"Snt~a 0.1% 0.7% 0.5% 0.4% 
macar:-. : 0.9% 1.5% 1.5% 1.3% 
Me:e rpr 0. !; 00.1% 

nazz:- 1ouiv0.2% 0.2% 0.1% 0.3% 0.3% 1.2% J 4% 1.3:% 
Mvmen:s 2-4:; 0.7% 0.7% 0.6% 0. 7% 1.0% 
,arsin.di 0.1% 0 .2: 0.2% 
;a ore : 1 .6% 1.0, 1.0% 0.8% 1.1% 1.2: 1.1% 1.0: 

re iI 2.7%. 1.1% 0.9% 0.9% 1.0% 1.0% 0.9" 0.9% 
oa :.a 0 .4% 0 3:. 0.2% 
?a.na 1 0.2% 0.4% 2.0% 1.9% 2.3% 2.0% 1.7% 

0.4% 0.4% 0.6% 1.4% 1.0% 1.3% 1.2% 1.0% 
?;rojpur 1.4% 1 .1. 11% 
Kangp.;r I 0.5% 0.3% 0.8% 0.7% 0.7% 
Ran p:-.ep 0.5% 0.4% 0.3% 
Sat k!.ra 0.6% 0 .5% 1 .1% 1.2% 1 .1% 
Slrajgafr 1.7% 0.9% 0.7% 1.6% 1.4% 1.6: 1.5% 1.4% 
Targa . 0.2% 0.5% 0.4% 0.6% 0.5% 0.4% 0.4% 
Tt.aq k urag cn 0.0% 
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Table 11.36 

Percentage of Total Energy Used 

FY82 FY83 FY84 FY85 FY86 FY87 FYRS FY89 

Bagerhat 0.1% 0.5% 0.6% 
Barisal I 1.1% '..4% 1.4% 
Bogra 0.0% 0,0% 
Chandpur 0.5% 0.3% 0.2% 0.5% 0.5% C. 7% 0.6% 
Chittagong 1: 0.0% 
Chittagong 0.2% L.3. 0.2% 
Comilla 0.V% 0.5% 0.1% 0.2% 0.3% 0.2% 0.2% 0.2% 
Dhaka 0.5% 0.1% 0.1% 0.1% 0.1% 0.1% C.I% 0 1% 
Dinajpur 0.0% O.1i% 0.1% 0 2% 
Fe.ni 0.7% 0.6% 0.8% 0.9% 0.7% 
habiganj 1.0% 0.7% 0.6% 0.9% 0.7% 11% 0.7% 
Jamalpur 0.5% 0.2% 0.2% 
Jessore 1 2.9% 0.5% 0.4% 0.4% 0.7% 0.7% 0.5% 0.4% 
Jessore I 3.8% 1.6% 1.0% 0.5% 0.5% 0.5% 0.5% 0.4% 
Joypurhat 
Kusht .a 0.1% 0.3% 0.5% 0.3% 
Madar pur 0.6% 1.4% !.'. 0.7% 
Meherpur 0.1% 0.1% 
MoulvIbazar 1.4% 0.4% 0.3% 0.2% 0.4% 1.7% 0. 5% 0.6% 
Hymens ingh 0.4% 1.3% 1.0% 0.9% 0 8% 
14ars ingdi 0.3" 0.3% 
Natore I 1.5% 0.8% 0.9% 0.7% 0.7% 0.2% 0.6% 0.4% 
Natore 11 4.2% 1.0% 1.1% 0.7% 0.6% 0.5% 0.Q. 2.3% 
NoakhaI i 0.6% C 5. 2 3% 
Pabna 1 0.3% 1.5% 1.6% 1.7% 1.8% 1.6. 1 !%' 
Pabna 1: 0.8% 0.7% 0.5% 0.9% 1.0% 0.7% 0.5'. .5% 
Pirojpur 1.6% 1 7% 1 5% 
Rangp,; r 0.5% 0.4% 0.3:: 2% C 1% 
Rangpur 11 0.4% 0.3% 0 2% 
Satkhi ra 0.6% 0.6% 0.7% 0.9% 0.2% 
Sirajganj 0.7% 0. 3% 0. 3% 
Tangail 0.0% 0.1% 0.2% 0.2% 0.2% 0.2% 0.1% 
Thaqkuragon 0.0% 
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Key to Figures 11.8, I.14, 

1. Bagerhat 
2. Barisal I 
3. Bogra 
4. Chandpur 
5. Chittagong I 
6. Chittagong II 
7. Comilla 
8. Dhaka 

9. Din jpur 
10. Feni 
11. H-ah ,anj 

12. Jamalpur 
13. Jessore I 
14. Jessore 11 
15. JoyVpurhat 

1(. K'shitia 
17. Madariper 
18. Ael!erptr 
19. Aloulvih:ur 
20. AI'tellsilL,,l 
21. Nal-singd, 
22. Natore I 
23. Nafore II 
24. N<)akhali 
25. Pahna 1 
26. Pahna I1 
27. 	 Pirojpiur 

2S. Rungipier 1 
29. Ra/ngpeer 11 
30. Saikhiru 
31. Sirj tj 
32. i i iplil 

33 Thuqkinugon 
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Annex III
 

FINANCIAL PERFORMANCE DATA FOR THE PBS'S 



Financial Performance of REB and the PBS's 

The financial pertorniancc of the REB h',s been rclaiivelv strong civen the 
newness of this effort and the general financial experience with similar effrts iin 
other countries. In order to analyze the pertniance ot tie indivdual PBS's. ars 
well as ot, tle Rt-b, the historical data recorded t the Form 55(1 was entered 
into a cimputer Wi tabasc. The tables ard graphs presented ill this anex wcrc 
develpcd fr-om this data.base. Rather than al\ze the pcrim'I-met4 tli 
iidividilS PB3's, they have bee n grouped according totheir age arid level of 
financial acti\aitv as shown in Table 111.1. 

The first three groups are part of tle oricinal I) establiShed in tile FY,82 to 
FYS4. (roup A has the largest gross inctmic currentlv in excess of Tk. 0(0 
million ear The 13 PBSs hav a lowecro ss incomlC currentlyyea. Group 
rangin, betwvcen Tk 4() and Tk W) million per ycar. GrouI ) C' have the lowest 
gross incm(rne ftbr their 1ro0up raiirig tnmi Tk. 2t) millit i'k 4( million. tle 
lowCSt ross incoic in Up (' reported b\, the ncwct PBS's ii thewa.s uroup. 
Group. ) and - v.cc established in F'()nS7. (;roup I) has rFos, iconiC 
between Tk ) milliot and t1, 21) million \whceaCts (ilrou ) E his a ros incoriie 
of less than 'k 1HImillion. 
The rapid growth in revenues show iii iCure 111.1 arid [b, 1. c rally 

)itpi.c-c the increase in costs tfor all GroLIps CXCCpt the llCVCr )les, as',shown in 

Fiirre 111.2. "'he revenues have incrcased fastcr than the expansi( n of the 
network as, shown in Figure 111.3 and Tablc 111.2) whcrcas pe-atinc arid 
llaiirlclinteace Costs have beCC held uCeIC cOntrol hw all roitL[pS CxcCpt Group C 
(Figure 111.4 aind Table 111.21). 

of' a!O has illThe result the d fillncial pCrft)rmllCC bCCn a rcduction tile 
working ratios (llleasurCd with C\pCliditures exclusive of dcpreciatioin o interest) 
for all tiec groiups as t in 111.5 T;iblC Ill.. Cxccptionsh il iure aind \\ith the 
O GrL)p 1). the ratios have sCttleCd bctwccn .7 aid .S with iroups A and B 
having the hrwst ratios. 

Ihe financial statistics indicate that miost (A'the P1S8's are ablc to rvct their 
direct exllense, and to imicril ,()ile surplus to cotrlllibtC towards dClt sCrvice 
as sh(own ill liurC Ill.()illd '[ le' ll., I l(,Cver, ll \ the older ( e., a1ire ablC 
to gCe rialc nit .pllplL.Sllu and ilitCrCst assh)Wil Ill 111.5.lr dCprcciatio Table 

K lalt; fv''or' O1 (iI' 'viceThi iw< ig tl Lion ii o1: Itocu:. 1 n,' on.'-; 

'hv cuie'int prac icu o setit i n as ide funds for both 
.r,Viaioii and debt service serves no discernable purpose and is 
ntradic tor' 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 111.7 and Table 111.13), the surplus has grown more rapidly. 
The ratc 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 nd for the older PBS's in Groups A and B have reached the 
acceptable level of 8' -' (Figure11.8). 

Tle conclusion that ImuSt bhe 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 he :ihle to meet their future debt service reCluirements. 
However. it is cleair that the expectation of achieving self-sufficiency with regards 
to debt service alter five yeiars was unrealistic. The financial success of the 
PBS's is not a vet a I.il accompli. and several factors could impact negcativeI,,. 
The princip lI concern is the ahiilitv to control ope ratin, and i nlitelnalicc costs 

as the dist rihutinm systems bccolc older and likel' do'it Lr in revenueS from 
extension of the lines to moIrC iM-ar.,,inal areas. 

The expected increase in the cost of electricity charged by the BPDB is not 
expected to0 CXI sC difticuIltiCs for the PBSs' heca use of tile abilitv to pass on 
these increCIsCs to the ClstomIerS with relativelv little loss ii totlI con5Surmnpt(1iOn, 
especially, where the same increases are passed on to BPD13's other customers. 

Clearly, the p rformnance of the P'BS's is rot unifkrm. Soime of* the PBS's such 
as Barisal. Noakhali, ('hittaconc I lnd II. JoLpurhat and Tancalil, have 
unacceptahle operiating rattios and need to imnprove their perform ia ne, I-however, 
evern these halve been iiiiproviiig their pertorti nec with the ole excepti(on of 
Tancail. 

The financial st udV of the RE13 by Cooper's amd LVhrand hls pointed to 
potelit il difficulties with fututire investrueti ts and debt service requirermeits and 
to tile need ['or recycliing funds between the helelnnicr PBS's and the weaker 
PBS's. An elaborate finaricial IodCel has beei developed as part of this st udV to 
assist tile IRE13 in adjusting ta riftfs and planning future ,nvestrue tits in existing 
PBS's. While past trends provide only part 01f tile story, they Co arcic for a 
certain level of optinism with I r cards to tle ahilitV of' tile itidividuI,11PBS's to 
achieve financi, sClt-suLIficieIcV arid to eventually operateiNs au ton loIs units 
without relvingion RE13 [or investment capital. 
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fable 111.1 

The PBS's Grouped by Volume 

Group A 
Comilla PBS1 
Tangail PBS-1 
Dhaka PBS1 

Group B 
Serajgonj PBS 
Natore PBS I 
Jessore PBS II 
Jessore PBSI 
Habiganj PBS 
Mouvibazar PBS 
Natore PBS 2 

Group C 
Feni PBS 
Kushtia Bally Bidyu 
Dinajpur PBSI 
MymensinLgh PBSl 
Satkhira PBS 
Pabna PBS1 
Chandpur PBS 
Rangpur PBS] 
Pabna PBSII 

Group D 
Bogra PBS 
Thakurgaon PBS 
Rangpur PBS2 
Jamalpur PBSI 

Group E 
Narsingdi PBS 
Meherpur Pallv Bidt 
Chittagong PBS2 
Noakh;. PBS 
Barisal PBS 
Madaripur PBS 
Pirojpur PBS 
Joypurhat PBS 
Bagerhat Palli Bidt 
Chittagong PBS] 
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Figure III.1
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Figure III.3
 

Revenues per Mile of Energized Line
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Figure 111.5
 

Cfange in Operat ing Ratio
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Figure 111.7
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Figure 111.9
 

Turnover as a Fraction of AssetS 
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FINANCLAL AND STATISTIC. ,L REPORT REB
 

Table 111.2 

Total operating revenue 
(000's Taka) 

FY82 F"83 FY5. FY85 FY86 FY87 FY88 FY89 
Dhaka PBSI 6,458 15.739 27,522 37,659 5c.83 71,334 :1152 127,266 
TangaU1 PBS-: 385 9,33. :5.182 21,181 41,738 54,695 67.596 
Comil'a PBS. 2,269 5,688 :2.754 2:,555 28,266 38,434 55,883 69,638 
Chandp.:r PBS 2:1 1.65$ -,957 8,218 :-.335 14,358 21,780 27.015 
Habiga:' PBS 5 4'? -2-6'.. 276 21 '15 24.t2 Bu,574 41,55: 
. .. .a .a 5 529 2.(- 6,515 8.377 25 212 31,082 -1 ,31 .9,539 
Pa na PBSSI "2" 3 7z8 6,521 '2247 1, 98 :" '95 22, 575 
Pabr,
Sera' 

PBS., 
: 

96: 7' 
a-,

5,77 
2 9.5 
, 2 

8.879-
:7897 

551 
31 

16, 934 
'6 

28 282 
5' 

3 12 
5,38' 

es3 :055 3, .2,747 'B 2 ,L27 31,317 -3, 
-e 5 

hatc~.:65 
. 'u 

02" 2 
2,7 
, 8 

5 7 
b6,,2 

13.631 
: .91C 

25 793 
1 4 

29. -
21 l t 

a'6 8 
- 91 

, 70 
- 2-

2 3.- 2t, -,31o 2.817 25 5 85 
Rangp P 1 .8 2,0:5 u,566 10 
Ca'.: ra '. 5 C3 ,923 5 587 8 ,9-Q5 3 

en P)5 :7 3t: 6. , 95 3 

s 8 26y:3e, 7 -75 

. Ba .y . .: sa:lt4 y 6C 3,785 6,-5 ,531 2 
BSarzpurPS .195 .963 ' 

Saris.I PBS 2,237 5.677 -:6 

Noati 1 PBS 288 2.753 , t, 
Bagern.a: P...; Ih:: 1.665 .5:7 . , 
uoyplr-at 12S 2,231 .705 6.3 

Piro- pr PBS 727 ".953 
Rangp>:. PB52 3,724 30'2 '' 
..aza pu.rPBS: 1,235 5.15 . -, 
..naKrgaon PBS 1.264 5,162 u.7A 
Ch::agong PBS2 754 3.395 .'4 7 
Bogra PBS 1,365 9,373 , 
Xe-erpur Pay BC: 277 2.728 o ,?37 
Cn::tagcng PBS: 82 2,262 
Narsingdt 585 414 2,632 6,351 

III - 9 



Table 11.3
 
Cost of purchased power
 

(000's Taka)
 

FY82 FY83 FY84 FY85 Ff.86 FY67 FY88 FY89

Dhaka PBSl 2,342 12,94 19,9-9 24,577 37,718 46,550 59,346 77,353 

Tangal! PBS-: 630 7,683 .2...5 15,867 28,382 3t1753 52,94: 
Comilla PBSI 624 4,296 8.827 13,789 35, 7bb 23,77 33.83 -2.2.-
Cnandpor PBS 42 . 175 6,521 7.95. G.t 3': 12 6.8 to,285 
Hablgan PBS :" 2,658 8,476 :,938 :.,.8s :8,76. 22.-8f 
Mou..:bazar Pt3 155 1.63c, .4.. 10.578 1'.913 36,9. 22 226 25 278 
Pabna PBS' 3,064 3,3C. 4.6t t,55" 8, 1-2 

"
 Pabna PU:. 529 2,29 4,.36 5,2
 
Sera_ngcn .133 554 5,29 9 2 t3 :3 392 :5,12 2­

e"esscre PE5S 232 2,82. ,8 9,3t3 ,95 3 ' 37 25. 
essore PBS 32o 2.239 4,388 8.22 5.32 2 ' 
N:.foe P5 3 293 3,232 5.538 7,589 ::S,239 2-57 

- ,... -.263 9,337 -32 5,98 22 2 129 
P.angp..z P3s 58 1,085 3 99 (}3 " , 3 995 
Sat .n:.a BS 46 959 3 587 5,1 74 9 683 
Fen; PBS 108 1,113 4 366 7 '54 R 1f 2­
,, .s. . ps:: 98 1,797 3.650 5 ; ,.77 323 
na~ P"290 4,005 8,593 ",374 1,63i 

a B, Samity 41 2 163 4,147 5 9 7 7'7 

P B ; 2 1,77" 3 , - D 

t1,15 2 847 3 .8:3 
P r o-P8 iopu-nt S83.5 5t -i lo1 2is,674, 

Ra:6,g ,. ,, 2211 5 8 8.329
-'amalp, PBSI 7 ,192 5,930 

-akurgacn 788 4,856
P, 2,-58 

ttagcng PBS2 706 2,745 3,877 

B gra PBS 9C9 5,583 12,077
M 
e:-erp ,;rPa : d . 142 1,683 4,064 

Cu:tagong PBS: 82 1,609 
darsingd. 281 3,777
PBS 1,575 


Table 111.4
 
O&M Costs less Depreciation and Interest
 

(()()()'s Taka)
 

FY82 FY83 Ff8. FY85 FY86 FY87 FY88 FY89 
Dhaka PBSI 3,245 314.36 28,047 3,509 13,t55 66,64 1 85,981 
Tanga!l PBS-I ,165 8,988 .3i"8 -,257 33,t-. 43,04c 62.640 
Comilla PBSI 11.549 5.73. " ,6 16,C88 23-C/3 2 5 4-569 5C,510 
Chandpur
Habigar, 

PBS 
PBS 

356 2,25l
6 

5 b,282 
. 

346- t, 87 22.,78
27 95 

S'ojlviaza: PBS 889 27' ', ' ( 85 3316' 

Pabna PBS: 
Pabna,- P S:: 

4C5 
259 

1' 23''2 
.3 72 1 ' , * 1 3 : . 

3., 
t.6 '. 

"7,9 8 
2:,8.2 

Sera5go:. P 1,4 8 5' :8, 7 5 

Pl 1,83 ' 95723 I 
428 3 58 5 22 , 2 

h,;. rz:3 320 2C56 , 9 'c,, 
5. t :,.:a .5S 364 2 .,090 5 4 ", , 
Fen. PBS 375 416 , 7 2' t , ": 1 7 7.. 
Myr,e:.s;ngt PBS 295 2 74 3 5. ' S 
Z:najpar PBS: 22 760 5 75, .t . ,. 5 e 
Kus1,: a Baty :iy.: SanIty 214 3 799 5 

Madar p:r PBS 5 ' 2 
BarLsa! PBS ' 7 .3 
Noak'alI P35 ,2-2 3
Bagert-at Pal. w..2o:':27: LI8 

Joyp;.ha: PBS 2 '. 9 558 
''"o">.r P33q .82 2. 45 .36 

a:'.gp,.: }P82 3,87t, 7,82 -58 
:B 12a9:,'.p3., 2 5 

7has.'.rgaoz P33, 1,92 ,.3 52. 

Chi: gagoF;gPB, . 726 6.798 
Bogra PBS ,9t, 8. 85 .5,612 
Meherpur P.IIv Bidt 580 3,.34 6, 365 
Cl,; ttagong PB53 865 628 3 777 
Narslngdi PBS 1,269 3,.95 6,320
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Table 111.5
 
Surplus after Depreciation and Interest
 

(000's TIaka) 

FY82 FY83 FY84 
 FY85 F:8b FY87 FY88 FY89
 
Dhaka PBSI 2,7C3 952 s254 8, .C'23 9
5,12. 8 23, 25,97
-

7anga..l PBS 1 (962) :88 ., (5,2 ) ( , , 38 (:45)
 
Corilla PBS: 323 (t-9) .
 7' 5 5, '7' 4,955
 
Chandpu : PBS "3,- (.,5 (,2 (6,9 % .'
(5 q,'59 (7263, 
Habigar._ PBS 7. ('52) f,, 2,235iSI 	 6,3.r9

.Moulv.,azar - ' 7 3{' 5 1 ,, 6 , 1 ,
 "' 2 	 2 2 , 1 


Pa-r.a BS . , .'I 738 ,8' 	 8h ,' (32 8., 

k I . ", v '' '252552 1S rajg n ,465 2, 5 1 J' (2,,2, 	 .2S6'. 87 ", ', 

S:552, 2 E I, 7 K.83 
Ps "2. 32,essot (677 1, 8 1 99
 

Natore PBS 	 (76, 2., (5,3 5 -,. , 1,3o2
 
. .S '... .2, , 2. 8 982
I....2 


Rangp-(67) 12. 2 4,995) 6' (3,:20;
 
Sat k* 
 a - 29' C1 989) (3 .39 ,52' - (2.836) 

'61 831 2 ,553 17 (8,055)63 B,2) 

Xymer. :-.:0% %28U. '.879) (2, 67 3 89 2 t5 (6,754.
 

PBS: C2"2) (980 ( 2 433' 1052 3 7 .335.
 
a 	Ba 3.snt (202) 
 (1 668, 3 346) , 5- (5, . ,
 

(4 .86) (258 14,35, 

: 2arr PS ( 74. 3) (, 7 2 ( 379
 
Ba e . .. - ? 
 (4,012) ;3,51o, (5,658, 

E'.' (2,265) (2, '58' (2,677) 
PBS 	 (2,23C0 (2.78' (3,839)


Ra:gp.r BS2 (3,776) 42 (2,779; 
.-*aaPBS (3.583, .6.5, (2.8-0, 

a ku r cz. P -	 (I,775) (2, ,7) (2,773,C~hat tag~rg ;h:J (2,224) (?,5 8 (_,769
 
Bogra PBS 
 (2 32 ' '' 
Me:e:p-r ?a ! 7 3, (4,7643

Ch: tag.:;g 9 I (4,373,.. ars;:gd PB5' , 	 55c9 '',5 (2,4:9) 

Table III.6 
Op~erating Ratio (excluding Depreciation and Interest) 

FY F':',, F:5 F'8 5F88 FY89:8 FY86 

Dhaka PBS: .-
 74 0.73 3 75 	 " t6 0.68Tanga.1 PBS-: .. 	 , 85 0 3 8: 7 1.92Go 7" 


1
Comilla PBSI 	 6 .75 0.82 0.77 3.73 0.73 
Chandpur PBS 38 ' 5 :. :1.11 1.32 3,82 8.62
 
Habigar. PBS F: 0. 9 73
, 0 76 .75 3 . 0.67
 
Moulviuazar P'K : .
 . 95 u 69 0.74 0 (.62 3.62
 
Pabr;a PBS! .09 '.2 2,98 .030 .95 7 78 
 0.80
 
Pabna PBSI: 53 109 0.66 0.96 3 78 0 t6 0.70
 
Serajgovnj PB., 1.. 0.87 0.89 0 87 75 0.74
. !9 21 

Jessore PBS: 1.10 
 1.05 0.88 1.11 0 93 3 72 3.70
 
£essoe P1K :0 1.C6 0.75 3 82
:24 	 0.75 3 78 3.76 
Na ore PBS 1 0 7 1.09 0.80 0.84 0.82 3 7. C 74 
Natore PBS 2 26 0.97 0.79 0.83 0 83 0 73 0 72 
Rargp ;r PBSI 1.02 0.94 0 93 8:0 0.73 
Sat-khIra PBS 	 1.09 0.97 0.93 0 71 0.77 
Feni PBS 
 0.30 0.76 1.10 1.0 0.93 
Mymensingh PBS: 1.28 1.10 1.C2 C.87 0.79 
Dlnajpur PBS: 
 0.90 0.76 0.71 0.70
 
Kush11 a BaiI I . ... 	 1.00 0.971.04 	 0.90 
Xadaripur PBS 
 1.19 0 85 0.85
Barisal IBS 1.4. 1.02 1.01 

PLS 3 10 1.48 0.10 
5 . '.,. 	 1.84 1.14 0.02 
,, 	yp.r CtB 0 04 3.99 0.97
 

rop' PBS 
 2.51 0 72 .45 
PS2 1.0 0 16 u 85 

S: 2 2.26 1.06 3.88 
Tra, ,rg/azn P., 1.52 0.86 0.78 
chit tagu-,g pS .P 2,27 1.39 ,.37 
Bogr;. PhS 1.46 0.86 0.81 
Meherp.: Paly :,. 2.09 1.26 1 00 

. a. W, OZ.. 7 65 1.67 
Nars :,gdi PB5 3.07 1.33 
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Table 111.7
 
Surplus Before Depreciation antl Interest
 

(000's Taka)
 

FY82 Ff83 FY84 FY85 FY86 FY87 FY88 FY89 
Dhaka PBSI 3,213 :375 5,6:6 9,612 16,321. 7,78 34,5:1 41,284 
Tar.gail PBS-i (780, 343 ',543 3,224 8,096 11,654 4,956 
Comilla PBS1 719 (42 2,066 5,467 5.193 8,920 5,,314 19,128 
Chandpur PBS (155) i63 (756) (64) 1,12q) (3C2) 3,992 4,937 
HabIgarn- PBS 5 (132 416 3,841 5,083 6,1 8 3j9 13,598 
Moulvibazar PBS :3607 :t6 325 5,747 6.68321.415 16,268 18,85 
Pabna PBS: )4c.; (46C) 123 3,837 4,027 
Pabna PBS!: (163) 75 (266) 2,988 3b? a,6v 9.87 9,39,58 
Sera2gon. PBS -12'....2. . 68: 2.375 2,3222 t , .67111 83, 
Jessore PBS: '52> <05. .22) 1.54- .: 2, Y.238 :3,%7 
Jessore PBS 2 
Natore PBS i 

(-26) 
(25C) 

(-23) 
k 
2 82 

, 
332) 
6:0) 

3.427 
2,334 

C,-99 
2," 3 

5,328 
3,8b5 

8,2 9 
S.:71 

:185 
:0,793 

Natore PBS 2 (301) (825) 219 2,948 3,t08 5,C93 i 1 ,773 '1,257 
Rangpur PBS (151) (40) 371 696 3.477 6.502 
Satkhira PBS (260) (166) 1t7 652 -..45 4.'67 
Fenl PBS (257) 955 2,174. 936, 72 1.308 
Mymenslin.h PES: (214) (601) (490) (167 757 4 626 
Dina'pur PBS: (201) (497) 652 3,513 o,925 9 2.0 
Kusht-a BailY Samity (154) (13) (247: 2.1, 
Madar:pur PBS (818: 590 2 5 
BarisaI PBS (A76) 
NoakhalI PBS 
Bagerhat Paj: 

(609
(,C9) 

8(138 5.513 

joypirhat PBS (8c) 88S 25 
Plrojpur PBS (1,097) 
Rar.gpur PBS2 (151) 
Jamaipur PBS: (1,333) 321, 
Tnakurgaon PBS '659) 77 .i62 
Chittagong PBS2 (957, , 
Bogra PBS (631) 1,2811 3,713 
Meherpur Pal.y 5:-t. (302) (726) 27 
Chittagong PBS: (865) 546) 1 ,55) 
Narsirgd! PBS (855) 863 30 

Table 111.8 
Electricity Cost as % total O&M (Exclusive of Depreciation and Interest) 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 
Dhaka PBS1 72% 90% 91% 88% 87% 87% 8bq 90% 
Tangail PBS-I 5.% 85% 89% 88% 0% 84% 85% 85% 
Comilla PBS: ..2% 75% 83% 86% 811; 811 841% 84% 
Chandpur PBS :2% 53% 73. 79% 69% W 74% 
Habiganj PBS 0% 20% 69% 8:1 75:% 79; h::; 6S% 
Moulvibazar PBS 18% 60% 7,% 8.. 82% 82% 837 82% 
Pabna PBSI 0% 59% 72% 73% 71:: 72% 75% 79% 
Pabna PBSI: c% 39% 65% 5 Q75:%% 8. 8c% 
SeraagonJ PBS 39% 79% 83% 86% 821 79% 82* 83%
 
Jessore PBS! 20% 70% 81% 83% t3. 72"% ",I: a0. 
Jessore PBS 2 24% 66% 72% 79% 791%2% 79% 81 
Vatore PBS 1 25% 72Z 77% 79% 7o;: 77:. 8. 81:
 
Natore PBS 2 8% 66% 71% 82% 79% 78% 7 . 82.
 
Rangpur PBSl 29% 53% 64% 76% 8: 79,
 
Satkhira PES 13% 46% 66% 62% 71% 76%
 
Feni PBS 29% 274% 65% 71% 721 75%
 
Mymensingh PB51 33% 661 68% 68% 71: 75%
 

Dlnajpur PBSI 38% 70% 77% 8% 7%
 
Kushtia Bally BS 19% 57%. 65% 64% 69%
 
Madaripur PBS 55:% 71% 74;
 
Barisal PBS 42% 155% 56,;
 
Noakhali PBS 28:% 48; 57%
 
Bageri-at PalI 5t, 58%
38% : 
Joypurhat PiB 35% 63', 70:. 
Pirojpur PBS 30% 45. 45% 
Rangp.- PBS2 57. 72: 73% 
Jamalpur PBS: 32% 58% 66: 
Thakurgaor PBS 41% 55% 65:
 
Chittag .g 2"2 41% 58% 57%
 
Bogra PBS 46% 69% 77%
 
Meherpur Poily 1; 25% 49% 64%
 
Chlttagong PBS: 0% 13% 43%
 
Narsingd4 PBS 22% 45% 60%
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Table 111.9
 
Total Utility Plant Assets
 

(000's Taka) 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 
Dhaka PBSI 9,022 9,794 147192 155,509 205,891 :59,309 203,744 260,188 
Tangail PBS-I 1,878 10,893 51,'64 127,298 239,005 166,399 213,406 238,739 
ComiIla PBSI 2,196 14,373 66,582 171,197 24,.099 146,537 227,691 228.149 
Chandpur PBS .,879 11,078 44,836 1C5,064 '.',992 119,934 193,337 202,307 
Habiganj PBS 1,093 !.23F5 30,550 1,519 "_8.659 :66,382 1-5.309 108,921 
Moulv bazar PBS 2,478 12,565 4..658 141.326 225,t47 86,837 12q,831 146,568 
Pabna PBSI . - . 5 8 Ic 735 1.92S 72,-2 "13.831 124 88 
Pabna PBS:: I,. ,,2 17,96272 t3 ,521 12,853 :.93..1"2.334 
Seralgori PBS 2.>-1 , 5, t'339. 3t,9383.931 ":8.793 I267S 
.esscre PBSI . , '6.5 153 7.. 2.'.....93 82,3 2-.61 ' 39 
uessore PBS " 5,2- ..5 7 ,84
.5 . . t-7 ' 85 

5 
,83 1.8981 5 7 6 

Nat ore PBS 1 :2.937 b 79.75. '35 -9 3. .,46 -H,894 >9 25 
Natore PBS 2 8282 91, 5 8 .,: 5 7 38C 
Ra.gpu:. PBS! 2. 78 51 8 3 n6,128 153,431 133,141 '35 '1 

Sa:1h1ra PBS 2,'92 7 834 I1,613 131,5 2t. ' 5 993.. 
Fen: PBS 6 ,17 2 " .393 55,558 153.311 i2 .t79 
Mymensr.gn P 1 6 .'5 48 477 . ,23 122,181 It. 66 28 853 
: nafp.r PBS: 17 3, 583 118,974 139,8C6 90' 7 63 

: ' . .t. Sam ty 8. 346 71,937 126 2 ,a '' , . 

Ma ;rip_: P S 121.46: 12 ? J 7
B..r~s..1 PBS 119,02 l .25, 9'' 

N0akrna L 1 PB 17,177 1 ,82­
Bager.-:a: P"', B.,t 95,88c 72 Z1t, 
20vpurnat PBS 95,9,. 5 ? I 
Projpur PBS 67.328 c' 
Rangpur PBS2 184,89 2 ,.31 -,5 
janalpur PBS: 119,746 ' 6.. 8! 
hakurgaon PBS 94.2:3 37j 5 !81996 

ChIttagcng PBS2 77,8S '', 9 87 3 

Bogra PBS 118,374. 11 ' . 3 :72 ,79 
Mehe:p r PaIIy B: t 64,57. 83,21. 170,221 
Chittagong PBS: 1,699 13,289 142.375 
Nars ngdl PBS 9,722 t4, 4 89.796 

Table 111.10
 
Annual Depreciation
 

(000's Taka)
 

FY82 FY83 FYFh. FY85 FY86 FY87 F1'88 FY89 
Dhaka PBSI 448 397 12.965 ,'293 5.655 4.66' 6,645 
Tangail PBS-I 171 148 1,277 8,43h 5.576 6,836 5.25' 6,401 
Comilla PBS: 39: 63. 8,472 7,:11 6'C27 7,21 2,74C 6.418 
Chandpur
Habiganj 

PBS 
PBS 

188 
13 

181 
23 

5C2 
583b 

8 5 532 3,t
5( ' 

.,97. 
b.,- '66 

5.812
3,069 

Moulvibrzar Pc 271 2 7 682 c 3 '.6 4,474 
Pabna PBS: 89 118 2, -22 2, 3,5? - 3, 3.896 
Pabno PBS 56 177 83 2 5 2 38, 3.987 
Serajgon- PBS 424 255 2 ,75 9,5 , . , ,5 3,836 
lessore P 2S: 27 184 2.133 0.?. 5, 7 ,. , f, 
Jessore PB 

,
S 525 2).. 1,005 14,6.5 5,512 , ,, , . 

.. afure P5, 831 474 1,846 7,637 4 468 
Nat or, PBS 2 39 129 1,216 9.258 .,37. 4 820 

Rangpur PBS: 65, 2 ,377 5,11 , 58 3 715 
Satk!:kn a PBS 32 1.8c8 3 '67' ' ,825 3 ,301 
Fent PBS 50 62,789 (58,708 5 7 , 4 99 
Mymens ingh PH3; 72 1.266 1,t76 3,. -3 82 6 209 
Dinajpur PBS: 483 3 086 46t 3 3 7, 
KushtLa Bally B ,:5amity 48 1,655 3 098 723 
Madaripur PBS 3.461 3,734 3 59. 
Barisal PBS 3 239 .1 ,35 3 '17. 
Noakha I PBS 1,133 3.812 
Bagerha: 1.a 1 2.611 2.'.. 5 5a 
.oypu:hat PBS 2 18 2,2..f 3.22 
Pirojpur PBS 1, 132 1,35 2,27 
RangIu I PBS;2 3,624 .43. k 7i.. 
dIaiu2;'r PBS: 2,279 3,294 . 244 
Thakurgaon. PB 1,115 3,306 4 936 
Chittagung PBS.! 1.266 2,268 2 ,918 
Bogra PBS 1,690 2,988 4 ,257 
Meherpur PAiv Bdt 461 3,68. 4 013 
C01,ttagorng PBS : 71 87 2 .857 
Narsingd' PBS 704 1,676 2 450 
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Table Il.11
 
Accum. Provision for Depreciation
 

(000's Taka) 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89
 
Dhaka PBSI 448 845 13,811 18,261 23.555 29,210 33,871 40,517
 
Tangail PBS-I 171 319 1,397 9,833 15,409 22.246 27,498 33,900
 
Comilla PBSI 391 996 9,468 16,5'9 22,607 29,728 32.469 38,887
 
Chandpur PBS 
 188 379 882 7,717 12,250 16,617 21,592 27.405
 
Habiganj PBS 33 5,541 9,390 13,952
i3 613 i7.118 20,188
 
Moulvibazar PBS 27: 478 1,160 
 9,500 15,981 10,381 1Y.975 24,450 
Pabna PBS: 89 217 2,630 5,598 9.11812.45 15.960 19,856 
Pabna PBS: 5L, 233 1,036 6.206 Ht2t) :2.729 '4,590 :8.584 
Serajgon. PBS '.- t.5. 3,42- 12,987 2.4.5 2,-839. 28,230 
Jessore PBSI 27 212 2,345 12,470 7,8.4 23 7.8 26.9.5 32,059
Jessore PBS "" 5:5 759 1,765 :6.373 2:. 27.'92 84 31 ., 

Natzre PBS 821 1.275 3,122 10,759 "2.2 lt.,850, 2 18 24.
 
Natore PBS 2 3 .68 1,38- ',.6.3 5 20 316 28.137
:1t,955 

Rangp .r 656 8.72. 15
BS:1 3,03. 11.38. 049
 
Satk t:;:. PBS 32 1.840 ,12 8, 912 12740 i 042 
Fe:r; P5i 50 62,839 4,1 9,71 :3.728 18, 228 
..me.y ., i:..... 72 1.338 0115 o.137 1? .9 > 628P1! 
Zu;ap.r PBS: 484 6,03:: .87
3.57" ,,368 
. sht;a Ba.ly ". ;wv.t&.ity 48 1.7'3 .,831 t,,'6b 10, 720 
Madarzp,.: PS:' 3,461 .17: 1. 765
 
Barisal PBS 
 3,219 5.b48 9.622
 
Noak..ali. P5 
 1.33 3.480 7,291
 
Bagerhat ia.I, 
 ..:: 2.611 5,516 11.25: 
Joy urrat PBS 
 2.18 .431 7..3"
 
Pito P.r PEI 
 1.132 2.508 -,
 
Rar.gp.;r PBS2 
 3,624 6,059 12.85.
 
Jamalpur PB51 
 2,276 5.573 9.617
 
Thakurgaon Pb5 1.115 4.422 ,358
 
Chittagong P502 
 1,266 3,534 6,453
 
hogra PBS 
 1,690 4.678 8,93c
 
Meherpir Paiv 5y!t. 
 461 3,146 7,159
 
Chittagong PBS1 
 71 158 3,016
 
Narsirngdi PBS 
 704 2,380 4,830
 

Table II1.12 
Turnover/Assets (exclusive of depreciation) 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89
 
Dhaka PBSI 0.72 1.61 0.19 C 24 0.29 0.45 0.50 0.49
 
Tangail PBS-I 0.21 
 c 86 C 30 0.17 0.00 0.25 0.26 0 28
 
Comilla PBSI '.,3 
 U.41 1 19 0.13 0 '2 0.26 0.25 0.31 
Chandpur PBS 0 14 0 15 0 11 1.08 J.07 0.12 0 11 0.13 
Habiganj PBS 0.1 0 38 C14 1.2. 0-13 0.15 0.35 0.38
 
Moulvibazar P0- 1.21 0 21 C.15 c 36 0.33 0.34
0> '1 
Pabna PBSi 2.03 2 29 0 05 u C0 I.0 0 17 0 17 0.18 
Pabnra FPS:5 ,.06 , 17 2 .8 0.08 .013 C 25 0.26
 
Serajg.nj PBS 4.83 0 54 0.07 0.13 J,15 0 31 0 32 0.37
 
Jessore PB50 0 32 0,4, 0.10 0.08 Z.25 U :6
8 1 0.21 
Jessor, PSo :" 2 17 0 39j 0.11 0.0 9 ) 17 2 16 0 25 0.27 
Nato 18e 1.27 1.26 0.08 0.09 1 '.14 0.21 0.24 
Natore :8, 2 0 41 0.32 0.11 0.1111.18 0 9 2 0.26 
Rangp,;t PBS1 0.02 0.0. c 17 0 17 0 14 0.18 
Satkh:ra PBS 0.04 0.03 C, 05 0.07 0.12 0.15 
Feni Pr'.S 0.02 1.13 0 C 0 17 0.10 0.12 
Mymens ;gh P5. 0.01 0.04 0.06 0.06 1.08 0.06
 
Dinajpur PB51 0.01 0.01 0.05 0.10 C.17 
 0.18 
Kushtia BalIy y:3;.u';t 0 01 0.05 O.C5 0.0V 0.09 
Madaripur PB2' 0.03 c 09 0.12 
Barisal PBS 0.02 0 05 0.05
 
Noakhali PBS 0 02 0.23 0.01 
Bagerhat Pal. : 0.02 0 03 0.04
 
lovpurhat 1D80 
 0.02 0 29 0.1c9 
Pirojpur P8,; 0 01 0.03 0.03 
Rangpir PBS2 0.02 C 17 0.08 
Jamalpur PBS 'Ol 0.04 0,06
 
Thakurgaon PBS .01 0.04 0.05 
Chtttagovng PB.2 0.01 0.04 0.05
 
Bogra ?bS 
 0.01 0.(8 0.11
 
Meherpur Pally Bid 0.00 0.03 0.04
 
Chittagorl, PBS: 
 0.00 0.01 0.02
 

Narsingd; PBS 
 0.04 0.04 0.07
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Table 111.13
 
Total LAmg Term Debt
 

(000's Taka) 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89
 
Dhaka PBS1 25.848 23.113 173,589 181,718 207,869 186,954 272,856 256.596
 
Tangail PBS-i 2,655 13,723 51,766 :27,4:7 2:0,997 172,376 215,095 242.527
 
Comijla PBSI 3,7:2 13,874 12,236 178,273 242,988 150,297 252,280 265.3.7
 
Chandpur PBS 3.927 11571 45,146 103,814 141,770 133,022 213,267 195,949
 
Habiganj PBS 1,155 1.7CC 33,917 116,365 14C.107 191,633 121.681 : ,'7 
Moulvibazar PBS 3,-Cb 13.668 45,659 142,285 226,369 96,238 134,972 :72,iC2
 
Pabna PBSI 1,808 *.223 84.56. 103,767 !C8.812 '23,710 130,0.. ;-,763
 
Pabna PBS:: 2.080 13,853 3t,571 109,591 11,,10o 
 ::-.,22z5,11.
 
Seragon 2 PBS 2,623 '6281 .i-279150,285 ... 779 147,155t ,,245
 
2essore PBS. 2,112 8,51: 8C,23'2 158,12 2323.079 ' ,8 218.122 S-. 529
 
.essore PBS 3,-.2 
 6. 68 5-137 1.967t 155,59 22-868 167,83. 16888
 
1Natore PBS 7 t2. 80.419 134,53c 1-398 1' 88 t 5 22
1.177 170,745 

Natcre PBS 2 1,998 467 5522 129.825 1.:82-2 171 6 26
 
Rangpur PBS: 24' 5",452 9,.626 5- 135,7.tf, " 2 : t
 
Ca..ra .2. 7 31 5 75,3
 
Feni PE 6,462 1.351 133,127 73.82 125
 
xymes: " 6,708 49,542 53.520 167,222 .
 

.z-a 362 39,433 120.539 .5t 9 2 152,t.8 : 82
.p.
PS" 

c" 8.785 


.a 13 ,52. '2, 

.-s: a B ...: S ,: y 72.618 1.2,913 125,37. 99
 
" 4,207 


Bar:13470 3'76 136999 

.oak22,834 
 1C3 787
 
Bager!at Pa.. 
 1,0.395 i59-66 Ci 30.
 
.;oyp ' bs 
 103,603 81.238 ' :75
 
PFrojp'. PaS 
 75,676 72.18 "­
Rangpi:r PBS-
 197,289 159.509 ', 7
 
,.aar.pr PBS: 
 125,R44 119,317 1:!7,745
 

PPBS 
 99.650 151 351 6 5 2Y2
 
C-1 -agong P522 
 84,662 90,746 q6,830

Bogra PES 
 126,504 131.888 135,357
 
Meherpir Pa.'%.- .. 
 67,879 9 S ..82 3,3-95
 
--.ttagong PBS: 
 8,598 20.559 5..,300
 
3Nars',r.gdi PBS 
 10,379 77,731 )7,658
 

Table 111.14 
Interest on I.A)ng rerm Debt 

FY82 FY83 FY84 
 FY85 FY86 FY87 FY83 FY89
 
Dhaka PBS1 1.0 26.0 5 2 37.7 2.079 6,000 6,000 9,141 
Tangail PBS-I 10 6 6.2 11 18.7 6,598 6,098
 
Comilla PBSI 
 3 8 1.6 5.6 5,866 7.300 6,300 7,754 
Chandpur PBS 502.2 4,490 6,357 ,388 
Habiga n PBS 2.4 30.6 3,675 3.726 4,200
 
Xoulv.bazar p, 
 5.0 3,800 3 ,772 4,074 
Pai:;a PB51 12.2 12.3 5,867 3,600 3 916 
P.1bt a P552 14.5 10.0 10.5 3,740 4 000 3.820 
Sra~go:l' P5 1.0 1,115 4,300 4 750 .. 800
 
.esore 1521I 2.5 2.0 
 8,183 6.224 6.150 

o }PS 11 10.5 51.1 5,333 5-013 5.107
 
Natote PH", 
 1.0 4.5 2.3 2.5 3,661 4,841 5,261
Natore P1:5 2 67.9 7,0 33.7 63 4,492 5.223 5,-54 
Ra!gp'.r PBS 5,9S7
 
Satkhilra PBS 
 14.3 1,100 4.102 
Feni PBS 1,i0 4,865 
Mymensingh PBS: 10.7 5.352
 
DInajpur PBi 
 3,186
 
Kushtla B.B.5 
 2,524
 
Madaripur PBS 
Barisal PBS 
Noak'hal i PBs 
E.gerhat Pall: i. 
Joypurat PBS 
Pirojpur PBS 
Rangpur PBS2 
Jamalpur PSIs0 
Thakurgaor PBS 
Chittagong PB02
 

Bogra PBS
 
Sfrherpur Pally S
 
chit agong P:" 
Narsingdi PBS
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Table 111.15
 
Positive Surplus (Before Depreciation and Interest)/Iong Term Debt
 

FY82 FY83 FY84 FY85 FY86 FY87 FVAR FY89 
Dhaka PBSI 0.12 0.06 0.03 0.05 0.08 0.09 0.13 0.16 
Tangait PBS-1 0.03 0.03 0.03 0.05 0.05. 0.02 
Comilia PBSI 0.19 0.17 0.03 0.02 0.06 0.r6 0.07 
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 0.17 0.14 
Pabna PBS! 0.01 0.03 0.04 
Pabna PBSII 0.02 0.02 0.08 C.09 
Serajgonj PBS 0.12 0.02 0.02 0.03 0,07 0.08 
Jessore PBSI 0.01 0.02 0.04 C.07 
Jessore PBS 0.02 0.04 0.02 0.05 0.06 
Natore PBS 1 0.02 0.02 0.02 0.05 0 07 
Natore PBS 2 0.02 0.02 0.03 0.06 0.06 
Rangpur PBSI 0.03 0 05 
Satkhlra PBS 0.03 0 03 
Feni PBS 0.02 0.01 
Mymensingh PB5: 0.01 0.02 
Dtriajpur PBS: 0.01 0.02 0.05 0.05 
Kt.sh a B a I . 0.01 
Madaripur PBS 0.01 0.02 
B~riszU PBS 
Noakha:: PBS 
Bagerhn.- Pa.' h 
Joypurhat PBS 
Pirojpur PBS 
Rangpur PBS2 0.02 0.01 
Jamaipur PBS1 0.01 
Thakurgaon PBS 0.01 
Chittagong PBS2 
Bogra PBS 0.01 0.02 
Meherpur Pally B 
Chittagong PBS: 
Narsingdi PBS 
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Table 111.16 
Total Miles Constructed 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 
Dhaka 1FBS 478 6961 36 50 39 163 36 
Tanga I PBS-I 82 140 37 3 10 23 341 190 
Comilla PBS1 147 73 11 13 168 14 25 172 
Chandpur PBS 80 162 107 0 81 100 75 102 
Habiganj PBS 23 72 0 0 0 28 17 92 
Maulvibazar PBS 0 125 0 0 79 9 81 102 
Pabna PBSI 0 146 124 0 0 50 51 88 
Pabna PBS!I 81 5- 7 4 0 2 8 44 
Serajgonj PBS 306 287 103 0 0 7,808 10 12 
Jessore PBS' 166 203 221 0 0 0 5 96 
Jessore PBS :: -1, 421 3 0 0 0 0 6 
Natore PBS 1 0 145 26 0 39 13 38 114 
Natcre PBS 2 166 327 138 0 0 7 0 128 
Rangpur PBSI 75 0 341 44 81 172 
Satkhira PBS 145 2 61 50 51 147 
Feni PBS 105 0 0 65 47 149 
Mymensingh F8S: 71 0 .1 142 701 

in.ajpur PB S, 0 0 1 168 155 1.5 
Kushtia B B S 0 0 90 90 194 
Madaripur PBS 130 175 1C3 
Barisal PBS 154 202 178 
Noakha j PBS 0 1.4 163 
Bagerh,; 113 I51 163 
Joypu1hat PES 94 89 162 
PLro~pur PBS 61 66 151 
Rangpur PBS2 391 199 167 
Jamalpur PBS: 138 154 222 
Thakurgaon PBS 572 4G3 166 
Chitagong P352 0 64 151 
Bogra PBS 299 0 226 
Meherpur Pally Bid 223 269 174 
Chittagong PBS: 0 507 202 
Narsingdl PBS 155 109 75 

Table 111.17 
Total Miles PDB Taken Over 

FY85 FY86 FY87 FY88 FY89 
Dhaka PBSI .9.0 4.7 
Tangall PBS-: 10.0 88.7 
Comilla PBS! 21.0 57.0 
Chandpur PBS 13.1 
Habiganj PBS 
Moulvlbair PBS 
Pabna PBS! 
Pabna PBS:1 10.7 
Ser;.goij PBS 
Jes-ore PB5 
.Jewsre PBS 1: 
Natore PBS ! 5.4 
Natore P5S 2 5.1 
Rangpur PBS1 53.2 27.0 33.8 
Satkhlra PBS 10.0 
Feni PBS 32.0 
Mymensingh PBS! 7.4 
Dinajpur PB51 192.6 14.7 3.9 
Kushtla Batly B S 28.0 0.3 
Madaripur PBS 19.2 5.9 
Barisal PBS 25.0 
Noakhali PBS 
BagrrhaL Palli Bidt. 45.8 79.2 
doypurhat PBS 1.7 11.1 1.3 
Pirojpur PBS 12.7 43.6 4.5 
Rangpur PBS2 87.6 
Jamalpur PBS1 
Thakurgaon PBS 67.5 2.5 34.0 
Chittagong PBS2 
Bogca PBS 
Meherpur Pally Bidt. 9.1 10.7 6.8 
Chittagong ?BS: 
Narsingdi PBS 0.2 8.1 
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Table 111.18 
Total Lines Energized 

Dhaka PBSI 
Tangail PBS-1 

FY82 
3,247 

82 

FY83 
3,725 

221 

FY84 
4.264 

417 

FY85 
4,00 

494 

FY86 
4,350 

504 

FY87 
4,389 

527 

FY88 
4,552 

682 

FY89 
4,588 

807 
Comilla PBSI 
Chandpur PBS 
Habiganj PBS 
MoulvLbazar PBS 

147 
80 
23 
0 

220 
242 
95 

125 

310 
348 
238 
125 

419 
769 
394 
583 

557 
785 
440 
593 

568 
840 
477 
613 

592 
9C1 
500 
677 

719 
1,07 

546 
703 

Pabna PBSI 
Pabna PBS11 
Serajgonj PBS 

0 
81 

306 

146 
135 
593 

270 
261 
696 

335 
302 
703 

341 
302 
700 

363 
304 
70-

438 
312 
710 

493 
356 
722 

Jessore PBSI 
Jessore PBS 
Natore PBS 1 

: 
166 
3,!9 
280 

369 
780 
425 

537 
782 
451 

1,200 
834 
480 

1,285 
83. 
519 

1,285 
834 
532 

1,285 
834 
570 

: 385 
840 
684 

Natore PBS 2 
Rangpur PBS! 
Satkhir PBS 
Feni PBS 
My."n ingh P: 

166 .93 631 
75 

145 
105 
71 

757 
152 
314 
200 
220 

792 
272 
385 
354 
434 

834 
353 
435 
435 
493 

834 
372 
479 
444 
680 

936 
376 
556 
475 
306 

Dinajpur PBSI 
Kush:La Bally 1; 5am.ty 

156 
9 

232 
80 

445 
80 

516 
145 

631 
242 

Madaripur PBS 
Baris.l PBS 
Noakhali PBS 

J? 
99 

257 

247 
276 
431 

376 
417 
675 

Bagerhat Pal4 B 
Joypu:hat PBS 

79 
130 

238 
171 

361 
338 

Pitojpur PBS 107 161 321 
Rangpur PBS2 
Jamalpur PBS! 
Thakurgaon PBS 

354 
208 
188 

528 
256 
547 

691 
487 
831 

Chittagong PBS2 137 229 246 
Bogra PBS 
Heherpur Pally B 
Chittagong PBSI 

247 
120 

393 
416 
175 

605 
719 
494 

Narsingdl PBS 155 264 347 

Table 111.19 
PDB Lines as Percent of Lines Energized 

FY86 FY87 FY88 FY89 
Dhaka PBSI 0% 0% 0% 1% 
Tangall PBS-I 2% 2% 14% 12% 
Comilla PBSI 4% 4% 4% 11% 
Chandpur PBS 2% 2% 1% 1% 
Habiganj PBS 
Moulvibazar PBS 
Pabna PBSI 
Pabna PBSII 4% 4% 3% 3% 
Serajgonj PBS 
Jessore PBS1 
Jessore PBS 
Natore PBS 1 .% 1% 1% 1% 
Natore PIS 2 1% i% 1% 
Rangour PBS! 20% 23Z 31% 30% 
Satkhira PBS 3% 2% 2% 2% 
Feni PBS 7% 7% 7% 
Mymensingh PBS! 2% 1% 1% 
Dinajpur PBS: 43% 10% 33% 
Kushtia Bally hi 35% 20% 12% 
Madaripur PBS 20% 8% 7% 
BarisaL PBS 25% 9% 6% 
Noakhali PBS 
Bagerhat Pall . 38% 52% 35% 
Joypurhat PBS 17 7% 4% 
Pirojpur PBS 12% 35% 20% 
Rangpur PBS2 0% 0% 13% 
Jamalpur P851 0% 0% 0% 
Thakurgaon PBS 36% 13% 13% 
Chittagong PBS2 
Bogra PBS 
Meherpur Paly B 8% 5% 4% 
Chittagong PE02 
Nars ingdI PB5 2% 
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Table 111.20
 
Revenues per Mile Energized
 

FY82 FY83 FY84 FY85 FY86 FY87 FY88 FY89 
Dhaka PBS1 1, 89 4,225 6,455 8,759 13,755 :6.253 ,224 27, 
rangaii PBS-i 4,727 42,18C 36,393 42.857 0 79,190 80,229 83,71A 
Comilla PBS1 
Chandpur PBS 
Habiganj PBS 

15,412 
2.515 

239 

25,814 
6,851 
4.971 

41,180 
-,319 

17,839 

51,450 
10,685 
36,242 

50,775 
13,168 
.7,518 

67,610 
!7,09b 
51,281 

94.453 
24,12 
73,171 

96,9 
26,55j 
76,095 

Moulvibazar PBS 21,266 52,327 31,538 43,267 50.677 b3,663 70,4c6 
Pab:ia PBSI 8,308 13.885 19.462 27,084 32.971 39,915 45,8:8 
Pabna PBS:: 1,191 6,644 11.284 29,394 3-t618 55.619 9,609 87,70: 
Serajgonj PBS 5,613 9,733 14,429 25.572 30.451 19.324 53,589 62,812 
'essore PBS' 3,091 9,867 14,568 12,622 13.274 16,059 25,91 31 ,. 
Jessore PBS 2.553 3,8:3 7,407 16,350 32,938 35,359 45,)37 54,4.5 
Natore PBS 1 
Natore PBS 2 

3.336 
764 

9,841 
6,169 

14,818 
9,929 

24,822 
18,689 

32.796 
27,540 

39,782 
3C,78 

54,356 
42,772 

6C,3>) 
43,6 0 

Rangpur PBS1 651 13,251 2-,:37 30.275 4-.246 64,659 
Satkh" ra PBS 714 6,131 14.505 20,5b6 32,112 35,745 
Fer. PBS 1,117 6,821 25,176 21,631 33,978 4c,01:1 
Mymensingh PBS: 1,139 9,740 :1,322 5 20,029 17.219 
Dina.pur PES: 1,695 27,656 32,,",56 o.304, 48,7,5 
Kushtla Bally B.S 7,032 47,152 76,55b b5,8,4 50,886 
Macaripur PBS 43,231 4..43 44,3_5 
Barirai PBS 
'1oak aI' PBS 

22,535 
1,123 

2,563 
6,..56 

17,79P 
8392 

Bager:ar Pal. 21,110 18.963 17,882 
Joypurhat PBS 17.185 39.190 29,225 
Pirojpur PBS 6,767 12,170 10,321 
Rangpur PBS2 
Jamap.r PBS: 

10.518 
4,995 

19,497 
20,107 

19,.485 
20,856 

7hakurgaon PBS 6,732 9.432 11.639 
Th:::agong P852 5.521 14,859 20,083 
Bogra PBS 5,529 23,830 31.940 
Menerp2: Pall.y B 2,308 6.562 8,812 
Cnitagong FES: 
Nars rngdi PBS 2.672 

471 
9,969 

4,580 
18,316 

Table 111.21 
O&.M (exclusive or energy/Miles Energized 

FY82 FY83 FY84 FY85 F'8. FY87 FY88 FY89
 
Dhaka PBSI 278 382 459 807 1,,33. 1,619 1,603 1,9.6 
Tangail PBS-I 6,566 5,900 3,675 4,229 0 9,979 9,220 12,012 
Comilla PBSI 6,287 6,509 6,008 5,487 7,737 I0,099 11.284 11,502 
Chandpur PBS 3,932 4,478 4,501 2,290 4,472 5,982 5,706 5,696
 
Hablganj PBS 0 5,102 
 4.924 4,971 8,84 8,082 9,.42 10,008
 
Moulvibazar PBS 8.630 14,015 3,521 6,2.5 6,085 6,845 7.634
 
Pabna PBSI 5,059 4 215 5,242 7,92 8,768 7,654 7,651
 
Pabra PBSI: 3,207 6,1.72 4,280 4,815 1,'829 10,817 11,122 12,558
 
Serajgonj PBS 2,777 2,;50 2.681 3,043 5,5271 6.703 7,103 7,699

Jessore PBSI .9f. 3.206 2,912 1.586 78 .,079 3.845 4.421
 
1-sure PBS 2,83. 11485 2,221 2,618 ",754 60,25 6,620 7,724 
Natore PBS i 3.183 2,897 3,759 4. 43 t, , 7,596 8,035 8,662l
Natore PB 2 2,37 6,67 2,826 -,92H 5,41 6,34092.708 5,836 
R.an pur PBS 1.,8 9 6.381 8 .,3 6,691 7,922 10,179 
SatkhLra PBS 2.192 3.6f)3 4,755 7.196 6,649 6,495 
Fen! PBS 2,535 (3,540) t"68/ 6,910 9,.53 9,429 
Mymersingh PBS: 2,772 4,103 4,038 4,925 4,973 3,328 
Ditajpur P SI 1,022 7,540 5,767 30,.227 31,569 
Kusht~a Ba1 y .y..t Sarnl.ty 20,140 20,379 27,986 23,313 14,004 
Madaripur PBS 23,484 10,842 9,787
 
Barisal PBS 
 18,670 9,471 7,852 
Noakha11 PBS 2,516 4.997 3,973 
Bagerha: P.11. ?, t 24,259 9,575 7.668 
Joypu:rhat PB; 11,523 19,31: 8.527 
Piro1p9r PBS 11,887 811,467 278 
9arpg..r PB52 
 4.702 4,37C-

Jwmalur PBS, 7,685 H,897 . 1¢u 
Ihakurgaor PBS 6,046 3,611 3.193 
Chittagong PBS2 7,354 8,668 :1 85,
Bogra PBS 4,403 6.366 5,8.2 
Meherpur Pally B,:dt. 3,642 4,212 3,2C0 
Chittagong PBSI 
 I,125 4,399, 
Nar ingdl PBS 6,375 7',273 7,332 
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Annex IV
 

CHOICE OF TECHNOLOGY FOR SHAFT POWER 



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 both 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 'end 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 motor. 

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 longer life and is frequently purchased as a second­
hand unit. The diesel 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. Th 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 !asoline-powered engines and natural gas-powered engines. However, neither are 
currently 	 used and the data for this analysis was collected from existing applications 
dL 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 system 
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 economical when used in larger configurations with belts used to drive 
more than mul'inle 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 :c 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 oniy 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.i 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 for the 
engine and motor. The economic costs were computed by adjusting the capital 
costs to exclude duties and taxes2, 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 the\ vary 
with season and supply of raw material. For larger operations such Is textile 
mills, the operating hours would be longer and the average engine load would 
be closer to 45%-60%. 
The capltal 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% us shown in Figure IV.4 or whether the discount rate used 
to annualize the cost is adjusted as shown in 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 full-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 fictor as 
shown in Figure IV.7. A 50% increase in labor costs increases 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, i.e. labor, 
energy and spare parts, there is little variation in ihe 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 from 
imponrt duties, however, these values htve 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 100% 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. 

IV -4
 



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 Overhauls 5 5 Years
 
Cost for Regular Maintenance 5,600 5,280 Taka per year
 

Cost For Mechanic 500 500 Per hour or visit 

Mechanics Time Required 8 I 8 1 Hours/Visits per 
Year 

Cost for Parts 1,600 1,280 Per Year
 
Fuel Consumption at 80% Load 4.50 4.50 Liters per hour
 
Lubricant Consumption 25.0 25.0 Liters/l000 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 1 35%1 35% %
 
Annualized Capital Cost 1 4,144 4,166
 
Costs Per Hour of Operation I
 

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 i10,000 1000's Taka
 
Cost for Overhaul 3,250 2,925 lO00'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 2.9 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 aihJ 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 overhaul required every 5 years for a diesel enuine 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 years 
and 10%, respectively 

10. 	 capital cost amortized over the life of the motor/engine at tile 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 

IV -7
 

http:Parts0.80


Figure IV.1 

Comonents of Hour ly 
Operatino Costs for a Diesel Enqine 
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Figure IV.2 

Components of Hour l y 

Operating Costs for an Electric Motor
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Figure IV.3 

Senstivity of Operating Costs to
 

Change in Fuel Prices
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Figure IV.5 
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Figure IV.7 
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Annex V
 

IMPACTS ON RURAL INDUSTRY
 



Impacts of Rural Industry 

rpes 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 20/! • 

Textiles 52% 
Metals 2% 
Pharmaceutical and Chemicals 1% 
Printing and Paper Products negl. 
Leather and Rubber Goods negl 
Glass and Ceramics 1% 
NIiscell Ianeous 2% 

The statistics to the left of these catecories ate the frequencies observed in the 
1981 BIDS study of' rural and cottage industries. Although no more recent survey 
is available, it is clear th,:t the first two categories have increased relative to the 
others in the last decade. Another major chang2e has been the increased use of 
mechanization and electricity. In the 1981 survey. 0nV the textiles and metals 
industries were found to b consistent users ofIm,'chne ry aIt0houh a majoritv of 
the chemicals, printing and ceramics industries also relied on machinery. Also the 
expenditure for electricity at that time was found to accoLnt for olV .8%' o1 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 flour. 
These mVay h2b igle-purpose mills or comnbined rice\flour mills. Other mills include 
pulse and oil presses. Other tbod processing facilities include cold storage, crop 
drying and small-scale m;.nufacturers of suIar ori vegetable based products. Both 
electric ind diesel powered n1ills can be t() ulnd in 11e rarlI a rcas. but where 
electricity is available, it is the preferred source of energy. Electricity is also very 
Much preferred for cold storagze because of teK reliability when com hi ned with 
diesel generator bIckUp but it is less in]portant for other food procesi ng activities 
where diesel motors are freu(IuntlV used. 

The wood, ca tie and bamboo industries process local imiterials either as at service 
to the owner of the nmaterial of for sale in the market place. Sawnills are a 
re!atively recent but growing phenomenon in electrified 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 larger mills and medium-sized textile and jute processing 
enterprises. It 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 for shaft power. Even 
welding is done primarily through the use of crude arc welders rather than oxy­
acetylene torches. 

Glass and ceramic industries are mostly small scale and use ,irious 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 produw't quality or to produce additional types 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 from these products. 

3. to replace labor as a means to simplify the production process and 
reduce the management requirements. The difficulties of managing 
a large labor force ca,, be considerable 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 saving's in 
production costs or may comp, nsate 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. Tht 
benefits of mechanization in this case are the marginal increase in 
nroduction. 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 improvements 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 

,ll generally increase the skill levels of those working in the industry. 

The decision to mechanize appears to be an effective nechanisml for 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 funds 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 family members are mnost 
often interest free and reflect a social obligation rather than a financial obligation. 
Ti source of the family funds is a cOrntbination 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 introduction 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 tile 
Sundarbans. The introduction of mechanized rice/flour/ofil mills reduces the costs 
for processing the rice which is consumed by the household or sold ill tile market. 
The mechanization of textile production allows the rural area to produce for sale 
in the urban centers. These industries either process locally growl jute taking 
advantage of the lower transport costs or import fibers taking advaltage of the 
lower local production costs. Tile mechanization of tile metal working, industries 
permits local fabrication of simple metal products for agriculture, construction and 
transportation 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 , -rolin, 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 arc 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 central engine. 

In situations 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 ,:ost of diesels is associated with two factors, the cost of 
energy and the cost of maintenance. The current price for electricity is less than 
the economic cost and the efficiency of the 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 restriction on the use of aultogeneration prevents any 
judgement from being made as to the financial viability of this source of electricity. 
However, the energy transformation from diesel shaft power to electricity involves 
about a 10% loss in the generator and adds the capital and maintenance cost of 
the generator. 

2 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 
transmission systems are limited to 

were provided. However, most 
simple belt drives which can be 

power 
easily 

maintained. 
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diesel engines 

Tk. 7.8/liter * .225 liter/hp-hr = Tk. 1.76/hp-hr 

electric motors 

Tk. 2.0/kWhr * .746 kWhr/hp-hr * 1/.85 efficiency = Tk. 1.75/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 inection 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. Tihe economic 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 shaft 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 tile skill levels required for the appropriatc type of power 
transmission system. In this case, the benefits are computed by comparison with 
diesel-powered auto-generation. 3 Again care must be exercised since many 

' The lack of autogeneration alternatives is due less to tile viability of the 
technology and more to the rLstrictions of government which prohibited the ofuse 
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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 
would have had access to electrification even without the REB programme. 

Types 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 
electrificat.',n, 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 industries. 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 benefits to the nation because 
that industry would have located somewhere else. However, there are equity 
benefits because of the transfer of employment 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 rnakes 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-based 
industries such as rice mills, sawmills and brick factories) or for the purchase of 
their output (market-based industries such as furniture factories and engineering 
workshops). For these industries, the introduction of electricity permits them to 
establish near to their source of supplies or their markets. If electricity is an 
important component of their production activity and it is not available dtlen these 
industries will locate in the nearest market which has electricity. The consumer will 
then absorb the additional cost of t.'ansport for collection of the raw materials or 
distribution of the final products. 

A fourth category are those medium to large scale industries where security of' 
energy supply is a critical factor (e.g. cold stora ge and certain Ctntin uous chlli ical 
processes). In this case grid electricity backed tip by diesel generators is the 
con hination requ ired to ins ure reliability of supply. The decision to locaite the 
facility will depend first on the availability of electricity and then on issues of* 
location of Iaw matc-ialIs and mi rkets depending on which is more imtportant. 

The complete topology then raises three issues: 

1.the dependence of the on electricity-based technologiiesodiustry 
2 the dependence of the industry on local resources anld local demand 
3. other factors affecting site selection such as price and availability )f land 

and labor, and the location of one's relatives. 

The benefit!; of electric... ) IIaindustry will depend on the li)cational alternatives 
available to the industry and the relative costs of operating in the alternative sites 
iiven their access to alternative energy sources. supplies of' raw materials and 
markets. 

Demand for Electricity 

Tlie RE13 rep)arted a totn lof 7641 rural indiustryV coniiCCtioms ((C;r )111 A - eCcltidcs 
cottaLc' .,1luLstries) consuiiiing-1 ii average of 13.4 Ni hpr pe i(ruith. The nuiber 
of' hookups hms h(cn growini at an avraige annual rac of 4(, (Fiuiire I) whil 

consumptii has growin at :aslightlv lower rate of 42"; p.a1. (1:jgLlc 2). As a1 CSUlt 
there has bCC Ni dtro1 iI VL!CgCcmsuilption vcr h;ookup Irom 2.2 k\Vhr per 
month in FY82 and FY83 I 1.1) per m ith i,. FY8,kWhr iiid FY8). 

The growth in demand lais ben dramatically affctled by the lakcover of BlPDlB 
lines. Since these generally serve thie larger electrified factories, they provide a 
sigynificant boost to the total demand. The decrease in the avcrage con suiliption 
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per industrial hookup over time is attributable 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 connectjnns in the 
REB system. The lowest percentage is in the two Chittvgong PBS's where they 
amount to less dhan 12% and the highest percentage is in Dinajpur, Conilla 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 
accounied for nearly 2/3 of the consumption in Dhaka and Moulvibazar and more 
than I: the consumption in Comilla, Dinajpur, Jessore II, Habiganj, Pabna II and 
Thakuragon. The consumption by rural industry in Dhaka, Comilla, Moulvibazar, 
Tangail and Jessore 11 and Habiganj together accounted for 55% 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 lo'd ranging from 10% to 30%. This implies a monthly consumption 
between .5 and 1.5 MWhr. The higher average consumption is accounted for by 
the large ind'.istries 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, switchble 
capacitors have been introduced to improve the power factor. Much of the major 
industrial load was taken over from BPDB and therefore repiesented relatively 
little additional cost for the REB for a considerable increase in revenue. 

The current tariff 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 lk 100. For an 
industry with a load in excess of 25 kW and equipped with demand meters, the 
charge is Tk 40 per kWMinonth 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 standhy generators to insure reliability of supply. Since the electricity is 
utilized for lighting and shaft power, but not for direct heating, the impact on 
demand for electricity from the increasing use f natural gas as a source of fuel for 
process heat should he 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 doinestic purposes and for cottage 
industrv. In this annex, the focus is on domestic uses. Cottage industries are a 
productive use generally requiring lighting but not shaft power or process heat. 

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

1. liiht in, in which caise the electricity replaces ker osCe n, 
2. cnin unicat iols, in which :ase grid electricity replaces electricity 
stored in recharceatle hatteries, 
3. c~1lin ., in which case there is no su rstitute:, 

,kig 

. Vater sU pplV. its a substitute for hand pumin ps.
 

4. c i heit. in which case the electricity replaces bioniai:s, and 

Lighting is used in the evening after dark and hctore going to sleep. Because the 
habit of rural farners is to rise well before dawn, this evening period rrcly exceeds 
2-3 hours. Tihe ninimun hLuse COlnCction iS ene:: ,v two 2) or 41 wait bulbs. 
Coin1i nic 1t01ns invOlv't :ic use of radios, twi)- bor-()ne ( radi i-cassette pl;kvcrs) rind 
tele,. isions. The latter aire relatively rare exccpt in tile wealthicr homes. l3ater\­
ptowcred transistor radios c)ntiluet tO be used evCn after elect rI ica1timII. ('()()Iin i! 
is lenerully provided bv snall fains. These are tVpicaIlly ptUrcIasCd ilftcr the light 
fixtures and rmlio-cassettc. Cooking heat is rarelv' used because of the Cx pe ise. 
Where a coill is used. it is usually hecause the connection is iliecazl Or nIl)t mrtCeCL. 
Refrigeration u.its atre expensive and extrenielV rare in the ru l ,areIs. D)inch:t ic 
water supply is provided by hand pumps or froin surlfacC vater, electricity is not 
currently used for ihis purpose. 

The Benefits of Electricity and Their MCasturenIent 

The benefits froin electrification of th1e househCold arc enerally mnsured in terms 
of tile savings in cost of ailteramtive fuels which arre eplIaced by Llect ricity aid b1 
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-ccnnected houeholds. In some cases an 
effort is made to equate the fuel required to produce a similar level of lighting, but 
this is difficult. In fact, the light provided by electricity is an entirely differen. 
product than kerosene lighting. The only comparable source of kerosene light is 
the pump Imp which is not often used in '.he rural areas. 

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

The benefits of electricity for powering far.'; is often measured simply by the 
amo,, it the user there *snopays for electricity sin,:e direct substitution. 

Thi social benefits from electrification of lighting, communications and cooling 
are nerally not quantified, Instead, the changes in social behavior are reported. 
Th. changes which are frequently mentioned by proponents of the program are 
extended hours for evening ,vork or socializing, more school work and reading, :ind 
better family planning practices. 

Since the uses of electricity provide a value to tie h:ou'sehold, it should be possible 
to measure this value in terms of what the houseold is willing to give up in order 
to have the electricity. This is referred to as the willingness-t-pav. It is often 
anproxinated by using the amount actually paid. but this results in a significant 
underestimate of the value placed on electricity by the household. The williTgness 
to pay is much higher as indicated both by the !ow elasticity of denand, and the 
willingness of wealthier households to invest in appliances which use electricity. 

The willingness-to-pay must be measured for three different conponents of the 
dornestic connection. The first is the willingness to convert assets froni savings to 
household connecrrons. .2  The initial cost for connection includes the cost of 
housewiring, the cost for the initial light fixtures, tle security deposit and a cost 
for 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 assecs wold occur when a household purchased a durable good from 
savings or through tne sale of family assets, e.g. jewelry, animals, land, etc. It is 
assumed that -he price of the durable good is in excess of the amount which could 
be allocated irom monthly disposable income. 
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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 household. The value of a connection is associated with access to 
electricity to meet a latent demand for the use of electric appliances.3 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 benefits 
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 he 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 nore 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 to 
informal payments for expediting connection. The amount of these informal fees 
may even exceed 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 fron the existing 
REB lines often indicate the naxilun anount 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 
benefits 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 evenint. 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 household 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 Thelight bulbs. 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 of the 
value of electricity to the household. The attempt to 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 different 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-ray for both connection and co:,sumption. 

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

1. development of a region (as measured by density of pukha roads and 
proximity to a major market area) 

2. 	gross house hold income (cash and kind) and wealth (major assets) 
3. appliance ownership (or plans for purchase of appliances) 
4. 	 peer pressure (as leasured by percentage of households laving 

connections and dif'erent appliances) 
5. complementary uses of electricity from a domestic hookup (cottage 

industry, water pumping) 
6. 	general knowledge (female and male literacy) 

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. T he 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 anong the older 
PBS's and those located near major urban or regional centers. The 11 PBS's 
energized in FY82 which include Dhaka, Comilla. Chandpur. Tangail., Nioulvihazar, 
Siraiga nj, Jessore I and II, and N :itore I and II and Pabna II lce;rnt for about 
45% of the hookups. The first four of these acc0)Unt for neailv 1/4 of' the ho()kups. 

Domestic hookups account for between 05% 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 92c7c. In the older PBS's the proportion is in the range 
of 17% to 25 ,. 
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The average monthDi consumption per household connection for the entire REB 
system is currently 27 kWhr, having fluctuated bet, ieen 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 II, and Sirajganj, tile 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 consumes 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 a, crage household consumption to increase over time 
as more appliances are connected. At the same time, the initial hookups teno 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 avcrage
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 Figure2. 

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 is 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 lovest rate charged to 
any user. Most of the PBS's then apply a rate of Tk. 1.65 ptr 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. 42 
per month. In the rare instances where electricity is used for cooking, natural gas 
or biomass fuels provide a more cost-effective substitute. Electricity can be 
provided not only through the grid but throug'h autogeneration and rechargleahle 
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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Annex VII
 

IRRIGATION
 



Irrigation 

Demand for Irrigation 

Improvements in agricultural production and productivity are achieved through i 

number of complellentary 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 VII.L. Houssain [ ], Chcwdury [ ], 

Pal-ner-Jones and others have pointed out the importance of these pir"illl 

developments, but have also recognized that irrigation is the most imtportant not 

0nV because itincreas;es yields but because it allows for multiple cropping. In 

addition to the primary inputs, there are basic infrastructure require ments which 

include efficienat iairkets for the sale of farm products. storage ftacilities. inexpensive 
transport between Ohe :iuricLultural areas and the markets, ilnstitutional credit to 

Support the trainsition froml a subsistence to a cash-based agriculture, and extension 

services to support the introduction of new technologies. 

It is difficult to weight the relative impacts of these inpu,ts on the growth in total 
agricultural output and outpt per area cropped. The ma rginal benefits of 

irrigation can he estimated through agricultural production models and they cali be 
observed through surveys of irriuated and non-irrigated sites. -,)r sonm e dry sealsOll 

crops it may be possible to attribute most Of the vatLiC added o irrig ation bit for 
most crops the valuC added is derived from a paickagc of conipleCniCntti\ inputs. 

The rapid increase in irrigated land over the last 15 years as sho wn in Tle\hl V11.2 
iiportance irrigation gricuttire. increaseindicates the growing of tn The in 

irrigation has been iccomplished primarily through minor irrica ti( m schemes where 

the command airea rarely exceeds 40 h.. These minor irriua i n schemes are 

implemented thirough different technologies which r ngc from the trod t i al noin­

mechanized water-lifting techniques to large llchainized svste ifis. 

Irrigta tion T,.hnolog 

The traditional non-mechanized technology employ dhoons and swing baskets to 

irrigate dry season crops in low-lying areas which hve a supply of sLirface water 

in canals. ponds or streams. These systens are used to irrilate the ,Borocrop inl 
command iircas ot 2 ha or less. 
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Table VII.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: !.0 8.3 9.9 9.8 .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 Different 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 :1 single source up to 
16 ha. These ptumps are typically diesel powered units. They have a capacity of 
2 cusecs and a typical ,:ommand area of 11-27 ha. They were popular in the 
period from 1900 through 1970, when they were widely distributed BADC under 
government subsidized programs. They have since become less popular as shown 
in Table Vll.3a. Changes in the method of distribution and limits on the 
availability of surface water have contributed to this decline. 

Shallow Tube Wells (STW) are the next level of technoloy. These are drilled to 
a depth of about 20 meters with the mlaxhimuML lift ot about 10 meters. The water 

is extracted using handlpumps or more commonly ccntrifug-Il puLps powered by 
diesel engines or electric motors. The centrifugal pumps havc capacities of .5-2 
cusecs and are used to irrigate a command area of about 5- 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 Raj-:hahi, 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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Table VII.3a.
 
LLP Rental, Sales and Acreage
 

Units Fielded 

Acreage 

Rental Sales Canal Digging Total Irrigated 

Cumulative Programme (Acres) 

1980/81 31,688 2,206 2,155 36,049 1,379 
1981/82 28,149 9,594 3,611 41,354 1,461 
1982/83 17,619 21,973 3,447 43,039 1,365 
1983/84 9,308 34,307 - 43,615 1,031 
1984/85 8,337 42,324 - 50,661 1,135 
1985/86 758 50,899 - 51,657 1,084 
1986/87 2,699 55,397 - 58,096 N.A. 

Source: BADC 

Table VlI.3b 
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 Agriculture
 

Table VII.3c. 

Deep Tuhewells InOperation 

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,
 

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 1981) to 
1986 as shown in Table VI1.3b. 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 tile Deep Tube 
Well (DTW). These are drilled to depths of 25-40 meters. A turbine pump is set 
in tile well and the maximum pumping lift is about 20 meters. The punlps are 
operated by diesel engines or electric motors. They typically have a capacity of 2 
cusecs and irrigate a command area of 18-45 ha. Alth.g thesc units are desiUned 
for use in areas where the groundwater is low, they havC been ii t r'. )deCCd 
thl :gUhout the couIltrv and often serve the same area as ST\Vs. The ilunbcr of 
DWT's used has increased rapidly in the last few years and is expected to increase 
in the futunrC under the encouragement of various donor programs. 

Irriuation Prourams 

lThe spread of mechanized minor irrigation over the last two decades has largely 
been under the control of the BADC and BKB. This former was respomsible for 
importing the pumps, selecting sites, constructing the Wells ILI lting the pumps 
for a fee. From 1974, BADC engaged in the sale of secoind-hamld pumps. BKB 
has been selling STW's to farmers groups. However. sales were relatively slow until 
1982 when private scct)r importers began selling the piumps with credit from the 
government. Sales rose rapidly for several years then fell in FY87 and FY"88 as the 
economics a lvapntages of STW's were reduced by higher co.ts :amd V'er returns to 
the farmers. The latter resulted from output prices rising slower Iln tile cost of 
inputs and froml the success in meeting the demand for irriga tion in areas wilh the 
greatest poicntiaIl to benefit from minor irrigation schemes. It also was caused hy 
the end oft certain agriculItural credit programs and, with them, the Case of 
defalu ltingt on banas which had significantly reduced the cost to the purchasers in 
FY82-FY85. 

In tile last ,1ear there has been a resurg1ence in tile sales for S'I'W's as a result of 
tile gove rn me nt's decision to end restrictions on tile ilnpcrt and instmilllition of 
shallow tubew ClIIs. This decision has resulted in a siUnifican t decrease in price of 
STW's due both to the elimination of import duties and the slr(g compctitiol 
between sutppliCrs. being bought 1 co(pC rat1ivCs hut alsoThese wells are mt n l y 
by informal groups and, in some cases, individuals. Meanwhile, the BADC is in the 
process of li1 uidating its supply of spare parts anld gCettiing 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 from the BADC in Tangail. 

Ai bough 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's. 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 opcrate 
these units on a for-profit basis. Also the IBRD is considering alternative methods 
of ownership and op~eration 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 tinme this technology is fotbIId serving4 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. 

It 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 Irriiation 

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 VII.4-9. The energly 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 VII.4
 
DIESEL LOW LIFT PUMP - 18 HP
 

Financial Economic
 
Capital Cost 22,000 17,516
1 1 Taka
 
Cost for Overhaul 3,300 2,964 1 Taka
 
Cost for Regular Maintenance 3,100 2,876 1 Taka per year
 

Cost For Mechanic 500 1 Per hour
500 or per visit
 
Mechanics Time Required 4.0 
 4.0 1 Hours or Visits per Year
 
Cost for Parts I1,100 876 Per Year
 

Fuel Consumption at 
80% Load 1 3.24 3.24 1 Liters per hour
 
Lubricant Consumption 1 35.0 35.0 Liters per 1000 liters
 
Hours Operated 1,000 1,000 Per Year
 
Operators Requited 1.0 
 1.0 Man-hours/operating hour
 
Avera;e Load 42% %
42% 

Annualized Capital Cost 2,674 2,741
 
Costs Per Hour of Operation
 

Capital 2.67 
 2.74
 
Operator 15.00 15.00
 
Maintenance 
 3.76 3.47
 
Fuel and Lubes 35.27 35.27
 
Total 
 56.70 56.48
 

Cost Per HP-hr output 7.56 7.53
 
Annual Cost 56,702 1 56,477
 

Table VII.5
 
ELECTRIC LOW LIFT PUMP - 15
 

Financial Economic
 
Capital Cost 1 1 1 1000's Taka
17,800 22,250 

Cost for Overhaul 
 1 2,670 1 3,004 1 1000's Taka
 
Period Between Overhauls 1 8 1 8 Years
 
Cost for Regular Maintenance 1 1,445 1 1,556 1 Taka per year


Cost For Mechanic 1 
 500 1 500 1 Per hour or per visit
 
Mechanics Time Required 1 1
2.0 2.0 Hours or Visits per Year
 
Cost for Parts 1 445 1 556 1 Per Year 

Fu,-. Consumption at: 80*, Load 1 9.95 1 9.95 kWhr per hour 
Hours Operated 1,000 1 1,000 Per Year
 
Operators Requirod 
 1.0 1 .0 Man-hours/operating hour 
Average Load 1 50%1 50 %1 
A ualized Capital Cost 1 1,321 1 2,536 1 
Costs Per Hour of Operation I I 

Capital 1.32 1 2.54 
1
 
Operator 15.00 1 15.00
 
Maintenance 
 1.78 1 1.93 1
 
Electricity 21.86 1 43.72
 
Total 39.96 1 63.19 1
 

Cost Per HP output 5.33 1 8.43 1 
Annual Cost 1 39,960 1 63,189 
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Figure VII.1 
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Table VII.6 
DIESEL SHALLOW TUBE WELL -

Capital Cost 

Cost for Overhaul 

Cost for Regular Maintenance 


Cost For Mechanic 

Mechanics Time Required 

Cost for Parts 


Fuel Consumption at 80% Load 

Lubricant Consumption 

Cost of Fuel 

Cost of Lubricant 
Hours Operated 
Ope:rators Required 
Avr-ge Load 
Anr ualized Capi.al Cost 
Costs Per Hour of Operation 

Capital 
uperator 
Maintenance 
Fuel and Lubes 
Total 

Cost Per HP-hr output 
Annual Cost 

Financial Economic
 
12,500 9,952 

1,875 1,684 

2,625 2,498 


500 500 

4.0 4.0 

625 498 

1.08 1.08 

25.0 25.0 
7.8 7.8 

25.9 25.9 
1,000 1,000 

1.0 1.0 
50% 50% 

1,519 1,557 

1.52 1.56
 
15.00 15.00
 
3.00 2.83 

10.03 10.03
 
29.55 29.42
 
9.85 9.81 

29,546 29,419 

Table VII.7
 
ELECTRIC SHALLOW TUBE WELL -

Capital Cost 

Cost for Overhaul 

Period Between Overhauls 

Cost for Regular Maintenance 


Cost For Mechanic 
::echanics Time Required 
Cost for Parts 

Fuel Consumpt ion at 80% Load 

tours Operated 
u- .p-ors Requi red 
Average Load 
Aiualized Capital 
Costs Per Hour of 

Capital 
Operator 
Maintenance 
Electricity 
Total 


Cost Per HP output 

Annual Cost 

Cost 
Operation 

Financial 

9,000 

1,350 


8 
1,225 


500 
2.0 
225 

3.98 
1,000 

1.0 

50%1 

668 
I 

0.67 
15.00 
1.39 
8.7, 

25.81 

8.60 


25,806 

VII 

Economic
 
11,250 

1,519 


8 
1,281 


500 

2.0 
281 

3.98 
1,000 


1.0 
50% 

1,282 

1.28 
15.00 
1.47 

17.49 
35.24
 
11.75
 

35,242 

- 9 

6 HP
 

Taka 
Taka 
Taka per year 
Per hour or per visit 

Hours or Visits per Year 
Per Year 
Liters per hour 
Liters per 1000 liters 
Taka per liter 
Taka per liter 
Per Year 
Man-hours/operating hour 

6 HP
 

1000's Taka
 
1000's Taka
 
Years
 
Taka per year
 
Per hour or per visit 
Hours or Visits per Year 
Per Year 
kWhr per hour 
Per Year 
an-hours/operating hour
 

%
 



Figure VII.3 

Operating Costs of Diesel STW versus
 

Change in Annua I HOurs o-f Operat ion
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Table VII.8
 
DIESEL DEEP TUBE WELL - 30 HP
 

Capital Cost 

Cost for Overhaul 

Cost for Regular Maintenance 


Cost For Mechanic 

Mechanics Time Required 

Cost for Parts 


Fuel Consumption at 80% Load 
Lubricant Consumption 
Hours Operated 
Operators Required 
Ave,,-rae Load 
Annualized Capital Cost 
Costs Per Hour of Operation 

Capital 

O:erator 

Maintenance 

Fuel and Lubes 

Total 


Cost Per HP-hr output 

Annual Cost 

Financial Economic
 
45,000 35,828 

6,750 6,062 

4,250 3,791 


500 500 

4.0 4.0 


2,250 1,791 

5.40 5.40 
25.0 25.0 


1,000 1,000 
1.0 1.0 
50% 50% 

5,470 5,606 

5.47 5.61 
15.00 15.00
 
5.60 5.00 

50.13 50.13
 
76.20 75.74 
5.08 5.05 

76,205 75,745 

Table VII.9 

Taka
 
Taka
 
Taka per year
 
Per hour or per visit
 
Hours or Visits per Year
 
Per Year
 
Liters per hour
 
Liters per 1000 liters
 
Per Year
 
Man-hours/operating hour
 

% 

ELECTRIC DEEP TUBE WELL - 30 HP 

Capital Cost 
Cost for Overhaul 
Cost for Regular Maintenance 

Cost For Mechanic 
Mechanics Time Required 
Cost for Parts 

Fui Consumption it 80% Load 
Hoursi Operated 
(perators Required 
Ave rane Load 
Sal vagu Valtue 
Annual ized Capi tal 
Costs Per Hour of 

Capital 
Operator 


Maintenance 
Electricity 

Total 

Cost Per iP output 
Anmuail Cost: 

Cost 
Operation 

Financial 
25,000 

I 3,750 
1,250 

500 
1.3 
625 

19.89 
1,000 

1.0 
50%1 
20%1 

i1,855 

1.85 
15.00 


1.72 
43.72 

62.30 

4.15 

62,295 


Economic 
31,250 

4,219 

1,406 

500 
1.3 
781 

19.89 
1,000 

1.0 
50%t 
20;1 

3,561
 

3.56 
15.00
 

1.93 
87.44
 

107.94
 
7.20 

107,938 

1000's Taka
 
1000's Taka
 
Taka per y'ear 
Per hour or per visit 
Hours or Visits per Year 
Per Year 
Akhr peir hour 
Per Year 
Man-hours/operating hour 
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Figure VII.5 

Operating Costs of Diesel DTW versus 

anqE ir 4 r nua I HourS of Operat ion 
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Notes to Tables VII.4-9 and Figures VII.l-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 paid operator is used for all pumps 
maintenance required every 250 operating hours for a diesel engine 

versus 1000 hours for an electric motor 
major e:ngine overhaul required every 5 y-ears for a diesel engine 

versus 8years hours for an electric motor 
salvage value and economic life are both higher for an electric 

motor, 20 years and 20* than for a diesel engine, 10 yeirs 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 Labor 1.11
 
Unskilled Labor 1.33
 
Imported Equipment, Parts 0.80
 
Electricity 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 fbr diesel in tile 
rural area of Tk 7.8 and a consumpltiton of .225 liters per horsenover hour ait the shaft. 
In economic terms the eneruy cost for diesel is mnuch Ilover than electricity because the 
forrier is priced slightly abovc its border price whtIerCIs the latter is C.Stimatted to be only 
half otf its lon,-run rnarcin l costs.: 

The diffcrentiil CS )t Of Lu iei electric purlIp rather than a diesel p li p, is IsdC aIs the 
basis for COMI)IutiL the benlefits of rurall electrification for irriguation. A conipamrison was 
mad~e unt.picl I P. ST\V DTWWncmnfigLrations arid cu rreict tes for the 
III(;' or eng ine aind ilie ptnip ais preseiltcd iii Annex IX. The Coist for tie Well was IsNLI11med 
to he tile Saime1 rCLearCllC.S oA techniilouy. The results as sLi ma rized iI -:bles V11.4 it) 
VII.(. indicatt!hIt the savinUs in Ilibricaints an1I caIIpital aInd niintirtMceC costs uive electric 
pumlpl;S a siegnific'<1ant idvhatac both it the time of initial purchlsc ind (,vcr tlh life of the 
putil. Based on the InlCrs in tIsC tables, the inan1cil bIenfits 10or ClCctrified ILP.
STW aind DI\V ire 'k. 1. -42, 1.1,910 per 'vear rect'i :i..Lllluini a"'k. 3,50. 1k. tlV 
1)I hourso Of opeitii. The savins, Lctiis ov W1r ran 'e)I llUfiPtpositiV aI wide 
utilization and irrproves with the ai1LLnti i use ;IS shown in1 1iurC., VI. 1 to VI1.0. 
Clearly, it is the iuch laruer savirs in financiall costs vhich halv lclid to the rlpid 
electrification of these units. c m paillrison (f tilie wells instalIled nd tie weI.Is elect ritiCd 
is .irn ii Table VI 1.10. 

Table VII.10 
Comparison of' Growth in Wells and Growti in Irrigation 1lookt ups 

PBS New%. New STWs Percentage 
ConnectiTons and DTkVs 13S Conirnection 

1981/82 360 28,458 1 .) 
1982/8 3 1,011 42,081 2. 4 
1983/84 1,450 35,285 4.1 
1984/85 94() 28,975 3.3 % 
1985/86 1,028".o((, 9,677 1 
1986/87 3382 16,511 20.% 
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 energy 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 electrified 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. ease of operation and speed control properties. At one time they were 
perceived as less reliable because of the extensive load shedding tw the BPDB was 
OCcurrineg with serious freuLlency 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) reoccur inthe future if the BPDB continues expa nsioin (4 its ca pacitv in line 
withI the dcrlaiird it the R 13 b,!comes involved inpower gene ration. 

The diesel pLmps have benefits Other than the savings in economic terms. Their major 
ad\.'mtuiue is poIrtability. InBartladesti the introduction of the motorized "shallow boat" 
for use durinrg the ra inv seas(n has created an additiona demand fr motive power. The 
diesel engine used on suitable for This engine alsohe laliip is also) powering the boat. 
has potential for powering rice mills, proidiri on-fariils transportation, plougling fields, 
etc. SCveral (f' these uses are no w ppea rimrg in tlie rural areaa .'The potential for 
incrCasinI.-, the utilizatiol (If the diesel ergiCne onl a purip. whiChiWOuld Otherwise lie idle 
for N mntths ii the year. has been rvfrred to by vAri(Ius tield invest icat( I. wever. this 
cOrrnc-sit is expected it)be lilited since for many applications it is financially 
AdVlalltiaLIUS to use Clectricil fl irri:uatior and to purchase a i iesel Irmotor for o)ther uses. 

Deimnd for Electrified Irriuat rion 

l'lie urowth in demand for irriatiomi has growth hookups has been highest in the PBS's 
of Dhak a. Natorc I Sirajganj ard Tanrigail which toetlier accounit for aboIut 30%1 of the 
ttl irrinitiii connections. The buildup in connections tends to be relatively giduAl. 
\Vhilc new weils iiaiv be desi nel f10'r electricity. tile Oldfr wells mi ust be Cniv'crted and 
thi. \will is only d lloi aflter tile diesel Ct"nC haMs reached the end t LIsClul As aiit., Ie. 
re.SJ~lt. the newer PBS's havc rclativcly ft connections, whercats theoolder P3S.' ith the 
sillelk CxCeItioF fN l lvibazar, aill have more that 15(t ci,nncctiors. larnuail is the lealdcr 
with tovr 175. lor this reason Knail also has the laruest clectricity corstUlilpitioi ftor 
irriuatitin accoumning tor nearly I5(- of die svsern total fOr this class. Thc ir PBS's 
mnientioned above accLlit for about 45; of total svsteri colnslmptioll tor irrigatioin. 

A good example of the extent to which this use Of the LibiqLit(oLiS (0-8 1-11p 
diesel eniIe caln be carried can be seen in rural Thailand where even locally 
fabricated half-t( n fiarrii trucks are poiwered hy these en gines. 
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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 conLsumption per
connection falls within the range of 5 to 9 MWhr per year. From tables 2,4 and 6 above, 
the typical consumption per tuhe well is estimated to be 5 MWhr for a shallow tuhe well,
17 NIWhr for I LLP and 35 NIWhr for a DTW. Assuming a four month period of 
irrig ation, the mointhlv consumption per pump would he 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 
significait proportion'of LLP's in Bagerhat, Barisal, Chittagong. and Pirojpur has had little 
atefcCt oil aVCrIge u nptI io , prohahly due to under-ut ilizat ion )f these puin pS. Otherc uiL-sT 
PBS's with high avcroge cons uin ption suci as Dhaka anid Cha npCtu r, can he partly 
CxplainCd hv the high prOp irtiO1 of hoth DTW and LL. [hOWvC, i() :;uIh expla nation 
:il)plics in the other high averaCge cosLin ption F'BS's such as Taigail. Narsinig.1i. and 
Jessore I. The \'ariltion in1consumIptiol per hookup depCIds on the agriculturaI rCginle 
and ave rae cornmand area rather than om the typC of puI PUsed. 

Cost of' Supply and Alternatives 

As a percentage of total annual REB electricity consumption, irrigation accounts for 25%. 
the comparahle figure for the BPDB is only 8%. However, the concentration of this load 
iI the period from IF:ehruary to Nay means that REB system-wide demand increases hv 
80% t) 100,C and irriuation accounting for nearly half the total. This load is spread
throughout the day\ and evening and dIes not have aI sipnificaint weekly variatiol. The 
load is largely reactivC duC to the prdtrLniiniIcC Of Imotors in the lakcup of the dcmjnd, 
howcver, switchahlc cap; citors have hCCn i 1 ct iiiII)i-ve the po'wer tictor. SomeduceCd Ito 
of this load was taken over froni L3PDB hut aI considCrielc amou110[1nt is the result of 
Cxtision Of the grid thlog'IMt the agricultura l 'areas. Iecause 0 the physic;l isolation
Of the loads ;Lnd the peaking of consuilI)titI0. irriigation is the mol0St e!XpCnsi\'C lIiiaiid to 
serve. 

The current tariff for irrigation is Tk. 1.95-2.05 per kWhr. This is the lowest rate other 
haii thr domestic charge, despite tile high cost of serving tils demn tid. It has heeni 

rccomimended that a differential time of day charge hc iitroduccd ito shift this dematid 
iway from the early evening hours, hut this would require the installation of new mctcrs. 
It is also possihle to iitroducc iticrCisine Hlock rates, as is don iII Indiai, iII order to 
inlproiv eefliciencv ind to) foster irrigatioin water narkets tiht fivor the sniallcr land 
h(,ldce s. The otnlv aItcrnativC so urce (f eiergv is the dicsel pniwer is discusscd aI ve. 
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Table VII.X1
 

Area Irrigated by Different Methods
 
(Acres) 

Year Power Pumps Tubewells Doons Swing Baskets Canals Others Total 

1975/76 1,363 262 967 143 229 491 3,457 
1976/'77 1,232 233 728 161 265 381 3003 
1977/78 1,370 314 980 154 265 473 3,588 
1978/79 1,434 396 961 171 246 452 3,661 
1979/80 1,535 446 977 181 301 430 3,872 
1980/81 1,645 547 911 205 371 368 4,049 
1981/82 1,739 669 880 212 403 358 4,264 
1982/83 1,844 1,017 726 209 396 372 4,566 
1983/84 1,647 1,648 588 206 331 322 4,744 
198'4/85 1,681 2,171 454 195 364 254 5,121 
1985/86 1,504 2,379 421 206 403 269 5,183 
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Chittagong Div. 

Chittagong 

Ctg. Hill Tracts 

Noakhali 

Comilla 

Sylhet 


Dhaka Division: 

Dhaka 

Kis oreganj 
Mvlmensingh 

Tangail 

Faridpur 


Rajshahi Division: 

Rajshahi 

Dinajpur 

Rangpur 
BoF'ra 

Pabna 


Khulna Division: 
Khuliha 

Barisal 

Patuakhali 

,Iessore 

Kushtia 


Bangladesh 


Source : Chowdury, 
data 

Source: Estimated from BBS Data.
 

Table V!I.X2 

Irrigaged 

Area As % 


of Cultivated 

Area 


(1985/86) 


27.6 

45.0 

16.8 

9.4 


32.3 

27.3 


26.8 

26.1 

42.6 

28. 3 

35.0 

9.1 


25.0 

22.5 

15.9 

27.1 

45.9 

21.7 


15.8 

7.2 

9.8 

2.0 


23.7 

41.5 


24.0 


Fertilizer
 
use (lbs/acre) 

on cultivated 


Land 

(1985/86) 


113.9 

177.2 

157.2 

87.5 


179.1 

45.9 


140.6 

224.5 

133.6 
128.5 


148.6 

71.8 


133.8 

101.3 

100.8 

104.3 

280.6 

180.4 


74.5 
57.2 

46.8 

14.4 

93.4 


186.5 


117.7 


Agricultural Sector Review, Volume 

HYV Cereal 
of Total 

Cereal Area Cropping 
(1986/87) (1985/86) 

42.9 152.4 
75.9 153.4 
73.3 123.0 
48.3 154.9 
29.6 167.5 
24.6 141.5 

34.7 164.3 
34.1 137.7 
44.4 161.5 
42.9 184.0 

32.0 171.4 
16.0 183.1 

34.8 158.9 
31.9 132.3 
32.4 136.2 
35.3 191.9 
46.2 184.5 
29.3 157.1 

18.4 139. 7 
12.6 131.0 
11.5 146.6 
5.0 140.6 

26.0 135.2 
38.9 149.2 

33.2 154.5 

I - estimated from BBS 
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Annex VIII
 

SURVEY ON HOUSEHOLD WILLINGNESS-TO-PAY
 

Prepared by
 

By: Dr. M. Asaduzzarnar
 
Senior Research Fellow
 

BIDS, Dhaka
 



A Report on the Development of an Instrument to
 
Understand Consumer's Willingness
 

to Pay for Rural Electrificat.on
 

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 reflects the utility derived by a 
person from 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 
surrogyate 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 thCmsel'es aI function of education and contact with the outside 
world. The availability of substitute fuels/energy is also likely to influence WTP. 
Finally external environment. istypified by the general ievel of development in 
the area. may be i factor either becauise of changes in perce ption 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 inv. stment in house wiring and 
appliances: 

(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

(e) 	 how the user responded to earlier increases in electricity. 

3. A qluestionnaire was prepared to develop an instrument for answering these 
questions and testing the hypotheses (see Annex). As laid down in the contract, 
the questionnaire was based on a survey instrument used in Pakistan, but 
modifications were iiade to rellect 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-electrified households 
were investigated. In Jamalpur the numbers were 3 each, thus making a total of 
7 electrified and 7 non-electrified households. 

Find in gs/D iscussion 

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. 

(ii) 	 The source of energy used by type of use is not difficult 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. 

(iii) 	 Among the appliances in use, light bulbs and electric fans are most 
common followed by radio-TV. Wattage is difficult to determine except 
for lighting, although the information on brnd 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 
nmav be asked only if rechargeable batteries are used. In this situation, 
their cost, recharging costs, travel time or difficulties may be determined. 

(v) 	 On household activities between meals and sleep, the universal response 
seems to 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) 	 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. 

(vii) 	 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. 

(viii) 	 The relationship with inflation and with level of development becomes 
clear when people are asked if they would pay 50% more for connection 
now. Jarnalpur people seem to be hesitant, but Kaliakoir people would 
favor electrification, especially since inflation since the introduction of 
electricity has exceeded 50%. 

(Lx) 	 On the maximtim that may be Paid now, some are nct sure; while for 
some others 50% extra seems to be the limit. It is proposed that one 
should ask whether any more than 50% additional cost would be paid, and 
if so, how much more. 

(x) 	 Some of the respondents were not sure why they had bills above average 
in certain months while others can trace the reason (ramadap, marriage). 

(xi) 	 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) 	 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. 

(xiii) 	 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) 	 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 hav": hid it since the time electricity was introduced in the area. 
Not mriv:y obtained it later on. In the case of Kaliakoir, the respondents 
have obtained connection at different times. 

(ii) 	 The cost for alternative fuels for the most 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:
 

PBS:
 

Date of Interview:
 

1. Name of head of household: 

Age:
 

Education;
 

Mlain Occupation: 

Secondary occLJtiCh1: 

2. 	 Do you "havt electricity conraection in your house? 

Yeb 	 ___. 

J. 	 a) \Xar electrification bc±. i:. vlwiae. 

) If Yes (2) above, wn&r. aid you hav tihe conir.:c­: to 

tion?
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4. Type of fuel by type of use (tick only)
 

Fuel type Cooking Lighting Iron Fan Pump/motor Other
 

Fuelwood
 

Twigs/leaves
 

Straw/Jute
 

Sticks
 

Cowdung
 

Kerosene
 

Diesel 

Charcoal 

Coal 

Electricity 

Battery (Small) 

.!iatrry (Rechcj) 
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. a) Did you experience any shortage of kerosene in your 
area during the last one year? 

Yes No. 

b) If yes, when wlas the last time it happened? 

months/days ago. 

c) Could you manage to buy the aimiounL you normally 
purchase during that periWd? 

Yes No. 

[(If yes, continue: If no, 9c to (e)] 

d) If yes, what was the maximud price you had paid? 

Tk. __ _per bottle/k9./seer 

e) If not, how did you uaktu up fc.r the 
shortage ? (tick) 

Using less keroseric th; usual 

Using more of electricity 

U tii.:r fuels; which? 

fz Hai tht-ru b,_.u an chanjc i4. norial cuantity 
of fuel uze in the ihousehC!,L L,,L-L ioith? 

yes io0 

if yes, O.hiU.;"L: uiu ]Z2 u U~e :,or , 7 

Wn; ? 

;;hich one did;iou useLe ? 

;,'h , ? 
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6. Do you use the following appliances ? If so, give
 
details:
 

Year of Source Wattage Hours run If not 
Appliance purchase of power within used When? 

last if 
24 willing 
hours to 

Refrigerator
 

Radio/ two- in-one 

TV 

Iron
 

Fan
 

ileatur 

Others (specify)
 

7. 	 a) Do you use batteries for rutininzj any of these appliances 

Yes No, 

b) If yes, ho , i:iany , typoe ai1u %,i-,-- e 

Tv -e 	 No. For 

:..... li 	 (F.L.) 

,.'iull 

.Ltrjc (i: echc5 .) 

c) 	 If, batteriu are ziit in ',;hether willin3 to purchase 
them, and if so, their no. ia:tc:inded and use by type: 
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8. 	 a) What did you and your family members do last night after
 
meal but before sleep: (tick)
 

Study Sewing
 

Watching TV Washing up
 

Listen to radio/ Livestock care
 
two-in-one
 

Gossip 	 Others
 
(specify)
 

(b) 	Are these your normal activities during that time every
 
evening ?
 

Yes 	 No
 

FOR ELECTRIFIED nOUS'}IOLDS
 

9. a) 	 When from did you starL usii.j ,lectricity in your 
household? 

_mon1th of) (year) 

(b) 	jiow much die you sijenu Lor Lur connection and other 
charges: 

'or conntction: Tk.
 

For wiring: Yk.
 

~f Tk.C, (sL ) 


Total: Tk. 

Let 7'otL,1 corinectiori cust X 1 ., 

c) If you wUrO ciurcC k. : L till! timhe lo, L16 have 

connection, woulu :yo i,'v 'icidcd i::'ou )iil 

;.(VLOtu OL CU. ..'_L Io ?
 

YesI~ 	 Lot sur- ____ 

(U) 	 If not, would you h,vc :uciAtd for conhiuccion at k. 
X charJU now? 

Yes __o 	 Not sur_ _ 

Q ) 	 If yeL ([or cnnhauctlon fow ), %,hit i, tifL,c 

you ;ay pay, or con,,L!Ctiu.. L . rusi,!t?
 

Tit.
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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. Durinty the last one year. what has been your average 
electricity bill per month? 
(see the bills, if necessary) 

Tk.
 

b) 	 What is thu inaxinum bill you have paid in a month during 
the last one year? 

Tk.
 

Wihen?
 

Reason for hi her bill:
 

Let Z = Averag e monthly charyv X 1.5 = Tk. 

12. 	 a) If your m;ntiL,:' bill ,, bcc..es Tk. Z how would you 
react tu tt. 

Ui 5Ciuil1cCt 

Reduce consumption 

Defer purchase of appliancc
 

U,1C,chainj t, 

b) 	 If 'disconnect' is the reso;uL, what is. th. additional 
monthly bill tiiat imiay be pai. Lefore decidirij to 
discoiicect. 

% or 	Tk. 
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C) If the response is reduction of consumption, what are
 
the uses of electricity where the cut back will be made?
 
(First three in order of importance)
 

d) If consuiption is reduced, in what manner will the 

expenditure be affected? 

Shall try to keep expenditure unchanged: 

Lower consui.ption but expenditure may still 
somewhat: 

rise 

It expenditure 
rise ? 

still rises, by what perc'ntage it may 

t) 

f) 

expendi 

If 

be 

f 

'ducer purchase UL ajli-ccs' which ones %.-illnot 

purchased? 

'no chaiije in consum.rytion', upto what level 

ture will there be no chanye? 

T2k. _________ _ 

of 

13. a) How would you rusponci ii ,.Lur 

lowered by 25% thani atp-cznt? 

.onthly charcs are 

O' cilanc 

lL~oreas u conuu.;qtion: In ,..'ich use?: 

Buy new appliances: ;.hicli ones? 
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FOR NON-ELECTRIFIED HOUSEHOLDS
 

9. 	 How far if,the nearest household with electricity? 

_ _ yards/metres 

10. 	 iiow far is the nearest electrcity pole? 

yards /metres 

11. a) Why do not you 	have electricity?
 

No necessity (9c to b)
 

Not available nearby
 

Costly (jo to c)
 

Others (specify)
 

i) 	 Please explaiin why you eay inot need it?
 

C) 	 If costly, why so?
 

Connection and wiriny chargjes are high
 

r1:onthly chor'us aru high
 

LAianclco tl
 

Others (specify)
 

d) 	 How much one has to pay for connection and ,irin9 
charges? 

Fro;i houschold(s with ulcctricity 

Common knowlg:Je
 

Guu :
 

Others (spcify)
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e) Any idea about monthly charges or use? 

Kwh 

T1-.. 

Source of information: 

From other consumers 

REB 

Conunon Knowledge 

Guess 

Others (specify) 

12. a) If you are ,,iveii connection dnl requestea to jay the 

whole charc at a time would you be ready to pay? 

TL. 1000 ? 

Tk. 800 ? 

Tk. 600 ? 

Tk. 400 

T. 26 ? 

Tk. 100 ? 

b) If you 
is the 

are allcw;ed 
iaxiinu.' you 

to pay in 
would ,.a. 

:..c.uthly intallients, what 

"T.. 

13. a. If you had eluctricity Wl-hat ,sU you have used it for? 

__.__ (Imost jir,,ort..iit ) 

ii. (21,( wost importrnt 

iii . ___ __ ( 3 :i i. t ifl[,. rt1LLt) 

(i) Ucl+ (ii) 

C) GcxuA1y ? 

/
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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)
 

Q. 5. 	 Add 5(h). Present price of kerosene? Present price of
 

Q. 6. 	 Take out 'wattage' 'Ask 'brand and 'model' instead.
 

Q. 	 7. b) If batteries are in use, ndd another column for
 
'cost of purchase/hire' aad 'cost of recharging'.
 

In case of recharging further ask the cost of
 
travel, distance travelled.
 

Also, the lencgth of tirie batteries have been in use 
iray be asked. 

Electrified flousehold
 

9. (e) 	 May be modifice as 

9 (e) 	 Would you still consider gettin9 a connection, if you 

have to pay more than 'Ti. X. 

9 (e) 	 If yes, upto how much more you think is rce:sonable ? 

T1k. 

Non-electrifiud household 

Add 11 (c) 'Costly compared to kerosene' 
in the. list o likuly resuonseb 

[1ty
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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 progran and fundamental for a rural-based 
e coflno my. In Bangladesh, the main thrust of rural electrification is to affect 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 is 

therefore imperative to 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 economica, 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 follows: 

(a) 	 Compilation of data/information on capital costs, fuel consumption, 
costs of the operation and maintenance, normal utilization and life 

expectancy of various size diesel engines and electric motors; 

(b) 	 Preparation of performiance reCLuirement matrix for different 
productive activities and performance characteristics matriX for diesel 

and electric 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 

(c) 	 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 MlECHANISED SIIAFF 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 enigines 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 Survev, 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 engiines in use in Bangladesh 
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 1Bangladesh. 

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 potential for substituting electric motors IN 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 Is 
availability of surface 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 s,:ale) offer increased opportunity of 
using shaft power provided by electric motors. Considering the present market 
demand for diesel engines for irrigation and the incrcasing number of rural 
industries (estimated 10% yearly growth rate), the scope for substituting electric 
motors for diesel engines is quite high if the electric motors prove to be techno­
economically more advantageous. 

PRODUCTIVE ACTIVITIES SELECTED FOR TIIE STUDY 

Four different types of productive units were visited and a set of 
data/information on shaft power use have been generated. The following 
presentation discusses briefly each of the productive units. 

Rice Mill 

There are different types of rice milling technologies. Among these Englebvrg 
type steel huller is the most common mechanized rice milling technology in 
Bangladesh. It consists of a cast iron roller with ribs at its periphery which 
rotates in a housing with a rnetallic sieve. The ho usiiLg CO1 1ains the paddy for 
milling. Dehusked and polished husk and bran pass through the sieve leavinL 
milled rice to come out at the end of t',e roller and hiousing. 

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 ize, 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 
capa city of about 0.3 tons/hr. The No. 2 huIller 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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Average Annual Requirement for Diesel Engines tor Irrigation and Scope for
 
Substituting Electric Motors During 1985-90 Based on BSEC and World Bank Estimates
 

Average Annual Requirement (1985 - 1990)
 

ESEC WB
 

Diesel E[ectric iEtectric Diesel Electric Electric
Engine M'otors IMotors asi Engine Motors Motors as
 
percen: prercent
 

cIDiesel Iof Diesel
 
Engine jEngine
 

5-12 HP Engines
 
......o.......
 

STW & 1 cusec LLP 24,000 
 3200 1 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 24.4
 

Source: BSEC Market Survey on Diesel Engines, April, 1983. Planning Commission, 
Bangladesh Minor Irrigation Sector, A Joint Review by the Government and the World 
Bank. 

IX -4
 



Rice mills are mainly powered by diesel engine and electric motor. The No. 2 
huller is driven by a 20-30 HP prime mover. The other two sizes are equipped 
with smaller HP prime movers ranging between 10 and 20 HP depending on tile 
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 if 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 -ghpout much of the year. In 
peak season, the mills run on average of 10-12 hours a day. However, average 
utilization of these mills throughout the 'ear is about 4-5 hours a day. 

The rate charged for millinig is higher for diesel engine mills than for 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 a mechanized technology for cutting 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 1mnually fed forward by two operators pushing and 
pulling at either end. 
The capacity of a saw mill is determined bV tle nixn,,l,11 ltickss af the log it 
can handle. This varies from 18-30 inches. The maximum longitudinal size of a 
log that can be lhndled bv these mills is 6 feet. The Output is used mainly for 
the construction and furniture industry. Saw mills are generally equipped with 
15-30 -11) 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. Averaie running hours in dry season is 
ablout 6-8 hours a dav whereas the yearly average running hour is about 3-4 
hours a day. 
Small Engiineerinu Workshop 

I 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. 

Irrigation Scheme 

Irrigation in Bangladesh is done by individual farmers 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 surface 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 puhmping, 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 HPl prime movers. For 
DTW, the water is extracted from 60-8) 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 vlectric motors ranging between I 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 klhp. 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 to 20 
years irrespective of make and model. Diesel engines require overhauling at 
least 4 times in a year ifused regularly but electric motors require overhauling 
only once in 5-7 years of its operation. 

From Table 2 it is evident that investment cost for a 2 cusec capacity pump with 
diesel engine is Tk. 16,001)whic, is double the price of the same pump with an 
electric motor. For smaller pumps of I cusCc capacity, the investment cost is in 
between Tk. 12,00) to Tk. 10,00(1 for both electric and diesel powered pumps. 
The cost for the pump (exclusive o)f prime mover) is in between Tk. 2500/- to 
Tk. 4000/= depending On capacity (cusec.) 

For equal pump cap citv. the annual operating cost in the case of diesel engine 
system is 1.25 to 1.5 times higler than for an electric motor system. The annual 
operating cost for a I cusec diesel pump is between Tk.32,)00/- to Tk. 35,000/-. 

An electric I casec purm ) the operating cost is mach lower ranging between Tk. 
24,000/- to Tk. 2T.(h)f(/-. l ecncirc cost t (r bt h the C Urces )f shaft power 
does not differ sii iica ndtlv. IFor diesel engCi ne the eneryct st is about Tk. 
25,000/- per annum whereas for electric motor it is about Tk. 23,00,1- per 
annum. As regaids lubricating cost. the diffcrencc is very sharp. For a I cusec 
diesel pump, the lu-bricating cost is about Tk. 1500/- p,:r an n , while for 
electric pump, th, lubricating cost is mnlv Tk. 72,/- per annum. Maintenance cost 
for diesel and ele'.tric pumping systems als) differ significantly. For diesel, they 
are estimated to be Tk. 0000/- to Tk. 80/- 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: 

(i) Pumping system works 16 hours a day with two 
paddy growing seasons for a total of 180 days in 
a year. 

(ii) 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, aild grease are 
computed at the prevailing market prices. 
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PERFORMANCE REQUIREMENTS FOR DIESEL ENGINE AND ELECTRIC 
MOTOR FOR DIFFERENT APPLICATIONS 

A survey was carried out on selected productive units to determine the priorities 
ass'iTned to diffcrent performance requirements of shaft pov er by the 
owner/operators Of' these units. Tle owners/operators were asked about their 
requirements for different performance characteristics of shaft power. The 
performance characteristics and the scale for their priority were fixed 
beforehand. 

The priorities given to different characteristics in the different end uses are 
presented in '[able 3. The productive units were from the agricultural and 
industrial scctors (rice mills. saw mills, small engineering workshops and DTW 
irrigation scheme ). All tlCsC 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 for 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 periornmvnce ch;iracteristics such as vari',hilitv of speed. seasonal 
alternative appllication and mohi-ii v l r other uses are not important. However, 
perfornuince characteristics such as ease of operation, ease of repair and safe 
operation are very Impo rtant. Precise speed control. iity for Cquick onoff. 
reliability, size. clean operatiw]l and stfc enIerV source arC less important. 
Alternative uses of primle movers are Cvcn less iimportant but this isduC to the 
semi-urban nature of the market sureved. AltenrativC uses are thought to be 
more impOrtant in th1e rural areas. 

The total score or these performance characteristics is between 28 and 42 which 
Imlplies th'at these c haracte istics wee either important but not essential or 
useful' 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 I 
refers to very poor performance and 10 refers to excellent performance. 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, reliability of input 
energy, safety of operation, safety of energy s(orce and mobility for other uses, 
both are considered CquallV good. A summary performance matrix for these 
characteristics is presented in lable 7 using a sim plified rating scheme. 
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Table 2
 

Physical Characteristics and Cost Data for Diesel Engines and Electric Motors
 

Type of Engine/ Size (HXLXW) Weigh, H.P. R.P.M. Life Frequency P,=p 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 Oil Cost Cost Cost 

Diesel Engine 1120X1086X550 410 24 1500 15-20 4 2.0 32000 36000 66074 6000 10000 82074
 

Diesel Engine 145 13 2000 8-10 4 i.0 10700 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 Motor 450X750X500 215 30 1500 15-20 0.14 1.0-2.0 10900 13400 23633 72 1000 24705
 
14400 60157 61229
 

Electric Motor 370X680ZX450 160 20 1500 15-20 0.14 1.0-2.0 14100 16600 23633 72 857 24562
 

17600 60157 61086
 

Electric Motor 380X640X450 145 15 1500 15-20 0.14 1.0 13700 16200 23633 72 785 24490
 

Electric 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
 

Assumptions: 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 
'rbc0 Desel Tk .90/11ltre 

T- ,r ,ating Oil, Tk.120/gal 

.:,.ase, Tk.24/lb 
Ele't ricity Tk 'kwhr 
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Table 3
 

Technology Preference Score Given by Owners/Operators
 

Type of Industry Rice Hill Saw Mill Engineering Workshop Irrigation Scheme
 
Diesel Electric Diesel Electric Diesel Electric Electric
 

Performance Characterst ics
 
Speed Variability 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
 
Reliability 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
 
Operation
 
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 = essential. Lmportnat but not essential, 3 = useful, 4 = desirable if no additional cost, 5 = not needed 
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TableI
 

Emloy Da of I3rreS2tent Exlstern:e Source Credit Source Osd PDB
 
Prior 


-rd s e Se of Bfrof 

Establish- oefor
 

inutyEngine Producs Energ EnnType ent .Electricity TchnolologySize of 
Indstr 

1. Madhya BazarRice Mill 
Rice
Miii 

Rice L 
Flour 

Elect-
ricity 

20 HP 2 1983 70,000/- No Father Father's money 

or from 
anotherRice Hill 

No 

2. Diesel Rice 
Mill 

Rice Do Diesel 17 UP 2 1987 50,0001- Yes Brother 
(Khulna) 

Brother's No 

3. 

4. 

HV. Faroquee 

Babu! Saw Mill 

Intending Industrialist waiting 

Saw Mill Woodt Elect-
Rickshaw ricity 

body 

Evngg Window -do-

Workshop grills 

for Re connection 

20 HP 4 

2 HP 2 

1985 

1989 

82,0001-

20 G01-

No 

KQ 

Friend in 
Sylhet 

Technical 
School it. 

Dhaka 

Land Sold 
L Father­
in law 

Father 
Sold 
Land 

No 

Yes 
(PD 
land) 

7. 

Bilsnillh 
Saw Mill 

Profullah 

Chandra Pal 

Tamimuddi 

Saw Mill 

Potterv 

SawMili 

Wood 
.imbe: 

?ottery 

WooC 

-do-

HFua.n 

Labou: 

Elccz-ricity 

20 HP 

20 HP 

4 

4 

2 

1986 

Traditiona 

Susiness 

1985 

QO.UGO-

b.00O1-

5,0;-

No 

N.A. 

No 

Previous 
Bi:siness 

FaI Iy 
Business 

Friend 

Back Loan L 

infonoaL credit 

Self 

Sale ofLn 

-do-

N.A. 

No 

9. Tamizuddin Icecle.m 

Factory 

Icecr 
e 
az -do- 7.5 HI' 

I HP 

2 +12 

(Part-time: 

1988 95,0051- No Daudkandt -do- No 

I0. 

11. 

12. 

Habi-ur 
Rahman 
Rice LOil Mill 

Chandina 
Textile 
Mill 

Jenin Cold 
Storage 

Rice 1 
oil m~l1 

Twisting 
Mill 

Cold 
storage 

Rice. 
wheat I 
oil 

Twisting 
Yarn 

Preservation 

-do-

Elect-
ricity 

-do-

30 HP 

15 HP 
2 HP 
I HP 

0.5 HP (7) 

80 HP 
2.7 HIP 
2 HP 

1.7 HP 
(47) 

3 

22 

22 

1987 
(existjng 
factory) 

1985 

1982 

1.5 lakh 

23 iakh 

2.5 crore 

No 

No 

No 

Existing 

Father's 
Yarn 
Business 

Another 
Business 

Brother's 
iOwn 

Business 

Bank Loan 
own 

Bank Loan 

No 

Ho 

No 



Table 1 (cont.) 

13. Bamboo Tooth 
Pick L Wood 

Tooth 
Pink & 

Tooth 
pick L 

-do- 0.5 HP 
(25) 

50 1984 Unknown No From 
Japan 

Bank Loan No 

processing Wood wood 
Industry. process 

14. Satata 
Engineering 

Engg. 
Work-
shop. 

Window 
Grils & 
Agri. 

-do- 2 HP 
0.5 HP 

(2) 

2 1980 51,500/- No Another 
Workshop 

(as an 

Land Mortgage 
& Borrow from 
Brother-in-law 

Yes 

Equipment employee) 

15. Dadu Silk 

Mills 
Silk 

Mill 
Clothes 

(Shart. 
-do- 1 HP 

(25) 
32 1985 60 lakh No Business Bank Loan No 

Pent, Shree, 
Umbrella) 

16. Md. Rowshan 
Ali 

Weaving 
Factory 

Longi Human 
Labour 

N.A. 2 1972 .21000/- N.A. Father Land Mortgage 
and own 

No 

17. Narenda Dab Nath -do- Body Street -do- N.A. 2 1973 34,000/- N.A. Father Land Mortgage No 



RURAL INL JSTRY SURVEY
 

DECISION-MAKING IN SELECTION OF ENERGY SOURCE
 

Close-ended Questions 

1. Type of Industry 

2. Products Produced by this Industry 

3. Basic Source of Energy 

4. If Mechanized 

a. Description of engine(s)/motor(s) 
i. 	 size 
ii. 	age 
iii. 	 expected life 
iv. 	country of manufacture 
v. 	 where purchased 
vi. 	 purchase price 
vii. purchased new or second hand 
viii. direct drive or belt drive 
ix. 	geared for multiple speed 

b. 	 Description of operation 
i. 	 period of use during day. week, year 
ii. 	hours used last month 
iii. 	 average and maximum hours used per day 
iv. 	maximum hours of continuous use 
v. 	 problems with overheating 

c. Cost of operation 
i. 	 frequency of major overhaul 
ii. 	when was last major overhaul ferformed 
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 
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vii. what was the cost for fuel/electricity last month 
(a) 	 for fuel what is the consumption per hour or normal operating 

period 
.iii. 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 
xii. total labor force and wage structure 

d. Reliability of operation 
i. 	 how often is the equipment unavailable due to failure of the engine/motor 
ii. 	what is the typical duration of the period of unavailability due to mechanical 

failure 
iii. 	 how often is the equipment unavailable due to failure of energy supply 
iv. 	 what is the typical dura'i&-n 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) 

vii. what are the repairs normally performed by the mechanic 
viii. 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 
c. Is market growing 
d. 	 Is competition growing 
e. If so, is the profitability of this activity threatened 
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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 
(c) partnership 

iii. savings 
iv. supplier credit 
v. institutional c-edit 

X-3
 



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 
ii. cost of equipment was reduced 
iii. demand increased 

b. What were the benefits from this conversion 
i. improve product quality 
ii. increase production rate or capacity 
iii. reduce cost of production 
iv. diversify 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 
b. lower capital cost 
c. lower operating cost 
d. reliability of equipment 
e. reliability of fuel 
f. ease of operation 
g. better control 

for production process 

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 
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