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EXECUTIVE SU,%2ARY
 

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 Electrification Progzam impacts 
on many aspects of
 
economic development that output
so this 
 may also prove useful to 
organizations, such 
as the Planning Ccmmission, engaged in 
more comprehensive
 
energy planning activities.
 

The primary observations resulting from this review were:
 

(a) The Rural Electrification 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 populacion and
 
distance from the 
grid, appear to usually be followed by 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 most 
favorable economics. 
 The Master Plan now being prepared

will further improve this process and result in a more rationale extension
 
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 estimated to be large by virtue of increased
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generation shortfalls due to the coincident nature of househld loads with
 

utility 3ystem peak loads.
 

(e) The economics of electrified tubewell irrigation would remain 
'Lghly
 
favorable in most cases even if electricity costs are raised significantly
 
from present highly subsidized levels. 
 So doing would improve the
 
financial viability 
of the overall rural electrification process 
and
 
encourage irrigation efficiency measures.
 

(f) 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 incremental grid suppled electricity are
 
used in the comparison. In thi regard, it should be noted that
 
electricity from thermal plants will be increasingly generated with oil.
 

(g) There is presently inadequate attention 
given to data collection,
 
management, and evaluation relative to 
such critical issues 
as the level
 
of new and existing connections, the nature of existing loads, price
 
elasticit 7 , 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 
often made with insufficient
 
information to 
ensure that limited resources are most effectively
 

utilized.
 

(h) 
The management and operational procedures of electric sector distribution
 
are in many ways not 
consistent with international standards 
in LDCs.
 
This is manifested in very 
high levels of staffing (2- times LDC
 
standards), inadequate staff training, poor 
inventory control, and poor
 
reliability 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 modernizing
 

management and operarions.
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agricultural productivity and displacement of imported 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 $456 million
 
per year based 
on prices in Pakistan. 
Replacing these agricultural
 
products with 
imports would cost 30-90 pei~zzent more than the above
 
figures.
 
Other significant but difficult to quantify benefits, include increased
 
employment opportunities, establishment of small scale industries and
 
social benefits (lighted school houses, etc.)
 

(c) There ara substantial costs associated 
with expanding the rurzl
 
electrification network. 
 These include the direct costs of extending the
 

the
local grid structure and 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 to ser;vice 
the
 
rural loads is estinated at 600-800 MW by i988. 
 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. Rural electrification policies should, therefore,
 
be considered within the 
context of overall utility and 
energy sector
 
planning.
 

(d) Presently, the major rural loads the
are irrigation wells which 
now
 
consume about 23 percent of all the electricity produced in the country.
 
The rural loads are projected, however, to 
become increasingly associated
 
with household and light industrial loads based 
on IWAPDA'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 *.hile; (i) reducing the electric sector infrastructure requirements and
 
associated costs, and (ii) improving the financial viability of 
the utility
 
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 other
 
energy consuming segments.
 

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 electrification planning with overall 
utilit7 sector planning and national energy sector planning, so that
 
rural electrification expansion is consistent with 
system generation
 
and distribution capabilities, overall energy balance 
considerations,
 
and national economic goals.
 

- That future rural distribution network (11 kV) expansion is in 
accordance with a Master Plan which will ensure that lines 
are laid out
 
go 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, on 
the basis of population (with appropriate
 
exceptions to take account 
of regional development potentials) thus
 
ensuring that all regions are 
treated equitably and that development
 
and social benefits of electricity are spread throughout the country.
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- To allocate a portion of the annual rural electrification resources 
to
 
regional development projects in particularly under developed areas,
 
i.e., Baluchistan and NWFP where 
a reliable supply of 
electricity is
 
one of the essential ingredientn for the development process.
 

- To actively involve local 
participation in 
the process of selecting
 
villages thereby providing local populations 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
 
electrification 
by giving connection priority to villages 
that
 
successfully arrange for partial financing.
 

- To consider the use 
of power for potentlai productive purposeb 
when
 
selecting villages as well as the existing guidelines of proximity to 
the distribution network (11 kV) and population size.
 

- To implement load management measures on the andprivate tubewells 
SCARP pumps and other 
concentrated 
loads in 
order to reduce their
 
impact on electricity shortfalls during peak demand 
periods and the
 
need for costly generating capacity expansions.
 

-
 To implement improved efficiency standards for electrical devices used
 
in rural areas particularly vith 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 justified
 
standards in order 
to decrease fuel consumption in power plants and
 
decrease the effect of capacity shortfalls.
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- To balance, appropriately, the needs of rural and urban populations in 
developing load shedding giiidelines taking into consideration 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 level 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 distribution system
 

extension.
 

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

countries.
 

To collect, manage, compute, and evaluate data 
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 national energy planning
 

activities.
 

- To accelerate the divesture to the private sector of SCARP wells which
 

provide irrigation water.
 

(C) Implementation Guidelines
 

Pursuit of the general policies are of critical importance in achieving overall
 
national goals 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 activities. 
 In other cases, no programs
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now exist which address the policy issues. 
 In 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 recommendations.
 

a. Integration with National Energy 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 will identify what, if 
any, additional data collection
 
and analysis'is reauired to facilitate overall energy planning in addressing
 

such issues as:
 

- Load forecasting.
 
- Estimating generation 
and distribution 
needs (resulting from rural
 

electrification expansion).
 
- Estimating benefits 
of various rural electrification strategies 
and
 

options.
 

-
 Setting equitable and financially sound 
rate structures.
 
- Projecting the impacts of 
energy conservation and load 
management
 

programs.
 

Recommendations relative 
to staffing, procedures, and resources 
for addressing
 
additional data collection and analysis 
needs in support of iTtegrated energy
 
planning identified by this review will be prepared.
 

b. Master Plan Prearation
 

The preparation of the Rural Electrification Master Plan will continue and then
 
the plan will be used as 
a. blueprint in all future rural grid expansions. The 
plan 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 information on 
such issues as availability of
 
sweet groundwater and the existing level of 
small scale industr7 activi:y 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 is presently involved 
in regional development 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 development
 

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 opportunities which could open up 
new
 
areas for agriculture and other economic activities 
(mining, fishing,
 

etc.)?
 

- 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 economic and social benefit criteria 
should be utilized
 
in evaluating regional development opportunities requiring 
substantial 
inputs of electric power - particularly in view of the shortfalls in 
electric generating capacity which is l.±kely to persist over the 

foreseeable future? 

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
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non-technical load management options and practices will be initiated to 
determine what 
masures can be realistically utilized 
on the irrigation pumps
 
and other conceacrated loads. This review will consider the full range of 
technical options used 
in 
the United States and elsewhere including on-site
 
timers and over-the-line signals. 
 It will take into consideration practical
 
implementation issues as
such 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 management system 
is implemented to ensure 
that
 
appropriate technical and institutional approaches are 
selected.
 

e. irrigation Pumping and System Efficiencv
 

The design and performance characteristics of electrically driven pumps
 
commonly used in Pakistan will be 
reviewed and a~propriate efficiency testing
 
initiated. This infornation will be used 
by an appropriate institution 
in
 
Fakistan (perhaps the 
Pakistan Institute for Standards) to establish pump
 
efficiency standards that a
are 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 practices
 
that can be used to 
lower pumping rquirements. 
A pilot project utilizing the
 
recommended practices will be implemented through the appropriate institution
 
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 practice efficiency 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.
 

Bafed on 
the above review, modifications in 
the line loss reduction program
 
w.Il be identified which could accelerate achieving the goals 
of reducing line
 
losses to economically justifiable levels given the 
nature of the grid system
 
in ?akistan. 
 The budget, management structure, 
and technical innovations
 
required to implement accelerated program options, 
will be defined. The
 
national benefits in reduced capacity shortfalls, 
increased line reliability,
 
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, in 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 critical 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 
involved in 
this 
review will include WAPDA, the Ministry of
Finance, Planning, and 
Economic Affairs, 
and representatives 
of affected
interests 
such as provincial planning 
and development departments and 
the
 
Ministry of Agriculture.
 

Based on the above, e'ectricit7 tariff structures will be recommended which are
consistent with WAPDA's 
financial 
needs, national agricultural production
objectives, and the needs to encourage efficient use of electric power.
 

i. Decentralized Systems
 

A uetailed 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, local governments, and private parties
with diesel generators to determine operating experience with such units and to
identify how their operation can be made more 
reliable and cost effective. The
status and prospects for other decentralized technologies will also be 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 compaDies and provincial planning and development
 
departments.
 

A primary focus of the 
review will be to determine how decentralized system can
be most effectively implemented 
and what technical 
and financial support
infrastructure would be required, if decentralized technologies 
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.
 

j. 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 Electricity 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 technician, engineering, 

and management. 

- Technical specification of critical components such as poles, 

connectors, and 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 VAPDA will be compared with
 
those of Rural Electrification Programs in 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 prepared whereby the management and
 
operational procedures associated with the Rural Electrification Program can be
 
improved to be consistent with internationally accepted practice.
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k. Data Collection, Manament, and Evaluation
 

The present system for collecting, managing, 
and evaluating data 
on such
 
critical issues 
as number and distribution of 
existing connections, new
 
connections, electricity consumption patterns, 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 is obtained and reported
 
in a format which can be effectively utilized.
 

The financial resources, computer data base management resources, training, and
 
changes in procedures needed to 
implement these measures will be determined so
 
that appropriate steps can be taken.
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BACKGROUND REPORT
 



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 !are 1960's.
 

The primar-r support for 
rural electrification within diverse 
groups ranging
 
from national politicians to 
small farmers is based on the perception of
 
significant productive and 
social benefits which result from its 
introduction.
 
These benefits include:
 

- Decreased use of imported 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 areas.
 

- Improved living standards for the rural population as a result of
 
lighting, 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 water,
 
and communications will be promoted.
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- 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 extent
some from the
 
Rural Electrification Program. 
This is evidenced, in part, by the tremendous
 
popularity of the program in 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 is preparing detailed operationally oriented
 
master plans each
for province. This 
WAPDA plan will provide the
 
implementation basis for execution of the GOP decided goals 
as applied to
 
extending the central distxibution system.
 

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

The present grid expansion program would still 
leave over 15,000 villages
 
without access to electric power at 
the end of 10 years. These would tend to
 
be smaller and remote settlements, many 
of which could not be economically
 
serviced by distribution system extensions 
in a time frame of practical
 
interest. Particularly for these villages, 
the wider use of decentralized
 
energy 
systems merit serious consideration. 
 in fact, decentralized
 
technologies based 
on 
--newable energy resources might become practical
 
alternatives to distribuion system expansion in many regions if cost 
reduction
 

1-2
 



goals in such technologies as photovoltaics are achieved. 
So doing would serit
 
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 eiectxification strategy. 
Emphasis is
 
given to 
identifying necessary institutional support which would have 
to be
 
developed if decentralized technologies are 
to have a significant impact. In
 
this regard, WAPDA is probably not an appropriate implementing agency given the
 
diverse nature 
of decentralized technologies, 
the requirements for local 
O&M
 
capability, and 
the need 
for WAPDA to focus its 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 
to the
 
GOP in preparation of both the Rural Electrification Master Plan and in their
 
broader policy deliberations leading 
to 
the 6th five year economic development
 
plan. it deals with 
both central grid expansion and decentralized energy
 
technologies 
since both approacnes 
to Rural Electrification have 
a role in
 
Pakistan.
 

The Rural Electrification Program has 
a multiplicity of benefits which 
have
 
already been listed. However, its implementation has considerable direct and
 
indirect costs associated with 
local grid extensions, additional primary
 
generation capacity, and increased fuel usage in thermal power plants.
 

A primary objective of this 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 
implementation consistent with
 
national capabilities. To this end, this report identifies and, where 
possible, seeks to quantify both the benefits and the costs oZ the Rural 
Elecurification Program. 

1-3
 



To meet these objectives, 
a team from Arthur D. Little, Inc. has, over a three
 
month period, reviewed the pertinent 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 Decentralized Technologies
 

Dr. Robert Lee 
 - Rural Sector Economics
 

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 and in five of its Area Electricity Boards. in addition the 
team met
 
with representatives of many diverse organizations 
at both the national and
 
local level which closely interact with the Rural Electrification Program and
 
are among its beneficiaries. Organizations contacted include:
 

- National Planniny Commission
 

- Ministry of industry
 

-
 Local Government and Rural Development Boards (in each Province)
 

-
 National and Provincial Agricultural Departments
 

- Small Industries Associations (in each Province)
 

- Agricultural Development Bank
 

-
 Planning and Development Departments (Provincial)
 

- Directorate General of Energy Resources (DGER)
 

Finally, three to 
five villages, both electrified and non-electrified, were
 
visited in each province. Inter-views with the villagers, in general, confirmed
 
the views of the 
private and government representatives, but in some cases
 
increased our insight considerably. A complete list of the specific people met
 
by the team is included as Appendix 1-i.
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From the literature reviews, analysis, and meetings, 
this report has been
 
prepared. In 
it is provided:
 

-. Executive Summary
 

- introduction - Section 1 
- The Goals of Rural Electrification - Section 2 

The Present Rural Electrification - Section 3 

Program 

a. Decentralized Energy Systems 
b. Central Grid Expansion 

- Energy Sector impazts of the - Section 4 

Rural Electrification Program 

The Benefits of the Rural - Section 5 
Electrification Program 

These discussions of the implementation of 
the Rural Electrification Program
 
and its costs and benefits served zo identify a wide range of 
policy and
 
program implementation issues which should be considered in planning the Rural
 
Electrification Program. 
 The pros and cons associated with :hese issues 
are
 
discussed in Section 6. The issues considered are:
 

- The Village Selection Process
 

- ..egcnal Development 
- Jirrigatiorn Efficiency: 

- Load Management
 

- Choice of Connections (grid extension vs. 
backfill)
 

- Pricing of Electricity
 

- Line Loss Reduction
 

- Decentralized Energy Generation
 

- Data Collection, Management, and Evaluation
 

- t;APDA Management and Procedures 

Based on these discussions of policy issues 
a set of General Policies and
 
Implementation Guidelines were prepared.
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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 of General Policies (GP) and Implementation Guidelines (IG)which
 
can provide the framework for the expanded program of rural 
electrification
 
during the 6th five-year plan. Before any GP and IP can 
be developed, it is
 
essential that the goals of the 
rural electrification program be clearly
 
understood. 
The real goals of any Rural Electrification Program (Pakistan'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
 
distribut:ion 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 network?
 

In Pakistan, the real goals of 
the 6th five-year plan expanded Rural
 
Electrification 
Program include political, social, 
and economic objectives.
 
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 is doing something for the people.
 
Socially, 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 this
to objective. Economically, the
 
government of 
Pakistan is interested in stimulating increased productive
 
activity through 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 is generally felt 
to be measured by a
 
myriad of direct and indirect benefits that accrue to electrification, such as
 
those listed in Appendix 2-1. These benefits have been
rarely quantified
 
empirically but several of the benefits are considered important by GOP and the
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real goals of the Rural Electrification Program. 
A discus;sion of these benefits
 

follows.
 

2.1 Direct 3enefits
 

(a) Households - Household o,ners who choose to use electricity presumably
 
receive a direct benefit. 
 The measure of the benefit relates to 
the extent
 
of use. in Pakistan, it is estimated that 
an average of 35 
to 50% of the
 
rural households, in electrified villages, use 
the electricity after 3 to 5
 
years; thus a reasonably large number of persons benefit.
 

(b) Agriculture - If agricultural production can be increased 
or the cost of
 
production decreased 
as a result of electrification, 
a positive direct
 
benefit 
can be attributed 
to electrification. 
 in Pakistan agricultural
 
production is dependent on 
irrigation water and much of 
this is supplied by
 
electrically 
ocwered cubewell pumps. In fact, 
over $130 million in
 
agricultural output each year 
can be attributed to elecrrically driven 
tubewells. Certain!, expanded agricultural production is 
a GOP goal.
 

(c) industr- - If industrial output can be 
increased or cost of production can
 
be reduced as a result of 
electricity, a positive direct benefit 
can be
 
attributed 
to electrification. 
 This forms a third direct goal, as many

Pakistan villages do have small black smith shops, 
flour mills, rice mills,
 
oil expellers and similar cottage industi-
 at work and, when electrified
 
these industries may be able 
to increase output and expand their capability
 
to 
undertake more complicated jobs.
 

(d) Petroleum Savings 
- The substitution of kerosene and diesel oil 
by
 
electricity for cooking, lighting, heating and motive power 
results in a
 
net benefit in foreign exchange savings 
-- if the central electric supply 
is not based on oil imports. Benefits of this nature do accrue in 
the case
 
of lighting and pumping, but in 
the case of cooking and heating electricity
 
hasn't been 
a major substitute for other 
forms of energy. For lighting
 
alone, significant kerosene replacement is possible.
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2.2 Indirect Benefits
 

(a) 
Political Stability - At the local and district level of government in
 
Pakistan, representatives of 
the people are elected. A major platform on
 
which many of these representatives seek political office is 
the bringing
 
of roads and electricit7 to their 
district or 
local areas. Thus, to
 
achieve the important goal of political stability, the government must work
 
to assure that electricity is distributed 
on an equitable as well as
 
productive basis.
 

(b) Social and Public 
Uses - Another important goal of the GOP is to use
 
electricity for lighting schools, provide refrigeration in health clinics,
 
imnrove and stabilize water suDplies, and provide street 
lighting. The
 
accomplishment of 
the social objectives, particularly if subsidized,
 
provide benefit to 
the lower income population.
 

(c) Emlovment - Another OP goal for rral electrification is the creation of
 
employment in rural areas. 
 This comes mainly from using electric power to
 
pump irrigation water or 
from electrification of 
cottage industries. ,hen
 
used for both purposes, emploment is created.
 

(d) Environmental morovements 
- Pakistan does use a great deal of wood for 
heating and cooking. This has created a problem of deforestation and
 
erosion. Therefore, another 
perceived goal of the rural electrification 
program is to help 
stem deforestation and 
erosion by providing people an
 
alternative energy source 
for cooking or heating, but often these benefits
 

appear overstated.
 

(e) Migration - Electricity is otten attributed with stemming migration from
 
rural areas 
to urban areas. This is an important goal of the GOP, but
 
there appears to 
be very little evidence that electricity per 
se stems
 
migration. 
 it is felt rather, that alectricity creates local development
 
and employment opportunities and that 
these opportunities 
lead tc steming
 
out migration. In 
some development areas within 
Pakistan, employment
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opportunities have increased and out migration has been semmed as a result
 
of electrification. Thus, this 
does represent a reasonable goal for the
 

rural electrification program.
 

(f) 	Population Growth - It has been shown that electrification is statistically
 
associated 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.
 

tg) 	 Innovation and Modernism - 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 
"change agent." 
 In Pakistan electricity has brought about technological
 
change in agriculture which in turn has assisted the GOP meet national food
 
sufficiency objectives.
 

The 	GPs and IGs developed for the Rural Electrification Program 
in ?akistan
 
have been developed as a function of the operational, political, social and
 
economic goals set forth above. Our analysis supports that 
thase are the
 
primary "real goals" of the program during the 6th five-year 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 DESCRIPTION OF PRESENT RURAL ELECTRIFICATION PROGPM
 

3.1 Decentralized Energy Systems
 

3.1.1 Implementation 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 Digestar Systems
 

Photovoltaics
 

- ATDO Mini-Hydro
 

Biogas Digestor Systems
 

-
 Ministry of Science & Technology Photovoltaics R&D
 

- Local Development & Electricity Boards 
 Small Scale and
 

Mini-Hydro
 

- Agricultural Development Bark 
 Photovoltaic Pumps
 

As indicated above, most attention is being focussed on 
renewable energy
 
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
 
coz3ideration is discussed briefly below.
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Diesel Power Units
 

WAPDA operates about 35 
diesel geuerators (50-200 kW) in remote 
areas of
 
Baluchistan and 
has plans to install about 10 additional units. In
 
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 should, also be noted that there are 
over 
00,000 diesel operated pumps

with a combined capacity in excess of 1000 MW. 
The installed decentralized
 
power capacity in the form of diesel pumps is, therefore, about one-third
 
that of the central -.id.
 

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 next 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 inaugurated 
Silicon Research 
Institute and the Agricultural
 
Development Bank has initiated the testing of 
over 20 small photovoltaic
 
pumps. 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 for 130 photovoltaic
 
village installations over 
the next 5 years with an installed capacity in
 
excess of 2 MW. This 
activity will be in
done 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 Small Scale Hydro
 

Several organizations are 
involved in implementing mini and small 
scale
 
hydro systems. 
 In the 1960's WAPDA installed five units with capacities of
 

to 400 kW. These units were later turned over to the Northern Area
 
Public Works Organization for operations and maintenan-e. 
This activity
 
led to WAPDA being asked to 
surrey 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 Kohistan Development Board, the NWFP
 
Irrigation and Public Health Department, Northern Areas Works Organization,
 
and Azad Kashmir Electricity Department. 
 In 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 nini 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 been 
installed via
 
cooperative efforts of ATDO and local organizations. It is hoped to expand
 
this effort with the implementation being the responsibility of local
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organizations, such as 
the Kohistan Development Boards and A'DO 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 Energy System (Examples)
 

There are 
two general types or decentralized energy systems 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 Systems
 

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 diesel
on 

fuel fired engines since 
these would have, by far, the widest range of
 
potential applications.
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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 in average net capacity factor (pump
 
plus household) of 40 per -nt.
 

As indicated, the cost 
of power is very high in comparison with present
 
rWAPDA 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 

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 that there will be
 
reduced advantages to central facilities in reducing petroleum 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 
(typically at 5,000
 
hour intervals). Even these 
costs could, however, be greatly reduced 
if
 
supporting infrastructure is developed 
to train local technicians in O&M
 
procedures and to provide 
spare parts within a high level of
 
standardization.
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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/yT)
 

Capital Cost I (c/kWh) 6.8 2.5 

Maintenance Cost 2 (c/kWh) 7.6 
 2.8
 

Fuel Cost (/kWh) 9.6
9.6 


Cost of Energy (c/kih) 24.0 
 14.9
 

1. Engi..3-Generator Cost = $500/kW, Annual Capital Charge at 18 percent. 
2. 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 kti of diesel would, 
ou average, require 0.5 
kW of additional
 
central generation capacity (probably conservative 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 extension costs are assumed to be
 
Sl.,900 + $5,500 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 remote regions of the country.
 

b. Renewable Energy Systems
 

There ate a number of renewable energy resource systems which are 
being
 
considered for use in Pakistan, including micro 
hydro in the NWFP and
 
biogas generators providing fuel for internal combustion engines. 
However,
 
the 
renewable energy technology which probably has 
the greatest potential

for widespread use throughout Pakistan is 
photovoltaics. 
 These systems
 
directly convert 
solar radiation into electricity with no moving parts.
 
They, therefore, do not require 
a fuel deliveryv infrastructure (as do
 
diesel), are highl7 
reliable, and require only minimal maintenance. 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 unit:s 
for serving remote
 
loads is widely recognized and has resulted iii 
 several dozen demonstration
 
units being installed in developing countries 
to serve such diverse loads
 
as irrigation pumping, minimal village power, and cold storage. 
About 15
 
systems are operating in Pakistan 
on a demonstration basis including a 5 kW
 
village power unit (installed by the DGER) and 
a dozen 500 watt 
pumps
 
installed by the Agricultural Development Bank (ADB).
 

3-7
 



8 

7 

6 

5 

w-4a4 Wiesel Grld Extension 
w ~~~More EconomicMreEooi 

2 

Peak Capacity 25 klJ 

I I I I I ! 
0.I 0.2 0.3 0.4 0.5 0:6 0.7 

CAPACITY FACTOR 

Figuire 3.1 BREAK-EVEN ISTANCE: DIESEl. CENERATOIR VS GRID EXTENSION 



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 functions. However, the photovoltaic industry projects large
 
cost reductions so that 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 distribution
 
sys:em 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 be
 
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 f:om not 
having to operate additional thermal
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power plants, provide a strong case for considering photovoltaics in longer
 
range rural electrificatiun planning. 
 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 istablishing an infrastructure which can:
 

-
 Provide technical assistance and training to local technicians who
 
will have the responsibility for system operation and maintenance.
 

- 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 capabilit7 
to rapidl 7 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 financing for systen 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 generation facilities).
 

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
 
more of the organizations responsible 
for rural development rather than
 
WAPDA so the latter organization can focus on 
the central grid system which
 
will remain tae primary source of electric supply.
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3.2.1 

3.2 Central System Expansion
 

Historical Accomplishments of the Present Program
 

During the period 1957 
to 1977, approximately 6,000 villages 
were
 
electrified in Pakistan. 
 In 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 electric
 
energy generated in Pakistan.
 

The GOP has been having in depth deliberations on the appropriate rate of
 
rural electrification over 
the period of the next 
five year 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 by the GGP assumes
 
only 3,000 villages per year will be connected over the planning period. By

achieving this 
goal each year for the next 
five years, approximately 65
 
percent of the villages, 
in which over 75 percent of the population live
 
will be served by electricity.
 

3.2.2 Imlementation ofthe Present Rural Electrification Program
 

In order 
to develop practical and implementable 
GP and IG for rural
 
electrification, 
it is important to understand the present system for
 
making 
the decisions involved in rural electrification. Knowing this, 
it
 
is 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 cooperaticn of
 
numerous provincial government authorities would be required to 
effectively
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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 is, of course,
 
the primary organizations involved. 
 In addition, the National 
Planning
 
Commission (NTPC) 
 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 stations, siting them on 
the
 

basis of an annual Power Markei 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 districts, in support of overall 

electrification planning. 

- Provides to the provincial government's information 
on villages
 
which are 
candidates for electrification during the following year.
 

- 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 connection.
 

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

- Establishes budgetary allocation t,, 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. 
 National Rural Electrification Program 3bjectives, Policies, and
 

?ractices
 

At the nationa. level, two
the main parties to setting rural
 
electrification goals, policies, and practices are WAPDA and the NBC.
 

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 allocations 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 Committee. 
Hence, the NBPC plays 
an 
important role in establishing the balance between
 
allocations to generation, 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 proportion to the population in each province.
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The NPC has asked WAPDA to propose 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 elwctrified while maintaining a
 
balance between their generating system and the devand 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 programa 
arises primarily from
 
WAPDA's Annual Development Plan. 
 In 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 year),

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 WAPDA's Annual
to 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 village to
 
support 
the ADB's calculation 
of EIRR is presently being gathered by

WAPDA's field offices, written on 
appropriate forms, and sent to 
Lahore for
 
processing. 
 The information 
so gathered is similar to 
the information
 
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-1983, information on each village adequate 
to calculate an EIRR, will
 
be available to WAPDA on 
computer files.
 

c. 
 Summary of Present Process of Villae Selection
 

WAPDA's Master Plan, 
to be discussed in the 
next section. 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 Sind and 300-500 in Baluchistan
 
and N.W.F.P., 
coupled with suggested distance targets of 
 mile in Punjab,

and I to 2 kilometers 
in N.W.F.P. and Sind. 
 No 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, 
if 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 the criteria were held rigid. 
 The
 
combination of criteria and the interactive decision process 
seem to result
 
in a reasonable choice of villages for electrification. In 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 list.
 

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. 
 In
 
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 electrification 
of
 
villages with favorable economics is supportei 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 :he 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 villages under the fixed allocation) 
promotes running of 11 kV feeders from existing 1i 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 stations.
 
A second opportunity arises 
from the fact 
that the federal village
electrification budget is allocated primarily on the basis of population.
In some province! , population is basis on whichthe 
 the allocation is

divided even at 
the district level. Although 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 may take much
 
longer to develop if electric power is important to the development.
 

rhe 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 knowledge, 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
 
e:panded benefits from rural electrification in the future.
 

3.2.A 
The Master Plan Being DeveoDed 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 collected
 
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 nonsultants 
are using the data for
 
preparation of maps 
that will indicate the most appropriate way to expand

the 11 
 kV system to electrify these villages. 
 Their statement of work
 
appears as an appendix to 
this report and Table 3.2 
summarizes the 
data
 
they are to collect. 
 Note that this summarizes not only their statement of
 
work, but also the specific data forms they are 
completing.
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Table 3.2 

SPE=CC RESNIBITMr OF CNSITANS PREARNG MM EUB'MICATI MASR PLAN 

SCOPE OF ASSIG( -7T 

Develop data and infoatjicn for all 
villagesof more tlan ICO0 population 
In Punjab and Sind; 3(00 inN.W.F.P. 
and Baluchistan. 


DATA MO GAH 

1) Location and description of
acdsting 11 kV distribution system and 
grid stations, 


2) Location of sweet ground %;ater 
areas and undrdeveloped areas. 

3) Specific socioeconomic data (to be 
filed on cmputer) 

- population of village and local 
revenue unit 

- adult lite-ac rate 
- mnber of households, and imrber 

of pacca houses 
- distance frmt edsting high 

tension lines and pacca road 
- n.mbers of mosques; other 

camImity centars; hospitals;
health centers; dispeisaries; 
primry, middle, and high 
schools; and colleges 

- presence of union council, post
officp, yulice stat _rn, land 
assessor, WA'DA field assistant, 
and rail:ay station 

- r.mter of veterinarians and 
veterinary disper.saries 

- reimer of comercial shops,
repair shops, hotels, 

restaurants, and banks.
 

- mmber of blanket, carpet, 

tailoring, mirror mrk, and 

"other" producers 


- number of looms and 
 saw mills 
- numter of animal-vowred oil-

cqeellers, fodder cutters, 
cotton gins, flour mills, rice 
huskers, tobacco grinders, and 
"othe- ' agro-industrial Lmits 

DATA TM GOAM{ (cont'd) 

- saline, or sweet grond wter 
- presence of open weJJls, springs, 

"KAM" (tunnel _lls), and 
hand pumps 

- mmbers of electric and diesel 
tubewells, rnber of animalpowere--heel-pums 

- use of rain-fed irrigation,

perennial canals, non-e -ia 
canals, flood irrigation, and
 

reservoirs
 
- depth-to-ter table
 

MM0ATION TO PREPARE 

1) Forecasts for the years 1983-1993,
 
2003, and 2013.
 

- load by village of W and '<Tmn 
- reverie for WAPDA by village 
- poptlation and lhousehold by 

village 
- load by grid station, secondar. 

transcission lines, and 
generating stations 

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

3) F irrfl, e-oncmic, socioecon mic,
 
and enviroroita analysis for each
 
district.
 

PLANS TOPRFIARE 

1) Maps of existing sysren.
 

2) Proposed network of distribution 
sstem considering ectension, 
segmetation, re-routing, and/or
bifurcating edsting lines, and 
considering SCARF (Salinity Control and 
Reclamation Projects (electrification
 
plans. 
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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 11 
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 continue to
 
make provincial allocations, and that the provincial governments will thcn
 
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 year 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 end of the line (Village #3). In
 
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 system expansion. At 
first, the cost per village may increase as
 
the cost of running a feeder line, such that
as shown on Figure 3.3 as
 
running from the grid station to Village #2 may exceed the cost of running
 
it from Village #1. 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. Ay expansion might have
 
required radically revising the feeder line system from the grid staticn,
 
and would have been very expensive. 
 In addition to cost savings associated
 
with expansion, transmission losses and maintenance problems under the
 

3-20
 



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 system 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 technically

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 a somewhat different process to choosing villages. 
A
 
description of these processes 
follows. Understanding them is important,
 
as the 
provincial governments play an important role
V in the specific
 
decision concerning when a village is to be electrified.
 

a. Puniab Obectives, Policies, and Practices
 

The primary objective influencing The choice of villages to electrify in 
Punjab is 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 electrifiad are generally chosen in the following
 
way. 
 Tlhe Irrigation and Power Division within the Planning and Development

Department of 
the Punjab provincial government calculates the percent of
 
villages in each 
tehsil which have electricity. Tehsils which lag 
the
 
provincial average are 
targeted for accelerated electrification. 
 Based on
 
the provincial and federal budgetary allocation fur village
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FIGURE 3.3: EFFECT OF MASTER PLAN GRID EXPANSIONI PROCESS 

PRESENTR UNPLANNED EXPANSION 
 S (D Out Lying Villages
 

Line Run in 1980----
 Village #1
 

_----Line 

Run in 1979
 

((Cost: 100)
 

j Grid Station 
Line Run in 


1981
 

(Cost: 80)
 

Village 13 
 . Lines Installed
 

PLANNED EXPANSION
 

Vil1lge 11
 

Line Run in 1980-- ---Line Run in 1979
 
(cost: 110) .7(Cost:100)


Village #2
 

Grid )LjtlullLine Run in I1981- _.
(Cost: 10 

Village #3 
Lines In Llied 
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electrification, the appropriate total number of villages to be electrified
 
is 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 
over quota. This provides
 
WAPDA and the Irrigation and Power Department of the provincial government
 
a range to choose 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 the Irrigation and Power Department then consult
 
on 
final village selection, keeping within budget constraints.
 

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 is also often debated.
 

At 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. In 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 
contribute one-third of 
the cost; last year, 27
 
villages contributed.
 

Agricultural and industrial 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 Agriculture 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
 
it 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' function 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 is 
the definition of a village.
 
The Planning and Development Department has established records for 68,224
 
villages 
in Sind and have computerized them. Therefore, there is some
 
feeling that the present 
program of 
village electrification, which 
is
 
electrifying 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 are
in Sind 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 
Sind 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 provinciai government
 
does not consider that the stated population target of 1,000 should have
 
any impact 
on their selection procedure. On the 
other hand, since 90
 
percent of dehs
the 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 in
 
Baluchistan of which 3500 have 
a population of more Of
than 300. these,
 
approximately 365 have been electrified. During the upcoming year,
 
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 objecti,e: 
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 
chrcmite, fluorite, barite, magnesite,
 
iron, marble, gypsum and coal--all o 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.ire that existing villages not be totally
 
overlooked when electrifying villages. 
 This process 
occurs as follows.
 
The Planning and Development Department 
is notified by WAPDA o-f 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 Division
 
Coordinating Council allocates the divisions allocations 
to each district.
 
This allocation 
is not necessarily based 
on population; also, only
 
districts with grid 
stations already installed receive 
an 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 
reco=ends 
specific villages in
 
consultation with WAPDA 
to the Districts. They select these to 
further
 
their goals of promoting the development of specific valleys which offe-:
 
good promise of agricultural or 
other economic benefits. The Ministry .f
 
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 
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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 Mi. 
 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.500,000,
 
they cost RS 3 per kwh to run, 
and operate an average of 14 hours per day.
 
The Provincial Government subsidizes Rs 2 per kwh.
 

Baluchistan 
is presentlv the only province wherq 
WAPDA operates
 
decentralized power units (35 
diesel generators). rhis 
indicates the
 
potential role 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., approximately 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 electricity, within 
the
 
constraint of their budget allocation.
 
Annually, the District Councils submit the 
names 
of all the villages they
 
wish to have elect2'ified. These villages should have 
a population of more
 
than 500 and fall within 2 km of an existing grid. 
Some districts have no
 
grid station and hence, receive no allocation. 
This list is considered by
 
WAPDA and villages 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 thar the allocation and that villages 
are allocated
 
to districts in proportion the
to district's population. Within 
the
 
district, they 
select villages primarily on the population 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.P. also 
has remote, 
non-grid connected, hydro generators that provide electricity to villages 
and small areas. Three groups operate the bulk of these systems--the 
Kohistan Development 
Board, the N.W.F.P., Irrigation and ?Public Health 
Engineering Department and the Appropriate 
Technology Development
 
Organization. 
 7Lev operate, respectively, eleven 
50 to L00 kw units,
 
twenty-four 50 
to 100 kw units, and forty 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 its 
effect 
on the
 
already strained power generation capacity of 
the system and 
tor 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 generation, transmission and distribution. 
Future sections will
 
identify measures 
and policies which could reduce 
the financial impacts of the
 
Rural Electrification Program while still maintaining most of 
the economic and
 
social benefits.
 

4.2 Electrical Supply and Demand
 

The total rated installed capacity of 
'ha 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 reduces effective capability of these plants to 
1,302 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 dr7 
season is 
only about 2500 MW which 
is below present

demand levels. As a result, the system 
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 increase
 
capacity shortfal_1.
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Additional generatiug iapacity proposed through 
1990-91 is 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. 
Oil fired capacity scheduled to be placed in service
 
is 3456 MW. If 
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 percent
62 thermal. Capability in 
the most critical
 
month, May, would be 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 
parcent
 
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
 
pf 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 Karachi 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
 
year and pumptubewell additions at the rate of 5000 per year. By 1990-91,

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 WAPDA projections shows a deficit in
 
capability in several months each year. 
 In 1984-85 
a deficit is projected for
 
10 months of the year reaching a maximum shortfall of almost 800 MW one month.
 
These shortages are in terms of 
total installed capability. In terms of firm
 
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 addit.lonal 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 load from
projected resulting implementing the Rur;1l
 
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 fcr the
 

shortfall problem.
 

4.3 ImDact 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 are
rural maintained 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. demands
The rural 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 years will create additional
 
demands for generating capacity estimated at about 
800 MW in the next 5 years
 
and 1800 MW at the end of 10 years 
as shown in Table -.2 and attached bar
 

chart.
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1987 

Table -4.1 

Contribution of R.E.Program to
 
Demand and Shortfall 

1982 


MW 
 M1W
 

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 

(B) 
Without Rural Electrification*** 

Peak Demand 
 1755-
 4173
 

Deficit/Surplus-no 
reserves 
 + 690 
 + 1050
 

Deficit/Surplus-with reserves 
 + 433 + 650 

Source AID Project Paper, p.58 furnished by WAPDA for 1982. 
Total capability and demand for month of May when greatest
deficits occur. Peak demand severly depressed due to 
load
 
shedding.
 

** WAPDA Generation Program for 1988 & 1991. 
***Demand for rural electrification loads assumes rural peak
 

demands occur 
in viiay.
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Table 4.2 

EnerGVfx_and PeakDemand on WAPDA Sysiaem 

with 300f vi]a;;'Year xp a is ion 

1981-82 
 1986-87 
 _1991-92 

C,h 
 M.. __V9,_ MWr;i 
 Mv:
 

Traa ;rr 14,768 284, 
 32,[14' 
 5954 55,116 10,1-4g.
IrrI-ati o, Yur.yi t3,150 550 3,957 
 750 5,343 1,100
"Che, :hr_w 430 325 
 ,l0 842 
 2,250 1,585
 

No t cS: [;L:.' iald Peak DIemand estimates fur 300011 c.vear expansion for 10 year-, based on .APDAI'rL'jC-ztji,. : used by ADB for 200( villat-, s,4V program. 

I9;i- fiviure, are acttual from 1'AFIA P,,Er Sv:.t-., stat istics for total gelieratlon and 
.
d ;- (}l,er vyars frobi WADA pr,,i-.tious
 

I I- ' e-,u gy" f.,r pumping from WA!,M P-ower S, 
( _ tatistics, AgricultLure Connections, at0;,' .wl'v:-r.Other years ad" InLrL,re.. ifu 3000 villages/year expansiLL Irrigation
1'r el- + 50" of pumps on at pct.. 

(3% ]vz1-E 2 e:, r.'v fur other rural e!,ti,,jited fr.,;:- WA\A Acicn Plan for Rural Flectrificatjco ,
29...
1 1;iuaLMJ estim.ated frn j-.r0*'ect Icni cs d 1,;'AI)b fcr 2000 village/y~ar 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 ce the dominant rural load. At the end of 10 years, 
energy requirements other forthan pumping are estimated to be more than 30 
percent of total rural electric energy consumption. Since much of 
the village

load is andlighting 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 hydel stations in NWFP. 
 The projected village

electrification program planned WAPDAfor does not include consideration of 
decentralized systems.
 

The Rural Electrification 
Program in relation 
to WAPDA's total proposed
 
investment program is shown in Table 4.3.
 

Direct cost of the 11 
kV and low voltage lines and connections for a 3000
 
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
 

4-7
 



Table 4.3
 

ESTIMATED TOTAL COST OF 10 YEAR RURAL ELECTRIFICATION -XPANSION
 

Rs. Million
 

Distribution system for 3000 villages per year 
 12,000
 

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 
 15%
 

* Excluding nuclear plants. 
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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 is about 
15 percent of the WAPDA budget.
 

4.4 System Efficiency
 

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 
I percent per year. Reducing losses by

replacing overloaded lines and transformers, adding capacitors and improving
 
some design and construction practices is 
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 wouid contribute about 30 percent of the total distribution
 
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 ana construction practices to
 
improve efficiency of the system seem to be getting attention. 
Losses charted
 
by distribution circles visited ranged from 
12 percent to about 
"'O percent.
 
These were 
not segregated between technical and administrative losses, 
sc the
 
extent the technical losses in high loss 
areas is 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 R
 
losses in the system. 
This factor is becoming increasingly important
 
as 
the use of oil in thermal generation increases.
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- Less high capital cost generating equipment 
is 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 oil 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
 
to increasing system capacity by roughly 
125 MW having a value of Rs. 
1562
 
million ($125 million) assuming 
new generating capacity 
at Rs. 12,500/kW
 
($1,000/kW).
 

The financial impacts 
of line losses are seen to and
be considerable 

preliminary analysis indicates very favorable cost/benefit ratios for programs
 
geared to their reduction.
 

It 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 connection practices.
 

4.5 Management and Operations
 

The major question on 
the ability of WAPDA to sustain a program of electrifying

3000 villages is 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 productivity
 
- Reduced consumption of kerosene and diesel fuel in rural areas
 
-
 Social and political programs
 

Increased agricultural productivity 
is most important. iver 6 percent (2.8

million acres) 
of the cultivated 
land in Pakistan is now 
either totally or
 
partially irrigated 
with 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 expcrts.
 
The incremental value of crops grown 
as a result of electrified tubewells is
 
estimated ac 
between Rs.2.45 billion ($19i million) 
to Rs.6.0 billion (S468
 
million) . This alone is felt to be sufficient justification for providing
 
electricity to Pakistan's 
rural areas. 
 However, in addition, the reduction 4n
 
petroleum imports 
as a result of substituting electricity 
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 Industral/Commercial Benefit
 

Electrifying a village does not, 
of itself, cause 
immediate industrial
 
development. 
 Many other infrastructural, and market 
factors are recuired for
 
development of industry. 
 However, electricity may increase effective disposable
 
income in 
a village by freeing time, reducing the cost of lighting and mctive
 
power, and providing additional hours in the evening for oroductive work. 
Also,
 
electricity often triggers the demand for electric goods. 
 These effects create
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the opportunity for additional cash flow in the 
economy which eventually fuels
 

cottage and small-scale industrial expansion.
 

Electrification of villages not only electrifies 
villages, but brings
 

elec-ricity 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 around 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, samills, woodworking, small-scale embroidery, carpet weaving and
 

tailoring shops. Interviews with government ministry officials and WAPDA
 
officials indicated that if roads and electricity were present, small scale
 

industrial and commercial of sort would anpearactivity this spcntaneously
within one to two years. However, field work findings suggest that the most 

likely development path is the conversion of existing diesel-operated equipment
 
to electric equipment. If this equipment is not already present in a village
 
when it is electrified, the 
village probably serves primarily as a residential 

center and nearby commercial villages will provide for the above services. 

Although less likely, development of the above operations directly in an 
electrified village does and will occur, particularly if the ccmercial center
 

which presently provides services is some distance away.
 

Electricity is very useful to 
these cottage industries. Electricity is used in 

the above operations principally to provide lighting and to pcwer a motor. in 

addition, blacksmiths indicated their intent to use it f r welding equipment.*
 

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

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
1r of the
 

electricity. 
 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 from rural electrification flow
 
back as wages to the local villages, from which 
the industries recruit 
their
 

workers.
 

The supporting infrastructure strongly influences the development of any of the
 
above cottage industries. Electricity 
and roads are equally important to
 
development. Capital 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 an infrastructure adequate 
to
 
suppor: the development of cottage industries is present in 
most villages which
 
will be candidates for electrification in the next few years. 
 Roads for cottage
 
industries are acceptable and 
capital is generally adequate 
or obtainable.
 
However, if small-scale industries 
are to develop, hard top roads may 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 to settl2 in
 
their villaze and; therefore, 
often send money to be invested for them in 
a
 
family business by their male 
relatives. Contrary 
to some reported
 
expectations, the majority of 
the mideast workers invest their wages
 
productively. 
 They may invest in land or 
transport equipment, but they also
 
invest in all of 
the previously mentioned cottage industries. One of the
 

FiKRI and Associates, Rural Eectrificaticn District Master lan: 
Pishin,
 
p.19.
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TABLE 5.1
 

PROFITS FROM RURAL DIESEL OPERATED SAMIILL AFTER ELECTRIFICATION
 

Present Profits
 

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

Expenses - Diesel
 

Maintenance:
 
Rs.550 per month
 

Fuel:
 
Rs.100 per day
 

Expenses - Electricity
 

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

Fuel:
 

Consumntion
 

(100 Rs./Dav) (Q8,408 Btu/Liter) (.3 Diesel Efficiency) =56.7
 
(2.85 Rs./Liter) (3413 BRukM) 
 kday 

Kwh Charge
 

(56.7 k-h/day) (.63 Rs./Wh) 
 = 35.76 Rs.idav 

KW Charge
 

(22 Rs./kW) (20 HP) (1/1341 kW/HP) 
 323 Rs./Mo.
 

Increased Profits, Before Taxes and Canital Charnes
 

(Rs.550-Rs.225) + (30 days) (100 Rs./day-35.76 Rs./day)  (328 Rs/Mo.) = 
1821.2 Rs./Month 

Total Profits
 

Present Profits:1500 Rs./Mo. + increased Profits:1824.2 Rs/Mo.

Total Profits: 3324.2 Rs./Mo.
 

LInformation from local interviews.
 

2Equivalent consumption of electric motor replacing diesel motor.
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benefits of rural electrification 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 Pakistan 
has a program of "bankers on
 
motorcycles." 
 Their agents are given responsibility for covering 
a specific
 
region and meeting regularly with clients and potential clients. 
 They can make
 
loans 
for agro-based industries, but are not 
commonly asked to do so by

villagers. Most financing of 
these cottage 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 handicrafts 
- embroidery, carpet weaving, woodworking 
- and
 
these are reasonably effective. 
 The Agricultural Development Bank, under 
its
 
previously mentioned "bankers on motorcycles" program also provides 
some advice
 
to 
local farmers on how to establish any directly agricultural cottage industry,
 
such as rice husking or flour milling.
 

Effective entrepreneurship 
is also probably in short 
supply. However, team
 
interviews with local village headman, shop owners, and craftsman indicated that
 
they were formulating plans 
for the productive use of electricity. Even some
 
individuals not presently operating a cottage industry had plans for developing
 
one. If given 
a chance, many Pakistani are good busin?,smen.
 

Rural eictrification also affects small-scle industry. 
 "Small-scale" industry

is defined as industrial 
units w.L.th less than Rs.3 
million of equipment and
 
working capital. However, the average size of 
these firms 
is only Rs.140,000
 
and 80 percent employ 
fewer tpan 10 people. 
 The major types of small-scale
 
industries are workshops 
for repair of equipment, carpet centers, metal
 
fabricators, woodworking shops, 
ony:x carvers and 
textile, hosiery, towels,
 
tents, 
garments, appliances, footwear, gloves, 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 industilal units
 
in rural areas 
for many reasons. Due to its effects on exports and imports,

small-scaleindustry 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 
is 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 exceTlent producer of foreign
 
exchaage. 
 However, electrification ts 
a primary catalyst for developing these
 
industrial activities.
 

in order to encourage 
the rural development 
of these industries, the "Small
 
Industries Corporation" 
is developing "industrial estates: 
and (at federal
 
request) attempts to 
locate them in rural areas. 
 A Small industries Corporation

is associated with each provincial government and provides support 
to smaUl
 
industry in each province.
 

Interviews with 
the Small Industries Corporation and 
Small Business Finance
 
C-oration 
 in each province, have provided information which suggests 
that
 
education and training, entrepreneurship, and capital are 
probably 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 the
on 

process for setting up 
a facility. 
 It also provides referals to 
the Small
 
Business Finance Corporation and other 
sources of credit. Terms of 
zredit are
 
quite liberal; 9-11 percent 
inteiest, 5-year repav-ents on secured loans, 
and
 
collateral is 
not seized for 5 to 
7 years if loans 
are not being repaid.
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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 a:nd 
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 reauired to
 
promote rural small-industries developmen', 
i. is critical and needs 
to be
 
supplied to match 
the programs of extending roads and c her services. It is a
 
required element, 
and its introducticn 
is one more step towards increased
 
industr-alization 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. 
However, large industry is not generally dependent
 
on electrification of 
rural areas as special lines will be 
strung to these
 
facilities if raw mater-ls and other factors 
favor development of a large-scale
 
industry in the rural area. 
 in fact extending the 
rural grid may be a negative

benefit for 
some large industries if 
the increased load 
on the grid system
 
cavsed by rural electrification increases 
the need for load shedding. Due to
 
widepsread load 
shedding, large industries now 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 
 some extent large-scale industry.
to However, during the first
 
few years following electrification of 
an area, probably 95 percent of the
 
produ ve benefits 
result from increased tubewell 
dependent agr-rultural
 
production and only 
5 percent from industrial and commercial effeczs. 
 These
 
benefits are, 
however, quite important. Rural industrial growth is 
of value in
 
promoting exports, 
and in reducing the import 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 ImDortance of Electricity to Agriculture
 

Rural electrification impacts positively 
on agriculture if production 
can be
 
increased or costs reduced. 
 In Pakistan where 72 percent o : agricultural
 
production is dependent 
on irrigation and some 
14 percent of this 
on tubewell
 
wazer it 
was found by Dr. Mohammad Ruaf I 
in a study conducted in 1979, that use
 
of electricity to
 
power tubewells (Table 5.2) 
was the single most important use made2 of
 
electricity in the agricultural system and rural 
area .
 In fact WAPDA reports
 
that it accounts for about 23 percent of total electrical consumption. 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 second
 
and third Five-Year Plans.
 

T.BLE 5.2
 
AGRICULTURAL USE OF ELECTRICITY (NO. OF RESPONDENTS)
 

Rice-
Irrigation 
 Tube- Husking Poultry
Target Area 
 PumDs 
 wells 
 Plants 
 Farm
 

Rawalpindi 
 2  2
Lahore 
 4 
 41 7 
 2

Hyderabad 
 1 54 -

Thatta 
 - 3 8 _
Peshawar-
 - 3 1
 

Total 
 5 
 100 
 18 
 5
 

in addition to the overshadowing importance 
of electricity 
to power tubewells
found electricity as by Ruaf 
, and by our team during field inspection, is used
to 
power cottage type flour mills, rice husking plants, 
saw mills, oil expellers
and blacksmith/mechanic shops. 
 All of these activities are important to 
improve
the 
rural life and support agriculture in the area and do aid 
in maintaining the
employment level in agriculture. 
 Since tubewells represent the single
important use of electricity the sector 
most
 

in rural demonstrating the economic
 

Source: 
 Rural Electrification in Pakistan, a Socio-Economic Impact Study,

Dr. Muhammad A. Rauf, July 1979.
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benefits of this electrical use provides major support for the rural
 
electrification program. 
In 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 tubewells 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 14 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 cleai 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 summer crop, respectively)
 
where water is assumed to be 100 percent supplementary to canal water (Table
 
5.4) the increased agricultural output would be equivalent to 
Rs.2.45 billion
 
($191 million) 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 ($468 million) per year. 
 The actual
 
benefit likely lies between these extremes. 
 If 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.
 

Economics of Tubewell Water for Agricultural Production
 

Agricultural production in Pakistan, due to climatic conditions is limited to 
a
 
single growing season without irrigation water. Use of irrigation water permits
 
increased yields of rain fed crops and permits at 
least double cropping 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 

Province 

Punjab2 

SIN'D 

N.W.F.P. 

Baluchistan 4 

Total 

Private 
Elec. Diesel 

53,673 107,566, 

4,965 2,445 

3,782 582 

3,240 3,793 

Total 

161,239 

7,4101 

4,3643 

7,033 

180,046 

Public 
Elec. Diesel 

10,047 140 

NA NA 

620 38 

70 60 

Total 

10,187 

2,7415 

658 

131 

13,717 

Grand 
Total 

171,426 

10,151 

5,022 

7,164 

193,763 

Source: 1Agricultural Statistics of Pakistan, Ministr 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 

WAPDA, Lahore 

5-10
 



TrjQF 5.*4 

~~~Ih1,"f lS INARl' y X
T-!C !lFVl[ 
 glR''~ S 

W , I !;a te-

.~' 

r 

In f±.L,.,I 

Tr... . 

p~y 

ter 

I~si to 

7)i % _ I Po r .. r;g1 OF V. 'pir t Ipp 1,T. -n r It 

R~~~!etu 

1pp 1, 

I~v .ri F ..-r I*.p' 
4. f 

j$ I 

5 

n .4l-

. 2$ 

17_ 

" A r 1 

8 

R :cc-I~ -' 

fII3I.- 4N.I, 

* n,~ 

*~ I 

ArIZ.IiV 

iR. 

~ 

1 

~. 

I-.4 

<t* :± 

.'fItr 

ii ~ ~ 

r 

*i 

'-

I-~~~ .t Iiqr 

J 7 :s.1!I-ljtLI 

.:~ k~ .i ; I 

rn 

1.:69 

I ~4.In 

rh~ 

tI 

II wr. bi.npi.qj 

5114 8.. 

y HLnr81) 4.27 

±Ii or, 

172 

I~ lMd86f 

e-±y.Cra 

14 1' 

r~ 

ti-

~~ xs n 

.11r--I 1 Io6 

!fs rt 

in 

n -~!i 

Pk.'.n 

~~.,rr,-~~I 

P14iiiI 

np~ 

4a~i 

Ar ' *r V 1ii. ' ,. 
P.!sF r. . o 1F2 ie pr l si mmk srr'dL N rrixi±. Fora ti !.an s~r~! 

r'a;. .'Ik! -;I,. %!I111 Prou for~a .1? CaI !ro 1,18 /8 

L~a-r r Ncfl t .rCiw 'ie (r.I~j nj 
4 iuttf jj_ 7 



~'ttI~~F~! N ALRF 3 Tr -y_ ! . 

'', 

JV 

YL1-t' ') 
TO 

.flr' 

~~,-ct-..,.-ir L~j. * T . 

~ - iub...t".JLI.:'2 

3II~ 

~ 

- . 

rr. 

~~I t .1 Acr*?N. r-iza ot 

Tj -

'4**'n z'C 

r.T. - . I . . f . . u ! L f . l L t I t~n n i, 

as.g R>.ztjIvPnr ~ r 

~I.r iv '~o*s nr. ~ r iz:r. 

-

z 

IQel. t$fh1o 

i f.. r ,u rirr 

:tvi l.I C'-I 

202' ~iyair L 

Ori.r 

I.' 

it *~n 

(/ac 

15 

' 
VtzI .e I3 

5wJ 

I n -! g a,t t .' r r ~ f lr 

kxs)nu Ini~rt. 

'W4 ih.P 

J 

"'nal 

Cptl 

C4R 

I 

R.-dIn P 

.q'4 i r 

S -z 

1 

)*7(jA~e 

Fdr1' . ru-d-n Ir m t. rn ~ 

;ll 'dd PS Zkt ~'r 

R'4u-:.. 

esl 

I 

:'N 

k: 

'Art-i.,!a.~ 

*~~~4 

* . 

.:j 

~ 

c 

t-6 

kl 

r .. 1 > 

-0 

IU''.q l~)'~I 

u; i~ l.i.-'j-.qj.. 

~ i , a Jl , ' ur . ' 

R 97 

r:'jr A! ~'LI'.,, ~ 

SzJu ui k 

'-

~: 

*, 

~ in 

r. ..sfr 

\R- E' 

r h6I r .~ . ' M j l . , ~ i d a I ) ? h s Ii~ 1 ~ 
j 

~ ha~~ fr., t A.rhy~r~r~. I~I.h.-I. 

.~~';~t. i s~r 

s m 

'sr 

. 14 1 1 ,5tf7.4i.r~r ' M~ u ~a T b~f i 

.0 7'114 

& ~r~cu~ !w1 r Ma~r4Cr51 

e 

i 



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 relation to 
temperatures, evapo
transpiration and stress in selected 
periods of the 
growing season, which will
 
result in sub-optimal yields and production if not satisfied by 
water
 
applications to 
root zones at 
the right time. 
 Extreme climatic conditions..an
 
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
 
capabilities outside the government 
- administered dams and reservoirs; thus,
 
tubewell water acts as 
demand water, in the sense of supplementing canal water
 
supplies in transient 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 yield estimates under non-irrigated, irrigated with 
canal water and
 
irrigated with supplemental 
tubewell water conditions. 
 This information shows
 
that for most crops irrigation water increases yields 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, 
better soil preparation and similar 
improved oroduction
 
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 likely
is the last input to be eliminated if price/cost
 
relationships for 
agricultural commodities 
force the farmer to use fewer
 
purchased inputs. 
 Also, in Tables 
5.4 and 5.5 data has been set forth in an
 
effort to understand the benefits of electrical!y driven tubewells under the 
two
 
predominant agricultural situations for irrigation water use in ?akistan. 
Table
 
5.4 sets forth the situation when tubewell 
water is used 
as a supplement to
 
canal water such as in Punjab and ':ND and 
to a certain extent 
in NWFP. Table
 
5.5 sets forth the situation when 
tubewell 
water is used as a supplemenc to
 
rainfall only, such as in Baluchistan.
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The primary reason for developing this is try and understand the
data to 

comparative ad-antages of diesel tubewells 
to electrically driven tubewells. An
 
examination of the data developed leads to 
the following observations:
 

- From a national perspective connecting 
new tubewells to 
the electric
 
grid is more beneficial than connecting existing diesel tubewells 
to
 
the grid. In both situations examined tubewells 
(diesel or electric)
 
created increased return to labor and
land, 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 incremental gain of Rs.229. 
 This leads to the conclusion
 
that connecting new tubewells to the electric grid is 
more beneficial
 
nationally 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 electric tubewell
 
in .jn area with canal water (Punjab) is still higher than in a
 
non-canal water area 
(Baluchistan). 
 For Example, in the 
case of wheat
 
the return to 
land, labor and capital using an electric tubewell for
 

supplemental witer 
vs. using an electric tubewell as the primary 
irrigation source is Rs.1214 (Table 5.4) Rs.1053and (Table 5.5),
 
respectively. The primary reason that the
is in canal areas, small
 
quantities of tubewell water are 
used/acre; therefore, its a
cost is 

smaller portion of the purchased input 
costs.
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Return to 
land, labor, and capital on an incremental basis is higher
 
when a tubewell is added in Baluchistan than in 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 is 
that
 
productivity in Baluchistan is increased much more than in Punjab.
 

Returns to land, labor, 
and capital without a tubewell in Punjab is
 
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 Electric Rates to Tubewell Irrigators
 

At present the electric rate for electricity supplied 
to tubewells is only
 
Rs.0.23/klhh 
in Punjab and Sind, and Rs.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 marginal costs of
 
power from either oil fired 
or coal fired facilties which are estimated at
 
6-8c/kwh (Rs.75/kwh-Rs.1/kwh). 
Therefore, increasing the rates to the tubewells
 
would improve the financial viability of 
the whole WAPDA system. 7t would also
 
encourage improved irrigation practices by making electrically powered 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 costs
 
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 irrigaticn
 

water.
 

In both cases 
the variable cost per k h is approximately 22 percent of the 
total
 
cost, including both fixed and variable costs, of operating 
a tubewell. Hence,
 
the variable cost 
per k*h is only 2 to 
4 percent of total purchased input costs
 

in "supplement" areas and 7 to 
10 percent in "exclusive" areas. 
 The benefit of
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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 uneconomic 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 :z 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 5.2.and 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 thefrom 3.5 to 20. By contrast, 

incremental benefit 
 to incremental cost ratio ("B/C") for diesel tubewells
 
ranges from 1.1 to 9.0. Not surprisingly, in areas where the B/C ratio for
 
diesel is quite low, they are not 
 much used. Baluchistan for example, where
 
irrigation in some 
areas must be provided exclusively from tubewells, 
does not
 
have many diesel tubewells. On Figures 5.1 and 5.2 the B/C ratios are 
shown for
 
electric tube';ells assuming increased 
costs per ksh. Even quadrupling the rates 
does not cause the B/C ratio on electric tubewells to fall as lot. 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 rates were
 
doubled, the benefit to cost ratio of electric tubewells would still be 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 
sector 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 absorb a large share of the budgets for these 
departments reducing the resources to undertake other 
necessar, functions,
 

primarily maintenance of 
the vital canal system.
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This reflects a combination of the uneconomical rates charged for water from the
 
SCARP wells and the fact 
that many are 
operated extremely inefficiently (poor
 
maintenance, plugged 
intake screens). The inefficiencies 
are further
 
promulgated by very strong unions which inhibit implementing good O&M pra.tices
 
on the pumps. 
 For these and other reasons 
the GOP is being encouraged b:. donor
 
groups to turn 
over operation of these 
SCARP wells which provide irrigation
 
water to private sector owners.
 

These SCARP wells are 
a higher percentage of the electricity used in pumping
 
than their number wold 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 
encouraged. This 
will also
 
result in shutting down those wells which no 
longer serve a useful function and,
 
therefore, can't be transferred to private owners.
 

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. in 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 is 
used for cooking and
 

heat.
 
In more than 
six electrified villages visited, 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, 
it was
 
asked if they would use electricity for cooking or heating and the answer was 
most often no. These findings are consistent with findings of other studies
 
reviewed. A recent Resources for 
the Future report, I analyzing the role of

rural electrification 
in development, 
states: "electricity 
is not often a
 
substitute for wood or 
dung in heating or cooking."
 

* Scme SCARP wells pump saline water from the ground table which is unfit for

irrigation purposes. 
These wells would remain in 
the public sector domain.
 

Role of Rural Electrification in Development Discussion Paper D-7-,
 
Resources for the Future/Washington, D.C.
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It should be noted that, 
in general, the use of electricity for cooking or
 
heating shoud not 
be encouraged particularly where 
a significant portion 
of
 
power generation 
is by thermal means. One 
reason for this is that fuel
 
consumption in thermal power plants will be 
at least twice 
that which would
 
occur if fuel is consumed in the end use devices 
(stoves, furnaces, etc.). 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 106 barrels annually by 1988
 
with a value of about $150 million, if WAPDA's goal of 50 percent saturation is
 
achieved.
 

At present only 2 percent of WAPDA's power generation is by oil. 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 45 percent 
of ther-mal
 
generation will be by oil by 
1988. By this time roughly 8.8 x 10 barrels of
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TABLE 5.6
 

ESTIMATED PETROLEUM DISPLACEMENT RESULTING
 
FROM RURAL ELECTRIFICATION
 

Approximate 
Number 

Per Unit Fuel 
Displaced 
(Gal/Year) 

Total Fuel 
Displaced 

Gal/Year Gal/Year 

1982 
Lights (households) 
Pumps 

585,000 
22,000 

53 
1,823 

31 x 10 6 
40 x 106 

738,000 
952,000 

1988 
Lights (households)Pumps 1,500,000

40,000 531,823 79 x 1073 x 106 1.91.7 x 10,x 100 

Assumptions:
 

-
 Average village size is 200 households; 15% saturation in 1983
 
increasing to 50% by 1988.
 

- Village added at rate of 3,000 per year.
 

-
 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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5.4 

oil 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 relatively modest percentage total
of 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
 
engines 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 oil the point of
at 


generation.
 

It appears, however, that 
there will be a net displacement of imported petroleum
 
even considering, the above factors 
since only 20-30 percent of the 8.8 x 06
 
barrels of petroleum estimated 
to 
be used in power generation in 1988 will be
 
due to rural loads.
 

Social Benefits of Electrification
 

in aadition to the economic benefits 
of electrification 
that arise from
 
agriculture and industry, 
a variety of less-quantifiable, but 
never-the-less
 
valued benefits result. 
 These benefits are related 
to enjoyment of electricity,
 
improved employment, environmental improvements, 
foreign exchange savings,
 
reduced urban migration, reduction 
in birth rate, and increased political
 
awareness. Although these 
are less quantifiable, still 
there are facts which
 
give information on 
th~se assumed benefits. However, not all of 
these assumed
 
benefits appear to 
actually materialize. A discussion of each benefit follows.
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The most fundamental fact is 
that the people want electricity and the
 
demonstration of that 
fact is,
I they spend I to 10 percent of their income on
 

it. 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 3ven less clearly
 

attributable to
 

electricity. They undoubtedly exist, but are 
difficult to measure. 
A sense of
 
modernity, a sense that 
Lhe 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 presence alone
 
sufficient to make a particular village 
attractive to a doctor or 
health
 
practitioner but ic helps. 
 Therefore, the benefits 
listed above should be at
 
least partially credited to electrification.
 

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

attributable to electricity. 2
 

In association with employment, income appears to 
improve, and the magnitude of
 
the improvement is proportionate to the period 
that the village has been
 
electrified. 
 Also, there is evidence that this 
income improvement 'trickles
 
down' even to non-users in an electrified village. 3
 

1 Rauf, Di. Mohammed A., "Rural -e-ctri-icationin Pakistan - A 
Socio-Economic Impact input Study," Department of Anthropology,

Quaid-i-Azam University,
 
Islamabad. Calculation based 
on data on page 78.
 

2 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 longer working hours and
 
improvement in the productivity of capital goods. 
 Based on village interview
 
information, electrifying 
a diesel powered sawmill/cotton gin/flour mill unit,
 
could more 
than double daily gross profits; see Section 5.1, Table 5.1. Also,
 
interview information suggested that electrifyinJ these types of facilities
 
would increase employment at the facility from 25 
to 50 percent due to longer
 
working ho-irs. In fact, at 
a brick-making tlcility visited, electrification
 

tripled employment (from 15 to 45) due to runnit:g 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 substitution of kerosene and diesel 
oil by electricity for lighting and
 
motive power are the 
s nzo e most important 
areas where foreign exchange gains
 
are likely to be made from the Rural Electrification Program. For a detailed
 
discussion of the potential benefits in Pakistan 
see Section 5.3 of this report.
 
Basically, it is believed that net displacement of imported petroleum is still
 
possible in Pakistan, but with an increasing share of central grid power coming
 
from imported oil, 
this benefit will be of decreasing importance over the coming
 

years.
 

Electrification is widely believed 
to reduce migration of the rural population
 

to urban areas, based on 
the plausible model that electricity improves village
 
life and, therefore, reduces the incentive to leave. 
 Also, electrificacion does
 

increase employment opportunities and the lack of employment is often cited as 
a
 
reason for aigration. Reduced migration could be a dramatic benefit, as Karachi
 
(for example) is growing at approximately 8 percent per year, of which 
' percent
 
is attributable to migration, and this is 
a major financial and social burden
 
for the city. The counter arguments to the above are that electrification leads
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to the development of 
new skills by villagers, skills that 
can be 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 electrification
 

alone 
is slim. Research 
in other nations found 
no such evidence. 4 Some
evidence can be 
inferred from other 
facts about migration in Pakistan. In
 
Pakistan, it 
is evident that the population is fairly mobile. 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 Katchucha, it is reasonable
 
to believe that villagers would be 
more likely 
to migrate 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. The, also 
firmly believed that 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 Unfortunately, the
 
study 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 satisfaction" of villagers is
 
increased by electricity and that 
electricity is at
7 least one component in
 

holding migration down. 
 Various programs of the provincial governments aim to
provide six romponents of village infrastructure that are, in combination,
 
believed to be adequate to 
end rigraticn* electricity, roads, drinking water,
 

World Bank, Rural Electrification:
4 A World Bank Paper, 1975.
 
5 
 Op Cit, Ruaf - page 37.
 
6 ibid, Rauf, page AO.
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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 itself 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 other nations suggests that birth rates are lower in
 
electrified 
areas, but it is more reasonable to attribute that to 
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 unity of the
 
people. 
 It is true that users of electricity in Pakistan have greater exposure
 
to 
media of all types, particularly television. 
 Also, representatives of local
 
government departments indicate that, "roads and electricity are 
the only 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. In interviews
 
with villagers and village headmen, the 
role of Union and District Councils in
 
bringing electricity to 
 villages was discussed. The villagers 
generally
 
believed that these 
councils did determine where electricity went and the
 
villagers generally 
did attempt to influence their 
council representative.
 
Therefore, 
to this extent, rural electrification has 
value in increasing the
 
participation of the people of Pakistan in political issues.
 

In summary, the social benefits of electrification in Pakistan 
are real, to some
 
extent measurable, and very important.
 

7 Ibid, Rauf, Based on data on 
pages 43-45
 
8 Ibid, Rauf. page 58.
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6.0 POLICY CONSIDERATIONS
 

The previous sections 
provide a broad overview 
of the rural electrification
 
program and technical, financial, economic, and institutional issues associated
 
with its implementation. 
 There is probably no 
other single activity which 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
 
infrastructure development needs .nd has been, in part, responsible for 
Pakistan achieving self sufficiency in fooc. 
 Its 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 organization has 
primary responsibility for physically
 
implementing the rural electrification 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 Policy Options
 

Oction Definition
 

The major thrust of rural electrification in Pakistan 
is likely tc remain the
 
village electrification program with associated 
electrification of 
tubewells.
 
The present process of village selection with a discussion of its effects, has
 
been described in detail in 
Section 3.0. Here, 
some possible modifications to
 
that process ire discussed. Specifically, options related to who chooses
 
villages 
and hcw they choose them will be considered. 1i general, these
 
options involve either reducing 
the involvement of the local and provincial 
governments or in some way changing the criteria used to select villages. The 
options will be considered in detail but, to sl.mmarize, neither are 
recommended. 
 A change in the present process would most 
likely only change the
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order in which 
rillages are electrified 
and would not change either the
 
villages which will finally be chosen for electrification nor the design of the
 
distribution system 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 cooperp'ives.
 

The cooperative approach 
to distributing electricity 
in Pakistan has been
 
reviewed extensively and has not appeared to previous researches to be a good 
idea. ( I) Similar atttmpts at cooperatives for tractors, water courses, credit, 
and housing have not been successful. Based on 
this, the option of encouraging
 
cooperatives is not 
encouraged. 

Giving WAPDA alone responsibility for village selection also is u.idesirable.
 
First, WAPDA woul 
 obably be unwide 
to accept this responsibility. The
 
choice of villages will always 
cause some disappointment 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 if 
the local
 
councils 
are not involved in village selection. Finally, given 
the design
 
constraints th.t will be created by the Master Plan, 
the choice of villages
 
will not alter che desian of the overall system, an issue discussed in detail
 

in Section 3.0. Therefore, c~anging 
the present well-entrenched involvement of

the local and provincial governments is not recommended.
 

Change the Basis for Choosing Villages
 

The basis on which villages are presently selected is described in Section 3.0.
 
To summarize, tha provincial governments try to electrify large villages near 
existing transm:.ssion 
lines, while attempting 
to maintain an equitable
 

1. See WAPDA document, "Accelerated Rural Electrification Prcgram".
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distribution of electricity, and also 
attempt to develop areas that 
could
 
particularly benLfit electricity. The second two goals, maintaining
from 


equitability and developing selected areas, 
are to some extent, antagonistic.
 
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 criteria other 
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 wexe 
to consider new criteria, at the most,
 
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. they with
Since operate 
 a fixed financial
 
allocation, they tend to attempt 
to maximize the average population to distance
 
ratio of the 
villages they choose to electrify. One possible change in
 
criteria would be to attempt 
to measure 
the economic benefit of electrifyng 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 benefit of electrifying a sDecific village within 
a specific
 
district is almost 
always greater 
for villages of larger population. If
 
potential economic 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 these
general, 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 cost of
 
electrification" ratio. 
 Therefore, changing the 
criteria would probably not
 
alter the actual order in which villages will be electrified.
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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 one district may be electrified before those with a
 
better ratio in 
another district are electrified. 
 However, equitable
 
distribution is 
a very important goal of 
the GO? 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 its 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 oil displacement benefits
 
will decrease as 
oil is increasingly used 
in power generation. The major
 
quantifiable benefit is increasing agricultural productivity 
which may 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 say they
 
are proportionate to population. Therefore, 
it is doubtful that using an
 
economic evaluation 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 
eame 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 benefits" implies
 
relatively heavy use 
of electricity and it 
may 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 for electrification encourages 
a high level of local participation
 
while imposing 
a certain degree of discipline on the process which tends 
to
 
favor those villages with the highest economic potential. The Master Plan now
 
under preparation will provide further guidance 
to the selection process. As a
 
result of the above, it is not clear 
that alternative approaches which have
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been considered would significantly improve 
the results and, therefore, no
 
policy changes in this area were 
identified.
 

6.2 Regional Development
 

Extention of the rural electrification system in Pakistan has been largely 
on
 
the basis of population equity 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 where rural
 
electrification expansion 
will occur. This is because WAPDA presently
 
addresses regional development 
issues through a number of mechanisms including
 
tubewell irrigation programs, membership 
on Federal and/or Provincial
 
Industrial Facilities 
boards, and activities 
associated with developing the
 
information for the annual Power Market Survey.
 

WAPDA involvement 
in these mechanisms brings about cooperative discussion and
 
information 
exchange -ith provincial and local authorities. This exchange
 
brings regional development interests 
to the attention of WAPDA and together
 
with local authorities WAPDA tries to effectively address longer range regional
 

development opportunities.
 

The present program, while it does promote 
some regional development, has not
 
focussed on regional development opportunities per se' and may require some
 
re-thinking by 
the GOP with respect to the allocation of funds between and
 
within provinces.
 

Allocation Between Provinces
 

Applying strictly 
the present criteria of 
distributing rural electrification
 
between provinces largely on the basis of 
population means that Baluchistan
 
receives a small 
budget for rural electrification in relation to its
 

development potential.
 

90 percent of economic development funds are distributed between 
Dr-vinces
 
on the basis of population. The remaining 10 percent 
is distributed
evenly between Baluchistan and NWFP. 
 Rural electrification funding in

these provinces is, therefore, at a somewhat higher level per capita thar.
 
the national average.
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Baluchistan comprises 
43 percent of Pakistants 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.'y basins that had sufficient ground
 
water resources 
to warrant exploitation.
 

Also, in Sind the 
Irrigation and Power Department in 
the Secretary of Planning
 
pointed out that large 
riverian areas (unexploited fresh ground water and land
 
resouzces of about 
2 million acres 
along the river) about 2 million acres of 
unfarmed land existed. It is the provincial belief 
that this 
area should
 
receive electrification so 
 that tubewells can be established and unused
 
agricultural resources 
brought into production. Again this an
is example of a
 
regional development rat.er 
than village focused electrification program.
 

The primary element required Lc develop these areas 
in Baluchistan and Sind is
 
often exploitation of 
the ground water. To 
exploit the ground water refocusing
 
rural electrification 
away from villages and to ground 
water areas offering
 
agrarian potential would do much nore 
to expand agricultural production (the
 
major productive benefit occurring 
to electrification) 
than to replace diesel
 
tubewells with electric 
tubewells.
 

Many studies have indicated that 
regional development options based 
on
 
providing electricity may to
fail produce 
the desired results unless
 
effectively tied 
into a broader based development 
program that provides other
 
forms of infrastructure required for development.
 

_n Baluchistan, the 
team visited a valley development project which illustrated
 
how electricity, combined 
with roads and other essential infrastructure
 
requirements, could 
serve as a catalyst for 
regional develcpment. in this
 
region, many of the farmers has 
increased their agriculture tenfold, sons that
 
had left the valley returned home, 
new settlers migrated into 
the valley, and 
it is becoming a maior agricultural zone in Baluchistan. The above is one
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example illustrating that if 
the regional development 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 largely on population and is primarily
 
focussed on electrification of 
villages not regional development potential.
 
However, within provinces as betwe.n provinces 
certain districts offer more
 
potential for development than others. 
Therefore, if the provincial government
 
would use a porti-on 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 be gained
 

within the provinces.
 

Implementation of Regicnal Develonment Ortion
 

The regional develcpment option 
;ould require 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 electrification to development projects. 
This is
 
some departure from the v_age selection process 
now used to direct most of 
the rural electrification fends. To implement this policy would require as a 

minimum that; 

- The nationa! government direct a larger portion of the rural 

electrification budget between provinces on other than population
 

alone.
 

- Review procedures are established at 
the national and provincial level
 
whereby 
regional development opportunities are identified and
 
evaluated. Such a review function woulc require close 
collaboration
 

between diverse 
privace and public sector interests including those
 

involved in agriculture, planning, industry, and mineral development.
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- WAPDA and its consultants 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 potential areas, and similar facts) and
 
prepare target regional development areas by province.
 

- WAPDA to expand its distribution via 33 kV and 11 kV 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 contribution of rural
 
electricity in economic development.
 

6.3 Irrigation Efficiency
 

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-ntial that the electricity which is
 
supplied be used as efficiently as possible. This discussion 
focuses on a
 
major rural use of energy and on means by which this 
use of energy can be made
 
more efficient. 
 Two basic means exist, first through more efficient use of
 

second better
water and through and more efficient use of irrigation
 

technology.
 

More Efficient Use of Water
 

Prestatly flood irrigation is the most common 
form for irrigation used in
 
Pakistan. This is also one of 
the most inefficient means of irrigation because
 
water is lost 
both through canal seepage and evaporation. This form of
 
irrigation system in many parts of 
the countri is historically dictated and
 
extremely difficult 
to change because canals and !and ownership patterns are
 
established. This obviously leads to the 
question of what can be done to
 
improve the use of water.
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Water use can be made more efficient through improving the present irrigation
 
methods and/or through the adoption of different irrigation methods. 
 Often a
 
combination of 
both methods produces the greatest improvement. Also, the
 
methods will 
differ between presently irrigated areas and those just being
 

brought under irrigation.
 

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 has
water soaked the
 

irrigation ditch;
 

- Lining irrigation 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 is 
simply to 
get farmers, as is practical,
 
to use tubewell water 
only after the canal water has saturated the main
 
distribution canals. 
 In this way, lower cost canal water is being lost through
 
seepage and 30-60 percent of the higher cost, 
higher energy using tubewell
 

water is saved.
 

The second method, lining canals with 
some material that prevents 
water loss
 
due to seepage, is exactly that. 
 This method based on 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 because 
of water
 

logging.
 

The third method, using different methods of applying water, offer another
 
means for 
some reducing irrigation inefficiency. Due to the existing layout of
 
land plots, it may not be practical to introduce standard sprinkler irrigaticn
 
systems, but on orchard crops and some 
row crops drip irrigation systems may be
 
practical. 
 In cases where drip irrigation is practical, it 
has been found to
 
reduce water requirements by at least half.
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Present programs of the GOP together with assistance from donor organizations,
 
including 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 aboe, should reduce by 50 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
 

operated tubewells in Pakistan realize this 
gain, the electrical energy demand
 
for these tubewell operators could be reduced by 76.5MW per year.
 

In areas where tubewell water is not used in conjunction with canal water, the
 
primary means for reducing water use is 
through lining of canals, elimination
 
of holding ponds, and the introduction of sprinkler or drip irrigaticn systems.
 
As above, if these methods are introduced, water losses can cut by 30
be 

percent or more and at the same time 
reduce the number of hours the tubewell
 

runs or permit the irrigation of more acres. Thus 
in these areas energy
 
savings on 
the order of 3000 k-Wh per tube well could be saved.
 

The above discussion illustrates that methods do 
exist for reducing irrigation
 
water used without detrimentally affecting production; 
in fact, use of less
 
water may even increase production. By 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 planning must be incorporated more effectively into irrigation
 

planning in Pakistan.
 

More Efficient Irriaation Technclogy or its Use
 

Another major source 
for reducing energy requirements by electric tubewells is
 
through purchase of properly designed and dimensioned systems and proper
 
maintenance of such systems installed.
once 
 If proper systems are purchased
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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 is 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:
 

1. 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 maintenance standards which will be periodically checked
 

by the WNAPDA water wing. If these standards are not found to be met, a
 
warning will be issued. If 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 promote more efficient use
 
of the tubewell water and better maintenance practices.
 

It is relatively easy to establish Items 1 and 3 above, but it may be very 
difficult to implement Item ' due to the controls that would have 
to be put in
 
place to 
 assure proper administration of the monitoring program.
 

6.4 Load Management
 

Present shortage of generating capacity and projected continued 
shortages 
through 1990 makes it almost mandatory for WAPDA to consider whatever
 
alternatives, 
in addition to building new generating plants, are available to
 
reduce the shortfall. For the immediate prcblem, WAPDA has 
been forced to
 
resort to disconnecting feeders throughout the country on a rotating basis each
 
day. Additional measures to reduce the 
demand include disconnecting public
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sector SCARP and tubewells during evening peak, turning 
out alternate street
 
lights, industry 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 undesirable since it does not discriminate between users 
on the
 
same feeder. 
Tubewells are prime targets to be disconnected yet 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 is 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 roughly, 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 50 percent of the pumps
 
could therefore, 
be as high as 350 MW. T1he cost of providing this much
 
capacity to the system would be about Rs. 
4,370 million ($350 million). There
 
will be about 100,000 electrified tubewells installed by 1988. The above
 
financial savings resulting from the 
load management option amount to 
about
 
S3,500 per tubewell. As a result, there 
is considerable flexibilitv 
in
 
considering various load management options given 
the very large financial
 

incentive to do so on 
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
 

distributiou of irrigation water.
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Time clocks are subject to disruption with each power outage 
so that they no
 
longer control operation per the initial schedule. 
 Mori s ihisticated 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
 
practical benefit as absolute load management (via electro-mechanical switches)
 
with less bureaucratic interference. Implementing 
even this measure would
 
however be complicated by the frequent power 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 frw watts is required).
 

One of the concerns 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 
many cases to distribute irrigation
 
water whereby each farmer may be allocated a specific time of the day when the
 
water flow is directed to his fields. 
 Certainly this 
concern must be addressed
 
when considering the prospects for 
load managing tubewell irrigation systems.
 
The fact is, however. that well-planned load management should be less
 
disruptive of rural activities (including irrigation pumping) than the present
 
system of defacto load management resulting from black cuts.
 

Load management of the tubewells 
is seen to have significant financial
 

implications on a national basis.
 

its implementation is, however, complicated by 
a number of technical, social,
 
and institutional problems and uncertainties. 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
 

6-13
 



in cost compared to the multi-hundred million dollar benefits which 
could
 

follow.
 

6.5 Backfilling vs Expansion
 

Option Definition
 

The Government of Pakistan is embarked on 
a 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 populatiou and contribute to 
achieving a decisive breakthrough in
 
the provision of physical and social services 
to the rural areas. At the same
 
time, many villages that have been electrified are 
only partially saturated and
 
find it difficult 
to obtain additional connections due to limits placed on 
the
 
number of connection per-aitted 
and many of these must be allocated to new
 
villages being added 
to the grid. 
 It should be noted, however, that ic is not
 
clear to what extent people .desiring connections cannot have one within 
reasonable length of time. In one province, Sind, the local officials 
indicated that there was not a significant waiting list for connections. In 
other areas, such as N1FWP, the length of 
time required to get a connection was
 
considered to be a significant barrier 
to increasing saturation levels. 
 In all
 
cases, local officials indicated that 
as saturation levels approach 40-50
 
percent, most of 
the people who want 
or 
can afford a connection probably have
 
one. 
 It was indicated during field interviews that requirements fcr "under the
 
table" money to get a connection may 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 or
 
extending to new villages 
- and the pros and cons 
of each are discussed below.
 

Backfilling Existing Villages
 

The primary benefits of this choice seem to accrue to 
WAPDA. Certainly if
 
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 previously
 
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
 
backfili 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 system wide basis.
 

7hile 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 
system. For example,
 
villagers interviewed by 
our team and work conducted by Dr. Rauf 
at the
 
University of Islamabad support 
that the majority of users who 
intend to use
 
eleciricity adopt it immediately during the year following electrification. 
These connections 
usually include productive uses such as cubewells, lift
 
pumps, small industries, and essential social services 
such as basic health,
 
education and drinking water. 
As 
a result, Dr. Rauf's work indicated that many
 
inhabitants cf electrified villages henefit from the process even 
if they don't
 
gave electricity in 
their homes. 
 This suggests that the benefits accruing from
 
the first 
10-20 percent of connection saturat±on are probably larger than from
 
subsequent increases in saturation level.
 

Once these primary connections are made in a village, 
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
 

6-13
 



use, particularly lighting and 
some domestic appliances. As new lighting
 
connections 
are added, kerosene is displaced and this benefit will remain
 
similar between backfilled villages and newly 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 selectior 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 elettrification
 

resources.
 

- The overall incremental cost of extending the local grid is not as high
 
as might first appear since the indirect infrastructure requirements
 
ate similar for backfill and new village connections.
 

Of course, these arguments must be compared with the heretofore discussed 
reduced financial viability of WAPDA resulting from grid extensions to new 
villages and the possibility of discontent among unelectrified inhabitants of
 
electrified villages who must wait for a connection.
 

in summary, it appears that a major portion of 
the economic and social benefits
 
of rural electrification occur within 
I to 2 years of electrificaticn. Many of
 
the benefits 
accrue to people not even connected to the line by virtue of
 
increased employment opportunities and social
improved services (schcols,
 
etc.). This provides justification from a national benefit point of view for
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Table 6. 1 

WAPDA TARIFF SCHEDULE
 

(1981)
 

Fixed Charge Energy Charge 
 Net Cost*
 

Rs/kWh c/kWh Rs/kWh c/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
 
Baluchistan & NW,-FP 
 17 Rs 
 0.16 1.2 0.28 2.2
 

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

of financial resources.
 

The facts concerning benefits from saturation 
of electrified villages 
vs
 
electrification of 
neu villages are, therefore, inconclusive making judgements
 
difficult to make in this 
area. Statistics of 
new vs backfill connections in
 
rural areas do not appear to be readily available. In particular, no
 
differentiation is made between 
 urban and rural household connections.
 
However, connection data obtained 
 in the NWFP suggests that the number of
 
backfill connections in rural areas 
is, 
roughly, comparable to connections in
 
newly electrified villages; a ratio which 
might not be unreasonable at the
 
stage of the program. Given the level 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.
 

The level of uncertainty 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 elasticity of connection demand, 
uses of electricity at
 
the village level, 
and how these uses change as saturation increases. 
 This
 
further illustrates the need for improved data 
collection, management, and
 

analysis as discussed in Section 6.3.
 

6.6 7lectricit; Pricing
 

The present tariff structure for electricity..in rral areas is ho in :-ble 
6.1. The household tariffs shown are 
the 
same as in urban areas. The inverted
 
price structure provides poorer families with up to 50 ke.,h per ncnth for 
essential services at a low rate of 0.34 Rs.i'kl (2.6c/k). This rate 
increases to 0.5 s./kW~h (3.9c/kWh) for high ircome families using electricity 
fcr a wider range of functions (refrigerators, fans, etc.). The rate 
structure, therefore, will tend to discourage non-essential use of electricitv 
which is clearly in the national interest. 
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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
 
(2.2c/kWh to 2.6c/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 electricity rates. This is
 
evidenced by the 
over 6,000 electric pumps connected annually and the waiting
 
list of farmers who have e:ressed a desire to connect pumps in already
 

electrified areas.
 

The present low tariff structure for irrigation pumps is 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 
oil generated facilities.
 

As indicated .in Section 5.3, 
however, the economics of tubewell irrigation
 
wi.uld remain highly favorable 
even if tariffs are increased considerably to
 
better reflect the cost of servicing these loads and thereby improve the
 
financial viability 
of WADA. An additional 
benefit of raising tubewell
 
tariffs would be to encourage more efficient irrigation practices.
 

That tubewell 
tariffs could be increased significantly while still maincaining
 
their highly favorable economics is also suggested by the 
over 100,000 diesel
 
driven wells operating in Pakistan. At present diesel fuel prices (about
 
$1.00/gallon), the effective cost of power based 
on fuel consumption alone from 
these diesel engines is, at least, 10c/k.7n; i.e.. 3-"' times that of 

electricity. 

The above indicates that modification in the 
tubewell tariff structure could be
 
implemented consistent with 
national goals of increasing agricultural
 

productivity.
 

Determining the appropriate rate structures and how they should vary by region
 
(for example, in Baluchistan, agricultural costs will depend more critically on
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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 irrigation 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 productivity.
 

6.7 Decentralized Energy Systems
 

As indicated in Section 3.2, decentralized energy systems could 
often provide
 
the most economical means of se-:ing remote loads 
if all the costs of central
 
grid expansion are considered. Furthermore, decentralized technologies may
 
offer the only practical approach for serving many of the 
over 15,000 villages
 
that are not even 
being considered for grid connection. 
Many of these villages
 
are in Baluchistan where 
regional development will 
depend critically on
 
supplying power for agricultural, light industry, and mining activities.
 

A coherent policy toward decentralized power units and their role in Rural
 
Electrification is warranted given the 
demonstrated potential of 
conventional
 
technologies and the tremendous promise of 
renewable energy resource 
systems.
 
Auy such policy, however, must consider 
that there is presently little
 
infrastructural 
 support for analyzing, implementing, and operating
 
decentralized 
power units on a widespread basis. WA2DA is 
responsible for
 
about 80 percent of the national energy budget and devote best
must its 
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managerial and technical 
resources to the overwhelming 
concerns of generating
 

capacity and distribution system expansion.
 

No other single or suall 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. As 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 
Development
 

Boards, etc.).
 

A general policy to incorporate decentralized power systems into overall Rural
 
Electrification planning must address several important issues including:
 

-
 How should such systems 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?
 

- That level of subsidy (if 
any) should be 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 probably should not) required 
to pay the marginal cost for power
 
(upward of Rs. 11/kWh). Why .hen should 
users of power from decentralied
 
systems be required to effectively pay the marginal cost 
of power from a non
 

grid connected service?
 

As suggested above, The implementation cf decentralized energy technologies in
 
support of Rural Electrification involves a whole range of policy 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 consumption patterns by coanection 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 other-wise) 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 estimate
to the probable
 
loads on the system and how it is likely to chenge with time, 
the effect of
 
electricity pricing policies 
on 
demand, the technic,l 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 WAPDA 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 customers at
 
the hational level, although 
the data to do so is probably available at the
 
local level. Some of this information is not now collected 
at all by WAPDA
 
since it is not necessary to 
carry out its day-to-day operations. For example,
 
information on such subjects as 
economic impacts of Rural Electrification may
 
be required for effective national 
energy planning and general policy
 
formulation but is 
not a direct input for electric utility planning.
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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 if 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 collectio, and management system should be 
one of high
 

priority.
 

6.9 Management and Operations
 

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 year as 
is now the goal of the 6th five
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:
 

WAPDA presently has in excess 
of 85,000 employees and is adding staff
 
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 is about
 
52 to I which is a factor of 4-10 less 
than in well run utilities even
 
iz:other developing countries. 
 To a large extent this overstaffing is
 
actually institutionalized in WAPDA's operating procedures which call 
for specific numbers of staff in different categories for each
 
increment of 
customer additions. 
 WAPDA point out, however, that the
 
high level of staffi> does not result 
in labor costs being
 
significantly higher than for utilities in the United States. 
 This is
 
due to low labor rates prevailing in Pakistan and within WAPDA.
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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 and 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 staffing 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 personnel 
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 the proper equipment to
 
operate efficiently--particalarly 
in a rural grid system with a
 
dispersed customer base. This 
 includes a lack of two-way
 
communications capability between 
field crews and regional offices,
 
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 billing, 
 are still eone manually
 
which results in inefficiencies, contribute to 
overstaffing, and tc a
 

higher error rate.
 

- The materials procurement, control, and storing processes are
 

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 in consultant reports prepared in support of 
the Rural Electrification
 
Project Paper and in recommendations made by 
other donors such as the world
 

* In the process of being computerized.
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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 
tFrms of high staffing
 
levels, high line losses, and excessive use of supplies could be high if these
 

issues are not addressed in a timely manner.
 

Other training programs arc being sponsored by the World Bank and 
the
 
Federal Republic of Germany.
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INDIVIDUALS MET WITH BY PROJECT TEAM MEMBERS
 

NAME 


Dr. Roy Renfro 


Mr. Wadood Ahmed Jilani 


Mr. F. I. Malik 


Mr. Izhau-ul-Haq 


Mr. A. H. Naseem 


Mr. Afzaal Khan 


Mr. Abdul Majid 


Mr. Akran Khan 


Mr. Mohammad Jehangir 


Mr. Raziuddin Shaikh 


Mr. Shamas-ul-Oamar 


Mr. Khalid Sa4fullah 


AFFILIATION
 

Agricultural Economist
 
Agriculture and Rural Development
 

Section
 
US/AID Mission to Pakistan
 

Director of Planning
 
Rural Development 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
 
Planning of SCARPS Electrification
 
WAPDA
 

Director of Standards
 
WAPDA
 



Mr. Malik Muhammad Ashraf 


Mr. Manzoon-A-Sheikh 


Mr. Harold R. Hopper 


Mr. William E. Bolton 


Mr. Shahid 


Mr. M. 0. Siddiqui 


Mr. Mohammad Arshad. 


Mr. Khalid Saif Ullah 


Mr. S. T. H. Naqvi 


Mr. H. A. Blomme 


Mr. R. C. Scriban 


Mr. A. Hafeez Ibrahim 


Mr. Mohiuddin Khan 


. 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 Power
 

Chief Engineer, Planning, Power
 
WAPDA
 

Director
 
Standards and Design
 
Office of Chief Engineer
 
WAPDA
 

Superintending Engineer
 
Faisalabad Circle
 
WAPDA
 

CIDA Project Monitor
 
WAPDA Power Projects
 

Project Manager
 

Montreal Engineering Co.
 

Chief Engineer, Power Control
 
WAPDA
 

General Manager, Planning, W¢ater
 
14APDA
 

Principle Engineer
 

National Engineering Service
 
(NESPAK) 



Mr. Abdul Aziz 


Mr. Muzzafar Malik 


Mr. C. A. Hafeez 


Mr. Nadir Saeed Khan 


Mr. Safdar Javed 


Mr. Anis Naqvi 


Mr. Tariz Sultan 


Mr. Rafi Mohammad Khan 


Mr. Mohammad Parvez Masud 


Mr. Fiazullah Qureshi 


Mr. Ghulam Mustafa Abra 


Mr. Kazi 


Mr. Kamaluddin Qureshi 


Mr. S. N. Posho 


Deputy Secretary (Power)
 
Punjab Irrigation and Power Department
 

Agricultural Development Bank of Pakistan
 
Foreign Assistance Program
 

Dep. Managing Director
 
Punjam Small Industries Corporation
 

Joint Director
 
Punjab Small Industries Corporation
 

Dep. Secretary
 
Local Government and Rural Development
 
Punjab
 

Director
 
Planning and Development
 
Local Government and Rural Development
 
Punjab
 

Additional Secretary
 
Planning and Development
 
Punjab
 

Regional Manager
 
Small Business Finance Corporation
 
Lahore
 

Secretary 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 Economist
 
Planning and Development
 
Sind
 



Mr. Bari 


Mr. Manzoor A. Khan 


Mr. Imtiaz Rasool 


Mr. Muzzamal Qureshi 


Mr. S. M. Arshad Bokhari 


Mr. Manzur Ahmed 


Mr. Abdul Ghafoor 


Mr. Aijaz Nabi Abbasi 

Mr. Juma Khan 


Mr. Saeed Ahmad Khan 


Mr. Atta Mohammad Jafar 


Mr. 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 Electricity Board
 
WAPDA
 
Eydera'bad, Sind
 

Director Technical
 

WTAPDA
 
Hyderabad, Sind
 

Superintending Engineer
 
WAPDA
 
Nawabshah, Sind
 
Superintending Engineer 

WAPDA 
Succor, Sind
 

Deputy Director
 
Baluchistan Small Industries
 

Corporation
 

Chairman
 
Area Electricity Board
 
WAPDA
 
Wuetta, Baluchistan
 

Secretary
 

Planning and Development
 
Baluchistan
 

Secretary
 

Local Government and Rural
 
Development
 

Baluchistan
 



Mr. Abdul Jaleel Khan 
 Chief
 
Water and Power Division
 
Planning and Development:
 
N.W.F.P.
 

Mr. Abdul Latif Khan 
 Director General
 
Local Government and Rural
 

Development
 

N.W.F.P.
 

Major Ahmed NawazShinwari Manager Operation
 
Supervised Agricultural Credit
 
National Bank of Pakistan
 

Mr. Niels de Terra 
 Senior Representative
 
lED Consultants
 
Pakistan
 

Mr. Ken Hoffman 
 Math Tech
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POTENTIAL BENEFITS FROM RURAL ELECTRIFICATION 

SOURCE: 	 National Rural Electric Cooperative (NREC) "Social and Economic
 
Benefits of Rural Electrification Cooperatives" (Washington, DC
 
1978)
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POTENTIAL BENEFITS FROM RURAL ELECTRIFICATION
 

Few would disagree that one of the most significant differences between the
 
developing nations of 
the world and those in which people enjoy healthy,

productive lives is the establishment and widespread use of effective electric
 
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.
 

!. 	Irrigation system utilizing eleccri 
 system equipment, 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 products and utilization of
 
milk coolers.
 

5. 	Electrically powered grain drying, processing, storage systems and
 
fumigation.
 

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

7. 	Fish farms in areas where pumps required.
 

8. 	Working through his Cooperative provides farmer with some degree of
 
leverage in the marketDlace.
 

9. 	Agriculture employment opportunities generated.
 

10. 	 Electrically powered handicraft industries allowing for varied and increased
 
production. (Cottage or home produced items can be made during off-peak
 
seasons of agricultural cycles.)
 

11. 
 Employment opportunities, especially for women, in coriercial non-agricultural

industries. (Due to electricity, women with reduced homemaking 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 areas.
 

13. 	 Development of small industries 
to meet created demand for simple electric
 
appliances.
 

14. Development of industries supplying poles, cross arms, insulators, hardware,
 
meters and transformers for electric distribution systems.
 



15. 	 Employment opportunities created by CooperaVves, contractors, National
 
Electrification Administration, auditing and accounting firms.
 

16. 	 Limited school facilities utilized for night classes.
 

17. 	 Community facilities such as libraries opened in evenings.
 

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

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

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

22. 	 Teachers more productive and better prepared due to home lighting.
 

23. 	 Students academically improve. Homework better prepared.
 

21. 	 Refrigeration of medical supplies by clinics and hospitals.
 

25. 	 Use of sterilizers and electrical detection equipment in rural clinics.
 

26. 	 Reliable source of power for hospitals and operating rooms.
 

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

28. 	 Home refrigeration prevents spoilage of perisbable foods and reduces health
 
hazards.
 

29. 	 Restaurants utilizing electrical appliances and refrigeration reduce
 
health hazards.
 

30. 	 Correlation of home lighting and decrease in population growth rate.
 

31. 	 Increased security due 
to night lighting. Crime rate decreases.
 

32. 	 Lighted homes provide social benefits.
 

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

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

35. 	 New home construction and improvement results for electrification.
 

36. 	 Cooperatives provide outlet for community and national participstion by

rural population. ?rovides experience in management and democratic
 
decision-making.
 



37. 	 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).
 

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

39. 	 Change in social well being. index of satisfaction with one's current
 
situation improves. New confidence.
 

40. 	 Keeps the economic proceeds of a region invested locally.
 

41. 	 Accelerates the monetization of the rural society.
 

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

43. 	 Decentralizes economic activity.
 

44. 	 Rural population participating in a "self-problem solving" climate rather 
than a "depending on the government" cli-mate. 

45. 	 Increased net tax revenues to government. 

46. 	 Leveling of ethnic differences.
 

47. 	 imoroved citizens-government relazicnship.
 

48. 	 Reduced socioeconomic izbalance in the populaticn.
 

49. 	 Expanded conunications system to entire population. Government able to
 
communicate with its citizens.
 

Z0. 
 Reduced foreign exchange expeditures for kerosene and oil used for
 
lighting, cooking and heating. (A central generator is a much more 
erficient method for supplying enerry, ratl'er than each household
 
purchasing fuel.)
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TERMS OF REFERENCE FOR LOCAL CONSULTANTS ?REPARING MASTER PLkN 

SOURCE: 
 Project Paper - Rural Electrification, September 1982, USAID.
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TERMS 
 ' REFERENCE OF WAPDA CONTRACTS WITH LOCAL A/E FIPMS THAT ARE ASSISTING
WITH THE PREPARATION OF A NATIONAL RURAL ELECTRIFICATION :RASTER PLAN
 

i. 
 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 300 in NVFP and Baluchistan.
 

2. 
 To identify the villages by provinceas, divisions, districts and tehsil and
to computerize 1961 and 1972 Censui 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 netwcrk data from subdivisions.

f) Data on existing electric and diesel operated tubewells, and to


computerize all the above data according to WAPDA formats.
 

4. 
 To forecast the population and numbers of households for the project
periods of 
ten years on annual basis for 
the first i0 years and for the
 
20th and 30th year.
 

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

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

7. 
 To plan and mark the proposed network of Distribution System to 
be constructed
for the purpose of electrifying the villages along with extension and
augmentation of allied existing 11 kV system including proposals foZre-routing/bifurcation of the existing distribution lines wherever necessary.
The plans for SCARP electrification will also be incororated. 

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

9. To identify the following areas 
in the olan:
 
i) Sweet 
sub-soil water and agricultural potential.
 
ii) Under developed areas.
 

10. To prepare village-wise cost 
estimate :or electrification along with schedules
 
for materials and cost estimates Per district.
 

11. 
 To conduct financial, economic, socio-economic and environmental analyses

similar to 
those conducted under feasibilicy studies under USAID, per district.
 

12. Computerization of final results 
 f each master plan report according to W-ADA
 
formats.
 

13. The Consultant will prepare and provide to 
WAPDA base maps 
to scale 1:50,000
so that 
;APDA may prepare SEPIA copies within fifteen days. 
 After the existing
system has 
been worked out and checked, the reproducible maps 
to scale
1:50,000 will be submitted to WAPDA so 
-hat WkPDA may prepare SEPIA copies
within 15 days and return 
the maps to 
the Consultant for preparation of Master
Plan.
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APPENDIX 3-2 

CONSTITUTION AND FUNCTION OF ME 

SIND 

"DISTRICT VIL-.GE ELECTRIFICATION ADVISORY CONNITTEE" 

SOURCE: SIN-D Government Gazette Printed at SIND Government Press. 
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pull, I ED 	 sy AkLFiosWLJT 

KARACHI, THURSDAY, APRIL .17, 11980 

PART I 
GOVERMENr OF SIND 

IRRJCA ['ON AN!) POWER tEAR~TNMEN-r 

K4±adj, tht: [7th April, 1980 
NOTIFic-ATION 

No. 	SOPP-3 ;4'-7-*-lo ,,uyjxr~scs&mid
even~ number, datcJ .3rdJ Aiml, 

oChis Dcpalcii'inr's N0inCation, of1979, tLe Goverfntc arSi,: plcaiod tofUrTher re ICUnAiIELL DI-~ic ilg lctcro & ~Sukkur iull.L rabaj, LDvilormCiiuz:,i 

THEW CONSTIT'UTIONV: 
The 	ComsttutiUn Of Lhc: CuljIlniiti3 shall be as undtr: 

1. 	 Fur EaLh .	 irL i in Sakw r) visionl 
I.-	 Depucy CUmmnis-iuner 

Con venur.
2. 	 Chabirman Dirct Co)unciLMcz,. 
3. 	 (Thliirmen Of T]'',uk, Cc'uI~kijk ll 
4. 	 A sistant Coziu iiiwicrs (all). 

6. 	 EXeiCutIVC Eri-ie~r,
 
ConstractLn DiIVuf W..Pl 
 S\ukk ur Cjir;e],cu: \L:be;

I.FL;, Each District in h!Yde'rauhj d ii 
J-	 Deputy ComirL,: io~ier. colivenor.
2. 	 C' Airnu. Di-,LLilcE Ccu)L Mcmbc'I. 
3. 	 Q&jrrcII~of IuL4k Mcmber 

4. 	 As ,Ita~nt J),recr.nlr3 (ad)~~'e~ F.*~ 
-6 H(Asizarit D ~' 'r '.i 

(.oTwrnictiom \V'* *A \I : :: I \1"nb' 



PART--I
 
TILE FU1N~CTIONs: 

fhe funCLIULI ,f ifle Cirlmitee shall be as uudcr: 
To cuim~j i. ~vi~~~ in order of priority for Inlsion 

11, tile \Niuila Viaul- L.1,:ctrotc1joj~pI ugllinje Ii their reijxctivc 

(2)While nli~~~~~k~ilg such 'ufI.iiirlowing foll criteriai fixed bFe.raI G-yecjUU=t shall be htdken wwL GUEISIderation. 

(ii DLunec. Gf the vi1Ii~e from LLh: exi. tiig 11 KV Distribution 
liac; 

Ti hi! r iuremnn of Pc".vecr for Irr-gztion TuheweclL; and 
tzv) Potential for dcveloprnic of cuttage and Ago bascd Industiy.

(3) The recuoinca "Ju~nsshall be fUrM.-rdcd to -he Government, in dic1r-F~ption L±id Power thpairnc,thiouh the DIVIStONAiCO-_ORI)IN ATiON CCO%1M1U j)'.EE, Con~cerned.
 
(.Wh~d fti"ALrdi., 
 11,e ILIZu of* vil$4g.., roluwljng- iorulaijo1 uLst1u vi..ldriva ' bc lIII S.1J44Uc 0 uf ±'dis ... villag.e; 

ui) Naw.s uf Lkh ait Tlukai; 
Uil) itan,;t LO Kilojnaej-4, fr rn the zxiscing 11 V Distributionline. 

(±v) ESriinaIcJ co:.t of vIfl",e cktcri-ftiwjon. 
(5) T11 1 reewmMexdtioI) 1lusl reach tideasr thr(ee months before fthe

L,4.iiing of tht next ftancial yc~ir KUr whproy4.,ai are mae
The prcopcsals fur coinIng f rauiciai yvar 1980481 must however bewnt b-ctor;: end _J Ntuy, Pi9.j 

UCur(6) Eac C[oitee- u 
for !t , in: 

.Jidi turin u]idll ts nprogii ur and prc,,:,durc,tc andL-u~, am..y - Wp .yp r~ h~ memnber J 

W.VF. ALHA JIK." 
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