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EXECUTIVE SUMMARY

A, Observations

This report summarizes the results of a program to review the plans and impacts
of the Rural Electrification Program and to identify what, if any, changes
might be considered to make it more effective in meeting national goals within
realistic resource constraints. The information contained in this report was
obtained, in part, during field trips and interviews in Pakistan over a
five-week period during January and February of 1983. The final output of this
activity was a set of General Policies and Implementation Guidelines
recommended to assist WAPDA in their development of the Rural Electrification
Master Plan. The Rural Zlectrification Program impacts on many aspects of
econcmic development so that thisg odutput wmay also prove useful to

organizations, such as the Planning Cecmmission, engaged in more comprehensive

energy nlanning activities.

The primary observations ressulrtine Zroa this review were:
o

~~
Y]
-~

The Rural Zlectrification Program enjoys a high level of support among
rural population. The guidelines suggested by WAPDA In selecting villages
for electrification, based primarily on a combination of pooulacion and
distance from the grid, appear to usually be followed bv the local
officials who make final decisions. By and large the existing guidelines
tend to result in those villages (and associated tubewells) being selected
with the mcst favorable economics. The Master Plan now being prepared
will further inprove this process and result in a more rationale exrension

of the local grid structure.

The discussions associated with the give and take of the village selection
process are among the most important made at the local level and represent

one of the most visible forms of participatory democracy in Pakistan.

(b) The national benefits of a quantifiable nature resulting from rural

electrification are estZmated to be large by virtue of increased



(e)

(£)

(h)

generation shortfalls due to the coincident nature of housek.ld loads with

utility system peak loads.

The economics of electrified tubewell irrigation would remain ulghly
favorable in most cases even if electricity costs are raised significancly
from present highly subsidized levels. So doing would improve the
financial viability of the overall rural electrification process and
ercourage irrigation efficiency measures.

For small loads distant from the grid (2-3 miles) decentralized energy
technologies, such as Diesel generators and, in the future, photovoltaics,
often show potentially, favorable economics as compared to grid extensions
if all the costs associated with incrementa: grid suppled electricity are
used in the comparison. In thi: regard, it should be noted that

electricity from thermal plants will he increasingly generated with oil.

There is presently inadequate attention given to data collection,
@management, and evaluation relat:ive to such critical issues as the level
of new and existing connectilons, the nature of existing loads, price
elasticity, and technical performance (line losses, etc.). This
complicates the important tasks of load forecasting, local grid design,
and pricing policies. As a result, decisions made with regard to rural
electrification expansion and policies are cften made with insufi{cient
information to ensure that limited resources are most effectively

utilized.

The management and cperatiomal proceduras of zlectric sector distribution
are in many ways not consistent with international standards in LDCs.
This 1is manifested in very high levels of staffing (2-4 times LDC
standards), inadequate staff training, poor inventory control, and poor
rellability of local grids. These and other problems could result in the
planned rapid expansion of the rural grid being more costly to implement
and operate than necessary if high priority is not given to nodernizing

aanagement and operationms.



(e)

(d)

agricultural productivity and displacement of irmported oil. For example,
the incremental value of crops grown on land irrigated with electric
tubewells is estimated to be in the range of $200 million to $45C milliom
per year based on prices in Pakistan. Replacing these agricultural
products with imports would cost 20-90 neyient more than the above
figures.

Other significant but difficult to quantify benefits, include increased
amployment opportuaities, establishment of small scale Industries and

social benefits (lighted school houses, etc.)

There are substantial costs associated with expanding the rurzl
electrification network. These include the direct costs of extending the
local zrid structure and the indirect costs associated with the
requirement to increase generating capacity and upgrading transmission

line capacities to bundle the increased loads.

For example, the generating capacity which will be required tc service the
rural loads is estimated at 600-800 MW by 1988, The cost of providing
this capacity will be approximately $600 to $800 million assuming new
generation facilities cost $1,000 per kW. These indirect costs of rural
electrificaticn, exceed the direct costs associated with local

transmission system extensions.

Rural electrification impacts the whole energy sector infrastructure by
virtue of requiring additional generation capacity and increasing fuel use
in thermal generation. Bural electrification policies should, therefore,
be considered within the context of overall utility and energy sactor

planning.

Presently, the major rural loads are the irrigation wells which now
consume about 23 percent of all the electricity produced in the country.
The rural loads are projectad, however, to become increasingly associated
with household and light industrial loads based on WAPDA's assumed

saturation levels. The rural loads will increasingly contribute to
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B. General Policies

The analysis leading to the above observations, dealt with a broad range of
issues such as agricultural productivity on irrigated lands, impact of rural
loads on utility operations, and the mechanics of the implementation process.
Based on these analyses a number of policy recommendations were identified
which would allow for pursuing the implementation of the rural electrification
program while; (i) reducing the electric sector infrastructure requirements and
associated costs, and (ii) improving the financial viability of the utiliey
system. These policies should be considered within a comprehensive framework
of planning within the energy sector so that rural electrification needs aad
national benefits derived from it are considered along with those of octher

energy consuming sagments.

The general policies which were identified as being useful in guiding the

planning and implementation of the Rural Electrification Program are:

- To closely integrate rural elactrification planning with overall
utility sector planning and national energy sector planning, so that
rural electrification expansion is comsistent with system generation
and distribution capabilities, overall energy balance considerations,

and national ecomcmic goals.

- That future rural distribution network (11 %V) expansion is :in
accordance with a Master Planm which will ensure that lines are laid out
S0 as to meet long-term goals of minimizing costs, increasing

reliability, and reducing line losses.

- To distribute financial resources for rural electrification among
provinces, in large part, ocn the basis of population (with appropriate
exceptions to take account of regional development potentials) =hus
ensuring that all regions are treated equitably and that development

and social benefits of electricity are spread throughout the councry.

S-4



To allocate a portion of the annual rural electrification resources to
regional development projects in particularly under developad areas,
i.e., Baluchistan and NWFP where a reliable supply of electricity is

one of the essential ingredients for the development process.

To actively involve local parcicipacién in the process of selecting
villages thereby providing local populaticns with a stronger sense of
community and some understanding of the practical constraints on the

utility system, as applied to their needs.

To encourage villages to obtain local financing for rural
electrificacion by giving connection priority to villages that

successfully arrange for partial financing.

To consider the use of power ror potential productive purposes when
selecting villages as well as the existing gzuidelines of proximity to

the discribution network (11 V) and oopulacion size.

To implement load managenent measures on the private tubewells and
SCARP pumps and other concentrated loads in order to reduce their
impact on electricity shortfalls during peak demand pericds and the

need for costly generating capacity expansions.

To implement improved erficiency standards for electrical devices used
in rural areas particularly with regard to the mechanical efficiency of
the irrigation pumping process where most electricity is used in the

rural sector.

To develop a program that will increase awareness by farmers of the
energy cost benefits to be gained through greater efficiency of water

use in the irrigation process.

To reduce line losses to technically and economically justifiad
standards in order to decrease fuel consump=ion in power plants and

decrease the effect of capacity shortfalls,



To balance, appropriately, the needs of rural and urban populations in
developing load shedding guidelines taking into coasideration critical
agricultural and industrial priorities. Ensure that necessary load

shedding be done as predictably as possible to reduce economic cost.

To establish tubewell tariffs at a levei that more nearly takes into
consideration the costs of providing electric :ervice, maintain WAPDA
revenues at an adequate level, and encourage efficient irrigation

practices,

To encourage efficient use of electricity both through public education

programs and appropriate tariff structures.

To consider the use of decentralized energy technologies for -
electrification where they are more ec-nomic than distributior system

extension.

To achieve and maintain management and operational procedures
consistent with those accepted as good practice in developing

countries.

To collect, marage, compute, and evaluate dara on such critical issues
as electricity consumption patterns, new connection distribution, new
connection backlogs, and price elasticity of demand in order to
facilitate both electric sector and natiomal energy planning

activities,

To acrelerate the divesture to the private sector of SCARP wells which

provide irrigation water.

Implementation Guidelines

Pursuit of the general policies are of critical importance in achieving overall

national gonals in the energy sector and economic development. In many cases,

WAPDA and others already have programs which are serving to implement the

general policies. In these cases, the Implementation Guidelines serve tc

reinforce and improve upon existing activicies. In other cases, no prograus

5-6



now exist which address the policy issues. 1In these cases, programs must be
initiated which better define the manpower, technical and financial resources,
as well as institutional arrangements for effective policy implementation. The
following are suggested as guidelines to assist in the initial stages of

implementing the policy recommendatZons.

a. Integration with National Enerzv Planning

In cooperation with national energy planning organizations, WAPDA will initiate
a review of the information and analysis requirements to effectively integrate
rural electrification programs with overall utility sector and national energy
planning. This review +ill identify what, if any, additional data coliection
and analysis 1s required to facilitate overall energy planning in addressing

such issues ag:

- Load forecasting.

- Estimating generation and discribution needs (resulcing from rural
electrification expansion).

- Estimating benerits of various rural electrification strategies and
options.

- Setting equitable and firancially sound racte structures.

- Projecting the impacts of energy conservation and load wanagement

programs.
Recommendations relative to staffing, procedures, and resources for addressing
additional data collection and analysis needs in support of iutegrated ensrgy

Planning identified by this review will be prepared.

b, Master Plan Preparation

The preparacion of the Rural Electrification Master Plan will continue and then
the plan will be used as a blueprint in all future rural grid expansicns. The
plaa will be reviewed periodically so it can be modified as appropriate to

reflect changing population, technologies, regional development potentials, and
economics. The plan will include informarion on such 1ssues as availability of

sweat groundwater and the existing level of small scale industry activizy so
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that the village selection process can consider the productive as well as the

social benefits of electrification.

c. Regional Development

WAPDA 1is presently involved in regional developmert functions through such
activities or the tubewell electrification program and its participation on
Industrial Facilities Boards. These activities will be reviewed to determine
if, and how, this process can be made more responsible to regional deveIgpment

opportunities.
Questions which will be addressed by this review will include:

- Are there adequate mechanisms at the national and provincial level for
identifying regional development opporturities which could open up new
areas for agriculture and other aconomic activities (mining, fishing,
atc,)?

v

- Is the allocation of financial resources for tubewell development

between provinces on the basis of population consistent with pursuing

the most attractive regional development opportunities?

- What national ecomomic and social benefit criteria should be utilized
ia evaluating regional development opportunities requiring substantial
inputs of elactric power - particularly in view of the shorcfalls in
electric generating capacity which is likely to persist over the

foreseeable futurae?
Based on this review, measures will be identified which would further promote
the identification and implementation of productive regional development

projects.

d. Load Management Options

In order to establish appropriate guidelines, a review of both technical and



non-technical load management options and practices will be initiated to
determine what miasures can be realistically utilized on the irrigation pumps
and other conceatrated loads. This review will consider the full range of
technical options used in the United States énd elsewhere including on-site
timers and over-the-line signals. It will take into consideration practical
implementation issues such as tempering and frequent outages which occur
throughout the system. Consideration will also be given to non-technical
options such as those involving the cooperation of local users in manually

shutting down large pumps and other concentrated loads.

In cooperation with local officials and farmers, irrigation practices will be
reviewed to determine how load management can be implemented with minimum

disruption to agricultural production activities.
Pilot load management projects will be designed, implemented, and evaluated
before a widespread load nanagement system is implemented to ensure that

appropriate technical and iascitutional approaches are selected.

e. Irrigacion Pumping and Svsten Efficiency

The design and performance characteristics of electrically driven rumps
commonly used in Pakistan will be reviewed and appropriate efficiency testing
initiated. This information will be used by an appropriate institution in
fakistan (perhaps the Pakistan Institute for Standards) to establish pump
efficiency standards that are a reasonable trade-off between cost and

performance,

Irrigation practices will be reviewed by irrigation and water management
specialists to determine the efficiency of water distribution and utilization
and, thereby, the quantities of water which must be pumped. This team of
specialists would identify irrigation system design and utilization pracrices
that can be used to lower pumping requirements. A pilot project utilizing the
recommended practices will be implemented through the appropriate institucion

so that the practices can be fully tested before widespread dissemination.
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Based on the above, recommendations will be prepared on how pumping and

irrigation praccice efficiensy standards should be implemented and enforced.

f. Energy Loss Reduction

The ongoing line loss reduction program will be reviewed and measure identified

which can increase the effectiveness of line loss reduction measures.

Based on the above review, modifications in the line loss reduction program
will be identified which could accelerate achieving the goals of reducing line
losses to economically justifiable levels given the nature of the grid system
in Pakistan. The budget, management structure, and technical innovatcions
required <o implement accalerated program options, will be defined. The
national benefits in reduced capacity shortfalls, increased line reliabilicy,
and reduced fuel ccnsumption resulting from the program options will be
quantified so that the economic returns can be estimated as part of the overall

planning process.

g, Load Shedding

WAPDA, 1in cooperation with local business, rural development, and agriculture=a
organizations, will continue to review load shedding practices and their impact

on rural productivity and standards of living.

When appropriate, load shedding procedures and schedules for rural areas will
be modified in order to better achieve an appropriate balance between the needs
of rural and urban areas. One objective of these load shedding policies will
be to result in the least possible disruption of eritical agricultural ard

industrial activities.

h. Tariff Structure Review

A review of electricity tariff Structures in rural areas will be undertaken
with emphasis on those which apply to tubewells. This review will include

determining:
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- The affect of tubewell tariffs on agricultural production costs.
- The tariff needs to cover the costs of providing service.
=~ The price elasticity of demand for various functions of importance in

rural areas.

Organizations invelved in this review will include WAPDA, the Ministry of
Finance, Planning, and Economic Affairs, and representatives of affected
interests such as provincial plaoning and development departments and the

‘Ministry of Agriculture.
Based on the above, e’ectricity tariff Structures will be reccmmended which are
consistent with WAPDA's financial needs, national agricultural production

objectives, and the needs to encourage efficient use of electric power.

i. Decentralized Svstems

A detailed evaluation of decentralized energy technologies will be initiated
taking into account their technical and institutional requirements in different
regions and for different applications. This activity will include a detailed
evaluation of the experience of WAPDA, loca) governments, and private parties
with diesel generators to deternmine operating experience with such units and to
identiiy how their operation can be made more reliable and cost effective. The
status and prospects for other decentralized technologies will also ba reviewed
taking into account the in-country experience with small scale hydro, biogas

digesters, and photovoltaic technologies,

Organizations involved in this process will include WAPDA, ATDO, DGER, Planning
Commission, gas transmission compapies and provincial planning and development

departments,

A primary focus of the review will be to determine how decentralized system can
be most effectively implementad and what technical and financial support
infrastructure would be required, if decentralized technologles are to be an

important element in the rural electrification process.
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Recommendations on the implementation of decentralized technologies will then

be prepared.

i,

Improved Operational Efficiency

A review of management and operational procedures will be initiated which

include the participation of the General Manager of Distribution, the Rural

Electrification Office, and the Area Flectricity Boards of WAPDA. This review

will address the full range of organizational, management, and operational

issues as they relate to the Rural Electrification Program, including:

Management, organization, and structure of the Rural Electrification
Program.

Staffing levels in all categories including technicizn, engineering,
and management.

Technical specification of critical compoments such as poles,
connectors, aand transformers. .

Field communication networks.

Field repair and maintenance equipment and procedures.

Meter reading procedures and documentation.

Billing Procedures.

Training, for improving technical and management skills,

The organizational and operational practices of WAPDA will be compared with

those of Rural Electrification Programs im other LDCs to assist in determining

how these practices might be modified to improve implementation and reduce

recurring costs.

Based on the above, a plan will be preparad whereby the management and

operational procedures associated with the Rural Electrification Program can be

improved to be consistent with internationally accepted practice.

S-12



k. Data Collection, Managwment, and Evaluation

The present system for collecting, managing, and evaluating data on such
critical issues as number and distribution of existing connections, new
comnections, electricity consumption patterms, price elasticity of demand, and
appliance utilization wi’ . be reviewed. Appropriate measures will be
identified which will improve this process so that essential information needed
for both utility sector and national energy planning 1s obtained and reported
in a format which can be effectively utilized.

The financial resources, computer data base management resources, training, and
changes 1In procedures needed to implement these measures will be determined so

that appropriate steps can be taken.
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1.0 INTRODUCTION

At present, out of a total of 48,000 villages (1981 census estimate) about
13,000 villages have been electrified. This implies that 35,000 of Pakistan's
villages are not yet electrified. For this reason the Pakistan government is
planning to include an expanded Rural Electrification Program as a part of its
6th five year plan. The announcement of the plan objectives, while not yet
final, set forth a program to electrify 15,000 new villages during the plan
period. This is an ambitious program since it aims to more than double in five
years the number of villages electrified to date. These villages began to be

electrified in the lace 1960's.

The primarr support for rural electrification within diverse groups ranging
from nactional politicians to small farmers is based on the percepction of
significant productive and social benerfits which result from its introduction.
These benefits include:

- Decreased use of importad petroleum products in lighting (kerosene) and

for diesel pumps (diesel fuel),
- Increased agricultural output due to reliable irrigation water.

- Introduction or expansion of cottage and small-scale industries in

rural araas.

- Improved living standards for the rural population as a result of

lizhting, T.V., and other domestic electricity uses,
- Reduced out migration of rural persons to over populated urban centers.

- Increased social benefits, such as education, health, drinking watar,

and communications will be promoted.



- Increased social cohesion resulting from direct participation of local
and national political groups in bringing valued services to outlying

regions.

Generally these benefits have been shown to derive to some extent from the
Rural Electrification Program. This is evidenced, in part, by the tremendous
popularity of the program inm the countryside and the willingness of consumers
to purchase electricity at rates which are substantial compared to income
levels. Also over 2.8 million acres of land are now irrigated totally or, in

part, from electrified tubewell irrigation.

At this time a National Rural Electrification Master Plan dealing with central
grid expansion is being prepared. The Planning Commission is working to set
the broad goals and budgetary requirements of the program as part of its
deliberations to prepare a 6th five year plan which will guide overall
development activities. WAPDA ig preparing detailed operationally oriented
master plans for each province. This WAPDA plan will orovide the
implementation basis for execution of the GOP declded goals as applied to

extending the central distribution system.

As indicated above, the Rural Zlectrification Program is now based primarily on
extending the central distribution system. This is in keeping with overall
government policies to bring the benefits of relacively low cost central low
grid power to as large a portion of the populaticn as practical. This report,
likewise, gives major emphasis to the grid expansion program and its impacts on
WAPDA.

The present grid expansion program would sctill leave over 15,000 villages
without access to electric power at the end of 10 vears. These would tend to
be smaller and remots settlements, many of which could not be economically
serviced by distribution system extensions Iin a time frame of practical
interest. Particulariy for these villages, the wider use of decentralized
energy systems merit serious consideration. In fact, decentralized
technologies based on =-~necwable energy resources aight become practical

alternatives to distribucion system expansion in many regions if cost reduction



goals in such technologies as photovoltajcs are achieved. So doing would serva
to reduce central generating capacity expansion requirements as well as reduce

direct costs associated with distribution system extensions.

This report discusses the economics of decentralized technologies and their
potential contribution to overall rural electrification strategy. Emphasis is
given to identifying necessary institutional support which would have to be
developed 1if decentralized technologies are to have a significant impact. 1In ‘
this regard, WAPDA is probably not an appropriate implemencing agency given the
diverse nature of decentralized technologies, the requirements for local 0&M
capability, and the need for WAPDA to focus 1its managerial and technical
resources on the ambitious distribution system and generating capacity

expansion programs.

The purpose of the effort leading to this report was to prepare a set of
"General Policies and Implementation Guidelines" which would be useful ro the
GOP in preparation of both the Rural Electrification Master Plan and in their
oroader policy deliberations leading to the 6th five year economic development
plan. It deals with both cenrral grid expansion and decentralized energy
technologies since both approacnes to Rural Electrification have a role in

Pakistan,

The Rural Electrification Program has a multiplicicy of benefits which have
already been listed. Hovever, its implementation has considerable direct and
indirect costs associated with 1ocal grid extensions, additional primary

generation capacity, and increased fuel usage in thermal power plants,

A primary objective of cthis activity was to identify policies which would
enhance or at least maintain the benefits of rural electrification while
keeping the financial resources required for its implementacion consistent with
national capabilities. To this end, this report identifies and, where
possible, seeks to quantify both the benefits and the costs of the Rural

Elecirification Program.



To meet these objectives, a team from Arthur D. Little, Ine. has, over a three
month period, reviewed the nertinent literature, performed various analyses and
met with individuals involved in the rural electrification process. The team
consisted of:

Dr. W. Peter Teagan - Energy Planning and Cecentralized Technologies

Dr. Robert Lee - Rural Sector EZconomics

Mr. William Downey

Policy Formulation
Mr, Wilson Hodgin - Rural Electrification Technology and Implementation

(Independent Consultant)

Members of this team met with representatives of WAPDA in both its headquarters
in Lahore aud in five of its Area Electricity Boards. 1In addition the team met
with representatives of many diverse organizations at boch the national and

local level which clnsely interact with the Rural Electrification Program and

are among its beneficiaries. Organizations contacted include:

- National ?lanning Ceommission

= Ministry of Industry

- Local Government and Rural Development 3oards (in each Province)
- National and Provincial Agricultural Deparzments

= Small Industries Associations (in each Province)

- Agricultural Development Bank

- Planning and Developmernt Departments (Provircial)

- Directorate General of Energy Resources (DGER)

Finally, three to five villages, both electrified and non-electrifiied, were
visited in each province. Interviews with the villagers, in general, confirmed
the views of the private and govermment representatives, but in some cases
increased our insight considerably. A complete list of the specific people nmet

by the team is included as Appendix l-i.
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From the literature reviews, analysis, and
prepared. In it is provided:
- Executive Summary

Introduction

The Goals of Rural Electrification

n

- The Present Rural Electrification
Program
a.
b.

- Energy Sector Impaczts of the

Decentralized Energy Svstens

Central Grid Expansion

Rural Electrification Program
- The Benefits of the Rural

°rogram

These discussions of the

and its costs and benefits sarved

(%)

lectrification Program.
discussed in Sectien 5.
- The Village Selection Pirocess
- Regicnal Development

- Irrigation Zificizancw

- Lcad Management

program implementation issues which should be considered in
c

meetings, this report has been

- Section 1
- Section 2

- Section 3

- Section 4

- Secticn §

impizzentacion of the Rural Zlectrification 2rogran

to identiiy a wide range of policy and

»lanning the Rural

The pros and cons associated with =hese issues are

The issues considered ara:

- Choice of Comnections (grid extension vs. backfill)

= ?Pricing of Zlsctricicy

- Line Loss Raducrtion

- Decentralized Znergy Generation

- Data Collection, Management, and Evaluation

- WNAPDA Management and Procedures
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2.0 GOALS AND BENEFITS OF RURAL ELECTRIFICATION

The purpose of this review of Pakistan's Rural Electrification Program is to
identify a set oY General Policies (GP) and Implementation Guidelines (IG) which
can provide the framework for the expanded program of rural electrificacion
during the 6th five-year plan. Before any GP and IP can be developed, it is
essential that che goals of the rural electrification program be clearly
understood. The real goals of any Rural Electrification Program (Pakiscan's no
exception) relate to the perceived productive and social benefits derived from
the program for the nation. The plan of the 6th five-year plan to electrify
3,000 villages each year is an operational goal for WAPDA, but it is only a
means to achieving the real goals of the program. The real goals must relate to
the "why" of the program. Why do you want to electrify 3,000 villages each
year? Why do you want to improve technical standards associated with
distribution of electricity to rural areas? Why do you want to improve skills
of persons responsible for the technical and managerial aspects of the rural

electricity distribution nectwork?

In Pakistan, the real goals of the 6th five-year plan expanded Rural
Electrification Program include political, social, and economic otjectives,
Politically, the government is interested in maintaining stability and
distribution of electricity to rural areas on an equitable basis as this is
visible evidence that the government 1s doing something for the people,
Soc1alJ], the government is faced with improving social conditions - education,
health care, employment opportunities, public water supplies, etc., - and it is
felt that electricity can contribute to this objeztive. Economicallv, the
government of Pakistan ié interested in stimulating increased productive
activity cthrough the most effective use of resources. This includes
agricultural production and cottage industry development in rural areas. It

includes supplying electricity in the most efficient and cost-effective manner.

The achievement of these broad based goals 1is generally felt to be measurad by a
myriad of direct and indirecc benefits that accrue to electrification, such as
those listed in Appendix 2-1. These benefits have rarely been quantified

empirically but several of the benefits are considered important by GOP and the
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real goals of the Rural Electrificationm Program. A discussion of these benefits

follows.

2.1 Direct 3enefits

(a)

(b)

(c)

(d)

Households - Household owners who choose to use electricicy presumably

receive a direct benefit. The measure of the benefit relates to the extent
of use. In Pakistan, it is estimated thar an average of 35 to 50% sf the
rural households, in electrified villages, use the electricity after 3 to §

years; thus a reasonably large number of persons benefit,

Agriculture - If agricultural preduction can be increased or the cost of
production decreased as a result of electrification, a posizive direct
benefit can de attributed to electrification. In Pakistan agricultural

production is dependent on irrization water and ouch of this is supplied by

Hy

electrically ocwerad ctubewall puDdsS. In ract, over S120 wmillion in
agriculcural oucput each vsar can he attributed to elecrrically driven

tubewells. Certainly expandgd agricultural production is a GOP goal,

Industrvy - If industrial ouctput can be increased or cost of production can
be reduced as a result of electricity, a positive direct benefit can be
attributed te electrification. This forms a third direct goal, as manv
Pakistan villages do have sgmall black smith shops, flcur =mills, rice aills,
0il expellars and similar cottage industry at work and, when electrified
these iIndustries may be able to increase output and expand their capability

to undertake more complicated jobs.

Petroleum Savings - The substitution of “erosene and diesel oil by

electricity for cooking, lighting, heating and motive power results in a
net benefit in foreign exchange savings -- *f the central electric supply
is not based on oil imports. Bemefits of this nature do accrue in the case
of lighting and pumping, but in the case of cooking and heating electricicy
hasn't been a major substiture for other forms of energy. For lighting

alone, significant kerosene replacement is possible.



2.2

Indirect Benefits

(a)

(b)

(c)

(d)

(e)

Political Stability - At the local and district level of government in
Pakistan, representatives of the people are elected.A A majer platform on
which many of these repraesentacives seek political office is the bringing
of roads and electricity to their district or local areas. Thus, to
achieve the important goal of political stability, the government must work
to assure that electricity is distribuced on an equitable as well ag
productive basis,

:

Social and Public Uses - Another important goal of the GOP is ro use

electricity for lighting schools, provide refrigeration in health clinics,
lmprove and stabilize watar supplies, and provide strset lightinz, The
accomplishment of the social objectives, particularly if subsidized,
provide benefit to the lower income populacion.

Zmplovient - Anothar GOP zeal Zor rural relectrification is the creation of
employment in rural areas. This comes mainly from using electric power to
pump irrigacion water or frem alectrification of ccttage industries. when
used for both purposes, emplovment is craacead.

Environmental Improvements - Pakistan does use a great deal of wood for

£
heating and cooking. This has created a problem of deforestacicn and
2rosicn. Therasfore, another Jerceived zoal of the rural electrificacion
program is to help stem deforestation and erosion by providing people an
alternative energy source for cooking or neating, but often these benefits

appear overstated.

Migration - Electricity is crten atcributed with stemming migration <rom
rural areas to urban areas. Thic is an important goal of the GGP, but
there appears to be very little evidence that electricity per se stams
migration. It is felt rather, cthat electricity creates local developrment
and employment opportunities and that these opporctunities lead rto starming

out migration. Ia some development areas within ?akistan, empiovment

2-3



(g)

opportunities have increased and out migration has been s:emmed as a result
of electrification. Thus, this does represent a reasonable goal for the

rural electrification program.

Population Growth -~ It has been shown that electrification is statistically

assoclated with higher incomes and acceptance of family planning programs.
If true, an indirect tie between electrification and population growth can

be made. Again, this forms another goal important to Pakistan.

Innovation and Modermism - Another goal important to the GOP is development

of awareness and innovativeness in today's modern technological world. It
has been shown in several studies that electricity can be important as 2
"change agent." In Pakistan electricity has brought about techrological
change in agriculture which in turn has assisted the GOP meet nartional food

sufficiency objectives.

The GPs and IGs developed for the Rural Electrification Program in Pakistan
have been developed as a function of the operational, polifrical, social and
economic goals set forth above. Our analysis supports that thase are the
primary "real goals" of the program during the 6th five-vear plan. The GPs
and IGs suggested provide a guiding framework for the National Rural

Electrification Program consistent with these goals for the program.
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3.0 DUESCRIPTION OF PRESENT RURAL ELECTRIFICATION PROGRAM

3.1 Decentralized Energy Systems

3.1.1 TImplementation of Present Programs

There are presently about six organizations in Pakistan with programs to
develop and install decentralized energy systems. The main participants

are:

- WAPDA Small Scale Hydro

Diesel Generator

- DGER Biogas Digestor Systems
Photovoltaics
- ATIDO Mini-Hydro

Biogas Digestor Systems

~ Ministry of Science & Technology Photovoltaics R&D

- Local Development & Electricity Boards Small. Scale and
Mini-Hydro

- Agricultural Development Bank Photovoltaic Pumps

As indicated above, most attention 1is being focussed on renewable erergy
resource systems with only WAPDA taking responsibility for small diesel

generators in non-grid connected areas.

The status of each of the decentralized energy technologies under

corsideration is discussed briefly below.



Diesel Power Units

WAPDA operates about 35 diesel geunerators (50-200 kW) in remote areas of
Baluchistan and has plans to install about 1O additional units. 1In

general, WAPDA undertakes the installation of diesel generators with great
reluctance since doing so diverts management and technical resources from

their main function of central grid expansion and maintenance.

It shouldfalso be noted that there are over 100,000 diesel operated pumps
with a combined capacity in excess of 1000 MW. The installed decentralized
power capacity in the form of diesel pumps 1is, therefore, about one~third
that of the central wcid.

Biogas Digestion

Over 1,000 biogas digestor units have been installed in Pakistan by DGER
and ATDO. Present plans call for installing over 15,000 additional units
over the mext 5 years. Most of these units are for use by families using
the dung from 4-6 cattle. The gas from these units is used for cooking

and, possibly, lighting.

However, DGER is considering larger units which would use the dung from
several hundred cattle at larger dairy facilities. The biogas from these

units could operate modified I.C. engines for local power generation (up to
10 kW).

Photovoltaics

Primary responsibility for implementing photovoltaic power projects is with
the DGER. However, other organizations are participating in special
projects. The Ministry of Science and Technology is responsible for the
newly inauguratad Silicon Research Institute and the Agricultural
Development Bank has initiated the testing of over 20 small photovoltaic
pumpe. This latter activity is to provide the ADB with Information to
assist in developing financing policies for such pumps as their cost

decreases.
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The DGER has installed and operated for over a year a 5 kW village power
unit. Five additional village size Systems are now being installed with
individual capacities up to 30 kW. Present plans call fer 130 photovoltaic
village installations over the next 5 Years with an installed capacity in
excess of 2 MW. This activity will be dome in parallel with the
establishment of a private sector photovoltaic fabrication and service
industry. It is expected that at the end of this period there will be
sufficient in-country experience in the private sector for the process of
widespread implementation of decentralized photovoltaic power units to

Proceed with minimal government involvement (primarily financing).

Mini and Srall Scale Hydro

Several organizations are involved in implementing mini and small scale
hydro systems. In the 1960's WAPDA installed five uaits with capacities of
50 to 400 kW, These units were later turned over to the Northern Area
Public Works Organization for operations and maintenan-e. This activicy
led to WAPDA being asked to survey small scale hydro systems in northern
mountainous areas and subsequent purchase of 100 standardized hydraulic
turbines from Germany with capacities in the 50-100 kW range (in 1974),
Twenty of these units were installed at sites in the Northern Areas, and
the NWFP. Installation of the remaining units will be the responsibility
of local authorities including the Xohistan Development Board, the NWFP
Irrigation and Public Health Department, Northern Areas Works Organization,
and Azad Kashmir Electricity Department. 1In short, WAPDA's present
policies are to focus on grid extension and to limit their involvement in
non-grid connected small scale hydro facilities to technical support

functions to local organizations.

The ATDO has been developing wini hydro units with capacities in the 5-20
kW range for use in the smaller streams of northern mountainous regions.
To date about 40 units of local manufacture have bheen installed via
cooperative efforts of ATDO and local organizations. It is hoped to expand

this effort with the implementation being the rasponsibility of local



organizations, such as the Kohistan Develcpment Boards and ATDO functioning

primarily in a technical development and support role.

As indicated above, there are a multiplicity of organizations involved in
the development and deployment of decentralized energy technologies. These
activities are not presently coordinated to any great extent and no
strategy has yet been developed on the role of decentralized energy

technologies inthe overall rural electrification process.

3.1.2  Economics of Decentralized Energv System (Examples)

There are two general types or decentralized emergy svstems which can be

considered:

- Conventional fuel-fired systems based on the use of diesel =2ngines
or possibly small coal fired steam plants.
= Renewable energy resources ignitions using solar, wind, hydro, and

biomass as their basic energy service input.
Examples of each type are discussed below to illustrate that decentralized
technologies may often be a more economical option than capital intensive

grid extensions.

a. Conventional Svstems

The most common type of fuel fired decentralized energy systems are diesel
engines. Such engines require purchasing, transporting, and storing diesel
fuels which can be particularly burdensome in remote areas where they are
most likely to be considered. These engines can, however, be adapted to
burn biogas or gas from a small coal gasifier which might be an interesting
option in specialized cases. The following discussions focus on diesel
fuel fired engines since these would have, by far, the widest range of

potentizl applications.



Table 3.1 summarizes cost of power estimates for a diesel generator of 25
kW capacity which might serve basic needs in a small, remote, community,
Estimates are provided for two cases, one where the primary loads are
household with an equivalent capacity factor of 15 percent and one where
part of the load is a small pump with an average net capacity factor (pump
plus household) of 40 per ent.

As indicated, the cost of power is very high in comparison with present
WAPDA rates which is one reason why such systems are not in widespread use.
However, the economics of diesel generators should be compared to the
marginal cost of supplying the same service with grid extensions. In this

regard the following points are worth noting:

- The capital cost of a robustly built high duty cycle diesel
generator is in the $400-600 per kW range. This cost is
considerably less than supplying the same capacity in a central
facility ($1,000-2,000 per kW depending on fuel type).

~ The efficiency of a well maintained diesel generator is about 30
percent. This is comparable to a good steam plant. As such, the
fuel consumption of the diesel generator per kWh delivered will
actually be lower than in the central facility if line losses are

considered.

- Marginal central station thermal power generation will be
increasing by oil over the next decade so thar there will be
reduced advantages to central facilities in reducing petrolaum use

as compared to operating diesels in the field.

The primary dicadvantage of the diesel option is the relatively high cost
of routine maintenance and periodic major overhauls (tvpically at 5,000
hour intervals). Even these costs could, however, be greatly reduced if
supporting infrastructure is developed to train local technicians in 0&M
procedures and to provide spare parts within a high level of

standardization.



Table 3.1

COST OF POWER FROM DIESEL GENERATOR

Capacity Factor = 0.15 Capacity Factor =
Capacity Factor = 0.15 Capacity Factor = 0.7

(1314 hours/yr) (3509 hours/yr)
Capital Cost! (¢/kWh) 6.8 2.5
Maintenance Cost2 (¢/kWh) 7.6 2.8
Fuel Cost3 (¢/kWh) 9.6 9.6
Cost of Enerzy (¢/kWh) 24.0 14.9

=

Engii2~Generator Cost = $500/kW, Annual Capital Charge at 18 percent.

~

Assumed at 20 percent of Capital Costs Per Year.

3. 30 percent Engine-Generator Efficiency, Delivered Fuel at $1.20/Gallon.
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Figure 3.1 shows the breakeven distance from the grid where a small diesel
generator becomes less costly than a grid extension. This figure assumes
that each kW of diesel would, ou average, require 0.5 kW of additional
central generation capacity (probably comservative if loads are primarily
household) valued at $1,200 per kW and the marginal grid power is produced
half by oil and half by hydro. Grid exteunsion costs are assumed to be
$1,900 + $5,5C0 per mile of line.

As indicated, the cost of the diesel option is lower once the distance from
the grid is on the order of 2-3 miles, depending on capacity factor. This
suggests the diesel generation should be seriously considered as an
integral part of rural electrification planning - particularly as it

pertains to the more remota regions of the country,

b. Renewable Energy Svstems

There are a number of renewabla énergy resource systems which are being
considered fZor use in Pakistan, including micro hydro in the NWFP and
biogas generators providing fuel for intermal combustion engines. Rowever,
the renewable energv technology which probably has the greatest potential
for widespread use throughout Pakistan is photovoltaics. These systems
directly convert solar radiatiom into electricity with no moving parts.
They, therefors, do not require a fuel delivery infrastructurse (as do
diesel), are highly reliable, and require only minimal maintenznce. They
would perform very effectively in most areas of Pakistan due to the

generally high solar availability in all but northern mountain areas.

The favorable attributes of photovoltaic power units for serving remote
loads is widely recognized and has resulted in several dozen demonstracion
units being iastalled in developing countries to serve such diverse loads
as irrigation pumping, minimal village power, and cold storage. About 1S
Systems are operating In Pakistan on a demonstration basis including a 5 kW
village power unit (inscalled by the DGER) and a dozen 300 watt pumps

installec by the Agricultural Development Bank (ADB),
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The present cost of photovoltaic panels is about $10,000 per peak kW and
complete systems (battery storage, wiring, and controls) cost in the
$15,000 to $25,000 per peak kW range. At these very high costs,
photovoltaic power units are economically justified only for a limited
range of small scale unattended power applications to serve communication
and safety functioms. However, the photovoltaic industry projects large
cost reductions so thcot panels may cost only $2,000-$4,000 per peak kW by
the mid 1980's and possibly as low as $1,000 per peak kW by 1990. System
costs will similarly decrease to under $5,000 per kW in the same period of
time. As costs approach this lower range, photovoltaic power units may
provide a lower cost option for serving some rural loads than distribution

system extensions.

This is illustrated by Figure 3.2 which shows the distance from the grid at
which the capital cost of a grid extension equals the cost of a
photovoltaic power unit. It was assumed that each kW of distributicn
system extension demand required, on the average, 0.5 kW of generation
capacity at a cost of $1,200 per kW. If the loads are primarily household,
the generation capacity requirements might actually be higher since these
loads tend to occur during peak hours. The grid extension cost assumed is
$1,900 plus $5,500 per mile of distance to serve a 10 kW load in a rural
area with low population. These are consistent with experience in rural
regions; such as Baluchistan where photovoltaics are most likely to bhe
considered for early implementation. As indicated, at present costs
($15,000 plus per kW) photovoltaics would not be lower in cost than a grid
extension for any distances of practical interest. At photovoltaic power
system costs of $5,000 per kw, photovoltaic power units would have a lower
cost than low capacity factor (such as households) distribution system
extensions once distances exceeded 4-5 mile km and at $2,500 per kW would

be lower in cost under most circumstances.

The above implies that in a post mid 1980's time frame, photovoltaic power
units may be the lowest capital cost approach for serving many of the rural
loads that might be considered for grid extensions. This, combined with

the fuel savings derived from not having to operate additional thermal
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power plants, provide a strong case for considering photovoltaics in longer
range rural electrificatiun planniné. For example, photovoltaics might
become the preferred approach for providing power to a portion of the more
than 20,000 small, remote villages which would not be served by the grid

expansion resulting from the 6th five year plan.

c. Implementation Issue

The successful introduction of decentralized energy technologies will

require ~stablishing an infrastructure which can:

- Provide technical assistance and training to local technicians who

will have the responsibility for system operaticn and mainteanance.

- Establish a high level of standardization within each technology
class to ensure a high degree of interchangeability in spare parts,

allow for large scale purchases and facilitate O&M.

~ Develop a capability to rapidly provide spare parts and specialized
repair service to individual villages so that costly back-up
capabilities (such as spare diesel engines) will not be necessary

to provide an acceptable level of service.

= Provide fimancirg for system installacion so that decentralized
facilities are not finalized relative to central areas (for
example, village being grid connected do not have to pay directly

for new central gemeration facilicies).

Without such an infrastructure the capital and maintenance costs of
decentralized technologies will probably be too high for them to be widely
utilized. It may be preferable to establish such a capability in one of
nore of the organizations responsible for rural development rather than
WAPDA so the latter organizarion can focus on the central grid system which

will remain tne primary source of electric supply.

3-11



3.2 Central System Expansion

3.2.1 Historical Accomplishments of the Present Program

During the period 1957 to 1977, approximately 6,000 villages were
electrified in Pakistan. 1In contrast, during the last five years, over
7,000 villages were electrified. This process has been funded from WAPDA's
Annual Development Program; approximately 7 percent of this program has
been devoted each year specifically to electrifying villages. As a result
of the increased emphasis on rural electrification, about 13,000 villages,
over 75,000 tubewells, 36,000 lift pumps for a total of 111,000
agricultural connections have been made. These tubewells are, in fact, the
major rural consumer of power and use over 23 percent of all the alectric

energy generated in Pakistan.

The GOP has been having in depth deliberaticns on the appropriate rate of
rural electrification over the period of the next five vear plan (1983-87).
There has been widespread discussion concerning electrifying essentially
all villages by the end of this planning period; a goal which would require
approximately 6,000 village connections per year. However, due to
financial constraints, the present plan being debated bv the GUP assumes
only 3,000 villages per year will be connected over the planning period. By
achieving this goal each year for the next five vears, aporoximately 63
percent of the villages, in which over 75 percent of the population live

will be served by electricity.

3.2.2 Implemencation of the Present Rural Electrification Program

In order to develop practical and implementable GP and IG for rural
electrification, it 1is lmportant to understand the present system for
making the decisions involved in rural electrification. Knowing this, it
1s possible to determine which parties need to be involved in implementing
any proposed GP and IG. For example, WAPDA alone can establish technical
guidelines to reduce line losses. On the other hand, the cooperatien of

numerous provincial government authorities would be required to effectively

3~12



implement policies pertaining to the village selection process. Hence,

the following section provides guidance on who makes what decisions and

how.

At present, many organizations within Pakistan contribute to the decision

process of bringing electricity to the rural areas. WADPA 1is, of course,

the primary organizations involved. In addition, the Natiomal Planning

Commission (NPC) of the Ministry of Finance and Planning influences the

process as do each of the Provincial Government.

In this section of the'report, the goals, policies, and practices of these

contributors to the process will be discussed. To summarize their roles:

WAPDA

Locates transmission lines and grid statZons, siting them on the
basis of an annual Power Market Survey.

Develops detailed plan for bringing distribution (11 kV) lines to
specific villages,

Is developing detailed data on all villages, meeting minimum
population criteria, for all discricts, in support of overall
electrification planning.

Provides to the provincial government's information on villages
which are candidates for electrificarion during the following vear.
Participates in discussions at the national level to influence the
goals of the NPC.

Participates in the process of choosing the specific village to be
electrified in each province.

Maintains the waiting lists for new connections within electrified
villages.

Actually installs appropriate hardware for village electrification
and customer connecrion.

Owns, operates, and maintains the rural distribution network.
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National Planning Commission (NPC)

- Establishes budgetary allocation to WAPDA.,

- Apportions budgetary allocation between provinces,

-~ Establishes goals and priorities for WAPDA in conjunction with
WAPDA.

- Coordinates overall national energy planning, in which electricity

is one element.

Provincial and Local Governments

- Local governments propose villages for electrification.

- Provincial governments choose in consultation with local government
bodies and WAPDA, the villages and areas to electrify.

- Certain provinces provide for other specific programs, such as

"valley development” programs in Baluchistan.

a. Narional Rural Electrification Program Jdbjectives, Policies, and

fractices
foett=ces

At the national. level, the two maia parties to setting rural

electrification goals, policies, and practices are WAPDA and the NPC.

The NPC is responsible for developing the sixth five year plan. This plan
will provide for budgetary allocations to WAPDA for WAPDA's Annual
Development Program which includes allccations for extension of the rural
electric grid. The actual allocations are accepted by the GOP cabinet,
usually endorsing the view of the Annual Plan Coordination Commi:ctee.
Hence, the NPC plays an important role in establishing the balance between
allocations to generationm, transmission, and distribution within WAPDA and
in balancing the allocations for the growth of the rural electric grid
between provinces. At present, financial allocations to the provinces for

rural electrification are in proporticn to the population in each province.
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The NPC has asked WAPDA to pPropose a Master Plan for central grid rural
electrification (discussed in Section 3.3) that will indicate the priority
of extending lines to different areas and villages, will give information
on specific designs to extend the lines, and will estimate the budget
requirements to do so. Based on a preliminary indication to WAPDA of what
their annual budgetary allocation will be, the NPC has also asked WAPDA to
estimate how many villages per year can be electrified while maintaining a
balance between their generating system and the derand for electricity.
The NPC has indicated to WAPDA their desire to increase the rate of rural
electrification and will be negotiating with WAPDA to establish a financial

allocation and a target for the number of villages to electrify.

The NPC has also requested that WAPDA's planning, focus on electrifying
villages that maximize economic return. However, they also recognize
political needs for equitable development of the provinces and will,
therefore, not be allocating development funds strictly on the basis of
economics. However, within the constraint of political equitability, the

NPC favors electrifying villages with strong economic potential,

b. Financing of the Rural Electrification Program

Financing of the rural electrification program arises primarily from
WAPDA's Annual Development Plan. 1In the past, the direct costs of the
rural electrification program has absorbed approximately 7 percent of
WAEDA's annual development funds to do an average of 800 villages per year.
Additional financing is given by the GOP for electrifying villages in the
federally administered tribal areas (approximately 150 villages per vear),
by the Punjab provincial government (approximately 600 villages per year),
and by villages on a 50 percent cost-sharing (with WAPDA) basis

’

(approximately 30-40 villages per year).

In addition to GOP funds made available to WAPDA's Annual Development
Program, funds have been made available and/or negotiations are in progress
for loans and grants from the Kuwait Fund for Arab Economic Development,

the International Fund for Agricultural Development, the British Overseas
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Development Administration, the Canadian International Development Agency,
USAID, and the Asian Development Bank. These loans and grants carry
various obligations and covenants, but to summarize, they favor development
of agriculture - specifically tubewells - and favor the province of
Baluchistan. Specific financial characteristics of these programs are not
relevant to this report:. However, some observations about them are. The
specific criteria that each of the proceeding agencies use to determine
which villages they will or will not electrify influences which fund is
earmarked for which village, but probably does not influence which village
will be done or when. In the larger perspective, these criteria cause a
shifting of GOP annually budgeted funds from villages that meet funding
agency criteria to those that do not. Second, the program under the Asian
Development Bank does set forth the specific requirement that any village
electrified with its funds must meet an economic internal rate of return
(EIRR) target of 10 percent. The information required on each villags to
support the ADB's calculation of EIRR is presently being gathered by
WAPDA's field offices, written on appropriate forms, and senr ts Lzhore for
Processing. The information so gathered is similar to the informatioxn
being gathered by WAPDA's local consultants preparing the Master Plan; in
fact, the same format is apparently being used. This suggests that by
mid-i983, information on each village adequate to calculate an EIRKR, will

be available to WAPDA on computer files,

c. Surmary of Present Process of Village Selection

WAPDA's Master Plan, to be discussed in the next sectlon. is expected to be
completed by mid-1983. Until it is completed, villages chosen for rural

electrification are chosen on the basis of population and distance from

feeder lines. At present, the WAPDA suggested criteria, target villages

with a population of 1,000 in Punjab and Sirnd and 300-500 1in Baluchistan
and N.W.F.P., coupled with suggested distance targets of % mile in Punjab,
and | to 2 kilometers in N.W.F.P. and Sind. VYo specific distance targets
exist for Baluchistan. These criteria serve as guidelines, and are used in
the majority of instances. However, they are not rigidly adhered to in all
cases because, primarily there may be a lack of village meeting criteria in

any given district. Also, 1if they were, some regional development
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opportunities or other important economic or social considerations might be
overlooked. The interactive decision process which goes on between WAPDA
and the provincial governments seems to provide a flexibility in making
decisions that would be suppressed if tne criteria were held rigid. The
combination of criteria and the interactive decision process seerm to result
in a reasonable choice of villages for electrification. 1In Punjab, where
the majority of villages exist in the country, WAPDA does provide the
Provincial Government with a list of villages which meet these criteria.

The Provincial Government does not choose exclusively from this liét.

3.2.3 Discussion of Present Rural Electrification Program

The present program as just described is, in our judgement, an acceptable
process for using the financial allocations for village electrification to
promote GOP goals. Within the general constraint of distributing the funds
equitably between villages, it promotes the electrification of larger
villages that are reasonably close to existing distribution lines., 1In
general, this increases the likelihood that the chosen villages will have
favorable economics as, in general, larger villages have more productive
uses for electricity in commerce, industry, and agriculture. Also, the
fixed allocation to provinces promotes electrification of villages that can
be done at less cost, before villages with a higher cost are done. The
conclusion that the present program promotes the alectrification of
villages with favorable economics is supported by the fact that (in Sind)
under the Asian Development Bank village electrification program, 75
percent of the villages examined met the 10 percent economic rate of return

criteria. It is also supported by the observation of this team.

There are, however, some opportunities to improve the present system of
choosing villages. The single most important opportunity arises from the
electrical distribution system thac results from rhe present system. The
present system tends to be more chaotic and more expensive to implement
than need be if it were properly designed from the outset. The emphasis on
low cost (to maximize the number of viilages under the fixed allocation)
promotes running of l! kV feeders from existing 1l kV feeders to electrify

a nearby village rather than running feeders from a grid station.
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Eventually, though this may require 20 years, new grid stations may be
required and existing lines may need to be reassigned to grid statioms.

A second opportunity arises from the fact that the federal village
electrification budget is allocated primarily on the basis of population.
In some provinces, population is the basis on which the allocation is
divided even at the district level. ithough this appears to meet equity
criteria, it ignores differences among districts with respect to degree of
electrification and between districts and provinces with respect to
development potential and benefits of rural electrification. That is to
Say, some unpopulated districts or Provinces may offer much more
development potential than highly populated districts. By allocating
budgets on the basis of population alone, the potentials mav take much

longer to develop if electric power 1s important to the development.

The first opportunity is being addressed by WAPDA's Master Plan. A

discussion of this Master Plan follows, in Section 2.4.

The second opportunity, to the best of the teams xnowledge, has not been
addressed by any present programs. Therefore, ideas and policies have been
suggested in the policy section of this report that can help to bring about

expanded benefits from rural electrification ia the future.

3.2.4 The Master Plan 3eing Developed by WAPDA

WAPDA is proceeding with the development of the Rural Electrification
Master Plan envisioned by the NPC. Five local consulting firms are
developing detailed operational master plan reports for each area
electricity board by district of Pakistan. The information being collectad
will include the location of the existing 11 kV lines and grid stations and
the relevant socio-economic characteristics of all significant villages in
each district. In addition the consultants are using the data for
preparation of maps that will indicate the RoSt appropriate way to exvand
the 1l kV system :o electrify these villages. Their statement of wovk
appears as an aopendix to this report and Table 3.2 sutmarizes the data
they are to collect. Note thac this summarizes not only their statement of

work, but also the specific data forms they are completirg,
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Table 3.2

SPECTFIC RESPONSIBILITIES OF CONSULTANTS PREPARING RURAL ELECTRIFICATION MASTER PLAN

SOOPE OF ASSIGNMENT

Develor data and infommatien for all
villages of wore than 1000 populaticn
in Punjab and Sind; 300 in N.W.F.P.
and Baluchistan.

DATA TO GATHER

1) Location and descripticn of
exdsting 11 kV distribution system and
grid statioms,

2) Locaticn of sweet ground water
areas and underdeveloped areas.

3) Specific sociceccnomic data (to be
filed on computer)

- population of village and local
reverue unit

~ adult literacy rate

-~ mmber of households, and mmber
of pacca houses

- distance from existing high
tension lines and pacca road

- mmbers of mosques; other
cammity centers; hospitals;
health centers; dispensaries;
primary, middle, ard high
schools; and colleges

= presence of union councdl, post
otfice, wlics statirn, land
assessor, WAPDA field assistamt,
and railvay statim

-~ mmber of veterinarians and
veterinary dispersaries

= mumber of commercial shops,
repair shops, hotels,
restaurants, and banks.

= mmber of blanket, carpet,
taiioring, mirror work, and
"other” producers

-~ mmber of loams and saw mills

- mmber of animel-ocwered oil-
expellers, fodder cutters,
cotton gins, flour mills, ee
huskers, tcbacco grinders, and
"other" agro~industrial units
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DATA TO GATHER (cont'd)

- saline, or sweet ground water
=~ presence of open wells, springs,
"KARFZ" (turmel wells), and

tand pmps

- mmbers of electric and dissel
tubewells, mmber of znimal-
powered-«heel-pumps

- use of rain-fed irrigation,
perermial canals, non-perermial
canals, flood irrigation, and
reservoirs

= depth-to~ater table

INFORMATION TO FREPARE

1) Forecasts for the vears 1983~1993,
2003, and 2013.

= load by village of XN ard iwh

- revenue for WAFDA by village

- pondation and household by
village

- load by grid station, secondary
transmission lines, amd
generating stations

2) Cost estimates and material
schedules for electrifying each
village,

3) Financial, econamic, sociceconomic,
and envirormental analysis for each
districe.

PLANS T PREPARE

1) Maps of existing system.

2) Proposed network of distribution
system considering extensiom,
segmentaticn, re-routing, and/or
bifurcating exdsting lines, and
considering SCARP (Salinity Control and
Reclamation Projects (electrificatimm
plans.



As mentioned, the single most important opportunity for improving rural
electrification distribution is to do a better job of designing, in advance
the layout for distribution systems. WAPDA has identified this opportunity
and is addressing it via the master planning effort. When complete, the
consultants preparing the Master Plan will have designed the most
appropriate layout for 1l kV lines. Also, cost estimates for doing each
village according to pre-established plans, and not an ad-hoc plan, will
have been prepared. Presuming that the federal government will contimue to
make provincial allocations, and that the provincial governments will then
decide on the actual villages, it is anticipated that these plans will
provide provincial and local leaders additional information on which to
base their choice of villages and not merely constrain the local and

provincial choice.

The benefits of the master planning effort are illustrated by Figure 3.3.
In any given vear the unplanned expansion may lead to choosing the least
expensive approach to electrifying villages. However, it results in a
meandering grid system which is inadequately equipped for future expansion,
is more prone to interruptions, is less controllable from the grid
stations, and most importantly, may lead to excessive voltage drop and line
losses in serving the village at the eaud of the line (Village #3). 1In
contrast, the planned expansion produces a system where faults will effect
fewer villages, individual feeders are controllable from the grid stations,

and shorter lines will lead to less voltage drop, even in remote villages.

When the Master Plan is in operation, it will eventually lead to reduced
costs for svystem expansion. At first, the cost per village may increase as
the cost uf running a feeder line, such as that shown on Figure 3.3 as
running from the grid station to Village #2 may exceed the cost of running
it from Village #l., However, serving the villages that surround Village #2
will now be possible. Under the present system, the line losses and
voltage drop in serving Village #3 might become excessive if villages
surrounding Village #1 or #2 were electrified. Aay expansion might have
required radically revising the feeder line system from the grid statien,
and would have been very expensive. In addition to cost savings associated

with expansion, transmission losses and maintenance problems under the
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planned system should be reduced. Hence, in the long run, the new system

will save money.

The Master Plan will also piovide additional technical information to the
provincial governments as they choose which villages to electrify. Again
Figure 3.3, even though lines could be run from Village #2 to Village #3
under the present systea at less cost, once the plan is prepared, the
provincial governments will not be able to electrify Village #3 without
providing from their allocation sufficient funds to pay for the technmically
preferable approach. In other words, the order in which provincial
governments select villages for electrification will no longer affect the

final design of the system, where at present, it does.

3.2.5 Provincial Policies on Village Selection

Each province applies a2 somewhat different process to choosing villages. &
description of these processes follows. Understanding them is important,
as the provincial governments play arn important role ia the specific

L 4

decision concerning when a village is to be electrified.

a. Puniab Obiectives, Policies, and Practices

The primary objective influencing the choice of villages to alectrif+ in
Punjab 1is equity. In practice, this means that Punjab officials attempt to
ensure that each tehsil (a sub-unit of a district; usually 3-6 tehsils per
district) in the province has approximately the same percentage of villages
electrified. The program for running new feeder lines, however, considers
other objectives, primarily the electrification of tubewells and

development of industry.

Annually, villages to be electrifZad are generally chosen in the following
way. The Irrigation and Power Division within the Planning and Development
Department of the Punjab provinecial government caiculates the percent of
viilages in each tehsil which have electricity. Tehsils which lag the
provincial average are targeced for accelerated electrification. Based on

the provincial and federal budgetary allocation fur village
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FIGURE 3.3: EFFECT OF MASTER PLAN ON GRID EXPANSION PROCESS
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electrification, the appropriate total number of villages to be electrified
i1s determined. These are allocated to specific tehsils, according to a
formula that promotes an equal percentage in each tehsil in the province.
These quotas are communicated to the District Councils. The District
Councils prepare lists of the villages selected for electrification,
usually including a 25 to 30 percent surplus ovar quota. This provides
WAPDA and the Irrigation and Power Department of the provincial government
a range to chcose from when making tne final selection. Following the
above selection procedure, WAPDA prepares accurate estimates of distance
each village is from feeder lines and estimates the cost of bringing power
to the village. WAPDA and tke Irrigation and Power Department then consult

on final village selection, keeping within budget comstraints.

The District Councils consider both population and distance in choosing
villages within tehsils. First, they consider the distance from existing
feeder lines. If more villages exist within one-half kilometer of existing
lines than are acceptable under the tehsil's quota, the quota is filled
from the villages with the greater population. If too few villages are
within one-half kilometer, the distance criteria is relaxed and villages

further away are considered.

Even this apparently straightforward system does leave room for
disagreement. Village population is based on the 1972 census, sparking

disagreement, and the distance to the lines 1s also often debated.

AC the present, the government of Punjab extends the federal budget
allocation, roughly doubling it; the amount involved has grown from Rs, 30
million in 1980-1981 to Rs.227 million in 1982-1983. 1In fact, the Punjab
government would like to increase its budgetary allocations, while
continuing to match the WAPDA village electrification budget. Also, the
Punjab government will finance up to two-~thirds the cost of electrifying
any village which will comtribute one-third of the cost; last vear, 27

villages contributed.
Agricultural and induscrial development are also important goals in Punjab,

as everywhere, and have some influence over the location of feeder lines

and villages to electrify. Out of the Rs.227 million provided by Punjab,
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the Department of Apriculture controls Rs.40 million. They allocate the
total amount to tubewell electrification and attempt to focus on new
tubewells in preference to converting diesel tubewells; a philosophy the
Punjab Agriculture Department believes is appropriate in all rural
electrification planning. Also, in the Punjab, as in other provinces,
there exists a Provincial Utilities Board, chaired by the Chief Secretary
of the Province. This Board attempts to ensure that utilities are
available to industry. Also represented on the Board is local industry,
the Provincial Department of Industry, the Small Industries Corporation,
WAPDA, and other utilities. The Board does not have actual authority but
1t does have effective influence. For example, through this Board,

requests to WAPDA for feeder lines to "industrial estates" are presented.

b. Sind Objectives, Policies and Practices

The approach to choosing villages for electrification in Sind revolves
around what is known as the "District Village Electrification Advisory
Committee.” It is this bodies' Ffunctiom to develop a prioritized list of
villages recommended for electrification, for each district, considering
population, distance to the feeder line, tubewells, and potential
industrial development. This list is submitted through the Division
Coordinating Committee to the Provincial Irrigation and Power Department.
Irrigation and Power allocates villages to districts based on the
population in each district. Also, they consider the present level of
electrification already achieved in the district in order to maintain
parity between districts. They also ensure that the total cost of the
program remains less than their budget allocation. The chosen villages are
approved by the governor and submitted to WAPDA for execution. Sind has no
programs, such as Punjab has, for augmenting the federal budgetary

allocation.

One issue of particular importance of Sind 1is the definition of a village.
The Flanning and Development Department has established records for 68,324
villages in Sind and have computerized them. Therefore, there is some
feeling that the present program of village electrification, which is

eléctrifying 324 villages this year, will require a very long time to
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complete the electrification of Sind. However, there are only 5,774 "dehs"
in Sind. Dehs are the basic revenue unit in Sind and may contain many
settlements and/or villages. Once a deh has been electrified, any resident
of the deh can apply for a connection. Therefore, it is most reasonable to
consider that, effectively, a village is a deh and it seems to be what

WAPDA and the federal government seem to be considering dehs as villages.

However, this issue does promote some question about the degree to which
villages in Sind are electrified, and the appropriateness of the 1000
population criteria being used by WAPDA in its master planning effort. The
Statistical data on Sind indicates that only 4 ! percent of the population
lives in settlements with a population of more than 1,000. However, 90
percent of the dehs have a population in excess of 1,000. The Irrigation
and Power Department of the Sinad provincial government believes that
approximately 2,800 villages have been electrified out of 68,434
settlements, that most settlements with a population above 1,000 have been
electrified and that there are 5,774 dehs. WAPDA also believes that
approximately 2,800 villages have been electrified but believes that there
are only 6,091 villages. Therefore, in Sind, the provincial government
does not consider that the stated population target of 1,000 should have
any impact on their salection procedure. On the other hand, since 90
percent of the dehs have populations above 1,000, most of the dehs

electrified do meet the population criteria.

c. Baluchistan Objectives, Policies, and Practices

Baluchistan is characterized by small villages separated by great
distances. At present, there are approximately 5600 villages 1in
Baluchistan of which 3500 have a population of more than 300. Of these,
approximately 365 have been elecq;ified. During the upcoming vyear,
approximately 100 villages more will be electrified from federal funds
allocated for village electrification, and 300 more will be electrified
from the Kuwait Project funds. Many of these villages are subject to
seasonal migration as people leave the cold mountains in winter for the
warmer plains. The vast regions make comprehensive village electrification

uneconomical in the short run and promote a strong desire to use
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electrification as a tool to promote selected development, and reduce
seasonal migration. An important objective: therefore, in Baluchistan is
valley electrification rather than village electrification. With this
objective, the focus is on providing electricity to regions with proven
non-saline groundwater resources where agriculture has only limited
productivity without tubewells. WAPDA and the Planning and Development
Department of Baluchistan share this objective and have the close ties
required to promote it. In addition, an objective is to focus development
of electrification in regions with mineral resources; Baluchistan has only
partially developed its reserves of chrcaite, fluorite, barite, magnesita,
iron, marble, gypsum and coal--all ¢: which can benefit strongly from the
availability of electricity. In addition, antimony and copper are present

but do not benefit as much from electricity.

However, equity objectives do requ.re that existing villages not be totally
overlooked when electrifyving villages. This process occurs as follows.
The Planning and Development Department 1is notified by WAPDA of the
budgetary allocation available from the federal government for electrifying
villages. The approximate number of villages this implies is allocated on
the basis of population to Baluchistan's four divisions. The Divis<on
Coordinating Council allocates the divisions allocations to each district.
This allocation is not necessarily based on population; also, only
districts with grid stacionms already insctalled receive am allocation of

villages for their selection.

The Baluchistan, though, the local District Councils accept advice from the
Planning and Development Department on which villages to electrify, The
Planning and Development Department recommends specific villages in
consultation with WAPDA to the Districts. They select these to further
their goals of promoting the development of specific vallevs which offe::
good promise of agricultural or other economic benefits. The Ministry of
Local Government and Rural Development has corroborated the unusual
cooperation of these District Councils in accepting these suggestions.
This has the desirable side benefit that it promotes migration to
electrified areas and encourages small villages to atrophy. This in turn

makes the provision of social and health services more convenient. The

3-26



combination of the cultural phenomena of acceptance of annual migration and
of individualism has caused a relatively rapid development of population in
the selected regions. These close ties between WAPDA and the Provincial
Government, and the influence they bring to bear on the District Councils
is not as apparent in the other provinces but appears to be extremely

successful in Baluchistan.

As another approach to village electrification, Baluchistan electrified
approximately 45 villages with non-grid connected diesel generators of from
200 to 500 KW. Ten more will be installed this year. These have been
installed and are maintained primarily by WAPDA but there are a few
installed by local councils. The average generator cost is Rs.300,000,
they cost RS 3 per kwh to tun, and operate an average of 14 hours per day.

The Provincial Government subsidizes Rs 2 per kwh.

Baluchistan 1is presently the only province whers WAPDA operates
decentralized power units (35 diesel generators). This indicates the
potential rcle for decentralized technologies in Baluchistan and the need
to factor in decentralized options in developing overall Rural

Electrification plans.

d. N.W.F.P. Objectives, Policies, and Practices

In N.W.F.P., approximataly 40 percent of the villages are electrified--3147
of a total of 8422, The main objective of their village electrification
program is to promote equitable distribution of electrification, while
maximizing the population which has access to elactricity, within the
constraint of their budget allocation.

Arnually, the District Councils submit the names of all che villages they
wish to have elect:iified. These villages should have a population of more
than 500 and fall within 2 km of an existing grid. Some districts have no
grid srtation and hence, receive no allocation. This list is considered bv
WAPDA and wvillages with opportunities for tubewells and small industry are
favored for electrification. Also, WAPDA calculates the population to
distance ratio for each village and, in general, favors those with the

highest ratio. WAPDA passes on a list of villages, selected from those
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submitted by the District Councils based on the above considerations, to
the Water and Power Division of the Planning and Development Department.
Water and Power makes a final selection of the villages, ensuring that the
total expense is less thap the allocation and that villages are allocated
to districts in proportion to the district's population. Within the
district, they select villages primarily on the populaticn to distance
ratio. However, they also consider the degree of electrification of each
district and may adjust the allocation slightly. Also, based on che
Governor's directive, one or two villages must be done in any district
which has a population of 5000 or more, regardless of population of the

village or distance from the grid.

As another approach to village electrification, N.W.F.?. also has remote,
non-grid connected, hydro generators that provide electricity tc villages
and small areas. Three groups operate the bulk of these systams-—-the
Kohistan Development Board, the N.W.F.P., Irrigation and Public Health
Engineering Department and the Appropriate Technology Development
Orzanization. Thev operate, respectively, eleven 30 to 100 kw units,
twenty-four 50 to 100 kw unifs, and torty 5 to 20 kw units. There are also
a few privately owned units. Based on information obtained during
interviews, it was learned that the bulk of these units are apparently

being successfully operated.
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4.0 IMPACT OF PRESENT AND PROJECTED RURAL ELECTRIFICATION PROGRAM

4.1 Introduction

The ambitious program of rural electrification planned by <he GOP has
significant implications for the electric power sector in 1its effect on the
already strained power generation capacity of the system and for the increased
consumption of oil and gas in thermal power plants. This section reviews the
supply and demand projections and provides a preliminary quantification of how
the Rural Electrification Program contributes to electricity demand, the need
for expanding generation and transmission capability, and the level of planned
investments in gemerationm, transmission and distribution. Future sections will
identify measures and policies which could reduce the financial impacts of the
Rural Electrificatior. Program while scill maintaining most of the ecomomic and

socilal benefits.

4.2 Electrical Supply and Demand

The total rated installed capacity of the WAPDA and KESC systems including the
Kanupp nuclear plant is 4,7978 MW. Of this total, 2,547 MW is hydroelectric
and 2,250 is thermal. Capacity of the hydro plants, due to variation is in
reservoir levels and discharges for irrigation, ranges from a maximum of 2,830
MW to a minimum of coincident capability of 1,390 Mw. Derating of thermal
units due to age reducas effective capability of these plants to 1,802 MW. The

minimum effective capability of this system is thus 3,192 MW,

This capacity, however, makes no allowance for spinning reserves or equipment
outages. As indicated later, when these are accounted for the effective
capacity during the dry season is only about 2500 MW which 1s below present
demand levels. As a result, the systenm experiences frequent capacity
shortfalls leading to load shedding in both rural and urban areas, This load
shedding is a great source of concern to the government and has raised
questions in many circles as to the desirability of rapidly expanding the rural
distribution system which will result in higher demand and thereby iacrease

capacity shortfal. :.



Additional generating ~apacity proposed through 1990-91 1is 9,367 MW. Hydro
additions total 2,774 MW and thermal 6,587. The thermal total includes an
increase in capability of the Kanupp nuclear plant of 137 MW and the Chashma
nuclear plant of 900 MW. 01l fired capacity scheduled to be placed in service
is 3456 MW. 1If this program can be implemented and the in-service schedule
maintained, total installed capacity will be 14,158 MW with minimum capability
of 11,287 MW ac the end of 1990-91. Installed capacity at that point would be
38 percent hydro and 62 percent thermal. Capability in the most critical
moath, May, would he 10,588 Mw against peak demand of 8846 MW. Schedules for
placing new plants in service are tight and some slippage is quite probable,
Also the availability of funds for the program has not been established.
Estimated cost in 1982 prices is over Rs. 120 billion ($9.5 billion).

Electrical energy demand has been increasing at a rate of about 11.3 carcent
per year for the past 5 years. Total generated electricity was about 18
million GWh in 1981-82. The WAPDA system alone shows generation growth rates

of 12.6 percent over the next 15 years. (See Figure 4.1.)

Peak demand on the WAPDA system was 2,846 MW in 1981-82. Projected peak demand
in 1990-91, including KESC which will be integrated with WAPDA on completion of
the 500 kV transmission line to Rarachi in 1985, is 9,139 Mw. Energy generated
is forecast to reach 49 million GWh during that period. Energy and peak demand
forecasts include village electrification at the rate of 3,000 villages per
vear and tubewell pump additions at the rate of 5000 per year. By 1950-9],
therefore, WAPDA projects that peak demand will be consistent with generating
capacity and that the present shortfall in capacity leading to load shedding

during the winter months will no longer be necessary.

However, the present imbalance requiring load shedding and other measures to

keep peak demand within system capability is expected to continue through the
decade. From 1982-83 through 1987-88, the WAFDA projections shows a deficit in
capability in several months each year. In 1984-85 a deficit is projected for
10 months of the year r2aching a maximum shortfall of almost 800 MW one month,
These shortages are in terms of total installed capability. In terms of fimm

generating capability after allowance for maintenance and spinning reserves,
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deficits appear through 1990-91. The projections are based on annual growth in
peak demand of 12,3 percent through 1985-86 and 11,3 per.ent from then through
1990-91. Since some slippage in the schedule for additional generation seems
probable and there may be limitation on funds to carry out the program as
scheduled, the shortfall in capacity could be considerably higher than present

forecasts.,

Table 4.1 which summarizes estimates for electric sector peak demands, the
effective capacity in the system to meet these demands, and the impact of the
rural loads. The projected load resulting from implementing the Rural
Electrification Program (including the tubewell pumps) are estimated to
contribute about 1600 MW to the WAPDA system peak demands by 1987-88. This

demand contributes significantly to the shortfalls projected at that time,.

It should be noted, however, that rapidly increasing urban household loads and
industrial loads are equally responsible for the increasing peak demand and the
Rural Electrification Program should not be singled out as responsible fer the
shortfall problem.

4.3 Impact of Expansion Program

Agricultural connections for irrigation pumping are presently the predominant
electrical loads in rural areas. About 23 percent total electric energy
delivered to consumers in the WAPDA system in 1981-82 was for irrigation
pumping. No statistics differentiating urban and rural are wmaintained for
other economic groups but estimates derived from WAPDA plans indicate rural
consumption exclusive of irrigation pumping is about 8 percent of total usage
in the WAPDA system. The rural demands including irrigation pumping is
estimated to contribute about 900 MW to the generation demand. A program to
electrify 3000 villages per year over the next 10 vears will create additional
demands for generating capacity estimated at about 800 MW in the next 5 vears
and 1800 MW at the end of 10 vears as shown in Table 4,2 and attached bar

chare.
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Table-4.,1

Contribution of R.E.Program to
Demand and Shortfall

1982 1987
MW MW
Effective Capacity* ‘ 2490 **5450
(A)  With Rural Electrification
Peak Demand 2505 5763
Deficit/Surplus - no reserve
capacity - 15 - 313
Deficit/Surplus with reserves - 272 - 727
(8) Without Rural Electrification**=
Peak Demand 175857 4173
Dericit/Surplus-no reserves + 690 + 1050
Deficit/Surplus-with reserves + 433 + 650

* Source AID Project Paper, p0.58 furnished by WAPDA for 1922.
Total capability and demand for month of May when greatest
deficits occur. Peak demand severly depressed due to lcad
shedding.

** WAPDA Generation Program for 1983 & 199].

***Demand for rural electrification loads assumes rural peak
demands occur in ray.
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Table 4.2

Energy and Feak Demand on WAPDA System

with 3000 Villaiie ‘Year Fxpausion

) 1981-82 L 1986-87 1941-92

C ———— —— e e e —————

G o GV My _Gwi. M
Tata! Generation 14,768 284c 32,340 5954 55,116 10,145
Irrization Funpiug 3,150 550 3,947 750 5,343 1,100

Ocher Fura? 430 325 1,100 842 2,250 1,585

Netes:  Luerpy and Peak Demand estimates for 3000 viliage/vear expansion for 10 years based on WAPDA
Frolecticns used by ADB for 2000 villagesSvenr program.

rr

(1 I85I-YT fipures are actual from WAFLA Power Sviten statistics for total geueration and

derind.  Other vears from WAPDA proiections.

(2 Tudi-22 enerey for punmping froem WAFDY Fawer Svsten statistics, Apriculrure Connections, at
SO,0900 kwhi)vear.  Other years add Incremest for 3000 villapes/year expancion. Irrigation

Fllng assumes 507 of pumps on at peak.

(33 1981-82 cuerpv for other rural estimsted froe WAYDA Acrien Plan for Rural Flectrification,
105, DPemand estimated from Frojections vsed bv ADE for 2000 village/yezt expansion.



The estimates assume that only 50 percent of the irrigation pumps are on line
during hours of peak demand on the system. The numbers are significantly
higher than some used by WAPDA due to inclusion of irrigation pumping loads in

the above estimates.

The most noticeable effect in the longer term is the increasing demand imposed
by non-irrigation pumping loads. Irrigation pumping demands may double in the
next 10 years whereas other requirements may be almost 4 times present demand
considering saturation leveLs anticipated. Under this scenario, irrigation
pumping will no longer oe the dominant rural load. At the end of 10 years,
energy requirements other than for pumping are estimated to be more than 30
Percent of total rural electric eénergy comsumption. Since much of the village
load 1is lighting and therefore on peak, the effect on generating capacity is

even greater.

Plans for the 3000 village per year expansion relate only to villages presently
on or scheduled to be within range of connection to the WAPDA distribution
System. Some remote areas in the NWFP and Baluchistan are not included in the
3000 village electrification program. Efforts to provide electricity to these
areas in the past have included some isolated diesel generating plants in
Baluchistan and some small nydel stations in NWFP. The projected village
electrification program planned for WAPDA does not include consideration of

decentralized systems.

The Rural Electrification Program in relation to WAPDA's total proposad

investment program is shown in Table 4.3.

Direct cost of the 1l &V and low voltage lines and connections for a 2000
village per year program is estimated by WAPDA to be Rs. 1,200 million ($95
million) per year, a total of Rs. 12,000 million ($950 million) over 10 years.
The added generating capacity of 1800 MW attributed to the program will cost
approximately Rs. 24,000 million ($1.9 billion) 1982 prices over the next 10
years based on an average of WAPDA's estimated costs for new generation during
that period. A portion of the costs for expansion and reinforcement of

transmission lines and grid stations, assigned on the basis of energy



Table 4.3

ESTIMATED TOTAL COST OF 10 YEAR RURAL ELECTRIFICATION EXPANSION

Rs. Million

Distribution system for 3000 villages per year 12,600
Generating capacity addition for R.E. 24,000
Transmission and grid station addition 6,000
TOTAL 42,000

*
Total WAPDA Investments 6th and 7th Plan 271,000

Portion of Total WAPDA 10 Year Investment
Program fcr Rural Electrification 157

* Excluding nuclear plants.



transmitted adds Rs. 6,000 million. The overall cost of the Rural
Electrification Program over the next 10 years is about Rs. 42,000 million
($3.7 billion) which {s about 15 percent of the WAPDA budget.

4.4 Svstem Efficienc+

Losses in the system and consumption by power plant auxiliaries exceeded 30
percent of energy generated in 1982. Power plant auxiliaries accounted for 2.6
percent and the remainder was in the transmission and distribution system.
Over 60 percent of the losses are in the distribution system. Efforts in the
past 3 years have reduced losses about l percent per year. Reducing losses by
replacing overloaded lines and transformers, adding capacitors and improving
some design and construction practices 1s a good investment saving energy and
deferring capital investment for generating capacity. A program to reduce the
losses can effectively increase System generating capability at significantly
less cost than for new generating plants. If it is assumed that distribution
System losses are proportioned to energy consumed, the existing rural
distribution system would contribure about 30 percent of the total distribucion

losses.

A loss reduction program in the distribution system appears to have been given
little attention by WAPDA in the past. Capacitors to improve power factors are
in use in many places and other changes in design anu comstruction practices to
improve efficiency of the systam seem to be getting attention. Losses charted
by distribution circles visited ranged from 12 percent to about 40 percent,

These were not segregatad between technical and administrative losses, sc the

extent the technical losses in high loss areas 1is not known.
There are two benefits from reducing the technical losses in the system:
- Less fuel is consumed at the power plant to be later dissipated as IZR

losses in the system. This factor is becoming increasingly important

as the use of 0il in thermal generation increases.



- Less high capital cost generating equipment 1s required to overcome

these losses.

Cost analysis for specific improvements calculated by USAID as part of its
rural electrification support program show that the investment for improvements
is recovered within one year if energy saved is 20 kWh per dollar spent (which
might be typical of that associated with such measures as replacing undersized
transformers). The equivalent o0il saved in thermal generation resulting from a
5 percent reduction in system wide loses would be about 100 thousand
barrels/year at present demand levels with roughly 30 percent of this

attributable to the rural sector.

Also, it is estimated that a 5 percent reduction in losses would be equivalent
Lo increasing system capacity by roughly 125 MW having a value of Rs. 1562
million ($125 million) assuning new generating capacity at Rs. 12,500/kwW
($1,000/%W) .

The financial impacts of line losses are seen to be considerable and
preliminary analysis indicates very favorable cost/benefit ratios for programs

geared to their reduction.

Lt should be emphasized that the Rural Electrification Program as now being
implemented appears to be following reasonably good utility practice and should
not be contributing disproportionately to increasing line losses. This will
become ever more the case when line extensions are done in accordance with the
Master Plan now under preparation which will insure that lines are sized for
future as well as present loads. The major thrust of line loss reduction
program in rural areas would, therefore, be directed toward upgrading existing

lines, many of which are undersized and use poor comnection practices.

4.5 Management and Operations

The major question on the ability of WAPDA to sustain a program of electrifying
3000 villages 1is probably whether sufficient funds will be available. If funds

are available for both the extension of the distribution system and the
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5.0 BENEFITS OF THE RURAL ELECTRIFICATION PROGRAM

Considerable costs are associated with implementing the rural electrification
program; however, these costs are counteracted by many benefits resulting from

the program including:

- Increased small scale rural industry

- Increased agricultural productivicy ' .

- Reduced consumption of kerosene and diesel fuel in rural areas
- Social and political programs

Increased agricultural productivity is most important. Jver 6 percent (2.8
million acres) of the cuitivated land in Pakistarn is now either totally or
partially irrigated witch electrically driven tubewells and a somewhat larger
amount by diesel driven tubewell pumps (many of which may be converted to
electricity over the coming years). Tubewell irrigation is one of the reasons
Pakistan is now self-sufficient in food and is increasing agricultural experets,
The incremental value of Crops grown as a result of electrified tubewells is
estimated at becween Rs.2.45 billion ($191 million) to Rs.6.0 billion (5468
millicen). This alone is felt to be suificient justification ‘for providing
electricity to Pakistan's rural areas. However, in addition, the reducticn in
petroleum imports as a result of substituting electricizvy for kerosene and
diesel fuel are projected to remain positive even in the face of increased
thermal power generation from oil. When combined with the other, albeit less
quantifiable benefits, the value of the rural electrification program in

Pakistan is considerable.

5.1 Industrial/Commercial Benefit

Electrifying a village does nocr, of itseli, cause irmediate industrial
development. Many other infrastructural, and marke: factors are raqguired for
develcpment of industry. However, electricity mav increase affective disposable
income in a village by freeing time, reducing the cost of lighting and mctive
power, and providing additional hours in the evening fcr procuctive work., Also,

electricity often triggers the demand for electric goods. These effects create



the opportunity for additional cash flow in the econonmy which eventually fuels

cottage and small-scale industrial expansion.

Electrification of villages not only electrifies villages, but brings
elecrriclity to the rural areas. This makes possible the development of
small-scale industrial activity throughout the region and not only at the

village level,

The largest share of rural cottage industry develops arnund agriculture. Local
people own and operate oil expellers, flour mills, saw mills, rice huskers,
cotton gins, fodder cutters, and tobacco grinders. Other industrial/commercial
applications for electricity include small cafes and local shops, blacksmithing
operations, sawmills, woodworking, small-scale embroidery, carpet weaving and
tailoring shops. Interviews with government miniscry officials and WAPDA
officials indicated that if roads and electricity were present, swmall scale
industrial and commercial activitvy of this sort would anpear spcntaneously
within one to two vears. However, field work findings suggest that the most
likely development path is the conversion of existing diesel-operated =2quipment
te alectric equipment. If this equipment is not already present in a village
when it is electrified, the village probably serves primarilv as a residencial
center and nearby commercial villages will provide for the above services.
although less likely, development of the above operations direczly in an
electrified village does and will occur, particularly if the commercial centar

which presently provides services is some distance away.

Electricity is very useful to these cottage industries. Electricity is used in
the above operations principallv to provide iighting and to power a moctor. In
addition, blacksmiths indicated their intent to use it fsr welding equipment.*

Based on a variety of previous studies, <he cottage industry and small

y -

* One use for electricity not mentioned is electrifying sugarcane crushers.
The economics of doing so are extremely favorable; however, a Rs,10,000 tax
is levied for this conversion, in support of state owned sugar mills,
making the conversion unattractive.
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commercial users of electricity in Pakistan receive an excess of value from the
electricity they purchase of between 100 and 200 percent of the cost of che
electricity.1 Table 5.1 presents an example of the financial benefits to a
diesel operated unit of converting to electricity. For this operation,
electricity will reportedly double profit. Also, for some small-scale
industries, (for example, brick making), electricity makes possible two and
three shift operations. All of these benefits frem rural electrification flow
back as wages to the local villages, from which the industries recruit cheir

workers.

The supporzing infrastructure strongly influences the development of anv of the
above cottage industries. Zlectrizity and roads are equally imporzant to
development. Capical is the next most important requirement. Education and
training and finally the presence of an appropriate entrepreneur are other

important elements.

It was found during village inspections that aun infrastructure adequate €2
suppor: the development of cotiage industries is present in most villages which
will be candidatas for electrificaticn in the next few vears. Roads for cottage
industries are acceptable and capital is generally adequate or obtainable.
dowever, 1f small-scale industries are to develop, hard top roads mayv be
necessary,

Capital comes from two personal sources - past profits and resale of the diesel.
For cottage and some small-scale industries, capital is also available from
Pakistan workers in the mideast. Returning workers often desire tc sertla in
their village and; therefore, often send money to be invested for them in a
family business Sy their nale relatives. Contrary ro some reported
expectations, the majority of the mideast workers iavest their wages
productively. Thev aay invest in land or transport equipment, but they also

invest in all of the previously mentioned cottage industries. One cf the

1

FIXRI and Associates, Rural Electrificaticn District Mascer ?lan: Pishin,
1

p..9.
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PROFITS FROM RURAL DIESEL OPERATED SAWMILL AFTER ELECTRIFICATION

Present Profits

Rs.50 per day: 1,500 Rs./month

Expenses ~ Diesel

Maintenance:
Rs.550 per month

Fuel: 1
Rs.100 per day

Expenses - Electricity

Maintenance:
Assume 50% of diesel; Rs.275 per month

Fuel:
Consumption
~Lusumpcon

(100 Rs./Dav) (18,408 Btu/Liter) (.3 Diesel Efficiencv)

. . .2
(2.85 Rs./Liter) (3415 Beu/%h) = 56.7 kWh/day

Kwh Charge
(56.7 xWh/day) (.63 Rs./kWh) = 35.76 Rs./day
KW Charge
(22 Rs./kW) (20 HP) (l/1341 WW/HP) = 328 }s. /Mo,

Increased Profits, Before Taxes and Capital Charges

(Rs.550~-Rs.225) + (30 days) (100 Rs./day-35.76 Rs./day) - (328 Rs/Mo.) =
1824.2 Rs./Month

Total Profits

Present Profics:1500 Rs./Mo. + Increased Profits:1824.2 Rs/Mo. =
Total Profits: 3324.2 Rs./Mo.

| S , - , .
Information from local interviews.

2
Zquivalent consumption of electriec motor replacing diesel mecor.


http:Rs./day-35.76

benefits of rural électrification is, in fact, to make this type of investment
possible and to thereby encourage the application of mideast wages to productive
applications. It is true that mideast workers often buy luxury goods - radios,
TVs, refrigerators - but often these are an additional source of gain from

resale.

Capital may also be procured from banks. For the cottage~scale industry the
Agricultural Development Bank of .Pakisctan has a program of '"bankers on
motorcycles.”  Their agents are given responsibility for covering a4 specific
region and meeting regularly with clients and potential clients. They can make
loans for agro-based industries, but are not coumonly asked to do so by
villagers, Most firancing of these cottége Industries still develops from

personal resources, and not from loans.

The next element in the required infrastructure, education and training,
probably is in short supply. However, each province operates training centers
for the more common handicrafss - embroidery, carpet weaving, woodworking ~- and
these are reasonably effective. The Agricultural Development 3ank, under its
previously mentioned '"bankers on motorcycles'" program also provides some advice
to local Zarmers on how to establish any directly agricultural cottage industry,

such as rice husking or flour milling.

Effective @ntrepreneurship is also probabiy in short supply. However, taam
interviews with local village headman, shop owners, and craftsman indicated that
they were formulating plans for the productive use of electricity. Even scre
individuals not presently operating a cottage industry had plans for developing

one. If given a chance, many Pakistani are good businessmen.

Rural electrification also affects small-scile industry. 'Small-scale" industry
is defined as industrial units w.th less than Rs.3 million of equipment and
working capital. However, the average size of these firms is only Rs.140,009
and 80 percent emplov fewer taan 10 people. The major types c¢f small-scale
industries uare workshops for repair of equipment, carpet centers, metal
fabricators, woodworking shops, onvx carvers and textile, hosiery, towels,

tents, garments, appliances, Zootwear, glcves, surgical goods and sports goods

[¥]]
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producers. Following electrification, workshops for tractor repair, and light
metal fabrication for locally used products (doors, for example) are the first
small-scale industries to develop. The others will follow, but will require

more time,

The GOP is trying to encourage the development of small scale industiial units
in rural areas for many reasons. Due tn its effects on exports and imports,
small-scale-iﬁdustry has more importance in the national economy than might be
expected., Small-scale industry employs 85 percent of the industrial work force,
20 percent (in 1979) of its production is exported, and fully 47 percent of
manufactured exports are produced by small-scale industry. Also, its average
capital requirement per job 1is less than one-tenth of the average capital
requirement of large-scale industry. The extension of these industries to rural
areas will eventually accompany tubewell developments as one of the most
valuable benefits of rural electrification. As can be seen from the preceding
statistics, they are a boost to employment and an excellent producer of foreign
exchauge. However, electrification is a primary catalvst for developing these

industrial activities.

In order to encourage the rural development of these industries, the "Small
Industries Corporation" 1is developing "industrial estates: and (at federal
request) attempts to locate them in rural areas. A Small Industries Corporation
1s associated with each provincial government and provides support to smatil

industry in each province.

Interviews with the Smzll Industries Corporation and Sumall Business Finance
Ccrmoration in each province, have provided information which suggests that
education and training, entrepreneurship, and capital are prebably sufficiently
available to promote the growth of small-scale industry in rural areas. Each
Small Industries Corporation offers training programs for potential workers at
these facilities, and offers free consulting to potential entrepreneurs on the
process for setting up a facility. It also provides refearals to the Small
Busiress Finance Corporation and other sources of credit. Terms o: credit are
quite liberal; 9-11 percent interest, 5-year repayments on secured loans, and

collateral is not seized for 5 to 7 vears Iif loans are ncot being repaid,



However, it was indicated that even these larger businesses remain primarily

(70~80 percent) financed by equity from the owner, %is family and/or friends.

However, the absence of electrification, the lack of hard surfaced‘roads, and
the distance from markets for its products and supplies discourages small-scale
industry from locating in regions far from metropolitan centers. In discussions
with the Ministries of Local Government and Rural Development at both the
federal and provincial level, it was made clear that high priority programs
exist for extending hard surfaced roads, schools, health services, and water
supplies. Therefore, although electrification is only one element required to
promote rural small-industries developmen:, iv is critical and needs to be
supplied to wmatch the programs of extending roads and ¢ .her services. It is a
required element, and its introducticr 1is one wmore step towards increased

industrialization of rural Pakistan.

Large~scale industry is also affected by rural electrification. Briefly, large
extractive industries, concrete, and large agricultural processors all benefit
from rural electrification. fowever, large industry is not generally dependent
on electrification of rural areas as special lines will be strung to these
facilities if raw materTals and other factors favor development of a large~-scalie
industry in the rural area. In fact extending the rural grid mav be a negative
benefit for sone large industries if the increased load on the grid systam
carsed by rural electrification increases the need Zor load shedding. Due to
widepsread load shedding, large industries rnow routinely install back-up
generation, a direct economic loss. The overall effect of rural electrification

on large-scale industry is, however, comparatively minor.

In summary, both villages and rural electrification positively impact cottage,
small-scale, and to some extent large-scale industry. However, during the firsc
few vears following electrification of an area, probably 95 percent of the
produ .ve benefits resul: from increased tubewell dependent agriculctural
production and only 5 percent Irom industrial and commercial effeccs. These
benefits ars, however, quite important. Rural industrial growth is of value in
promoting exports, and in reducing the impert of vegetable oils, consumer gocds

and other products, and all of this growth requires electricity.
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5.2 Agriculture Benefit

5.2.1 Importance of Electricity to Agriculture

Rural electrification impacts positively on agriculture if production can be
increased or costs reduced. In Pakistan where 72 percent of agricultural
production is dependent on irrigation and some 14 percent of this on tubewell
water it was found by Dr. Mohammad Ruafl in a study corducted in 1979, that use
of electricity to

power tubewells (Table 5.2) was the single most important use mad: of
electricity in the agricultural system and rural area . In fact WAPDA reporcts
that it accounts for about 23 percent of total electrical cotisumption. This was
certainly largely promoted by the fact that the rural electrification program
was administered as an adjunct to the promotion of tubewells during the seccnd

and third Five-Year Plans.

TABLE 5.2
AGRICULTURAL USE OF ELECTRICITY (NO. OF RESPONDENTS)
Rice-
Irrigation Tube=- Husking Poultry
Targer Area Pumps wells Plants Farm
Rawalpindi - - 2
Lahore 4 41 7 2
Hyderabad 1 54 - -
Thatta - 3 8 -
Peshawar = - 3 1
Total 5 100 18 5

In addition to the overshad?wing importance of electricity to power tubewells
found electricity as oy Ruaf ', and by our teanm during {isld inspection, is usad
to power cottage tvpe flour mills, rice nusking plants, saw mills, oil expellers
and blacksmith/mechanic shops. All of these activicies are important to improve
the rural life and support agriculture in the area and do aid in maintaining the
emplovment level in agriculture. Since tubewells represent the single =ost

impertant use of electricity in the rural sector demenstrating the eccnomic

l N c e ) - A
Source: Rural Electrification in Paxistan, a Socio~Zconomic Impact Study,
Dr. Muhacmad A. Rauf, July 1979,



benefits of this electrical use provides major support for the rural
electrification program. 1In this section, the contribution tubewell water makes

to agriculture and the economic benefits derived from its use are discussed,

5.2.2 Importance of Tubewells to Agriculture

It is reported that at June 1982, about 194,000 tubewells had been installed in
[Pakistan (Table 5.3). Of these, about 180,000 cubewells have “een installed by
the private sector and the remainder by the public sector Salanity Control and
Reclamation Project (SCARP). This tubewell water is used to irrigate new land
areas as well as supplement water in canal serviced regions. It is reported in
USAID's Agricultural Data Book that tubewell water does irrigate 2.86 million
hectares (7.06 million acres), and accounts for l4 percent of the cultivable
area In Pakistan and 20 percent of the total irrigated area. It is estimated
that electric tubewells account for 40 percent of the tubewells presently and
this represents 2.82 million irrigated acres or 6 percent of total productive
acreage. It is not cleay whether this 2.82 million acres is totally irrigated
by tubewells or supplementally irrigated by tubewell, However, using the
increased return to land, labor and capital attributed to irrigating with
electric tubewells for wheat and rice (winter and sumwmer crop, respectively)
where water is assumed to be 100 percent supplementary to canal watar (Table
5.4) the increased agricultural output would be equivalent to Rs.2.45 billien
($191 millfon) per year. In the case where the water is assumed to be 100
percent of the irrigation water used (Table 5.5) the increased agricultural
output would be equivalent to Rs.6 billion ($5468 million) per vear. The actual
benefit likely lies between these extremes. Lf the wheat and rice represented
by the production from electric tubewell water had to be imported at

international prices, it could cost consumers between 35 and 90 percent more.

5.2.3 Economics of Tubewell Water for Agricultural Production

Agricultural production in Pakistan, due to climatic conditions is limited to a
single growing season without irrigaticn water. Use of irrigacion water peraits
increased vields of rain fed crops and pernits at least double crepping in many

areas of the country. The use of tubewell water plays an important role in
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TABLE 5.3

NUMBER OF TUBEWELLS IN PAKISTAN - JUNE 1982

Private Public Grand
Province Elec. Diesel Total Elec. Diesel Total Total
_ iPunjab2 53,673 107,566. 161,239 10,047 140 10,187 171,426
SIND 4,965 2,445 7,410l NA NA 2,7415 10,151
3
N.W.F.2. 3,782 582 4,364° 6200 13gt 658 5,022
BaluchistanA 3,240 3,793 7,033 70 60 131 7,164
Total 180,046 13,717 193,763
Source: L Agricultural Statistics of Pakistan, Ministry of Food
and Agriculture, GOP, Islamabad.
2 Agricultural Department, GO Punjab, Lahore
3 Agricultural Department, GO N.W.F.P., Peshawar
4 Agricultural Department, GO Baluchistan, Quetta
5

WAPDA, Lahore
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Pakistan agriculture as it supplements canal water in areas like Punjab and is
the primary water for irrigation in areas like Baluchistan. Also, it provides a
means for control and flexibility in the use of irrigation water supplies.
Control and flexibility is important if you keep in mind the conceptual link
between soil, crops, and water requirements in relatiecn to temperatures, evapo-
transpiration and stress in selectad periods of the growing season, which will
result in sub-optimal vields and production if not satisfied by water
applications to root zones at the right time. Extreme climatic conditions. nan
cause drastic fluctuations in water demand in periods as short as one week,
where crop requirements may exceed rainfall supplies or a combination of
rainfall and canal water supplies as is the case in many areas of Pakistan.
Canal water (a major source of water in Pakistan) provides limited flexibility
to farmers in controlling water supplies because of a lack of storage
capabillities cutside the government - administered dams and reservoirs; thus,
tubewell water acts as demand water, in the sense of supplementing canal water
supplies in ctransient peak demand periods. Of course, where no canal water
exists tubewell water is the main supplement to rainfall. Tables 5.4 and 5.5
set forth vield estimarasg undar acn-irrigated, irrigated with canal water and
irrigated with suppiemental tubewell wate: conditions. This information shows
that for most crops irrigation water increases vields significantly. Of course,
the increased yields are not only associated with the increased use of water,
but also with the use of improved seed, better fertilization practices,
pesticide control, bettar scil preparation and similaer improved production
practices. On the other hand if the water did not exist the other improved
practices would probably not be possible. Therefore, the irrigation water is
important and is likely the 1last input to be eliminated 7 price/cost
relationships for agricultural commodities force the farmer te use fever
purchased inputs. 4lso, in Tables 5.4 and 5.5 data has been set forth in an
effort to understand the benefits of electrically driven tubewel!ls vrnder the two
predominant agricultural situations for irrigation water use in Pzkisran. Table
5.4 sets forth the situation when tubewell water is used as a supplement to
canal water such as in Punjab and “IND and o a certain extent in NWFP. Table
5.5 sets forth the situation when tubewell water is used as a supplement to

rainfall only, such as in Baluchistan.



The primary reason for developing this data is to try and understand the
comparative advantages of diesel tubewells to electrically driven tubewells. An

examination of the data developed leads to the following cbservations:

- From a national perspective connecting new tubewells to the electric
grid 1s more beneficial than connecting existing diesel tubewells to
the grid. In both situations examined tubewells (diesel or electric)
created increased return to land, labor and capital. At present
electricity rates the electric tubewell contributed more than the
diesel. For example, in the case of tubewells in areas where canals
did not exist (Table 5.5), the diesel and electric tubewells increased
Per acre returns to land, labor, and capital on wheat by Rs.564 and

Rs.793, respectively.

The electric tubewell contributed Rs.229 @more than the diesel.
Therefore, by connecting a new electric tubewell to the system Rs.854
are generated per acre while replacing a diesel with an electric motor
provides an incrementzl gain of Rs.229. This leads to the conclusion
that connecting new tubewells to the electric grid is more beneficial
nacionally than electrifying existing diesel engines. Of ccurse any
farmer who can cut his costs by electrifying his tubewell will be

interested in doing so, but this may not be the national choice.

- Returns to land, labor and capital by installing an alectric tubewell
in 2n area with canal water (Punjab) is still higher than in a
ror-canal water area (Baluchistan). For Example, in the case of wheat

the return to land, labor and capital using an electric tubewell for

supplemental wa=er wvs. using an electric tutewell as the primary

P

rrigation source is Rs.l214 (Table 5.4) and Rs.1053 (Table 5.3),
respectively. The primary reason is that in the canal areas, small
quantities of tubewell water are used/acre; therefore, its cost is a

smaller portion of the purchased input costs,
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- Return to land, labor, and capital on an incremental basis 1s higher
when a tubewell is added in Baluchistan than 1in Punjab. For example,
in the case of wheat the incremental return to land, labor, and
capital using an electric tubewell for supplemental water vs using a
tubewell as the primary irrigation source is Rs.368 (Table 5.4) and
Rs.793 (Table 5.5), respectively. The primary reason 1is that

productivity in Baluchistan is increased much more than in Punjab.

- Returns to land, labor, and capital without a tubewell in Punjab 1is
less than in Baluchistan where a tubewell is operating. For example,
in the case of wheat, the return in Punjab without tubewell water is
Rs.846 (Table 5.4) vs. Baluchistan where with a tubewell, the return
is Rs.1053 (Table 5.5).

5.2.4 Impact of Increasing EZlectric Rates to Tubewell Irrigators

At present the electric rate for electricity supplied to tubewells is only
Rs.0.23/kWh in Punjab and Sind, and R2s.0.16 in Baluchistan and N.W.F.P., The very
low rates provided to the tubewells must be subsidized by other sectors;
primarily commercial consumers. They are also well below the zarginal costs of
power from either oil Fired or coal fired facilities which are estimated ar
6-8c/kwh (Rs.75/kwh=-Rs.l/kwh). Therefore, increasing the rates to the tubewells
would improve the financial viability of the whole WAPDA system. It would also
encocurage improved irrigaticn practices by making electrically powared supplied

well water more expensive.

As is shown in Tables 5.4 and 5.5, the cost of electrically powered tubewell
water is approximately 9 to 10 percent of a farmer's total purchased input coscs
in areas where tubewells are used to supplement canal water, and approximately
33 to 47 percent in areas where tubewells are the exclusive source of irrigation
water,

In both cases the variable cost per kWh is approximately 22 percent of the total
cost, including both fixed and variable costs, of operating a tubewell. Hence,
the variablie cost per kwh is only 1 to 4 percent of total purchased input costs

in "supplement" areas and 7 to 10 percent in "exclusive" areas. The benefic of



having tubewell water is so great (Tables 5.4 and 5.5) that increasing the
variable cost per kWh for electricity would not make tubewells unecononic for
the farmer. In fact, it should encourage more conservative use of water, and
consequently it may not prove to affect his costs even as much 23 the above

percentages suggest,

The effect of doubling, tripling, and even quadrupling rates has been tested in
a sensitivity analysis. This appears on Figures 5.1 and 5.2. From these
figures, it may be seen that the rates of incremental benefits from using
tubewells to the incremental costs from using tubewells is always more than one.
In fact, at present rates, it ranges from 3.5 to 20. By contrast, the
incremental benefit to incremental cost ratio ("B/C") for diesel tubewells
ranges from 1.l to 9.0. \YNot surprisingly, in areas where the 3/C rario for
diesel is quite low, they are not much used. Baluchistan for example, where
irrigation in some areas must be provided exclusively from tubewalls, does not
have many diesel tubewells. On Figures 5.1 and 5.2 the 3/C ratios are shown for
electric tubewells assuming increased costs per kwh. Even quadrupling the rates
does not cause the B/C ratio on electric tubewells to fall as low as the B/C
ratio on diesel tubewells. Hence, the rates can be raised considerably without
making tubewells uneconomical. Farming in Pakistan is not so profitable that
quadrupling the rates would be accepted without protest, or is it either
necessary or probably desirable. However, even if the electric vates were
doubled, the benefit to cost ratio of electric tubewells would still te almost

twice the B/C ratio for diesel tubewells.

5.2.5 Comments on SCARP Wells

The above observations pertain to the private tubewells where their operation is
contingent on favorable economics to the users. The situation relative to the
public seccor SCARP wells is quite different. These wells are operated by the
provincial Irrigation and Power Departments. Even at present electric rates the
operation of the SCARP wells abscrb a large share of the budgets for these
departments reducing the resources to undertake other necessary functions,

primarily maintenance of the vital canal svstem.



< — NN mMmIzmcoe

Lo n

Q v~ > 2D

20 o
19 1 \\\
\\
18 N\
OilLL B/C RATIOS ("m”
17 \\\_ TNCLUDED FOR RFEEB_ﬂQE—l
16 COTTON =eeeccmmaanns E\\
O
15 N

/

14
13 ] \
12 1 O\
1i ™~
10 \\\\\ED
¢ 1—a (coTTON)  ©
g WHEAT ---?j?:?\\\\\
\\
7 O«
- O. T
& ; \\‘ \
iy ~
5 4 RIZE wmemeooocel Y O—_
i ~ -
0 T
4 [ {WHEAT) \\“\ o 0
T {nicey
23
R
RATE CHAMGE:  PRESENT DOLCLE TRIPLE UACRUPLE
Rs PER wwn: .23 , 46 .h9 e

TUBLGCLIL PATES FOR 2hal 1,0

Figure 5.1

IMPACT ON BENEFIT/COST RATIO OF CHANGING ELECTRIC RATES FOR

TUBEWELLS SUPPLYING WATER SUPPLEMENTING CaNALS

wn
1

b

~J



20
19
18
| CILSEL B/C RATIOS (")
INCLUCED FOR REFFREN:E
g 16
3 ;
sos
£
SRR
Iy
| |
L2
0 gy
C ‘
50
S «
r 5 o
] 8
A 7 COTTON ==mee-s
! ™~
0

O

/
Leicormon & T~

31 T~
, E,' ens / \8 b\\-\t —_
© o (WHEAT) /el Pice ——
P RicE) —0
— . :
RATE CHANGE:  PRLC%ENT DOIHLE TRIPLE DLADRIPY £
Rs PER KuH: .23 36 £9 97

THEEWELL RATTS FOR auAp yste

Figure 5.2 IMPACT ON BENEFIT/COST RATIO OF CHANGING ELECTRIC RATZS FOR
TUSEWELLS SUPPLYING ALL IRRIGATION REQUIREMENTS

5-18



This reflects a combination of the uneconomical rates charged for water from the
SCARP wells and the fact that many are operated extremely ineffliciently (poor
maintenance, plugged intake screens). The inefficlencies are further
promulgated by very strong unions which inhibit implementing good 0&M practices
on the pumps. For these and other reasons the GOP is being encouraged tv donor
groups to turn over operation of these SCARP wells which provide irrigation
water* to private sector owners.

L
These SCARP wells are a higher percentage of the electricity used in pumping
than their number wonld indicate since they have average capacities 2-4 times
those of most private tubewells. consequently, also from an energy policy point
of view the process of turning over the SCARP wells to private owners with a
financial stake in efficient operation should be encourazed. This will also

result in shutting down those wells which no longer serve a useful function and,

therefore, can't be *vansferred to private owmers.

5.3 Impact of Rural Energy Consumption

Energy in the rural sector is used primarily for cooking, lighting, and heat,
and low-speed diesel power for pumping. 1In the rural sector of Pakistan, the
forms of energy predominantly used for these purposes are wood, dried dung,
kerosene and diesel fuel. In some instances charcoal 1s used for cooking and
heat.

In more than six electrified villages wvisited, electricity was not a major
factor in cooking or heating as it is more expensive to use electricity than
obtain wood or dired dung. In all visits to non-electrified villages, 1t was
asked if thev would use electricity for cooking or heating and the answer was
nest often no. These findings are consistent wich findings of other studies
reviewed. A recent Resources for the Future repor:,l analyzing the role of
rural electrification in development, states: "electricity 1s not often a

substitute for wood or durg in heating or cooking."

- - N . - . -
* Scme SCARP wells pump saline water from the ground table which is unfic for
Irrigation purposes. These weils would remain in the public sector domain.

o

Role of Rural Electrificzrion in Develcpment Discussion Paper D-73#,

Resources for the Future/Washington, D.C.



It should he noted that, in general, the use of electricity for cooking or
heating should not be encouraged particularly where a significant portion of
power generation is by thermal means. One reason for this is that fuel
consumption in rhermal power plants will be at least twice that which would
oceur 1if fuel is consumed in the end use devices (stoves, furnaces, ete.). In
addition, the thermal loads associated with cooking and space heating are very
large and would require significant increases in electric generating capacity

and the distribution to serve the demand.

The introduction of electricity, as mentioned, displaces petroleum in two

principal ways:

- By replacing the very inefficient use of kerosene in lamps used for

lighting;
- By replacing low speed diesel fuel used in diesel pumps.

The displacement of imported petroleum products in these two functions has often
been the major economic benefit ascribed to individual rural electrification

projects.

A first cut analysis summarized in Table 5.6 indicates that presently rural

electrification displaces about 1.7 X 106 barrels of oil annually having a value
of about {51 million. This could increase to 4-5 x lO6 barrels annually by 1988
with a value of about $159 million, if WAPDA's goal of 50 percent saturation is

achieved,

At present only 2 percent of WAPDA's power generation is by 0il. Therefore, any
displacement of petroleum in the field is a NET displacement since minimal oil

was used in the power generation process.

The situation will, however, become more complicated in the future as increased
power generation relies more on oil due to constraints on additional use of
natural gas, WAPDA projections indicate that roughly 43 percent of thermzl

generation will be by oil by 1988. By this time roughly 8,8 x 106 barrels of



TABLE 5.6

ESTIMATED PETROLEUM DISPLACEMENT RESULTING
FROM RURAL ELECTRIFICATION

Per Unit Fuel Total Fuel
Approximate Displaced Displaced
Number (Gal/Year) Gal/Year Gal/Year
1982 6
Lights (households) 585,000 53 31 x 10 738,000
Pumps 22,000 1,823 40 x 10 952,000
1988 6 5
Lights (households) 1,500,000 53 79 x 10 1.9 x 16;
Pumps 40,000 1,823 73 x 10 1.7 x 10°
Assumptions:
- Average village size is 200 households; 15% saturation in 1983
increasing to 50% by 1988,
- Village added at rate of 3,000 per vear,
- 2/3 of pump connections are diesel conversions.
- Typical household kerosine usage is 200 liters/year.
- Typical diesel pump fuel usage is 6,430 liters/year + 509 liters of

oil.
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0il will be consumed in power generation. This estimate is, however, subject to
revision if coal utilization in power generation is accelerated as the result of

recent studies undertaken by WAPDA and USAID.

With a velatively modest percentage of total power generation by oil, the
petroleum displacement value of rural electrification would still be clear if
the only functions of rural power was to substitute electric motors for diesel
engires and electric lights for kerosene lamps. This is, however, not quite the
case. For example, only about 20 percent of new tubewell connections are used
to displace diesel drive systems. Rural electrification, therefore, creates
demands for energy which are consistent with increasing rural productivity and
improving living standards. To satisfy loads which are not presently served by
kerosene or diesel fuel will require the net consumption of o0il at the point of

generation,

Lt appears, however, that there will be a net displacement of imported petroleum
. . ) 6

even consildering the above factors since only 20-30 percent of the 8.8 x !0

barrels of petroleum estimated tn be used in power generation in 1988 will be

due to rural loads.

5.4 Social Benefits of Electrification

Ir acdition to the ecconomic benefits of electrification that arise frem
agriculture and industry, a variety of less-quantifiable, but never-the-less
valued benefits result. These benefits are related to enjoyment of electricity,
improved emplovment, environmental improvements, foreign exchange savings,
reduced urban migration, reduction in birth rate, and increased political
awareness. Although these are less quantifiable, still there ars Zacts which
give information on these assumed benefits. However, not all of these assumed

benefits appear to actually materialize. A discussion of each benefit fellows,
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The most fundamental fact 1s that the people want electricity and the
demonstration of that fact is, they spend ! to 10 percent of their inccme on
it.l In addition to its immediate benefits for lighting, TV, radio, fans, and
domestic appliances, electricity also is valued in schools, health clinics,
mosques, for street lighting, for enhancing villager's sense of security, and
for provoking modernity. These additional benefits are 2ven less clearly

attributable to

electricicy. They undoubtedly exist, but are difficult to measure. A sense of
modernity, a sense that the people can hope that their lives will improve, can
in fact result from almost any improvement in village infrastructure.
Electricity may not be essential for health clinics, nor is its oresence alone
sufficient to make a particular village attractive to a doctor or health
practiticner but it helps. Therefore, the benefits listed above should be at

least partially credited to electrification.

improved employment is a zore tangible benefit. Statistics related to this must
be formed from a very careful research plan to assess correctly cruse and
effect, but it is at least suggestive that occupational changes are three tipmes
more common among 2lectricity users in Pakistan than among non-users. Also, 45
percent of those electricity users changing occupations say that che change is

attridbutable to electricity.

In association with enployment, ZIncome appears to inprove, and the nagnictude of
the improvement is proportionate to the period that the village has been
electrified. Also, there is evidence that this income improvement 'trickleas

down' even to non-users in an electrified viliage.

l Rauf, Dv. Mohammed A&., "Rural Electrification in Pakistan - A
Socio-Economic Impact Input Study," Deparczent of Anthropology,
Quaid-i-Azam University,

Islamabad. Calculaction based on data on page 73,

Ibid, Ruf - based on data on page 67,

3 Ibid, Rauf - based on data on page 76.
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In general, these improvements are attributable to lenger working hours and

improvement in the productivity of capital goods. Based on village interview
information, electrifying a diesel powered sawmill/cotton gin/flour mili unit,
cculd more than double daily gross profits; see Section 5.1, Table 5.1l. Also,
interview information suggested that electrifyiny these types of facilities

would increase employment at the facility from 25 to 50 percent due to longer
working hovrs., Iun fact, at a brick-making tacility visiced, electrification

tripled employment (from 15 to 45) due to running three shifts,

The major energy related environmental problem in Pakistan is deforestation and
erosion caused by fuel wood gathering for cooking and heating. Generally,
electrification of rural areas does not result in displacing wood as a cooking
and heating fuel so the argument that rural electrification does bring about
environmental improvement is not substantiated. In fact, in Pakistan, villages
that have been electrified for a number of years still use wood as a prominent

fuel source.

The substituticn of kerosene and diesel oil by electricity for lighting and
motive power are the sin,:.2 most lnportant areas where foreign axchange gains
are likely to be made from the Rural Electrification Program. TFor a detailed
discussion of the potential benefits in Pakistan see Secticn 3.3 of this report.
Basically, it is believed that net displacement of imported petroleum 1is scill
possible in Pakistan, but with an increasing share of central grid power ¢ocming
from imported oil, this benefit will be of decreasing importance cver the coming

vears.

Electrification is widely believed to reduce migration of the rural populatica
to urban areas, based on the plausible model that electricity improves village

life and, therefore, reduces the incentive to leave. Also, electrification does
increase emplovment opportunities and the lack of employment Is often cited as a
reason for aigration. Reduced migration could te a dramat:e benefit, as Xarachi
(for example) 1is growing at approximately 8 percent per vear, of which 4 percent
is atcributable to migration, and this is a major firancial and social bturden

for the city. The counter arguments to the above are that eleczrification leads



to the development of new skills by villagers, skills that can Ye sold for a
higher price in urban areas. Also, through media exposure, it creates new

aspirations which may lead to migration.

The actual evidence to suggest that migration is reduced by electrificaticn

4

alone is slim. Research in other nations found no such evidence, Some
evidence can be inferred from other facts about migration in Pakistan. In
Pakistan, it 1is evident that the population is fairly aobile. In one study, 21
percent of a village's residents were immigrants from other villages.5 In many
areas, seasonal migration is common. In the Katchucha Valley near Kohat,
Baluchistan, tremendous in-migration has occurred following electrification as
land that was formerly marginally productive is, with irrigation, now being
rapidly developed for orchards, where, onions, potatoes, almonds, and other
crops. Based on this mobility and the experience in Kactchucha, it is reasonable
to believe that villagers would be more likely to migraté from non~electrified

areas and more likely to stay in electrified areas.

Most villagers and village headmen interviewed on this issue firmly insisted
that the people did not wish to leave and left only because of the lack of
employment in the village. They also firmly believed thas electricity induced
employmert and eliminated migration. However, in a comparison study, non-users
of electricity in electrified villages were found to be negligibly more likely
to migrate than electricity users in the same village.6 Unfortunacely, the
studv does not provide a statistically valid indication of difference between

electrified and non-electrified villages in migration patterns.

There is no question, however, that overall "life satisfaccion" of villagers is
increased by electricity and that electricity is at least one component in
holding migration down.7 Various programs of the provincial governments aim to
provide six components of village infrastructure that are, in combination,

believed to be acequate to end migraticn: electricity, roads, drinking water,

World Bank, Rural Electrification: . world Bank Paper, 1973,

Op Cit, Ruaf - pzge 37.
Ibid, Rauf, page 40,

N W
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health facilities, education and rural industrialization. Electricity is an
important contributor to all of these except roads. Therefore, although
electricity may not in itseif be adequate to end migration, it is an element

that helps to reduce it.

The effect of electrification on birth rates is less amenable to statistical
analysis. Evidence from o*ther nations suggests that birth rates are lower in
electrified areas, but it is more reasonable to attribute that tc increased
income and development than solely to electricity, To the extent that
electricity contributes to development generally, it probably contributes to a

reduced birth rate.

Finally, electricity may contribute to the political awareness and unizy of the
people. It is true that users of electricity in Pakistan have greater exposure
to media of all types, particularly television.8 Also, rvepresentatives of locil
government departments indicate that, "roads and electricity are the cnly issues
debated in the local councils." It is true that in Pakistan the decision
regarding which villages are to electrified each year is made in a process of
participatory democracy that reaches to the grass roots level. 1In interviews
with villagers and viliage headmen, the role of Unien and District Councils in
bringing electricity to villages was discussed. The wvillagers generally
believed that these councils did determine where electricity went and the
villagers generally did attempt to influence their council represcntative,
Therefore, to this extent, rural electrification has wvalue 1in increasing the

participation of the people of Pakistan in political issues,

In summary, the social benefits of electrification in Pakiscan are real, to some

extent nmeasurable, and very important.

Ibid, Rauf, Basec on data on pages 43-45

Ibid, Rauf. page 38.



6.0 POLICY CONSIDERATIONS

The previous sections provide a broad overview of the rural electrification
program and technical, financial, economic, and institutional issues associatad
with its implementation. There is probably no other single activity whieh has
a wider range of both direct and indirect impacts on the economic development
of Pakistan. It directly effects a major portion of the whole energy sector
infrastruccure development needs’und has been, in part, responsitle for
Pakistan achieving self sufficienéy in foed. 1Its impact on contributing to the
social and institutional development of rural areas are difficult to quantify

but undoubtedly large.

The following section discusses some of the major policy issues identified as
part of this study and comments on how they are or might be addressed. Due to
the above discussed factors, these issues cover a wide range of tachnical and
institutional subjects and in large part, cannot be addressed solely by WAPDA
even though this organication has primary responsibility for physically

implementing the rural electrificarion program. As such, many of these issues
must be considered within the broader context of national energy and economic

development planning.

6.1 Village Selection Process Policv Options

Oction Definition

+

The major thrust of rural electrification in Pakistan is likelv tc remain the

village electrification program with associated electrification of tubewalls.
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been described in derail in Section 3.0. Here, scme possible modifica
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that process 2re discussed. Specifically, options related to whe chocses
villages and hew they choose them wiil be considered. in general, these
opticns involve either reducing the involvement cf the local and proviacial
governments or in some way changing the criteria used to select villages. The
optiens will be considered in detail but, ro summarize, neither are

recommended. & change in the vresent process would most ilikely onlv chaange the



order in which villages are electrified and would not change either cthe
villages which will finally be chosen for electrification nor the design of the

distribucion svstem that will finally result.

Change the Parties Involved in Selecting Villages

At present, villages for electrification are selected by a process which
includes both local and provincial governments, or even for the distribution

function to be taken on by cooperarives.

The cooperative approach to distributing electricity in Pakistan has been

reviewed extensively and has not appeared to previous researches to be a good
idea.(l) Similar attcmpts at cooperatives for tractors, water courses, credit,
and housing have not been successful. 3ased on this, the option of encouraging

cooperatives is not encouraged.

Giving WAPDA alone responsibility for village selection also is uadesirable.
First, WAPDA woul - obably be unwide to accept this responsibilicy. The
choice of villages will always cause some disappointzent and it is probably
preferable that this disappointment be defused in the local councils rather
than vented on WAPDA. Also, the political awareness benefits of the rural
electrification process, discussed in Section 5.4, would not exist 1if the local
councils are not involved in village selection. Finally, given the design
constraints th.ot will be created by the Master Plan, the choice of villages
will not alter :the desizn of the overall system, an 1ssue discussed in detail
in Section 3.0. Therefore, changing the present well-entrenched invelvement of

the local and provincial governments is not recommended.

Change the Basis for Choosing Villages

The basis on which villages are prasently selected is described in Section 3.0,
To sumparize, th: provincial governments try to electrify large villages near
existing transm.ssicn lines, while attempting to maintain an equitable

—
L. See WAPDA document, "accelerated Rural Slectrification Pregram".



distribution of electricity, and also attempt to develop areas that could
particularly benefit from electricity. The second two goals, maintaining
equitability and developing selected areas, are to some extent, antagonlstic.
The benefits of devoting more of the resources available for electrification to
the development of selected areas is contained in Section 6.2 on regional
development options. Here, using criceria 6ther than the present primary

guidelines of population and distance will be considered.

As discussed in Section 3.0, the Master Plan will define the design of the
distribution system, Also, the Federal Government has made a commitment to
electrify, in the next ten years, a very high percentage of rural villages.
Therefore, if the selection process were to consider new criteria, at the mos<t,
the order in which villages are electrified and not the final villages chosen
would be influenced. It is not clear that changing that order would be

valuable, not is it clear that changing the present criteria would do so.

At present, and also after the Master Plan is in effect, the provincial
governments are under strong pressure to electrify the largest population for
the least amount of money. JSince they operate with a fixed financial
allocation, they tend to atcempt to maximize the average population to distance
ratio of the wvillages they choose to electrify. One possible chenge in
criteria would be to attempt to measure the econcmic benefit of electrify.ng a
specific village and compare this with the cost of extending feeder lines to
this village. From that, a 'benefit-cost' ratio could be computed. However,
the economic henefit of electrifying a specific village within a specific
district is almost alwavs greater for villages of larger population. If
potential econcmic benefits are measured by the number of small industries,
number of tubewells, or even something as vague as the amount of entrepreneural
spirit present, in general, these characteristics will be proportional to
population. Hence, to a very great degree, the present process already selects
the villages in a district that has the best, "economic potential to cest of
electrification” ratio. Therefore, changing the criteria woeuld probably not

alter the actual order in which villages will be electriiied.

6-3



The emphasis on equity between districts does mean that in some cases villages
with poorer benefit-cost ratio in one district may be electrified before those
with a better ratio in ome distriet may be electrified before those with a
better ratio in another district are elactrified. However, equitable
distribution is a very important goal of the GOP and it probably will not be

abandoned for small economic benefits,

However, criteria purporting to measure economic desirability could be adopted.
The Asian Development Bank program does use such criteria, using the same data
WAPDA is presently developing for “ts Master Plan. To compute economic value,
they consider the primary benefits to result from oil displacement. However,
as discussed in other sections of this report, the o0il displacement benefits
will decrease as oil 1is increasingly used in power generatien. The major
quantifiable benerfit is ircreasing agricultural productivity which mav be
difficult to estimate on a village by village level, Hence, it is not apparent
that economic benefits can be any more accurately estimated than to sav they
are proportionate to population. Therefore, it is doubtful that using an
economic evaluaticn system would improve on the present approach. The Master
Plan is, however, gathering all the data on villages that would be required to

Support such a system.

Finally, given that the :ame villages will also be electrified under the Master
Plan eventually, it is not clear that electrifying those with strong economic
benefits first is necessarily desirable. "Strong economic berefits" implies
relatively heavy use of electricicy and it mav be better for WAPDA's overall
load for these heavy users to come-on-line relatively far in the future rather

than immediately.

As indicated above, despite its faults, the present approach for selecting
villages fer electrification encourages a high level of local participation
while imposing a certain degree of discipline on the preccess which tends to
favor theose villages with the highest economic potential. The Master Plar now
under preparation will provide further guidance to the selection process. 4ds a

result of the above, it is not clear that alterrative approaches which have



been considered would significantly improve the results and, therefore, no

policy changes in this area were identified.

6.2 Regional Developmen

Extention of the rural electrification system in Pakistan has been largely on
the basis of population equitv and distance from 11 kV or 33 kV feeder lines.
However, some regional development has been fostered via rural electrification
even though it has not been a criteria primary to deciding whers rural
electrification expansion will occur. This 1is because WAPDA presently
addresses regional development issues through a number of mechanisms including
tubewell irrigation programs, memdership con Federal and/or Provincial
Industrial Facilities boards, and activities associated with developing the

information for the znnual Power Market Survey,

WwAPDA involvemen: in these mechanisms brings about cooperative discussion and

information exchange with provincial and local authorities. This exchange

brings regional development intarests to the attention of WAPDA and together
-

with local authorities WAPDA ctries to effectively address longer range regicnal

development opporsuniriss,

The present program, while it does prcmote some regional development, has not
focussed on regicnal develcrment opportucities per se' and may require some
re-thinking by the GOP with respect to the allocarion of funds between and

within provinces.

Allocation Between Provinces

Applving strictly the preseat criteria of distributing rural electrification
betweer provinces largelv on the basis of population means that Baluchistan

receives a small budget for rural electrification in relation 0 it

wn

R
development potential.

* 90 percent of economic devalopment funds zre distributed berween orovinces
on the basis of population. The remaining 10 percent 1is distribucad
evenly between 3aluchistan and NWFP. Rural electrification fqnd11g in
these provinces is, therefore, at a somewnat higher level per capita tha

the national average



Baluchistan comprises 43 percent of Pakistan's land area and contains 15
million acres of cultivable land and is one of the richest areas in the country
in terms of its agrarian potential. For example, in Baluchistan a survey was
conducted to identify valley basins having sufficient ground water to warrant
development. This work identified 73 prima v basins that had sufficient ground

water resources to warrant exploitation,

Also, in Sind the Irrigation and Power Departnent in the Secretary of Planning
pointed out that large riverian areas (unexploited fresh ground water and land
resousces of about 2 million acres along the river) about 2 miilion acres of
unfarmed land exisred. It {s the provincial btelief that this area shculd
receive electrification so that tubewells can be established and unused
agricultural rescurces brought into production. Again this is an example of a2

regional development racaer than village Iocused electrification program.

The primary element required tc develop these areas in Baluchistan and Sind is
often exploitation of the ground water. To exploit cthe ground water refocusing
rural electrification away from villages and to ground water areas offering
agrarian potential would do zuch more to expand agricultural production (the
najor productive benefit occurring to elsctrificaction) rthan to replace diesel

tubewells with electric tubewells,

Many studies have indicated *hat regional development options based on
providing electricity mav fail o produce the desired results unless
effectively tied into a broader based development program that provides other

forms of infrastructure required for development.

In 3aluchistan, the team visited a valley development project which iliustratred
how electricity, combined with roads and other essential infrastructure
requirements, could serve as a catalyst for regiornal develcpment. 1In this
region, many of the farmers has increasad their agriculture tenfold, soms that
had left =he valley returned home, new settlers migrated into the vallev, and

it is becoming 2 maior agricultural zonme in 3aluchistzn. The above is one



example illustrating that if the regional develupment focus is properly carried

out success can follow.

Allocation Within Provinces

The distribution of the rural electrification budget within provinces to
district and local levels is again based largelv on nopulation and is primarily
focussed on electrification of villages not regional development potential,
However, within provinces as between provinces certain districcs offer more
potential for development than others. Therefore, if the provincial government
would use a portion of their rural electrification budget to develop the rural
potential rather than electrification of villages per se' many 'of the same
benefits described for the shift of funds between provinces could te gained

within the provinces.

Implementation of Regicnal Develooment Ostion

The regional develcpment option ‘iould requirs the GOP to allocate a larger
portion (more than the 10 percent that now goes to Baluchistan and NWFP) of the
resources available for rural electrificartion to deveiopment projects. This is
some departure from the village selaction process now used to direct most of
the rural electrificaction funds. To implement this policy would require as a

ninimum that;

- The nation-l governrent direct a larger portion oi the rura:
electrification budget bectween provinces on other than population

alcne.

- Review procedures are es:tatlished at the national and provincial level
whereby regional devalopment opportunities are identified and
evaluated. Such a ravisw function woulc require close collaboratior
between diverse privace and public sector interests including those

involved in agriculture, planning, industrv, and mineral development.
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- WAPDA and its comsultants preparing the Master Plan for Rural
Electrification continue to collect information on resources (ground
water potentials by district, mineral deposits, unused agricultural
lands located in ground water otantial areas, and similar facts) and

prepare target regional development areas by province.

- WAPDA to expand its distributicn via 33 &V and 11 kY feeder lines to

these potential regional development areas.

Focussing a modest portion (perhaps 20-25 percent) of the rural electrification
budget on this option would not significantly impact on the village
electrification program and may increase the overall ccntribution of rural

electricity in economic development.

6.3 Irrigation Efficiencr

As described in Section 4.3 of this document, tubewells in Pakistan account for
the greatest use of energy in rural areas. Because all indications are that
the demand for power will exceed WAPDA's capacity to supply (see Section 4.1)
electricity for the next decade, it is ess-nr:al that the electricity which is
supplisd be used as efficiently as possible. This discussion focuses on a
major rural use of energy and on means oy which this use of energy can be made
more efficient. Two basic means exist, first threcugh more efficient use of
water and second through better and wmore afficient use of irrigacion

techrology.

More Efficient Use of Water

Prescatly flood irrigation is the most common form for irrigation used ir
Pakistan. This is also one of the mest inefficient means of irrigaticn because
water is lost both through cznal seepage and evaporation. This form of
irrigation system in many parts of the country is nistorically dictatedé and
extremely difficult to change because canals and laad ownership patterns are
established. This obviously leads to che question of what can be dene to

improve the use of water.



Water use can be made more efficient through improving the present irrigation
methods and/or through the adoption of different irrigation methods. Often a
combiﬁation of both methods produces the greatest improvement. Also, the
methods will differ between presently irrigated areas and those just being

brought under irvigation.

In areas presently under irrigation where canal water is being used for
irrigation and tubewell water is being used as a supplement, three basic
approaches can be considered for improved efficiency of tubewell water used and
include:

- Tubewell water application only after canal water has soaked the
irrigation ditch; .

- Lining irrigaticn ditches to reduce water losses through seepage;

=~ Introduction of different methods for applying the water such as

sprinkler or drip irrigation system.

The concept behind the first method 1is sinply to get farmers, as is practical,
to use tubewell water only after the canal water has saturated the wmain
distribution canals. 1In this way, lower cost canal water is being lost thrcugh
seepage and 30-60 percent of the higher cost, higher energy using tubewell

water 1s saved.

The second method, lining canals with some material that prevents water loss
due to seepage, 1s exactly that. This method based cn experience elsewhere can
save 20 to 40 percent of both canal and tubewell water. Also, this helps to
reduce water logging and eventual salination brought about beczause of water

logging.

The third method, using different methods of applying water, offer another
means for some reducing irrigatiom inefficiencv. Due to the existing lavout of
land plots, it mav not be practical to introduce starndard sprinkler irrigaticn
systems, but on orchard crops and some row crops drip irrigation svstems mar be
practical. In cases whare drip irrigartion is practical, it has been found to

reduce water requirements by at least half.



Present programs of the GOP together with assistance from domnor organizations,
ircluding USAID, are underway to improve water efficiency through improved
canal system maintenance. Education of farmers must be an integral part of
this effort in order that farmers understand the economic benefit for making
these canal improvements. Studies conducted in Pakistan show that water losses
in canals through seepage and evaporation during transit is between 30 to 60
percent. Water losses, through implementation of a combination of the three
approaches discussed ahcve, should reduce by 350 percent. WAPDA estimates that
the average tubewell operates 21,000 kWh per year, therefore, achieving this
water saving objective can permit operation of tubewell pumps 5,000 fewer kWh
per year and maintain acreage irrigated. If 60 percent of the electrically
cperated tubewells in Pakistan realize this gain, the electrical energv demand

for these tubewell operators could be reduced by 76.5MW per vear.

In areas where tubewell water is not used in conjunction with canal water, the
primary means for reducing water use 1s through lining of canals, elimination
of holding ponds, and the introducticn of sprinkler or drip irrigaticn systems.
As above, if these methods are introduced, water losses can be cut by 20
percent or more and at the same time reduce the number of hours the tubewell
runs or peruit the irrigation of more acres. Thus in these areas energy

savings on the order of 3000 kWh per tube well could be saved.

The above discussioun illustrates that methods do exis:t for reducing irrigation
water used without detrimentally affecting production; in fact, use of less
water may even increase production. 3y reducing the use of irrigation water,
pumps can be run less hours or irrigate more land. In either event energy used
to power the pumps is being used more efficiently. This leads to a conclusion
that energy »lanning must be incorporated more effectively into irrigation

planning in Pakistan.

More Efficiant Irrigartion Technelogy or Its Use

4nother zmajor source for reducing gnergy requirements by electric tubewells is
through purchase of properly designed and dimensioned svstems and proper

maintenance of such svstems once installed. 1If proper systems are purchased



and maintained (screens changed, impellers adjusted, etc.), the time necessary
to operate a tubewell running at 75 percent efficiency vs one operating at 50
percent efficiency 1s significant., The effect of low tubewell pumping plant
efficiencies is that utilization of electrical energy is 12-15 percent higher
than required to accomplish the same work. Also, tubewell maintenance costs

will be above normal on inefficient plants.

Energy savings can be realized if improvements in tubewell efficiencies can be
effected. To obtain these efficiencies requires that WAPDA establish some

general policies including:

l. Standards for design of the pumps, motors and other items used in the

tubewell pumping plant before a connection is made.

2, Canal and pump mainienance standards which will be periodically checked
by the WAPDA water wing. If these standards are not found to be met, a
warning will be issued. 1If the system hasn't been upgraded to the
standards within a pre-established time frame, WAPDA will disconnect

the tubewell,

3. A price for tubewell electricity that will promcte more efficient use

of the tubewell water and betzer mainterance practices,
It 1s relatively easy to establish Items | and 3 above, but it may be very
difficult to implement Item z due :o the conzrols that would have to te put in

place to assure proper administration of che monitoring pregran.

6.4 Load Maragement

Present shortage of generating capacity and projected centinued shertages
through 1390 makes it almost mandatory rfor WAPDA to consider whatever
alternatives, in addition to building new generating plants, are available to
reduce the shortfall. For the immediare prcblem, WAPDA has been forced to
resort to disconnecting feeders throughout the country on a rotating basis each

day. Addicional measures to reduce the demand include disconnecting public



sector SCARP and tubewells during evening peak, turning out alternate street
lights, 1industry reduction of usage by 25 percent and closing shops in the
evening. Rural feeders are often disconnected before urban feeders,
Disconnecting feeders, though effective in reducing peak demand under emergency
conditions, is undesirakle since it does not discriminate between users on the
same feeder. Tubewells are prime targets to be disconnected vet to do so by;
disconnecting the feeder means many hours without lighting for other users on

the same circuit.

An additional effect of unplanned "defacto load management" by turning off
feeders 1s that tubewells may be turned off during critical irrigation periods
resulting in loss of agricultural productivity and great harm to individual

farmers.

Without any form of load management it is estimated that coughly, 700 MW of
capacity, will be required by 1988 to serve the tubewells (Section 4,0). The

reduction in capacity shortfall from load managing even 30 percent of the pumps

capacity to the system would be about Rs. 4,370 million (S350 million). There
will be abour 100,000 electrified tubewells installed by 1988. The above
financial savings resulting from the load management opticn amount to about
$3,500 per tubtewell. As a result, there is considerable flexibility in
considering various load management options given the very large financial

incentive to do so cn a per well basis.

It is recognized, however, that load managing the irrigation pumps is easier

said than done, for two reasons.

- The technical complexity of electro-mechanical devices which turn off

the pumps at prescribed times.

- The institutional issues associated with reducing or changing the

distribution of irrigation water.



Time clocks are subject to disruption with each power outage so that they no
lenger contrul operation per the initial schedule. Mor» s phisticated methods
such as over-the-line signalling and radio actuated switches may often be too
complicated for practical use. In all cases, tampering of load management

systems will have to be addressed; possibly by termination of se-vice.

One approach to load management would be a very steep time of day pricing
structure which would discourage peak hour use except in those cases where the
farmers felt the water was absolutely essential. This might have the same
practizal benefit as absolute load management (via elsctro-mechanical switches)
with less bureaucratic interference. [mplementing even this measure would
however be complicated by the frequent powar outages which results in loss of
timing calibration. One solution to this could be having the meters
independent of the line and operated off batteries (possibly photovoltaics

charged since only a faw watts is required).

One of the conceras frequently expressed about load management of pumping
systems is that irrigation water pumping is often required 24 hours per day if
all farmers involved are to get their fair share of water. This is due to the
institutional arrangements now used in Dany cases to distribute irrigation
water whereby each farmer may be allocated a specific time of the dav when the
water {low is directed to his fields. Certainly this concern must be addressed
when considering the prospects for load managing tubewell irrigation systenms.
The fact is, however, that well-planned load management should be less
disruptive of rural activicies (including irrigation pumping) than the present

system of defacto lvad management resulting from black cuts.

Load management of the tubewells is seen to have significant £financial

implications 9n a national basis.

its implementation is, however, complicated by a number of cechnical, social,
and institutional problems and uncertalaties. Resolving these uncertainties
might be accumplished by implementing a number of pilot projects in different

regions and using differing technical approaches. Such a program would be low
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in cost compared to the multi-hundred million dollar benefits which could
follow.

6.5 Backfilling vs Expansion

Option Definition

The Govermment of Pakistan is embarked on & village electrification program
that is expected to electrify 3000 villages per year. This program, when
complete, will bring access to electricity to the households of 80 percent of
the country's population and contribute to achieving a decisive breakthrough in
the provision of physical and social services to the rural areas. At the same
time, many vililages that have heen electrified are onlv partially saturated and
find it difticult to obtain additional connections due to limits placed on the
number of connection perumitted ard Dany of these must be allocated to new
villages being added to the grid. It shouid be noted, however, that ic is nect
clear to what extent people .desiring connections cannot have one within
reaconable length of time. In one province, Sind, the lccal officials
indicated that thare was not a significant waiting list for connections. In
other areas, such as NWFP, the length of time required to get a conrection was
considered to be a significant barrier to increasing saturation levels. In al
cases, local officials indicated that as sacuration levels approach 40-50
percent, most of the people who want or can afford a connection probablv have
one. lt was indicated during field interviews that requirezents for "under the
table" money to get a connection mnay be an impediment to more rapid saturation,

The extent of this problem is, however, difficult to gauge.

Arguments can be made for both choices - backfill existing villages cr

extending to new villages - and the pres and cons of each are discussed below.

Backfilling Existing Yillages

The primary benefits of this choice seem to accrue to WAPDA., Certainly :f

WAPDA could concentrate more of its connections to existing villages, the cost
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per connection would be much less. The average cost to connect domestic
customers in villages already electrified vs those not electrified is Rs. 1,050
($84) and Rs. 5,500 ($440), respectively., Adding connections in preQiously
electrified villages improves the load factors on existing lines thereby
improving financial viability of the rural electrification process. Also,
concentration of attention to these villages could permit improved service,
better technological practice and less loss of energy due to poor standards of

maintenance and materials.

As indicated above, at the local level the cost of connections in an existing
village are only about one-fourth those in a new village. However, as
indicated in Section 4.0, the local grid costs of rural electrification are
only about 35 percent of the total. The need for increased generating capacity
and transmission system upgrading will be the same for equal numbers of
backfill and new village connections. The difference in overall financial
requirements of existing to new villages as compared to backfilling is,

therefore, only about 20 percent on a syvstem wide basis.

While several benefits accrue to WAPDA as a result of backfilling it is not
clear that productive benefits accrue to the nation at the same rate
encountered as when new villages are added to the systex2. For example,
villagers interviewed by our team and work conductad by Dr. Rauf at the
University of Islamabad support that the zajority of users who intend to use
elecrricity adopt it immediately during the vear following electrification,
These conneczions usually include productive uses such as tubewells, lift
pumps, small industries, and essential sociail services such as basic health,
education and drinking water. 4s a result, Dr. Rauf's work indicaced that nany
inhabitants (f electrified villages benefit from the process even if thev don't

:

gave electricity in their homes. This suggests that the benefits accruing from

the first 10-20 percent of connection saturation are probably larzer than frem

subsequent increases in saturation level,

Once these primary connections are made in a willage, the backfilling occurs at
a gradual pace and new tubewells, lift pumps, and other productive uses are

added as they occur. The majority of backfill connections will be for domestic



use, particularly lighting and some domestiec appliances. As new lighting
connections are added, kerosene 1is displaced and this benefit will remain

similar between backfilled villages and neuly connected villages.

Extending Electrification to Non-Electrified Villages

The arguments for extending the grid to new villages in the face of a backlog

in previously electrified villages include:

-~ The productive and social benefits resulting from electrification
appear to be larger for the first increment (10 to 20 percent) of

connection saturation than for subsequent increments.

- The political benefits associated with local participation in the
village seiectiorn process are in themselves an important aspect of the

program.

- The extension of the grid provides rural populations with a sense that
the government is attempting to be equitable in using electrification

resources.

- The overall incremental cost of extending the local grid is not as high
as might first appear since the indirect infrastructure requirements

are similar for backfill and new village connections.

0f course, these arguments must be compared with the heretofore discussed
reduced financial viability of WAPDA resulting from grid extensions tc new
villages and the pnssibility of discontent zmong unelectrified inhabitants of

electrified villages who must wait for a connection.

In summary, it appears thacr a major portion of the econemic and social benefits
of rural electrification occur within | to 2 vears of electrificaticn. Many of
the benefits accrue to people not even connected to che line by wvirtue ef
increased employment cpportunities and improved social services (scheols,

etc.). This provides justification frem a naticnal benefit point of view for
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Table 6.1

WAPDA TARIFF SCHEDULE

(1981)
Fixed Charge Energv Charge Net Cost*
Rs/%Wh ¢/kWh Rs/kWh ¢/kWh

Household Use

Up to 50 kWh - 0.34 2.6 0.34 2.6
51-251 kWh - 0.40 3.1 0.40 3.1
251-600 kWh - 0.50 3.9 0.50 3.9
Tubewells

General 19 Rs 0.23 1.8 0.34 2.6
3aluchistan & NWFP 17 Rs 0.16 1.2 0.28 2.2

* Assuming 2000 hr/vear operation of tubewells.
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emphasizing grid extension to new villages as is now che case. On the other
hand, the financial viability of the utility system is improved by backfilling
previously electrified areas and more connectlons can be made for a given level

of financial resources.

The facts concerning benefi:ts from saturation of electrified villages vs
electrification of new villages are, therefore, inconclusive making judgements
difficult to make in this area. Statistics of new vs backfill conmnections in
rural areas do not appear to be readily available. 1In particular, no
differentiation 1is wpade between urban and rural household connecticns.
However, connection data obtained in the NWFP suggests that the number of
backfill connections in rural areas is, rougnly, comparable to connections in
newly electrified villages; a ratio which night not be unreasonzble at the
stage of the program. Given the levei of uncertainty in pros and cons of this
issue, there does not appear to be a strong basis for greatly modifying this

aspect of the program.
P L

The level of uncertaintwv regarding this issue is, to a large extent, the result
of a lack of information on such issues as rates of backfill vs new village
connections, cost of elasticitv of connection demand, uses of electricity at
the village level, and 4Heow these uses change as saturation increases. This
furcher illustrates the need for improved data collectionm, management, and

analysis as discussed in Section 6.3.

6.6 Zlectricitv Pricing

The present tariff structure for electricity In rural areas is shown in Table
6.1. The household tariffs shown are the same as in urban arsas. The inverted
price structure provides poorser families wich up to 50 kWh per menth for
essential services at a low rats of 0.34 Rs.,xWh (2.6¢c/%wn), This rate
increases to 0.5 Rs./%Wh (2.9¢/%Wh) for aigh ircome families using electricity
fer a wider range of functions (refrigerators, fars, etz.). The rate
structure, therefore, will tand teo discourage non-essenrial use of electricity

wnich is clearly in the naticral interasc.



The major electric load in rural areas is irrigation pumping. The tariff for
operation of irrigation pumps are typically in the Rs. 0.28 to Rs. 0.34/kWh
(2.2¢/%Wh to 2.6¢/kWh) range (including the effect of the monthly hookup rate).
From the point of view of the consumer, electrically driven irrigation pumps
are a good economic investment at these low e2lectricicy rates. This is
evidenced by the over 6,000 electric pumps connected annually and the waiting
list of farmers who have expressed a desire to connect pumps in already

electrified areas.

The present low tariff structure for irrigation pumps 1is subsidized by
commercial and industrial users of power. This complicates the task of
estimating the true economics of electrically driven tubewell irrigation from a
national benefits viewpoint. It also complicates assessing the probable demand
for tubewell irrigation as tariff structures are modified to reflect the rising

costs of natural gas and the increasing reliance on o0il generated facilities.

As indicated ,in Section 3.3, however, the economics of tubewell irrigation
wiuld remain highly favorable even if tariffs are increased considerably to
petter reflect the cost of servicing these loads and thereby improve the
financial viability of WAPDA. 4n additional benefit of raising tubewell

tariffs would be to encourage more efficient irrigation practices.

That tubewell tariffs could be increased significantly while still zaincaining
their highly favorable economics is also suggested by the over 100,000 diesel
driven wells vperating in Pakistan. At present diesel fuel prices (zbout
$1.00/gallon), the effective cost of power based on fuel consumption alone from
these diesel engines is, at least, 1O0c/kWh; i.e.. 2-4 times that of

electricicy.

The above indicates tha: modification in the tubewell tariff sctructure could be
implemented consistent with national goals of increasing agricultural

productivicy,

Detarmining the appropriate rate structures and how they should varvy by region

(for example, in Baluchistan, agriculrural costs will depend more critically on


http:10c/k.7n

rate structures since all irrigation water is pumped) , will require examining a

range of issues including:

- The existing and marginal cost of supplying electricity to tubewell

customers.

- The sensitivity of agricultural economics to tubewell rate structures

(by region and crop type).

-~ The potential for reduced electricity use by virtue of improved pumping

efficiency and irrigacion practices.

Based on consideration of such issues, policies should be developed which
result in rural tariffs and, in particular those applicable to tubewells, which
maintain the financial viability of WAPDA without detracting from the critical

role of electricity in increasing rural productivicy,

6.7 Decentralized Energy Svstems

As indicated in Section 3.2, decentralized energy systems could often provi&e
the most economical means of serving remote loads if all the costs of central
grid expansion are considered. Furthermore, decentralized technologies may
offer the only practical approach for serving manv of the over 5,000 villages
that are rot even being considerad for grid connmection. Many of these villages
are in Baluchistan where regional development will depend critically on

supplying pcwer for agricultural, light industry, and nining activities.

A conerent policy toward decentralized power units and their role in Rural
Electrification is warranted given the demonstrated potential of conventional
technologies and the tremendous prouise of renewable energvy resource systems.
Auy such policv, however, must consider that thers is presentlvy lictle
infrastructural support for analyzing, implemencing, and operating
decentralized power units on a widespread basis. WAPDA is responsible for

about 80 percent of the national energy budget and must devote its best
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managerial and technical resources to the overwhelming conceras of generating

capacity and distribution system expansion.

No other single or sumall group of organizations presently has the combinations
of technical and managerial capability to be able to implement a decentralized
power system policy on a nationwide basis. A4s a result, a policy to utilize
decentralized energy systems as an integral part of an overall Rural
Electrificaticn strategy will require either creating a new organization (such
as a Decentralized Power System Authority) or strengthening the capabilities of
some combination of existing organizations (DGER, Provincial Pevelopment

Boards, etc.).

A general policy to incorporate decentralized pover systems intc overall Rural

Electrification planning must address several important issues including:

~ How should such svstems be financed?

- What rates should be charged to users?

- How will systems be serviced and maintained?

- What criteria will be used to select areas or villages for provision
with decentralized pcwer units?

- What level of subsidy (if anv) should ba provided to decentralized

options?

These and other questions must be addressed as part of decentralized energy
system policy. These issues must be considered in the context of what is now
provided to users cf power from WAPDA. For example, newly electrified villages
are not (and probablv sheuld not) required to pay the marginal cost for power
(upward of Rs. l/kWh). “hy chen should users of power from decentraii=zed
systems be required to effectively pay the marginal cost of power from a non

grid connected service?
As suggested above, the implementation of decentralized erergyv technclogies in

support of Rural Electrification involves a whole range of poliecy issues which

will have to be addressed at high levels to be resolved.
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6.8 Data Collection, Management, and Evaluation

Planning and evaluation of utility operations and overall energy sector
planning requires the collection, management, and evaluation of information

relative to a wide range of subjects including:

-~ Number and distribution of connections.

- Energy consumpticn patterns by counection class.

- Types of loads associated with each connection class.

- Effect of costs on energy usage and connection decisions.

- Socio-economic impacts of electric energy service.

- Line losses (technical and otherwise) associated with each segment of
the grid.

- Reliability experience and nature of line failures.

This information is particularly important when considering large expansions of
the rural electrification network. It is required to estimate the probable
loads on the system and how it is likely to chenge with time, the effect of
electricity pricing policies on demand, the technical requirements of distri-
bution network, staffing at all levels, and priorities for making connections

in both newly electrified villages and those electrified in the past, and the

economic impact of electrification in different areas of the country.

Information in some of these areas is now sparse within the WAFDA system. It
is sometimes collected at the local level but is often not available in a form
which makes it useful for planning and evaluation. For example, existing and
new household connections are not broken down by rural and urban cus:tomers at
the national level, although the data tc do so is probably available at the
local level. Some of this informarion is not now collected at all by WAPDA
since it is not necessary to carry out its day-to-day operations. For <xample,
information on such subjects as economic impacts of Rural glectrificaticn mav
be required for effective national energy planning and general policy

formulation but is not a direct input for electric utility planning.



Extensive data is now being collected on the characteristics of unelectrified
villages as part of the Rural Electrification Master Plan which will eventually
be computerized to assist in the grid expansion program. This activity will
certainly improve the data base and provide the means for more effective
planning 1if associated with a corresponding strengthening of data management

and analyses capabilities.

Given the large impact of the rural electric program on economic development,
electric sector investment needs, and fuel consumption the issue of further
improving the data collectiou and management system should be one of high

priority.

6.9 Manazement and Operatiomns

Last year WAPDA electrified about 2700 new villages and over 6000 tubewells,

This strongly suggests that WAPDA can, in fact, implement a program involving
3000 villages and 5000 tubewells per yvear as is now the goal of the 6th <ive-
year plan. However, this program could place severe strains on WAPDA which

already has management and operations problems system wide resulting, in part,
from the rapid system expansion. These problems are referred to in the Rural
Electrification Project Paper and summarized in reports prepared by the NRECA,

Several of the more important management and operational issues are:
P

- WAPDA presently has in excess of 85,000 employees and 1is adding staf?
at the rate of 7,000 per year. Over 75 percent of the employees are in
local distribution which is precisely the emphasis of the rural
electrificaticn program. The number of Customers per employee 1s about
52 to 1l which is a factor of 4-10 less than in well run utilicies even
in other developing countries. To a large excent this overstafing is
actually institutionalized in WAPDA's operating procedures which call
for specific numbers of staff in diffevent categories for each
increment of customer additions. WAPDA point out, however, cthat the
high level of staffir does not result in lazbor costs being
significantly higher than Zor utilities in the United States, This is

due to low labor rates prevailing in Pakistan and within WAPDA.



- In addition to resulting in higher than necessary labor costs, the high

level ot staffing tends to create its own inefficiencies and moral

problems leading at times to poorer service ard poor customer

relations,

It is important that the rural electrification expansion not further

exacerbate the level of excess staffing. This will require a review of

service and maintenance procedures to ensure that stafiing levels are

kept within reasonable limits.

- The high level of staffing referred to above is also combined with poor

training procedures for staff ranging from supervisory personn

el to

installation technicians. The latter category are often illiterate and

unable to read basic directions and procedural guidelines.

- The staff at the local levels often do not have cthe proper eguipment to

operate efficiently--particularly in a rural zrid system with a

dispersed customer base. This includes a lack of two=way

communications capability between field crews and regional off

ices,

vehicles to allow quick access to all areas of the grid, and

specialized ladder trucks to allow grid inspection and repair.

*
~ Many commercial operations, such as b9illing, are still cone ma

nually
a

which results in inefficiencies, contribute to overstaffing, and tn

higher error rate.

- The materials procurement, control, and storing processes a

re

inefficient resulting in local shortages of key materials and parts,

and the potential for pilferage and graft at several levels.

The above and other management and operations problems are discussed in more

detail ia consultant reports prepared in support of the Rural Electrifi
Project Paper and in recommendations made by other denors such as the
_—

*

In the process of being computerized.

cation

world



Bank. The AID Rural Electrification Project addresses many of these issues via
training programs,* implementation of model warehouses, and technical
assistance to operating managers. WAPDA has other programs addressing these
issues including the updating of the Commercial Practice "yardsticks"., more
intense scrutiny of staffing level increase requests, and introduction of
computerized billing. Progress is, therefore, being made in improving

management and operational procedures, which bodes well for the longer terms.

However, the rapid expansion of the Rural Electrification Program envisioned by
the 6th five-year plan could become more costly to implement than necessary if
these procedures are not adjusted in a corresponding short time frame. In
particular, the recurring costs of the expansion in terms of high staffing
levels, high line losses, and excessive use of supplies could be high if these

issues are not addressed in a tinely manner.

o5 are being sponscred by the World Bank and the

* Other training
1 armanv.

Federal Republi
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INDIVIDUALS MET WITH BY PROJECT TEAM MEMBERS

NAME

Dr. Roy Renfro

Mr. Wadood Ahmed Jilani

Mr. F. I. Malik
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Mr. Afzaal Khan

Mr. Abdul Majid

Mr., aAkranm Khan
Mr. Mohammad Jehangir

Mr. Raziuddin Shaikh

e

¥r. Shemas-ul-Qamar

Mr. Khalid Saifullah
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Agriculture and Rural Development
Section

US/AID Mission to Pakistan

Director of Planning

Rural Developmen: Wind

Ministry of Local Government and Rural
Development

Joint Secretary
Ministry of Industries

Chief

Energy Cell, Planning Division

Ministry of Finance, Planning and
Coordination

General Manager Distribution
WAPDA

Chief of Procurement and Stores
WAPDA

Chief Engineer
Rural Electrification
WAPDA

Member of Power
WAPDA

Director of Tariffs
WAPDA

Director General
Public Relations Division
WAPDA

Director
?lanning of SCAR®S Electrificaticn
WAPDA

Directer of Standards
waPDA



Mr., Malik Muhammad Ashraf

Mr. Manzoon-A-Sheikh

Mr. Harold R. Hopper

Mr. William E. Bolton

Mr. Shahid

Mr, M, Q. Siddiqui
Mr. Mohammad Arshad .

Mr. Xhalid Saif Ullah

Mr. S. T. H. Naqvi

Mr. H. A. Blomme

Mr. R. C. Scriban

Mr. A, Hafeez Thrahim
My, Mohiuddin Khan

M., Mushtaq Bhatti

Chairman

Area of Electricity Board and
Chief Engineer

Gujranwala

WAPDA

General Manager of Finance
Power Wind
WAPDA

Chief Design Engineer
Pakistan CIDA Hydro-Electric Study

Agricultural Consultant to Agricultural
Development Bank
Pakistan

Executive Engineer
Village Electrification Program
WAPDA

Additional Secretary
Ministry of Water and Pcower

Chief Engineer, Planning, Power
WAPDA

Direcrtor

Standards and Design
Office of Chief Engineer
WAPDA

Superintending Engineer
Faisalabad Circle
WAPDA

CIDA Project Menitor
WAPDA Power Projects

Project Manager
Moatreal Engineering Co.

Chief Engineer, Power Control
WAPDA

General Manager, Planning, Water
WAPDA

Principle Engineer
National Engineering Service

© (NESPAK)
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Mr.

Mrx.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr,

Mr.

hib

Abdul Aziz

Muzzafar Malik

C. A. Hafeez

Nasir Saeed Khan

Safdar Javed

Anis Naqvi

Tariz Sultan

Rafi Mohammad Khan

Mohammad Parvez Masud

Fiazullah Qureshi

Ghulam Mustafa Abra

Kazi

Kamaluddin Qureshi

S. N. Posho

Deputy Secretary (Power)
Punjab Irrigation and Power Department

Agricultural Development Bank of Pakistan

Foreign Assistance Program

Dep. Managing Director
Punjan Small Industries Corporation

Joint Director
Punjab Small Industries Corporation

Dep. Secretary
Local Government and Rural Development
Punjab

Director

Planning and Davelopment

Local Government and Rural Development
Punjab

Additional Secretary
Planning and Development
Punjab

Regional Manager
Small Business Finance Corporation
Lahore

Secretarv of Agriculture
Punjab

Chief Economist
Planning and Development
Sind

Rural Electrification Program
Planning and Development
Sind

Chief
External Aid, Planning, and Development
Sind

Additional Secretary of Agriculture
Sind

Joint Chief Economisct
Planning and Development
Sind



Mr.

Mr.

Mr.

Mr.

Mr.

Hr.

Mr.

Mr.

Mr.

Bari

Manzoor A, Khan

Imtiaz Rasool

Muzzamal Qureshi

S. M. Arshad Bckhari

Manzur Ahmed

Abdul Ghafoor

Aijaz Nabi Abbasi

Juma Xhan

Saeed Ahmad Xhan

. Atta Mohammad jafar

Ferozuddin Ahmed

Director General
Local Government and Rural Development
Sind

Director
Agricultural Development Bank
Sind

Managing Director
Sind Small Industries Development
Corporation

Chief

Irrigation and Power Section
Planning and Development

Sind

Chairman

Area Ilectricity Eoard
WAPDA

Hvderatad, Sind

Director Technical
WAPDA
Hyderabad, Sind

Superintending Engineer
WAPDA
Nawabshah, Sind

Superintending Engineer
WAPDA
Succor, Sind

Deputy Director
Baluchistan Swmall Industries
Corporation

Chairman

Area Electricity Board
WAPDA

Wuetta, Baluchistan

Secretary
Planning and Development
S3aluchistan

Secretary

Local Government and Rural
Development

Baluchistan



Mr. Abdul Jaleel Khan

Mr. Abdul Latif Khan

Major Ahmed NawazShinwari

Mr., Niels de Terra

Mr, Ken Hoffman

Chief

Water and Pcwer Division
Planning and Development:
N.W,F.P.

Director General

Local Government and Rural
Development

N.W.F.P,

Manager Operation
Supervised Agricultural Credit
National Bank of Pakistan

Senior Representative
IED Consultants
Pakistan
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POTENTIAL BENEFITS FTROM RURAL ELECTRIFICATION

SOURCE: Mational Rural Elactric Cooverative (NREC) "Social and Economic

Benefits of Rural Electrification Cooperatives" (Washington, DC
1978)



POTENTIAL BENEFITS FROM RURAL ELECTRIFICATION

Few would disagree that one of the most significant differences between the
developing natjons of the world and those in which people enjoy healthy,
productive lives is the establishment and widespread use of effective alectric
power systems. The following list of 50 indicators of social and economic
benefits demonstrates that rural electrification, as part of a rural development
program, can introduce immediate and tangible benefits to the rural population,
especially the rural poor.

1. Irrigation system utilizing electric system 2quipment, tubewells, etc.,
allowing for multiple cropping.

2. Property formulated livestock and poultry feeds prepared in small mills.
3. Automated poultry processing/breeding systems.

4. Refrigeration of perishable farm agricultural preducts and utilization of
milk coolers.

5. Electrically powered 3rain drying, processing, storage svstams and
fumigation.

6. Conmservation of export quality timber (electricity replaces wood for
cooking and heating.

/. Fish farms in areas where puaps required.

8. Working chrough his Cooperative provides farmer with some degree of
leverage in the marketplace.

9. Agriculture emplovment opportunities Zeneraced.,

10. Electrically powered handicraf: industries allowing for varied and increased
production. (Cottaga or home produced it2ms can be made during off-peak
seasons of agricultural cycles.)

11. Employment opporctunities, especially for women, in commercial non-agricultural
industries. (Due to electriciry, women with reduced nomemaking chores are
able to earn much needed extra income either on full-time or part-time basis.)

12. Market/stores utilizing refrigeration. Decrease in spoilage of perishables,
especially in tropical aress.

13. Development of small industries to meat creacad demand for simple elactric
appliances.

l4. Development of industries supplving poles, cross arms, insulators, hardware,
meters and transiormers for electric distribution svstems.



15.

19.

[
-

35.

36.

Employment opportunities created by Cooperat-‘ves, contractors, National
Electrification Administration, auditing and accounting firms.

Limited school facilities utilized for night classes.
Community facilitiss such as libraries opened in evenings.

Wider use of audio visual equipment and materials in schools and adult
education programs.

Women's routine home chores eased, which allows for daughters to be freer
to attend school.

Lighted outdoor athletic facilities such as basketball courts allows for
community recreation. (Too hot ia tropical countries to participate
during the caytime.)

Teachers more productive and betzar prepared due to home lighting.
Students academically improve. Homework better prepared.

Refrigeracion of medical supplies by clinics aad hospitals.

Use of sterilizers and electrical detection eguipment in rural clinics.
Reliable source of power for hospitals and operating rooms.

Home electrical appliances allow for sanitary preparation of food and water.
Electric pumps provide potable water.

Home refrigeration prevents spoilage of peristable focds and reduces health
hazards.

Restaurants utilizing electrical apoliances and refrigeration reduce
nealth hazards.

Correlation of home lightiag and decrease in sopulation zrowth rate.
5 : b 5

b

ing. Crime rata decreases,

(g1

Increased security due to aight lizh
Lightad homes provide social benefits.

Utilization of radio and television for education, entertainment and leisure.

Appliances, such as irons, hot plates, simple washing machines reduce work
burden for women,

rn

New home construction and improvemen: resul:s for alacetrification.

Cooperatives provide outlet Ior communi:zv and national narcticipation bv
rural population. Provides experience in management and democratic
decision-making.



37.

38.

39.

I~
A%

L
(@)

Improved and increased craft production in addition to economic benefits,
enhances the cultural and aesthetic values that craftsmen and crafts
tradition mean to a nation (national pride).

Cooperative institution, organization and facilities utilized for members'
services (Better Family Living) such as family planning, crafts, home
econom-.cs.

Change in social well being. Index of satisfaction with one's current
situation improves. MNew confidence.

Keeps the econcmic proceeds of a region invested locally.
Accelerates the monetization of the rural society.

Stems rural migration to cities and improves rural-urban balance.
Increased rural economic activity absorbs expanding rural labor force.

Decentralizes economic activity.

Rural population participating in a1 "self-oroblem solving" climate rather
than a "depending on the governmen:" climatea.

Increased net tax revenues to goverament.
Leveling of athnic differances.

Imcroved citizens-government relaczicnship,

Réduced socioeconomic imbalance in the populaticn.

Expanded cotmunications svscem to enrire population. Government able to
communicacta with its citizens.

n exchange expeditures Zor kerosene and oil used for
king and heating. (A central generator is a much more
hod for supplving anerzy, rathar than each household
el.)


http:econom..cs
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APPENDIX 3-1

TERMS OF REFERENCE FOR LOCAL CONSULTANTS PREPARING MASTER PLAN

Project Paper - Rural Electrificationm, September 1982, USAID.
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TERMS (" REFERENCE OF WAPDA CONTRACTS WITH LOCAL A/E FIRMS THAT ARE ASSISTING
WITH THE PREPARATION OF A NATIONAL RURAL ELECTRIFICATION MASTER PLAN

1. To make maps of all those villages of Pakistan on reproducible paper using a
scale of 1:50,000 which have population more than 1,000 in Punjab and Sind
and more than 3C0 in NWFP and Baluchistan.

2. To identify the villages by provincss, divisicns, districts and tehsil and
to computarize 1961 and 1972 Censnrs data according to WAPDA formats.

3. To conduct socio-economi: and technical surveys covering:
a) 500 household interviews.
b) 50 village surveys.
c) 60 case stud:es of small industry and tubewells.
d) Consumption data of about 500 consumers of different categories.
e) Consumers and netwerk data fiom subdivisions.
f) Data on existing electric and diesel operated tubewells, and to
computerize all rhe above data according to WAPDA formats.

4, Tc forecast the population and numbers of households for the project
periods of ten years on annual basis for che first 10 vears and for the
20th and 30th year.

5. To develop energy consumption, peak demand, bulk supply and revenue
forecasts per district for the firsc 10 vears on annual basis and for the
20cth and 30th year.

6. To update the maps of the existing 11 kV svstem and grid statioms, indicating
conductor sizes, transformer capacities in respect of 11 kV system, along
with supplying technical daca of concerned gr.d stacions.

7. To plan and mark the proposed network of Discribution System to be constructad
for the purpose of alectrifying the villages along with extension and
augmentation of allied exiscing 11 k¥ svstem including rroposals for
re~routing/bifurcation of the existing discribution lires wheraver necessary,

-

The plans for SCARP electrification will also be incorperated.

8. To determine year-wise load demand of grid stations, secondary transmission
lines and generating station for the project period.

9. To identify the following areas in the plan:
1) Sweet sub~soil watar and agricultural potential,
ii) Under developed areas.

10. To prepare village-wise cost estimate Zor electrificartion along with schedules
for materials and cost estimaces Der districe.

11. To conduct financial, economic, socio-economic and environmental analyvses
similar to those conducrad under feasibilicy studies under USAID, per district.

12, Computerization of final resulfs of €ach z=ascer plan rapor: according to WAPDA
rormats.

13. Tre Consultant will prerare and provide to WAPDA base maps to scale 1:5C,000
SO that WAPDA may prepare SZPIA copies within fifteen davs. After the existing
System has been worked out and checked, the reproducible maps to scale
1:50,000 will be submittad to WAPDA so that WAPDA may prepare SEPIA copnies
within 15 days and racurn the maps to the Consultant for precaration of Mascer
Plan.


http:stud:.es
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CONSTITUTION AND FUNCTION OF THE
SIND

"DISTRICT VILLAGE ELECTRIFICATION ADVISORY COMMITTEZ"

SIND Government Gazette Printed at SIND Government Prass.
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even number, dated 3t
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Subkur and Hyderubad
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PUBLISHED 3Y AUTRORITY

KARACHL, THURSDAY, APRIL 17, 1980

0 Wovermsient HGawtle

PAKRT 1

GOVERNMENT OF SIND

[RRICATION AND POWER DEPARTMENT

No. SOPP-3/359-74...

’

THE CQNSTI’J'UTION:
The Constituticn of the Comnuttzes shall be as undar:
For Each’District in Stikkur Division :

L

IL

Karacki, the 17th April, 1980
NOTIFICATION

=l supersession of this Deparunenr’s

rdApal, 1979, the Government of Sund,
tie Districe Vidlage Electiineation Adibory

Lhivisions :

PART--I

Noulfication, of
are  pleased to
Cutiutless, in

. Deputy Cumnussioner Convenor,
2. Chairman District Council. _ Member,
3. Chairmen of Taluka Councils tall), o
4. Auwistant Commissicuers {ull). ”
50 Assisteant Director Locul Trovernment Departmen, "
6. Executive Enmineer,
Constructiovn Divisicn N¥APOW, Sukhur Ciivle M.'.'n!»cr/burutury.
Far Each Districr in Hyderubad Division
i, Deputy Cominis: ioger. Caonvenor.
2. Thaimman District Couungl, Member.
3. Chairuen of Taluhy Coancls (wln, "
4. Assistant Commisioners (ail) ot ‘
5  Assistant Director, el Covernment Foepuriment "
6 Exceutn s Enpraee

Consrruction Piuision Wapins 5 dersbad ¢ s

tyo,

Menibior 'Secretasy

N



PART--]I
THE FUNCTIONS:
the funcuons of e Commnittess shall be as uuder:

() To recorumend names of villages inorder of priority for inclusion

e Annual Villiage Licctrfication Progrununes in theie respective .

dslicty.

(2) While muahing such fecotwendations, following criteria tixed by the
Federal Guveraaient, shall be taken o cunsideration,

W Population of (he Viilaye,

(W) Distanee of the village from the existing 11 KV Distribution
ling;

i) The requiremeznt of Power for Irmigution Tuhewells; and

tv) Potential for development of cottage and Agro based Industry.

(3) The recommendutions shall be furwitrded to the Government, in the
Irtigation and Power Lepurtment  through  the DIVISIONAL
CO-ORDINATION COMMITTEE, concerned.

) Winle forwarding the listy of villages, following information must
lvanably be diated i cuse ol cach village;
(W Presest authenticated pupulilion;
w Mames of Dehoand Tualuka;
W Distance o Kilometars from ihe existing 11 XV Distribution
line.
(v} Estimated cost of villege clectiification,
]

(3) The recommendation st reach atieasr three moaths before the
begjuing of the next fnancial year tor whuch proposaly are made,

/
The proposals fur coming finacia year J930-81 must however be
sent betore end of May, fus.

6) Lach Comumites shall tormulate s own Mograiitie and procadure
for 1ts muztings etc, and My eo-eptouny arther othond member o
necessdry

AW O F QA IRTY
Advwor (Technicals/
Additaagl Chief Secretury, f& P
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