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SMALL DECENTRALIZED HYDROPOWER PROGRAM
 

This publication is one of a series that fosters 
the effective use of small decentralized 
hydropower systems. This series is published by 
the Small Decentralized Hydropower (SDH) 

Program, International Programs Division, 

National Rural Electric Cooperative 

Association (NRECA). NRECA manages the 
SDH Program under the terms of Cooperative 
Agreement AID/DSAN-CA-0Z26 with the Office 
of Energy, Science and Technology Bureau, U.S. 
Agency for International Development. 

Under the agreement, begun in May 1980, 

NRECA provides a broad range of technical
 
assistance to developing countries by:
 

* 	Designing and implementing regional
 
workshops in Africa, Asia, and Latin
 
America,
 

" 	Developing and conducting in-country
 
resource surveys and site assessments,
 

" 	Providing engineering, supervision, and
 
specialized assistance,
 

" 	Developing specialized publications such as 
state-of-the-art reports, inventorier of 
manufacturers, and assessment 
methodologies, 

* 	Conducting special studies on issues 
pertaining to finance, management,
 
evaluation, and other subjects,
 

" Providing training services in such areas as 
operation and maintenance, resource 
assessment, equipment fabrication, and 
institution building, 

* 	Carrying out specialized services such as 
to-rs of U.S. manufacturing pl.-ats and small 
hydro site, and seminars on private-sector 
involvement, and 

" 	Creating specialized products such as 
productive-use plans for energy from small 
decentralized hydropower. 

Small decentralized hydropower program 

For more information on the SDH Program, 
contact: 

Training and Information Coordinator 
Small Decentralized Hydropower Program 
International Programs Division 
National Rural Electric Cooperative Association 
1800 Massachusetts Avenue N.W. 
Washington, D.C. 20036 

Telephone: 202-857-9622 
Telex: 64Z60 
Cable: NATRECA 

ii 



TABLE QF CONTENTS 

ABBREVIATIONS, iv
 

SUMMARY, v
 

INTRODUCTION, 1
 
Background, 1
 
Energy supply and consumption, 2
 
Hydropower activities, 2
 
Assessment of hyeropower resouwces and power demand, 2
 
Need for project implementation, 3
 

PROPOSED INSTITUTIONAL DIVELOPMENT: PROJECT DESCRIPTION, 5
 
Institutional development, 5
 
Prototype development and financial monitoring, Z,
 
Training, 6
 
P -4aptive research and developm.nt, 7
 
Project results, 8
 

TECiINICAL ANALYSIS, 9
 
Types of micro-hydro turbines, 9
 
Local manufacture of turbines, 9
 
Basis for the number of prototype units2 10
 
Choice of trainin sites, 10
 
Approaches to implementing mini- and micro-hydro schemes, 11
 

ECONOMIC ANALYSIS, 13
 
Cost ccmparison of micro-hydro and grid extension, 13
 
Economic benefits and costs of small hydro, 14
 
Case studies, 17
 
Economic analysis: summary results, 19
 

CONCLUSION, Z1 

APPENDIX, 23
 
Contacts, 23
 

Table of contents iii 

http:developm.nt


ABBREVIATIONS 

ACE Ltd. 

ATDO 

ERDC 

NAWO 

NCC 

NWFP 

SHRDC 

WAPDA 

Associated Consulting Engineers, Ltd. 

Appropriate Technology Development Organization 

Energy Research and Development Centre (proposed) 
Northern Areas Works Organization 

National Construction Company 

North-West Frontier Province 

Small Hydro Research and Development Centre (proposed) 

Water and Power Development Authority 

iv Abbreviations 



SUMMARY 

In order to assist the Government of Pakis-
tan in formulating and implementing programs 
to 	assess, develop, and use its indigenous energy 
resources, the AID Mission in Islamabad will 
embark on a major multi-faceted energy 
program, one component of which is the 
planning and development of a small-hydro 
program in the North-West Frontier Province 
(NWFP). To assist with the task of writing the 
Project Paper, separate design teams were 
required. A three-man team from NRECA 
addressed certain design issues, gathered 
materials, and prepared recommendations 
relevant to the small-hydro component, to be 
integrated into the Project Paper by the Project 
Leader. This report summarizes the findings of 
that team. 

Evaluation, analysis, and planning, followed 
by integrated development of its indigenous 
energy resources, are high priority targets for 
the overall economic development program of 
Pakistan. The central government's Water and 
Power Development Authority (WAPDA) is 
responsible for implementing the electric power 
sector of that program. WAPDA is continuing 
to expand a large hydro generation and trans-
mission system in the Indus River Basin feeding 
into urban and rural electric distribution sub-
systems in the basin, including a major system 
serving the city of Karachi. This monumental 
program will continue to tax the financial and 
technical resources of WAPDA. Consequently, 
the NWFP, where major transmission lines have 
not yet penetrated, will not have central station 
service from the main power grid for many 
years, 

However, the NWFP has hydropower resour-
ces which could be harnessed to provide energy 
for development activities. The NRECA team 
found several factors which favored develop-
ment of this resource. First, although this 
province is one of the most densely populatedwhich is not served by the national grid, it has 
whhe larget served bthopeniotnal, wihs 
the largest small hydropower potential, which is 
as dispersed as the population. Secondly, 
several organizations operating at the provin-
cial level in the mountainous portion of the 
NWFP already have experience in the imple-
mentation, operation, and management of small 
hydropower plants on which to build. Village-

level initiative has been fostered successfully 
for some 40 existing micro-hydro projects, and 
this effort can be expanded and replicated. 
Finally, WAPDA which is responsible for the 
generation, distribution, and sale of electricity
in Pakistan, is fully supportive of any potential 
efforts by other agencies to meet, through 
mini- or micro-hydro installations, the electri
cal power needs of the population residing 
outside areas which are to be served by the 
national grid within the foreseeable future. 

Within the imposed time constraints, an 
NRECA team examined the energy supply and 
consumption patterns to attempt to assess the 
power demand and hydropower resources of the 
NWFP. Based on considerations concerning 
institutional, technical, and economic analyses 
outlined in this report, the following recom
mendations are made: 

Develop a long-range plan for implementing 
smly nts in tNFich 
complements WAPDA activities. 

• 	 Obtain base-line data on energy needs and
 
load patterns for the NWFP. Data on
 
existing cottage industries and cashflow
 
patterns within the communities should be
 
gathered at typical potential small hydro
 
sites.
 

Encourage industrial activities to make use 
of power generated at small hydropower 
sites to increase economic justification for 
these schemes. 

* 	Develop site-selection criteria for mini- and 
micro-hydropower schemes. 

* 	Support the nascent mini-hydro activities of 
the Irrigation Department should be sup

te hrgatonnDep a ndt sihtae in 
ported through training and assistance in 
program development. Coordination with 
bilateral donors for loan sources for ceitalexpenditures for equipment should be 
fostered, as should the creation of a consor
tium to fund these projects. 

9 	Foster micro-hydro activities should be 
fostered both by supporting the activities of 
ATDO in adaptive research and develop
ment, promoting local fabrication, under
taking evaluations of all aspects of micro-
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hydro projects in the field, and establishing 
an organization for planning, implementing, 
and coordinating micro-hydro projects 
initially on a provincial basis. . 

management options and their effi. acy, and 
any other aspects which affect the viability 
of such small hydropower schemes. 
Organize training programs in all stages of 

P Fully evaluate existing mini- and micro-
hydro projects. This should include per-
ceived versus actual social and economic 
impacts on the communities, technical 
performance and adequacy of designs, 

small hydropower development (from 
planning to implementation, operation, and 
maintenance). Training of appropriate local 
individuals to promote community self
reliance should be encouraged. 
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INTRODUCTION 

This report proposes to establish local 
institutional capability by 1987 in the NWFP to 
provide rural energy by means of small hydro-
power plants. This will serve a larger project 
goal of assisting the government of Pakistan in 
planning and developing indigenous energy 
resources. The development of Z0 prototype
hydro schemes (5 mini- and 15 micro-hydro) will 
strengthen the institutional capabilities of the 
Irrigation and Health Engineering Department 
of the NWFP or other local institutions, should 
the former have inadequate resources, and will 
contribute to the research and development 
activities coordinated by the AppropriateTechnology Development Organization (ATDO).

AppoximatDelyo40munts Ofarios caatis 
Approximately 40 units of various capacities

are presently operating or are under construction in the NWFP. There is a critical need to 
evaluate the technical, social, and economic 
evauaspe th texpeic socia an exncaspects of this experience. Then an expanded 
hydropower development program can be 
designed to extend small hydropower use beyond 
its presentA numberlimitedof obstaclescapacity.now hinder the 

A nuber Pcrfor-extension of small hydro generation.ostacesf nw hndertheInextesio of Peror-mal hydo gneraion 
mance, economic, and baseline data on energy 
needs in the NWFP are insufficient to adequate-
ly evaluate present performance and impact or 
to project the sound design of an efficient small 
hydro program. Adaptive research and develop-
ment efforts on turbine design and manufacture 
and on control systems are insufficient due to 
limited funding and staffing. Institutions suffer 
from significant staffing constraints; basicskills are lacking. Mini-hydro experience is 
slited,artcula r. incmostexprjecslimited, particularly since most projects are 
only in the design or'construction stages. The 
ATDO was the first organization to implement 
micro-hydro schemes in Pakistan.staff and insufficient It has a smallresources and primarily 
coordinates research activities, with no man-
daoorinteresearchlactiie-s , itheman
date or interest in large-scale implementation.
At present, however, the ATDO is forced to 
rely primarily on its limited staff and resourcesto implement these schemes. 

toeimplement s shem0protottheDevelopment of the 20 prototype schemes 
will provide the requisite data to expand the
NWFP's small hydropower program. A needs' 
assessment program will provide the informa-
tion requirements to set its future direction. A 

research and development program will permit 
increased local design and manufacture of hydro
u's. Provision of training, technical assist
af e, and some commodities for developing the 
prototypes will assist the local institutions in 
implementing small hydropower projects. This 
pattern can be replicated to expand the small 
hydropower program. 

Background 
The NWFP varies greatly from north to
 

south. The Himalayan foothills and mountains
 
mti the malaan fot enortaith
make t'p the more heavily forested north, with 
Ian average rainfall of Z0 to 40 inches annually.Its northern settlements are widely scattered
and access is restricted by the terrain and by 
political considerations. The Indus Plainscomprise the southern part of the NWFP. Dueto deforestation for cultivation and low rainfall, 
averaging 10 to Z0 inches annually, the vegeta
tion there consists of grasses and scrub bushes 

and trees.
 
1981, the population of the NWFP num

adtes 
I 91 h ouaino h WPnmbered 10.9 million, averaging 380 people per 

sere mil lion ensitieo10 per 
souare mile. Population densities of 1000 per 
ssluare mile in the area of the main city of 
Peshawar decrease to Z50-500 in Kohistan, 
Mansehra, and Abbottabad Districts, and to 
Malakand Protected Area. A population
increase of 30% occurred between 1972 and 
1981, and b7 June 1981, 1.8 million Afghan
1e81, ad e milio F ullymmJun to therefugees had immigrated to the NWFP. Fully 
89% of the population lives in the rural areas;thlieayreinheNFisZ% 
the cltr e in the pi s 21%. 

Agriculture is the primary economic activi
ty, complimented by small support industries;there are also considerable mineral resources in 
the mountainous areas. Administratively the
NWFP is divided into 11 Districts and a numberof tribal agencies, overenbthCif
oftry, wiessistrseen by the Chief 
Secretary, with assistance from DivisionalCommiissioners. Deputy Commissioners head 

Districts. Provincially controlled agenciessuch as the Federal Administered Tribal Area 

Development Council and the Kohistan Deve
lopment Board dominate th industrial and 
agricultural sectors. 
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Energy supply and consumption 

In the NWFP, energy is supplied by commer-
cial hydropower and petroleum products
(kerosene and diesel fuel) and by non-commer-
cial firewood, animal waste, and bagasse. Grid-
supplied electricity from WAPDA consists of a 
few 66 kV lines into the mountains and several 
11 kV lines extending further into the NWFP. 
By mid-1981, only 2,438 villages (35%) of the 
NWFP were electrified by WAPDA; most 
unelectrified villages are remote and ineligible 
for electrification funding under existing 
programs. The WAPDA system-wide demand 
exceeds capacity; this shortage will increase to 
14% of demand (500 MW) by 1983. In the 
NWFP, small subsystems have been built or are
under construction, usually consisting of a hydro 
station of two units of 50 or 100 kW each, with 
11 kV primary distribution to a town and with 
secondary distribution to 500 to 1,000 houses. 
However, intiatives by the NWFP to utilize 
hydropower resources are recent. Unless 
assistance is provided, most isolated villages ofthe NWFP will continue to rely on kerosene,

th N il 
 cotinue depeely ons eoen
which is costly and depletes Pakistan's foreign
exchange reserves, and wood, which also must 

be conserved as a raw material for industrial
use iIn198 NWP,40%ofth hetotal 

use. In 1981 in the NWFP, 40% of the t a
energy consumption was commercial, 60% was 

noncommercial. 
 The NWFP accounted for 7.
of the petroleum, 3.4% of the natural gas and 

9.5% of the electricity consumed in Pakistan. 

Residential consumers use energy for cooking

commercial and industrial firms use energy for 
light, heat, and motive power, derived from 
diesel engines or from water-powered mills. 

and heating but primarily for lighting. Small 

Hydropower activities 

The WAPDA and the Federal Ministry of 
Water and Power were first involved in the 
development of six mini-hydro plants between 
1966 and 1976. Subsequently, development
responsibility shifted to the NWFP; the 
Department of Irrigation and Public Health 
Engineering, the Kohistan Development Board 
of the NWFP, the Northern Area Works Organi-
zation, and the Electricity Department of Azad 
Kashmir began implementing mini-hydro 
projects. WAPDA developed 10 sites with a 
total of 1.6 MW capacity by mid-1983, and the 

Provinces have since initiated the development 
of additional sites. There is a high cost associ
ated with implementing conventional micro
hydro schemes; the ATDO pioneered cost 
reductions by successfully using local participa
tion to initiate, implement, maPnage, operate,
and maintain each plant, as well as to fabricate 
equipment. ATDO implemented 40 plants with 
a total capacity of about 300 kW. Recently, the 
Irrigation Department and the Kohistan Devel
opment Board have become interested in 
adopting the ATDO approach for micro-hydro 
implementation. Further technical, financial, 
and institutional assistance is required to 
develop the potential for both mini- and micro
hydropower plants. 

Assessment of power resources and power 
demand 

A lack of stream guaging in the NWFP has 
resulted in a paucity of data with which to 
r es te sa hydrpo ot nt iah t r 
assess the small hydropower potential. Extrapolation from existing data is made difficult by 
rainfall variations from one catchment area toanother and by the potential contribution ofsnow-melt and groundwater inflow. Detailed
 
snow- ult ndwatin detae
data on population and population density are 
also lacking. No data base for hydro potentialin the southern portion was found, and very 
limited data for the north is available. Givented dat a for the aaaed n
 
the specific discharges for the area based on
 
minimum streamflows and assuming that only a

sixth of this is readily exploitable, a total of100 MW could be located in the five districts, 
e xcluding Chitral, a region with a low popula
tion density. The Kohistan Development

Board's survey of sites on tributaries of the
 

Indus is consistant with this estimate. Clearly,
there is also a large potential for micro-hydro 
plants (up to 50 kW) in the NWFP. Even several 
hundred such sites would contribute at least 
another 10 MW of capacity. The socio-econo
mic impact of the implementation of micro
hydro schemes would probably be much larger
than the impact for plants of similar capacity
providing power to the urban areas, as more 
people are likely to be served by the same 
amount of power. These figures represent a 
firm small hydro potential based on minimum 
flow in the streams. If the larger flows usually 
found in streams in the NWFP are utilized for 
power generation, then a potential of 1,000 MW 
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can be attained from mini-hydro plants, and, at 
certain times of the year, it could be considera-
bly higher. 

At present, most of the mountainous area of 
the NWFP is beyond the national grid and 
electricity is not available; therefore, no data 
exist on consumption patterns. If a figure of 
100 W per non-commercial consumer were to be 
applied to the population of 0.8 million fami-
lies/consumers in the five districts, a total 
installed capacity of 80 MW would be required 
to meet the lighting demand for several hours 
each evening. Presently there is virtually no 
established industrial demand for electric 
power. 

Need for project implementation 
Despite the g interest in developing

growing 
hydropower resources, organizations face 
severe obstacles. The costs incurred in imple-
menting mini-hydropower plants are high butare not out of line with experience worldwide, 
ap anot currline experene substi'out csth 

Capital and recurring costs require substantialfinancial assistance and subsidies from the 
tiancalto istse anzatsi s Pastn 
government. There is a need to provide assis-
tance to these organizations in Pakistan so that 
they can formulate economically viable design 
and implementation strategies for mini-hydro 
projects. For micro-hydro projects, it is 

important that the approach developed by 
ATDO be transferred to another organization so 
that it may be replicated on a larger scale. 

Adaptive research and development initia
tives to provide equipment capable of greater 
output and for new designs to operate under 
new conditions, and the continued local manu
facture of equipment are critical if the costs of 
small hydropower projects are to be reduced. 
Potential revenues and other benefits must also 
be increased by developing appropriate end uses 
for the excess power which will be generated. 
The planning of prototype plants and a rational
ized approach to their implementation and 
administration will provide an infrastructural 
model for the Pakistan organizations to follow. 
The prototype plants will improve institutional 
capabilities by exposing public officials and 
planners to the potential for hydropower and its 
beneficial and synergistic impact on rural 
development in isolated remote areas. 

Around the world, a growing number of 
developing countries have begun small hydro 
programs; very few of these have addressed the 
question of making mini- and micro-hydropower
plants financially self-supporting.sefspprig. The smallmlplnsfnnily h 
hydro component of the proposed energy project
is unique, with wide-ranging potential impact.
A good start has already been made in Pakistan 
with the existing plants; now it is necessary to 
assist Pakistan institutions to establish a 
financially viable small hydropower program. 

Introduction 3 



PROPOSED INSTITUTIONAL DEVELOPMENT; 

Extending the national grid into the NWFP is 
not justifiable because of cs topography and 
because of other demanda placed on the grid by 
the densely populated, more industrialized areas 
in the south. Forest reserves providing fire-
wood for domestic energy are dwindling,
Transportation costs make kerosene, used for 
lighting, rarer and. more expensive than in the 
south. The only energy resource readily 
available in the area is hydropower.

Implementation of mini-hydropower schemes 
in the 1960s and 1970s by WAPDA and the Small 
Hydel Stations Project Directorate proved 
costly and time-consuming. Turbo-generating 
sets purchased by the federal government were 
consequently distributed to other organiza*ions
working in the mountainous, northern portion of 
the contry. Several newer mini-hydro schemes 
are now operational, but these plants have 
required significant government financialbacking. Use of electricity primarily for 
domestic lighting lias resulted in little chai.ce 
that costs of mini-hydro plants, other than 
recurring costs, can be recouped. Lower cost
micro-hydro schemes implmentd by the 
ATDO have also required govern~ment financing 
because villagers do not have access to capital. 
Nevertheless, it seems clear that the hydro-
power resources of the province can provide 
non-subsidized power to the area if meansbe found of providing viliagers access canto capital

foundaon proigags adevelopment.
through a loan program.

Technical assistance to two organizations 
within the NWFP to assist in developing an 
institutional capability to make small hydro-owrfinancially viable is proposed. The ATDO 
power hanly es e is prope. The 
would handle research and dev lopment, while 
the Irrigation Department would be responsible
for implementation and organization. If 
demands placed on the Irrigation nd Public 
Health Engineering Department preclude its 
implementing micro-hydro schemes, another 
organization would have to be found or estab-
lished. Institutions will be developed and staff 
trained to design, implement, operate, and 
evaluate these prototype schem es. 

For micro-hydro prototypes, work will 
include standardizing designs, implementation
strategies, and operational approaches. Deve-
loping designs for a range of turbines, assisting 
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PROJECT DESCRIPTION 

with the fabrication of turbines within the 
province, and contributing to a revolving fund 
to provide loans to cover costs of the turbo
generating equipment will be encouraged at the 
local level. For mini-hydro. prototypes, design.
and approaches to reduce the costs of imple
mentation and operation will be developed. 
Establishing small industries to make productive 
use of power generated would be an essential 
component of these schemes. 

The Irrigation Department will have the 
capability of, and resources to, continue to 
implement mini- and micro-hydro projects 
which are financially, environmentally, and 
socially sound. The ATDO will continue to help 
solve the technical problems which hinder cost
effective micro-hydro schemes. Program 
requirements consist of technical assistance, 
training, commodities, and credit. Twenty 
financially viable installed and operating smallhydro prototype schemes are proposed. 

The Irrigation Department of the NWFP is 
implementing its first mini-hydro plant and is 
funding some ATDO work atminicro-hydro 
sites. Two engineers have been detailed from 
WAPDA to the Power Wing of that department 
which will be responsible for small hydro 

The Universities of Engineering
and Technology in Peshawar and Lahore have
nstituted adaptive research and development
 
onstiuted de research dan he
 

on micro-hydro under AlDO guidance. Theestablishment of a Small Hydro Research and 
Development Centre (SHRDC) at the university 
at Peshawar is proposed which would be part of 
the Energy Research and Development Centre 
(ERDC) proposed by the university. Efforts of 

iteSHRDC would be coordinated by a director
ate including representatives of agencies 
involved in the mini- and micro-hydro efforts, 
ATDO, the Irrigation Department, the universi
ties, and the Planning and Finzice Depart
ments. Institutional capabilitis of these 
pat i i ti o n a tionsewil l s deve 

participating organizations will be developed to 
implement small-hydro prototype oirtsand an
 
adaptive research and development program.
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Prototype development and financial monitoring 

Fifteen micro-hydro prototype installations 
and five mini-hydro prototype installations will 
be implemeL.ed during the course of tL.a 
proposed project. They will provide a realistic 
scope-of-work for the Irrigation Department. 
Assistance will be provided in the following 
areas: training of staff to design, implement, 
and manage mini-hydro projects; trzining of 
staff to implement micro-hydro projects, and 
providing for a revolving loan fund for the 
latter prospects. 

The Irrigation Department has designed and 
is implementing its first mini-hydro plant, but 
the new Power Wing has no trained staff or 
overall program direction. There is a need to 
improve overall program management, staff 
selection and training. Thi-3 should include 
procedures for site survey and selection, 
feasibility reports, and technical designs-
including hydraulic, mechanical, electrical, and 
distribution facilities. Plant implementation 
procedures should include contract preparation, 
installation supervision, facility management 
and maintenance, and plant performance 
evaluation. 

Mini-hydro plants need to be integrated with 
industrial end-use planning to increase their 
financial viability. It is suggested that one 
man-year of short-term managerial and small 
industries technical assistance should be 
provided to the Power Wing of the Irrigation 
Department. A structure to develop strategies 
for all stages of implementing mini- and micro-
hydro plants should be devised. A means of
interacting with the small industries agencies oiterovinci and federall govrent agnes of 
the provincial and federal government needs to 
planninglishte an coinatel aspEo e 
planning is to be an integral aspect of the 
proposed development of mini-hydro plants.

Proposed sites need careful financial 
evaluation. Tariffs need to be properly design-
ed, and a regular and recurrent system of
collecting and accounting for revenues is also 

necessary. A method for monitoring plant 
planning and implementation must be developed 
for small hydropower projects; local expertise is 
available to undertake this financial monitoring, 
including billing and accounting data analysis. 
Commodity assistance in the form of a simple 
word processor/computer will be needed. This 
unit will also be utilized for data mangement in 
the Power Wing. 

Project description 

For micro-hydro prototype projects, the 
development of the following institutional 
capabilities is to be stressed: a technical and 
financial assistance extension program for 
villagers, identification and technical needs 
assessment for individual sites, equipment and 
materials procurement, plant installation 
assistance to villagers, and socio-economic 
impact studies. 

A loan fund for micro-hydro plants needs to 
be established and managed. ATDO originally 
covered all the costs of the turbo-generating 
equipment; with project expansion, the NWFP 
Government has begun to contribute. While 
micro-hydro plants can be financially viable, 
even if used only for evening domestic lighting, 
the lack of ready capital in the village is the 
major obstacle to covering the relatively large 
initial cost of turbo-generating equipment. A 
cash contribution to a revolving fund will be 
provided, to assist in covering the capital costs 
of the turbo-generating equipment. Loans from 
the fund to the villagers will be made and 
repaid at an established rate from revenue 
derived from the sale of electricity. Costs of 
other components will be collected from the 
villagers during implementation of the project, 
with the turbo generating equipment serving as 
collateral. 

Training funds would be provided for the 
Director of the Power Wing to visit Nepal to 
learn their methods of implementing small 

hydro. Procedures for system design, civil 
works design, construction, equipment selection 
and installation, construction of the distribution 
system and house wiring, and the establishment 
of operation and maintenance procedures are 
needed. Given the limited staffing of the
Power Wing, construction of the civil works and 
the distribution systems and the house wiring 

are to be contracted out. The IrrigationDepartment needs training and technical 
assistance to design, evaluate, and manage 
these contracts. It is proposed that the civil 
works for the hydro plants, the preparation of 
equipment specifications, and the establishment 
of requirements and procedures for plant 
operation and maintenance will be taught during 

-years of long-term assistance by a 
two man-ner wt expere nce yda 
civil engineer with experience in small hydro, 
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who will train local staff. One man-,ear of 
short-term technical assistance will provide
training in areas outside the expertise of the 
civil engineer. Funds will also be pro-ided for 
visits of the Director to observe projects in 
Nepal, Thailand, or the Philippines. 

Staff from University of Engineering and 
Technology in Peshawar have been implement-
ing micro-hydro schemes under the direction of 
the ATDO, A gradual transfer of responsibility 
to the Power Wing of the Irrigation Department 
is anticipated, as staff there are trained. This 
training will be provided by the SHRDC, until 
the Power Wing can take over that function. 
After Power Wing and other Irrigation Depart-
ment personnel have received on-the-job 
training on several micro-hydro schemes, two 
representatives from ATDO and the Irrigation
Department will also be funded for a one-month 
visit to Nepalese micro-hydro sites owned by
private entrepreneurs and village cooperatives 
to broaden their perspectivc,. They may also 
have the opportunity to observe actual sites 
being installed. 

Adaptive research and development 

The ATDO is the only organization inThehe TDOis niztionlyorg inThere 
Pakistan which coordinates research on varioussmall hydro technologies. Although the Univer-
sity of Engineering and Technology in Peshawar 
has undertaken most of the actual research and 
hasndevlop en ok tof dte fotalrelostmcr adeveopmnto dae fr miro-wrk lo-cot 
hydro plants inakerural areas,bytheimplementationWin ofis tobe gadully oweovebe gradually taken over by the Power Wing ofthe Irrigation Department. There is a continued 

need to research and develop equipment and 
hardware, specifically turbine design, local 
manufacture of turbines, end-uses, evaluation 
of operational mini- and micro-hydropower 
sites, and long range planning for the implemen-
tation of small hydro projects. 

Local fabrication of turbines reduces the 
high cost of conventionally implemented small 
hydropower plants. To continue the work of 
ATDO in this field,ne dstheuset cross-flow turbinepres ntl beprop rly desi neddate. 
presently used needs to be properly designed 
and tested. Standardized drawings and proce-
dures for fabrication of this turbine type must 
be prepared and new designs of turbines for use 
in both the mountainous region of the country 
as well as along irrigation canals in the flatter 
reaches of the country must be conceived, 

Turbines with larger (up to 100 kW) capacities 
than those used at present must be developed.
One-half man-year of short-tezry- technical 
assistance ,7ill be provided to tht staff of the 
SHRDC to design and fabricate 1.urbines. 
Commodity, assistance will consist of equipment
for a simple turbine test stand and other 
equipment to complement existing Unive-sity
materials for testing the fabricated prototypes. 

A small workshop in Peshawar has fabricat
ed most of the crossflow turbines, with some 
components purchased locally and some machin
ing done outside. An existing machine shop 
with the necessary tools and experienced staff 
will be selected to fabricate crossflow turbines 
and related hardware based on the new stan
dardized designs. An engineer with the SHRDC 
will make this selection and be responsible for 
developing suitable fabrication techniques and 
maintaining quality control. Funds will be 
provided to cover one-month visits to turbine 
manufacturers in Nepal and the United States 
to familiarize that engineer with turbine
manufacturing techniques. Commodity support 
in the form of basic machine shop equipment 
will be provided if the shop fulfills certain 
project requirements which will have to be 
specified. are other technologies which could 

Tere ae otercal osmhichyouimprove the financial viability of small hydro
power projects, but which have not been fully
researched to date, including ,;torage cookers,
mechanical air heaters for crop-drying, fertilizer production, and the manufacture of calcium 
ze proi a t muce ofcarbide to provide a source caciumof light through thegnrt,) faeyee hsrsac nedgeneration of acetylene. This research on end
use technologies would be conducted by thestaff of the SHRDC and the University. Funds 
would be provided for six man-months of short
term technical assistance to further specific 
end-use research and development, and to cover 
the cost of several visits to countries where 
relevant research and development is underway. 

In order to develop sound hydropower 
projects, it is essential to build on past exper
ience and to evaluate the results of efforts to 
date An to tote plants of efforts toAs new prototype plants ar e installed, 

their technical, conomic, and social impacts 
must be evaluated. Four man-months of short
term technical assistance will be provided to 
design the monitoring and evaluation program.
Commodity assistance will be provided in the 
form of miscellaneous electrical monitoring 
equipment to obtain the necessary data and a 
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small word processor for the SHRDC to help indata management.
datagmnage an o 

A long-range plan for continuing such 
adaptive research and development will be 
formulated. It is proposed that the SHRDC be 
joined with the Irrigation Department in a 
cooperative agreement to evaluate existing 
plants and to propose a long-range plan for 
implementing both micro- and mini-hydro 
plants. 

Project results 

The project is expected to produce the 
following results: 

Small hydro prototype units-* 

o The Power Wing of the Irrigation Depart-
ment will have been organized to meet the 
functional requirements for implementing 
and administering small hydropower plants. 

" 	Fifteen micro-hydro and five mini-hydro 

prototype schemes will be implemented,

operational, and will have been evaluated. 

" Two engineers with the Irrigation Depart-
ment will have been trained in the design of 
mini-hydro plants and six engineers will have 
been trained in the implementation of 

micro-hydro schemes. 

A revolving loan fund inaugurated for the
implementation of micro-hydro schemes will 
have been institutionalized and will be 
operational. 

Adaptive research and development

.	 A long range plan for the implementation of 
micro- and mini-hydro schemes in the NWFP 
will have been developed and partially 
implemented. 

* 	A Small-Hydro Research and Development
 
Centre will have been established and will
 
be operating in the NWFP.
 

Standardized micro-hydro turbine designs
and fabrication procedures will have been 
developed, evaluated, and used in produc
tion. 

* A thorough study of the impact of electrifi
cation by means of small hydro plants in 

rural areas will have been completed and fed 
back into the implementation plan. 

o 	A local machine shop will have been provid
ed with assistance and will have been 
manufacturing micro-hydro turbines and 
relater' equipment to meet the needs of the 
provinc'(. 
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TECHNICAL ANALYSIS 

This section discusses the technical sound-
ness and feasibility of local fabrication of 
various micro-hydro turbine types, the local 
manufacture of turbines and related equipment, 
the basis for the nurber of prototype units, 
choice of training sites, and an approach to the 
implementation of both mini- and micro-hydro 
schemes. 

Types of micro-hydro turbines 

Micro-hydro installations implemented by
ATDO make use of a locally fabricated cross-
flow turbine, a popular choice in such develop-
ing countries as Nepal, Thailand, Papua New 
Guinea, and Indonesia. No complex design work

is rquiedca ad abrcatd bywelingis required and iti can bebe fabricated by welding 

easily formed components. Welding is more 
commonly done throughout Pakistan than is 
casting. A fabricatedreadly n turbine can be repairedwedin ansho. I canopeatecast
readily in any welding shop. It can operate 
under hydraulic heads as low as several meters 
and installations can then be designed to 
minimize the length of costly penstock pipe.
This turbine can accomodate a wide range of 
flows and provide a range of power outputs. 
Although its efficiency may be less than that of 
other turbine types, this is of little consequence
since there is generally no need to maximizeoutput for a given streamfiow. This turbine 
otput foaodciegiven thereahies ourn 
type is a sound choice given the realities found 

We the an m d oandWhen m ore data on the m agn itude o f thetohead from a representative sample of sites in 

Pakistan is available, there may be other 
turbine types, such as Pelton, propeller, and 
Francis units, which could also be locally 
fabricated. The Pelton turbine is suitable for 
sites with heads greater than about 20 meters; 
it requires a foundry and casting skills. A 
standard design can be used for a wide range of 
operating conditions so that costs can be kept 
low. The Pelton turbine provides the advantage 
that since larger heads axe utilized, proportion-
ally lower flows are required to produce a given 
amount of power; or, zor the same flow, greater 
power could be harnessed at higher heads. 
Since smaller flows are generally used, civil 
works associated with Pelton units are generally 

less costly and elaborate than would be the case 
with lower-head units. Disadvantages are tL .t 
a longer, more expensive, penstock would be 
required and that a longer swath of terrain, 
possibly used for agricultural purposes, would be 
traversed. Small Pelton sets have been locally 
manufactured and installed in North and South 
America and elsewhere and assistance with the 
manufacture of Pelton turbines can be obtained 
several from U.S. firms. 

The axial or propeller turbine is suitable for 
low heads of less than 10 meters and large flows 
which can be found in the flatter areas; they
would not be as applicable in the mountainous 
pons ote N a s the ortn 
portions of the NWFP as the crossflow or Pelton 
turbines. A good source of assistance for the
design and fabrication of low-cost propellerturbines can be found in Colombia. 

The Francis turbine is used from low to 
medium heads of 2 to i00 meters. It can be 

ordfabriad. Because1of ts moreor fabricated. Because of its more sophis
ticated shape, this turbine is generally not used 
with schemes utilizing locally fabricated 
turbines. However, molds for standardized 
units of simple design, and technical assistance 
for their fabrication are available in the U.S.
 

The ATDO has expressed an interest in the
 
he AD has eure ant iees ih
use of river turbines requiring "no head" which 

are b eid ope i nada ad an,although they possess a number of disadvanta
ges. The power density in flowing water isrelatively low, requiring a large cumbersome, 

therefore expensive, unit if useful power isb ge ra d . D ri c ul a so a i yto be generated. Debris could also easily
damage the turbine. Therefore, such a turbinemight only play a small role in generating power 
from the streams and canals of the NWFP. 

Local manufacture of turbines 

The ATDO's micro-hydro projects have 
required the fabrication and installation of 
more than 40 crossflow turbines, all of which 
have been fabricated in Pakistan. One problem 
found during site visits was that several blades 
of older turbines had fractured due to metal 
fatigue. Although the capability exists for local 
manufacture, there is a need for technical 
assistance in the design and fabrication of this 
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and other turbine types which prove appropri-
ate. This assistance should address three 
areas: quality, efficiency, and standardization. 
The latter would facilitate manufacture on a 
greater scale to reduce the cost and time 
required for the manufacture of turbines and to 
permit easier repair, replacement, or overhaul-
ing of the units in the field. 

Basis for the number of prototype imits 

It is difficult to assess the number of 
prototype sites which could be installed over 
the project life because so many variables are 
involved. Such an estimate assumes that work 
will evolve as planned; it is also based on 
limited field experience in Pakistan. 

Micro-hydro schemes have been implement-
ed by a single team supported by the ATDO at 
an average rate of about six per year, for six 
years. The existing schemes need to be evalua-
ted to determine what design and implementa-
tion changes may be necessary. This evaluation
will take a year before useful conclusions canbe derived from the field data. Consequently, 
an average rate of three prototype micro-hydro 
sites per year seems warranted, since there is 

also a need to train new personnel in the 
implementation of these schemes. Experience 
with the implementation of mini-hydro schemes 
is more limited. A feasibility study for the 
100 kW Duber hydel scheme was undertaken in 
1976 for the Kohistan Development Board,estimating that construction would require 
18 months; but was completed after only 
18ve monthsbuThitewafome a fteroen 
seven months. Therefore a total of five mini-
hydro plants seems a reasonable target for a 
five-year project. 

Choice of ttaining sites 

Two training sites can provide useful 
opportunities for those associated with the 
micro-hydro component of the project. The 
first, in Nepal, would be useful to those in-
volved both in the manufacture of crossflow 
turbines and associated components and in the 
implementation of small hydropower schemes in 
remote rural areas. the approach taken in 
Nepal is described in greater detail below 
because of its relevance to the Pakistani 
situation. In addition to a visit to Nepal, a visit 
to smali hydro manufacturers in the United 
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States would benefit those involved in the 
manufacturing aspect. 

Scattered throughout the hilly regions of 
Nepal are a large number of mills used to grind 
grain, hull rice, and expel oil from seed. As in 
the case of Pakistan, thousands of traditional 
water-powered mills have been used to mill 
grain for generations. More recently, diesel
powered mills have increased in popularity, not 
only to mill grain but also t3 hull rice and expel
oil. In the mid-1970s, an organization in Butwal 

in south-central Nepal initiated work on a 
hydraulic turbine to drive these mills. Since 
then, they have developed a well-engineered 
design for a crossflow turbine, implemented a 
standardized installation approach, and installed 
over 70a mills. Aml typical Butwal hydropowera aiyo 0k n so ndb 
mill has a capacity of 10 kW and is owned by a 
small entrepreneur. No part of the hydro 
installation is subsidized; the owner of the mill 
ofthinsalan from theAgricultal 
of the installation from the Agricultural 
Development Bank of Nepal, which is repaid in 
from four to seven years.When one of the implementation teams from 
Butwal undertakes work with an entrepreneur 
who has requested assistance to install a water

powered mill, the entrepreneur is visited, the 
proposed site is studied, and the development 
implications are discussed with the entrepre
neur. If the entrepreneur then decides to 
undertake the project, he makes a cash deposit 
for the equipment, organizes the e:cavation ofthe powerhouse and power canal, and arranges 
for the collectioi of the required, locally 
available materials. Butwal then initiates 
fabrication of the turbine, penstock, and related 
equipment. When the entrepreneur has made 
final payment for the equipment, he arranges 

for the transportation of the equipment to the 
site. Then an installation team of two members 
arrives; this team is paid on a daily basis to 
encourage the entrepreneur to be well organ
ized and prepared. Installation work on a mill is 
usually completed in 3-4 weeks. The mills are 
primarily a source of mechanical power for 
driving agro-processing equipment; but, by 
coupling a car alternator to the turbine, lighting 
for the mill and nearby houses can also be 
provided. 

Butwal has a wealth of experience in 
successfully fabricating and testing crossflow 
turbines, penstock pipe, and related equipment 
and in implementing mill projects in rural areas 



far from any roads-conditions similar to those 
found in the NWFP. The proximity of Nepal to 
Pakistan implies the most effective use of 
limited funds for training. Butwal therefore 
seems an appropriate site for those involved in 
the fabrication of micro-hydro equipment and 
those involved in its installation, 

A number of small companies manufacture 
turbines and assemble micro- and mini-turbo-
generating sets in the Pacific Northwet of the 
United States. Visits to these companies could 
involve familiarization with different shop 
layouts and various aspects of turbine design, 
fabrication, testing, and commissioning. 
Crossflow as well as other turbine types would 
be studied. Visits to sites under construction 
and in operation could also be included. Several 
companies are interested in assisting overseas 
efforts. They cani supply basic components and 
provide technica, assistance to fabricate the 
remainder locally; eventually all the technology 
and expertise requir,,1 to fabricate complete
unit- in Pakistan could be transferred. 

Approaches to implementing mini- and micro-
hydro schemes 

Hydro schemes which would be implemented 
in the NWFP fall into two categoies: schemes 
up to approximately 50 kW, referred to as 
micro-hydro schemes and those from ,OkW to
mir-hydrs emesawadtthseferom tos = * perhaps several megawatts, referred to a m.ini-
hydro schemes.

hydr schmes.essential. 
It is essential that cost-reducing designs and

methds f imlemntaion anagmenndmethods of implementation and management bebe 
adopted if micro- schemes are to be economi-
cally viable. The approach developed and used 

by the ATDO addresses these concerns through 
the use of locally fabricated turbines, locally 
available manpower, and appropriate system 
design. Lowering the standards of the generat
ed power, yet keeping them adequate for the 
end uses envisioned, permits system designs
which can forego the use of expensive governing 
and other control systems. Following less 
stringent, though adequate, wiring standards 
allows further cost reductions. Labor cost 
savings are derived by relying on kcal manage
ment and local, part-time labor. Local man
agement also provides Qillagers with a vested 
interest in keeping their plant operating. The 
schemes should be designed to allow direct 
mechanical drive to a workshop established in 
the powerhouse as well as to generate electrici
ty. This permits the least costly approach to 
increasing the conventionally low load factor 
usually associated with decentralized power
schemes. Secondary benefits are derived from 
active village involvement in the development 
process and reduced demands on the provincial 
government. 

Though mini-hydro schemes tend to be 
implemented along more conventional patterns, 
efforts should be made to reduce costs either 
through the use of standardized designs where 
appropriate or the maxXum use of local labor 
mgteetaland materials. Since severaleitronceof these plantsis n
might eventually first be interconnected and 
then later linked to the national grid, adherencetomrcnvtialsnddswudb 
to more conventional standards would be 

The more sophisticated nature of 
ese s hemn e smae nu e of

these schemes and the smaller number of these 

presently throughout the province imply that a 
centralized structure would be appropriate to 
assume responsibility for designing, implement
ing, and managing these scbmes. 
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ECONOMIC ANALYSIS 

The economic benefits and costs of the 
proposed small hydro project component are 
analysed by comparing economic internal rates 
of return (EIRR) on investments with the 
assumed opportunity cost of capited in Pakistan. 
The purpose is to determine if investments in 
small hydro schemes in Pakistan can produce 
sufficient net economic benefit to justify 
funding by financial institutions or aid agencies. 

In the following analysis, the terms "partici-
patory" and "conventional" are used. A partici-patrypprac reerstomaximum reliance on 
patory approach refers to o0 
the community to be served by the power 
scheme for its implementation, management, 
and operation (the ATDO approach). A convei.-
tional approach refers to implementation of a 
power scheme by a private contractor. In 
addition, for micro-hydro schemes, use of a 
locally fabricated urbine and maximum use of 
locally available materials is assumed. 

In the first part of the analysis, the cost of 
providing power to an unelectrified village 
through WAPDA grid extension is compared to 
the cost incurred by electrification by means of 
a micro-hydro scheme implemented by a 
conventional approach. Economic benefits and 
costs which result from a small hydro scheme 
will then be discussed and specific case studies 
for different types of small hydro schemes 
presented. Each scheme has a different size, 
approach, and type of load. The economic 
internal rate of return is calculated for each 
scheme. 

Cost comparison of micro-hydro and grid 
extension 

For this comparison, it is assumed that, for 
a typical village of 135 houses located 3.5 miles 

1 Unit costs are taken from the Asian 


Developmeut Bank's "Appraisal of the Rural 

Electrification Sector Project in Pakistan" 

November 1981; and from the World Bank's 

long-run marginal cost study of the WAPDA 

System. 

2 Cost estimates are based on data presented in 


Mini and Micro Hydel Plants, ATDO, Islamabad, 


PaEconomic 


from the existing grid, a lighting load of 100 W 
per house is used for four hours during the 
evening hours. Costs common to both 
approaches, such as distribution within the 
village and house wiring, have been ignored. 

The costs of connecting this village to the 
grid include the following: 

. 3.5 miles of 11 kV line @ Rs 39,000/mile, 
o one ilepof 1 kV rsforme 

one single-phase 15 kVA transformer 
•* rs. 5,000,energy needed for annual supply of about
 

2eeMWh of electricity @ Rs. 0.5/kWh, and
 
e 13.5 kW of WAPDA generating capacity
 

(assumed to be gs turbine)
 
@ Rs. 3,600/kW.f
 

The approximate total investment cost of 
extending the grid is Rs. 190,000 and the annual 
energy cost is Rs. 10,000. 

The cost of supplying electricity via a 
micro-hydro scheme, implemented under a 
conventional approach involves the following: 

* the micro-hydro installation itself 
@ Rs. 60,000, 

e distribution to the village @ Rs. 25,000, and 
. operating the plant @ Rs. 3,400 per year. 

The total investment cost for the hydro scheme 
is Rs. 8Z,0?0, and the annual operating cost is 
Rs. 3,400. 

A micro-hydro scheme is therefore a 
cheaper means of supplying electricity to this 
"typical" village, since both the investment cost 
and the annual operating costs are lower. 3 This 
is in spite of the fact that assumptions used in 
this comparison have been biased in favor of the 
WAPDA extension. Specifically: 

. the village is assumed to be only 3.5 miles 
from the existing grid, whereas most NWFP 

Pakistan (see Table 1). 

3 In fact, at a 15% discount rate, the present 
value over 20 years of the capital and operating 
costs associated with the micro-hydro scheme is 
less than the present value of the capital and 
operating costs of the WAPDA exte-ision even if 
no 11 kV line cost, by far the major cost, is 

assumed for the WAPDA extension. 
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Table 1. Economic costs of schemes using conventional approach (Rs. '000 1982) 

Item 

Civil works 

Turbine and generator z 

Distribution 

House-wiring 

Total investment cost 

Annual operating and 
maintenance cost 

Footnotes: 

1. Includes residential building. 

Size of scheme 

5 kW 15 kW 200 kW 

3Z 40 2400 1 

10 20 100 

40.3 504 1200 

145 40 6 600 7 

96 150 5200 

2.'7 3.4 190 

2. Taxes and duties equal to 35% of the market cost have been subtracted. 
3. Assumes 1.2 km of line @ Rs. 33,000/km. 
4. Assumes 1.5 km of line @ Rs. 33,000/km, 50% for distribution within village. 
5. 45 houses are assumed to be wired at a cost of Rs. 300/house. 
6. 135 houses are assumed to be wired at a cost of Rs. 300/house. 
7. 1800 houses are assumed to be wired at a cost of Rs. 300/house. 

Source: Government of NWFP Irrigation and Public Health Engineering Department, "P.C.-1 
Prof orma and Project Estimate of Kalam Hydle Scheme in Swat District"; and Malakand Irrigation 
Division, Mingora, Swat. 

villages where micro-hydro schemes would 
be implemented are much farther away; 

" 	only a residential load is assumed-if an 
industrial load is included, annual energy 
costs would be significantly higher for the 
WAPDA extension, but relatively unchanged 
for the hydro scheme; 

" no energy losses have been assumed for the 
WAPDA system even though average system 

losses are about 30%; and 

* the cost of the WAPDA extension is com-
pared with that of a conventionalscheme; if 
the comparison hae leen made with a 
participatory scheme, the difference would 
be that much greater (see Table 2). 
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Economic benefits and costs of small hydro 

Electricity will be provided to consumers in 
the NWFP who did not have access to it before. 
Although it is difficult to estimate their 
willingness to pay for a product which does not 
yet exist, what consumers currently pay for the 
types of energy. which electricity will replacegives~an estimate. Part of this willingness to 

pay is measured by what consumers actually pay 
(tariff revenues and related electrical expen

ses); this indicates the direct benefits of 
electrification. Consumers may be willing to 
pay more than they are actually required. Such 
benefits obtained by consumers, and yet not 
paid for, are called surplus benefits. Direct and 
surplus benefits constitute the total benefits of 



Table 2. Economic costs of schemes using participatory approach (Rs. '000 1982) 

Size of scheme 

Item 5 kW 15 kW 

Civil works1 8 10 
Generator and turbine z 10 ZO 

Technical assistance 5 5 
Distribution 5 15 

House-wiring 143 404 

Total investment cost 42 90 

Annual operating and 
maintenance cost 2.7 3.4 

Footnotes: 

1. It is assumed that local villagers donate labor which has a zero opportunity cost. 
2. Taxes and duties on the generator equal to 35% of the market cost have been subtracted. 
3. 45 houses are assumed to be wired at a cost of Rs. 300/house. 
4. 135 houses are assumed to be wired at a cost of Rs. 300/house. 

Source: Mini and Micro Hydel Plants, Appropriate Technol -gy Development Organization, 1-B, 
47th Street, F-7/1, Islamabad, Pakistan. 

electrification as defined in this analysis. 
St idies for WAPDA by Pakistani consul-

tants indicate that kerosene lamps are used 
about four hours per day for lighting in unelec-
trified households. Electricity supplied by a 
small hydro scheme cai replace kerosene in 
domestic lighting. It is assumed that half of the 
unelectrified households own one petromax-type
lamp, nd the other half own 1.5 hurricane-type 
lamps. Kerosene consumption rates for these 
two lamps are approxignately 125 cc and 14 cc 
per hour respectively. An unelectrified 
household would then use about 27 gallons of 
kerosene per year for lighting at a cost of 

4 The consultants were FACE (Fikri and 
Associates Consulting Engineers) and NESPAC. 

5 This is based on surveys in areas close to 
urban centers and may well have overestimated 

Rs. 17 per gallon and have lantern-related 
expenses of about R'. 50 per year. Assuming 
that about three-qu rters, or Z0 gallons, of the 
kerosene consumpt ,n will be substituted for by
electricity, the aniual cost of the kerosene 
lighting for which electricity will be substituted 
is about Rs. 400. Given typical small hydro 
system tariffs, the equivalent amount of 
lighting from electricity will cost about Rs. 160 
per year (Rs. 100 in tariff and Rs. 60 in related 
house-wiring and bulb costs). Surplus benefits 
of about Rs. 240 savings, per houschold per 
year, and direct benefits of Rs. 160 per house
hold per year, amount to a total annual econo

the actual kerosene usage in the rural areas. 
6 See the NESPAC feasibility study for the 

Dera Ghazi Khan Project, Tables 5 and 6, on 
p. 10. 
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Table 3. Summary of economic cos-s and benefits of various types of small hydro schemes
 
(Rs. '000 1982)
 

Annual economic cost Annual economic 
benefit, yrs. 2.-Z0 

Type of scheme Year 1 Year Z-20 Direct SMurplus Total 

1. 5 kW participatory/no industry 4Z 2.7 4 1 2 15 
Z. 5 kW participatory/with industry 42 4.03 84 11 z 19 
3. 5 kW conventional/no industry 96 2.7 4 1" 11 15 
4. 5 kW conventional/with industry 96 4.03 84 11 2 19 
5. 15 kW participatory/no industry 90 3.4 13 5 32 6 45 
6. 15 kW participatory/with industry 90 5.1 3 Z6 7 32 6 58 
7. 15 kW conventional/no industry 150 3.4 13 5 3Z 6 46 
8. 15 kW conventional/with industry 150 5.1 3 	 3Z 6Z6 7 	 58 
9. ZOO kW conventional/no industry 5,200 190 8 170 9 430 10 600 

10. 	 ZOO kW conventional/with industry 5,200 190 8 340 	11 430 10 770 

Footnotes: 

1. Assumes tariff revenues equal to Rs. 100/house/year times 45 houses.
Z. Assumes surplus benefits equal to Rs. Z40/house/year times 45 houses.
3. Operating costs in years Z-20 are assumed to be 50% higher than those associated with

schemes with only residential loads as a result of the daytime operation of the unit.4. Includes Rs. 4,000 of direct benefits per year resulting from use of power by small industries.
5. Assumes tariff revenues equal to Rs. 100/house/year times 135 houses.
6. Assumes surplus benefits equal to Ri. Z40/house/year times 135 houses.
7. Includes Rs. 13,000 of direct benefits per year resulting from use of power by small industries.8. Operating costs in years Z-Z0 are not affected by the addition of a small industry since cost 

estimates already assume Z4-hour operation.
9. Assumes tariff revenues equal to Rs. 100 house/year times 1,800 houses.

10. 	 Assumes surplus benefits equal to Rs. 240/house/year times 1,800 houses.11. 	 Includes Rs. 170,000 of direct benefits per year resulting from use of power by small 
industries. 

Source: Cost estimates in Table 1. 
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mic benefit equivalent to about Rs. 400 per 
household. 

For small industries which develop around a 
hydro site, the benefits resulting from the 
newly available power can be measured in 
profits. Although estimates f r typical profits 
are not possible, benefits resulting from the 
power consumed are conservatively estimated 
to equal t.e tariff revenues generated by 
residential consumers who are assumed to use 
power only four hours per day. This would 
generate Rs. 4,000, Rs. 13,000, and Rs. 170,000 
per year for 5 kW, 15 kW, and 200 kW schemes 
respectively. If a conscientious effort were 
made to incorporate productive end uses as part 
of small hydropower schemes, benefits could be
considerably increased. 

If there are no distortions, economic costs 
are accurately measured by financial costs, 
except duties and taxes which are subtracted 
from the costs of imported generators. Labor 
costs associated with a participatory approach 
are assumed to be zero because labor is donated 
in the local villages. Capital costs have been 
included for the generator, turbine, and pen
stock used in the 200 kW scheme implemented 
under a conventional engineering approach, 
even though they were excluded frgm the cost 
estimates presented in the P.C.-1. Finally, the 
cost of house-wiring (Rs. 300 per house) hasbeen included. All costs are measured at 1982 
levels. 

Case studies 

Case studies of several types of small hydro 
schemes are presented here; their assumed 
characteristics, such as cost and load factor, 
are based on observations by the design team 

7 Out of the roughly 40 ATDO small hydro
schemes currently in operation, a quarter have 
developed small industries. Many of these run 
only during part of the day and only for a 
portion of the year. 
8 These costs were excluded from the P.C.-1 
since the equipment in question was given to 
the NWFP Provincial Government by the 
Ministry of Water and Power. Despite this fact,
there is clearly an economic cost associated 
with this equipment. 

9 ATDO cost data is contained in Mini and 

and are thought to be representative of the 
participatory schemes at Alpuri, Hercho, and
Lilloni and the conventional scheme at Kalam. 
These illustrative schemes are: 

1) a 5 kW participatory scheme with residen
tial load 

2) a 5 kW participatory scheme with residen
tial and industrial loads 

3) a 5 kW conventional scheme with residen
tial load 

4) a 5 kW conventional scheme with reside
tial and industrial loads 

5) a 15 kW participatory scheme with residen
ia loa 

6) a 15 hW participatory scheme with residen
tial and industrial loads 

7) a 15 kW conventional scheme with residen
tial load 

8) a 15 kW conventional scheme with residen

tial and industrial loads
 
9) ar00 kW conventional scheme with
 

residential load
 
residential and industrial loads 

Data on the cost of each type of scheme were 
otain e f om of a ndt he Irrigation were
 

obtained from ATD9 and the Irrigation De
partment of NwFP. 
 The costs and benefits of
 
various schemes are summarized in Table 3.
Investment costs per kilowatt for the 
conventional micro-hydro schemes are at least
twice as high as the same costs for the partici
patory schemes. On the benefit side, surplus

benefits account for roughly two-thirds of the
 
total benefits from schemes without an indus
trial load and for roughly 55% of total benefits
 
from schemes with an industrial load.
 

The economic internal rates of return fo1
 
the case studies are summarized in Table 4.
 

Micro Hydel Plants, ATDO, Islamabad, 
Pakistan. Cost data for Irrigation Department 
schemes was obtained from the "P.C.I. 
Proforma and Project Estimate of Kalam, Hydle
Scheme and Swat District" and from the 
Malakand Irrigation Division, Swat, Mingora. 
10 The EIRR measures the economic internal 
rate of return which is earned on resources 
which are used in a particular project. More 
technically, the EIRR is the discount rate which 
equates the present value of economic benefits 
and costs for a project. 
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Table 4. Economic internal rates of return for vprious small hydro schemes (9) 

Approach 

Participatory 

Residential load 

Residential + industrial load 

Conventional 

Residential 

Residential + industrial load 

Size of Scheme 

5 kW 15 kW 200 kW 

30 46 -

35 57 -

12 29 4 

15 35 9 

Source: Cost and benefit estimates presented in Table 3. 

These are low estimates, sin'ce it is acknow-
ledged by the World Bank that elactrification of 
a rural area produces an unquantifiable variety 
of benefits; some benefits resulting from the 
proposed Plrdro schemes may not have been 
included. 

A review of recent IBRD and ADB financed 
energy projects in Pakistan shows the EIRR's of 
12% to 15% were considered acceptable. There 
is a strong economic justification for the 
typical, small participatory schemes, even if 
they supply only residential consumers. EIRR's 
for the 5 kW and 15 kW participatory schemes 
are about 30% and 46%, respectively. If an 
industrial daytime load is added, the economic 
justification is strengthened and the EIRR's are 
35% and 57%, respectively, 

The economic justification for the 5 kW and 
15 kW conventional schemes with only a 
residential load is more marginal. EIRR's are 
about 12% and 29%, respectively. The lower 
EIRR's for these schemes are the result of their 
significantly higher fixed costs for distribution 
and construction of the power station room; the 
addition of a small, daytime industrial load 
strengthens their economic justification, raising 

11 For example, small hydro might ease demand 

pressure on increasingly scarce conventional 
energy resources such as wood; or, it might 
allow the use of locally produced capital for 

the EIRR's to 15% and 35%. 
There is a weak economic rationale for 

larger, 200 kW conventional schemes which 
have only a residential load. The EIRR for this 
scheme is 4%. This low EIRR is the result of 
higher unit costs: per kilowatt costs of the 
penstock, the power station room,.the generator 
and turbine, and distribution are 2.8, 3.5, 3.6, 
and 1.8 times higher, respectively, than for the 
smaller conventional schemes. Unit cost 
differences are even greater when compared 
with the participatory schemes. If daytime 
industrial load is added to the conventional ZOO 
kW schemes, the EIRR increases to about 9%. 
Thus, a principal finding with respect to such 
larger conventional schemes is that they will 
not have a marginal economic justification 
unless accompanied by a productive-uses plan to 
utilize power at least during the day. 

One weakness should be noted. This ap 
proach assumes that the same economic 
benefits result from a participatory or conven
tional scheme of a given size. Benefits occur
ring in a conventional scheme from improved 
reliability or safety of supply have not been 
quantified. 

developing alternative sources of energy such as 

extension of the WAPDA grid or increased 
production of oil or gas. 
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Economic anagygs summary results 

Conclusions of the economic analysis can be 
summarized as follows: 

* Micro-hydro schemes are clearly a lower-
cost means of supplying electricity to 
remote villages in the NWFP than extending 
the central grid. 

" Results of the economic analysis indicate a 
strong economic justification for participa-
tory small-hydro, even when domestic 
lighting rather than commercial, income-
producing end uses are the case. This 
justification increases with the addition of a 
small industrial load and with an increase in 
the size of the unit 

" The conventional micro -hydro schemes have 
adequate economic justification. For the 
conventional mini-hydro schemes, however, 

the development of a suitable industrial load 
is necessary if the schemes are to have a 
marginal economic justification. A plan for 
industrial development and for end-usemingrial ofeeotpt sd brense 
marketingadvantageous
integral part of any conventional mini-hydro 
program. This planning should be underta-
ken during site identification. Cooperation 

between government institutions in Pakistan 
which are responsible for hydro development
and small industries development should be 
encouraged. 

Research on the application of the partici
patory approach to the larger mini-hydro 
schemes should be encouraged. The nature 
of benefits which result from the relatively 
sophisticated designs of larger conventional 
schemes should be also in estigated. 

e 	Financial savings resulting from the switch 
to electricity from kerosene have implica
tions for pricing electricity produced by 
small hydro schemes. They indicate that 
consumers' willingness to pay for electricity
is greater than the amount they are required 

to pay: tariffs charged to consumers could 
be raised considerably without reducing the 
number of consumers. Such a tariff increase 
would improve the financial viability of 

participation should be encouraged, thus 
reducing the commitment of government 
resources. At some stage, it might be
 

to put the small hydro program on a commercial basis by removing
 
grmn subsidiesial si arinf
 
government subsidies and setting tariffs

equal to costs.
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CONCLUSION 

The NRECA team recommends that a 
comprehensive plan be drawn up to implement 
small hydro projects in the NWFP of Pakistan. 
The requisite natural resources are rich and the 
potential benefit, both domestic and commer-
cial, to the isolated communities of the pro-
vince is great. Priority should be given to the 
implementation of the 20 prototype mini- and 
micro-hydropower schemes. Institutional 
evolution and the growth in planning and 

managerial expertise will progress if training 
recommendations are implemented. An ongoing 
evaluation process for small hydro projects 
must be developed, and continued local partici
pation should be encouraged. The long-term 
success of small hydropower plants will be 
measured by the extent of continuous communi
ty commitment to the benefits accruing 
domestically and commercially from electrifi
cation. 
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APPENDIX
 

Contacts 

In developing this project, the NRECA team contacted the following individuals: 

Name 

Rab Nawaz 

Faqir Mohd. Ataullah 

Mohd. Abdullah 

A. Rauf Khan 

Sahibzada Riaz Noor 

Imtiaz Ali Quazilbash 

Nisar Mohd. Ali 

Asif Ali Sheikh 

M. Aslam 

Mohd. Quaid 

Said Qayyum 

Gulzar Khan 

Col. Anwar 

Position 

Superintendent Engineer
 
Malakand Irrigation Circle
 
Mingora, Swat
 

Deputy Secretary 

Professor of Electrical Engineering
 
University of Engineering and Technology
 
Peshawar, NWFP
 

Secretary 
Irrigation and Public Health Engineering Department 
Peshawar, NWFP 

Chief Economist 
Planning and Development Department 
Peshawar, NWFP 

Managing Director 
Engineers International Ltd. 

Project Director (also in charge of Power Wing) 
Small Hydel Power Station 
Peshawar, NWFP 

Vice Chairman 
Appropriate Technology Development Organization 
Islamabad 

Vice Chairman 
Pakistan Council of Scientific and Industrial Research 
Islamabad 

Technical Assistant 
Department of Electrical Engineering 
University of Engineering and Technology 
Peshawar, NWFP 

Assistant Technical Officer 
Appropriate Technology Development Organization 
University of Engineering and Technology 
Peshawar, NWFP 

Executive Engineer 
Malakand Irrigation Division 
Mingora, Swat 

Director of Works 
Kohistan Development Board 
Besham, NWFP 
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Jan Nadir Khan 	 Chairman 
Kohistan Development Board 
Besham, NWFP 
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