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INTRODUCTION

Electrification in Pakistan is carried ou: mainly by the Water and
Power Development Authority, an agency of the Governmen® of Pakistan. The
installed capacity is about 3350 MW. Out of a total of 4300C villages,
nearly 2000 have so far been electrified. T.e annual develoomeni programme
envisages elecirification at the rate of 1000 villages each year. A% this
rate, 34 years will be required to complete the electrification of all the

villages.

Since more than iwo thirds of the total pooulation lives in these
viliages, it is highly desirable to accelerzte *he rate of rural electri-
fication, by extending the transmission and distribution lines from central
power plants, is quite expensive for rural areas, because of low load
density and long distance involved. To improve the financial viability
of rural electrification means of reducing the capital and operating cost

must be found.

In order to supplement the existing orogrammes of rural electrification
and meeting electricity needs at a reduced cos%, the Appropriate Technology
Development Organization, Government of Pakistan initiated and developed a
programme of rural electrification through mirro/mini hydroelectric power
plants., By utilizing the locally available rescurces of technology, men
and material it has been possible to install such plants at a very low cost.

The paper describes the salient features of these installations.




*. PRESENT STATUS: POTENTIAL, PROSPECTS AND PLANS FOR MHG DEVELUPMENT

The rise in urice of fuel and *he depletion of its reserves have
necessitated the search cf renewable energy sources. Small Hydro Electric
Power has once again emerged as a promising aliernalive in many countries
of the world. China has more than 60,000 small and meaium hydroelectric
plants in operation. In the U.S.A., 45,000 small dam sites have been

identified as potential hydropower scurces.

In Pakistan, Small hydro electric power plants has even a greater

. role, as fossil fuel reserves are too limited. A large area of the country,
mostly in the North has abundant water potential of small capacity. Natural
streams of 10-20 cusecs flow perenially and a fall of 20-50 ft could be
created easily. In most of these areas, the population is widely scattered,
and the demand of electricity is only small, It is therzfore toc expensive
to supnly electricity to these regions from the national grid. Annexure 1
prnsents a comparison of the cost of rural electrification cptions., It is
seen that the ATDO projects have a low capital cost as well as operating
cost. The cost reduction has been achieved by simple local design of
turbines, use of local material in construction and community participation

in the project.

Presently, 20 MHC plants are in operation, their capacities range from
5 tc 12 KW; the totzl installed capacity is 130 XW. Ten plants of capacities
ia the range of 10 to 50 KW are uader constructizn.

In addition to suprlying electricity for lighting purposes, a2 number of
ins*allations cupply power %o cottage industries and agricultural processes,

A typical industrial installatios is given in Annexure 2.

The motive power of the tuibine drives a main shaf. which in turn drives
the industrial unit by a pulley-belt combination. The electric generator is
also coupled to the main shaft. The industrial units are cperated during
the day-time and the generator durirg the night. The industrial centres run
directly nn the motive power of the turbine include mainly rice husking,

flour milling, cotton ginning, saW-mill, wooden lathe and grinding units.
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The electrical snergy generated at the plant is also used for rural
industries ai some of the ATDO project. In addition to running the units
mentioned above either by individual motor eor by a line shaft, electrically
driven wheat thresher and corn sheller are operated in the field. The unit
is mobile and a long length of flexible wire is connected to the electric
motor. The threshcr/sheller is moved in the field and electricity is tapped
from the nearby distribution line. At one of the project electric welding
is also carried out. These industrial facilities are a great help to the
local people. Most of these installations are gquite far from towns and are
difficult to approach. People from adjoining villages bring their agricultural
products to the plants and get them processed. It alsc provides employment to
a few people at each plant.

At one location, it is proposed to put ur a 10 KW plant which will drive
an electrically operated moior-pump set. Water will be pumped from a river
to an elevation of about 60 ft where it will be used for irrigating agricultural
fields.

The experienze gained in the development of MHG plants and their social
and economical benefits have encouraged the ATDO %o accelerate the rate of
extending this technology further. 1In the current year (ending Juna 1981) it
is proposed to install 30 plants in the range of 10 to 100 KW; thereby boosting
rural industrialization. The technology adopted by the ATDO is well accepted
by the local peopls and 2t some vlaces, well-to~do peodle have installed the

plant entirelr at their own cost.

2.  ORGANIZATIONAL SET-UP

With a view to Pccelerating rural elecirificaticon and industrialization,
the Appropriate Technclogy Develooment Organization in the Ministry of Science
and Technology, Government of Pakisizan initia%ed = prosrarnme of developing

mierc and mini hvdro power plants usine local resources,

An outstanding feature of the proiect is the particioation of local
community. A chart showing the orgenizationa’l sei-up is given 21 Annexure 3;

a brier account of the responsibilities of eacii unit is given below:
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(2) The Approoriaie Technoivgy Deve.oomeant Orzanization (ATHO)
has been established in the Minisiry of Science and
Technologr and it has been assizmed the responsibilities
of initiating, developing and disseminatinz technologies
suited to local conditions. Dewelorment of ¥HG is one
of its several activities. Tt -rovides funds for research,
develooment, demonstration and Zissemination of the technology
of MHG. In addition to meetinz *ne cost of technical staff,
at the ATDO in the initizl stazes 2orne +he full cost of the
turbine-generator plant, Presenz", the ATDO is sharing the
cost of technical services., Se ection of site, fabrication
o€ turbine, orocuremert of acnessories and installation of
the machinerv are the responsiti’ities of the ATDO. It also
vrovides necessarv guidance and technical data on other aspects
of the MHUG e.g., civil work, eles<ricitv distribution, s7stem

and rura' industrizl urants.

(b) The Pacultiy of Engineering, Universiiy cf Peshawar, provides
technical services to ATDO in *7e »l2nring, desizn, fabrication,

supervision and testing of the -iant,

(c) The Provincial Governments share the cost of the Generators
and meet the full cost of turbine and its accessories, It
also org.nizes co-ovnerative societies in the villege for
the execucion and management of ithe plant. It provides loans
and advances to the societies for meeting part of the ccst of

+he plant and for purchase of industrial units.

(d) The local community, in the forw of a co-operative society is
responsible for the construction ¢f the civil work of the MHG.
They provide lazbour and buildinc materials, The cost of
digtribution wires is also sharei bv the community. Manage—
ment and operation of the MHG are also the responsibilities of

the local community.

3. TECHNICAL AND ECONOMIC DATA

In view of the fact that every site for MHC irngtallation has its own




fealures,

(]

.Z. water available, head, location of the plant in relation to
on; no two sites have exactlv the same data. In deciding about
the location of the plant, a ~omparison is made regarding the cost of power
channel and the cost of distribution lines., In most cases, it is more
eccnomical to keep the power hoise ciose to the population, which may involve

making long length of power channel.

Useful data on few of the ATDO plants are given in the Annexure 4, 5,
and 6. Annexure 4 shows a wide range of operating conditions and turbine
dimensions. Annexure 5 and 5 give the treak-up of the capital cost and
running cost of a typical 10 KW plant. For plants of other capacitor, only
tha cost of generator and the distribution wires vary significantly; other
cost show only little variation. An analysis giving the cost of generation is

giver in Annexure 6.

Details regarding the responsibilities of construction, management and

operation have been given earlier in the paper.

4. SALIENT FEATURES OF THE MHG SYSTEM

Procedures and designs have been involved, keeping in mind the objectiwves
of the programme and the education and skill of the local pecple., In most
cases, people use natural streams t~ - .= *he ancient types of water mills.
Thay are familiar with the technique 2f diverting water from the main stream
and dropping it by S5-10 £t., In the MHG svstem practiced by the ATDO, simple
methods have been evolved, which can be eacily undersiocod by lozal people who
are not in a poeition to study drawing and construction namuédls. They are
encouraged to use their traditional skills.modified whenever necessary. The

saliernt features of the MHAG system applied in Pakistan are described below:

5. ASSESMEY? OF POWIR POTENTIAL

Output power at any hydro-electric station is directly proportional to
the product >f ‘'discharge' and 'fall' or 'head' of water. Obviously the
assessment of power at any gite involves the determination of ’'streamflow’
and 'head'. The flow is measured by using a float' which has been found
ag che only appropriate method. Setiing uo of stream stations will be too
expensive congidering high cost of transportation; installation ¢1d maintenance.
The fall is usually determined by finding the difference of elevation between

the penstock entrance and wheel inlet, This is accomplished by using an ali-
meter, Precise levelling procedure, although more accurate, is not considered




annrovriate in riew of high cost of levelling instraments, transportation

cost and non-availability of trained personnei <o handle suzh instruments.

Ready reference tables has been made giving the power available for
ifferent combinations of flow and head which cz=n be used bty the local

veovle for making an estimate of the available power.

6. INTAKE STRUCTURE

The intake structure is small obstruction =uilt acress the natuaral
stream for diverting flow into the cvower chanrte_ , A loose stone and
boulder 'bund' of 1' 3" height is constructed %~ the villages without
mach cost. This type of construction can raise water level to create
sufficient pondage for affecting the recuirea Z:iversion to run s smeall
hydro-electric generator. There is hardlv anr exvenditure involved in
construction of intake structure as the materi=_ is av=ilable on the

site free of cost and iabour is contributed b~ <ne local peorle.

7. POWER CHANNEL

The power channel is designed for carrvinc water from the diversion
structure to the penstock., The construction ¢ aower channel involves
digging 1 ft to ° ft deep by 4-5 ft wide near’ - rectangular channels in
natural soil without any lining, The exact size of the charnel depends

upon the discharge it has to carry with a veloziiy of °-3 ft/seconds.

The cost of conetruction of 1N0 ft length of connreie canal (4 x 4 ft. size)

is well over Rs. 15,000 whereas an unlined chzrnzel of same size anu length

made according to self help brsis is free of cost,
8. FPFOREBAY

The power channel terminates into a foretz-- struciure to supply silt-
free water to the turbine at a2 constant head, The main function of the
forebay is to act 2s a stilling basin and a tan to feed the venstock,

The forebay is constructed in reinforoed concreze with a P.C.C. floor.
The over all dimensions of foreb2y are S ft ir width v § ft in length
and depth varving from 4 to 5 ft. A simple rec<zngular or circular

entrance made in the wall c¢f the forebav struci:re serves as enirance,

A hand operated vertical slide gate shuts wn <he nenstock in the cvent




of any trouble below the intake, In some cases =2 stopped floor construction
is adopted which helps in further a2ccumulation of silt. The velccity in the

fcrebay ig-low enough resu’ting in demosition oI suspended ovarticles.

Another ovening is nrovided in ihe forebar a2t 3 hizher elevetion than
the penstock entrance in order to svil? the excess water to the waste during
part or complete erc’osure of the turbine, A threshrack is erect ahead of
the penstock entrance to intercep* anv " oating ob’ect. Since the forebay is
made from reinforced concrete an exnenditure of near'v Rs. 500/ is invclved in

in.its construction.
9. PENBTOCK

A wooden rectangular venstock or a circu’ar steel nine is used for
conveying water from the forebar to the turbine. In the Northern areas the
wooden ovoen channel are alreadv in use for driving water mills, The closed
rectangular wooden cnannel:. has been tried for the first time for diverting
water under pressurz to the nozzle at the turbine entrance. The channel
cross-gection is designed to allow the remuired flow to pass at a velocity
9-12 f+/sec. The wooden channel are preferred because of extremely low
cost of wood in Northern Areas and because the villagers can verv easily
make and repair such channels. The inner surface is made fairly smooth.
Steel penstocks have been userd in scme places but have been found too
expensive, Using a 12" diameter steel pive for 100 ft, of water the cost
would be about Rs. 80/= per foot. Whereas under the present practice a

wooden channel of emi-alent size does not cost mcre :han Rs. 20/= per ft.
10. POWZR HOUSE

The size of the Power House depends upon the turbogenerating unit but
generally a size 12' x *2' has been selected wihich provides ensugh space to
acsommodate easilv a 10 KW capsacity unit. The power house building is
constructed of dry ruble masonary, with timber rcofing., It has been
estiinated that such construction will cost on'v a few hundred Rupees
whereas 10’ x “2' building with stone masonary and reinforced concrete
rosfing will cost well over Rs. 15,000/s. The entire civil work including
the power house the wooden peastock, the forebay, the power channel and the

diversion structure nre all constructed bv making full use of the technology

-
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and material available in the villages. The coactruciion work is complsted
with amazing speed because of the interest takez by the villagers who see the

benefit of electricity at their dnorsteps.
1. TURBINE.

While selecting the type of turbine to be used at anysite the emphasis
is on the low cost of the wheel and cn utilization of the technology avail-
able in the country. The reattion turbines are too expensive for generating
electricity on small scale, such turbines are presenily being imported along
with their accessories, which involves foreign exchange as well., The cost

of a reaction turbine will be too high even if it is made here.

It aas been found that the impulse turbines caa be manufactured very
easily because of tne simplicity of their comsiruction, Among the impulse
turbines, the pslton wheel too is not recommezced because ¢f the low head
available in most of the cases and because of it2e difficulty of fabrication
of special types of buckets. Another type of i=pulse turbine known as "Banhi”
(turbine which is a free-stream radial wheel) n2s been found more suited to
the local condition. The runner of such a turtine is built up of two parallel/

circular disks joined together at the rim with z series of curved blades.

12, PABRICATION OF TH:E TURBINE

A very simple manufacturing proceses has been adopted for the fabrication
of the turbine rotor. End plates of suitable diameter are cut from a 4" thick
mild steel plate. Rotor blades are formed into proper curvature by hammering
flat mild steel plates of 1/8" thick and of s:i<zble width. Sector-shaped
rotor blades of designed curvature and length are thus made, The end plates
are marked to indicate the position of the blaies, keeping in mind the required
geparation between adiacent blades, Both the ends of rotor blades are ithen
welded electrically on the discs. Thus, a s~uirrel-cage shaved rotor is

vrepared.

For each site, a turbine of approporiate Zizensions is fabricated, devending
uoon the muantity of water and hand available, The unit designed and fabricated
bv the ATDO have the following range of the mz2in dimensione.

Rotor dia: 15 inches to 71 1inches
Rotor length: 6 inches to 40 inches
No. of blades: *° 4o 28




The rotor has a through shaft, suovorted bd» three ha’'-bearings. The
driving pulley usually a V=tyve is alsc mcunted 25 the shaft. The nozzle of
the turbine is made from steel sheets cut into »rover size and shave and

welded to give the designed size of the ‘et ai *‘he wheel entrance.
The technology of fabrication is simvle enough for a village level
technician to make such wheels., A oractice in electric welding is only

needed., The average cost of turbine and its accessories is 2bout Rs. 2,000/=

*3, THE ELECTRIC GENERATOR

Standard tvoe electric generators of ' phase or 3 ohase 50 c/s,
720/380 V are used on the oroiect of the ATDO. The tower rating depends
uvon the potential available at each site; generators of 3 KW to *2 KW
have so far been installed. The generators usei are of Chinese origin
and have a static excitation svstem, A manua’  ~ operated voliage regulator
is provided with the generator. The cost of the zenerator is about Rs., 1200 -
1500 per KW.

A panel board containing the necessarv melers, fuses and switches is

mounted on a wail of *he power house buildin-,

“4. THE DISTRIBUTION SYSTEM

As the power house is located close to the wrillage, no elaborate
transmission/distribution network is necessarv. A simple distribution
line, of scitable size bare copper wire, is lzid from the power house
to the main parts of the village. Usuallv ] 2ni ‘0 SWG wires have been
ugsed, the voltage drop is limited to a reasonz:" e walue, T e distribution
lines are supported by vin-type insulators mounzed on wooden poles.

18
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. OPERATION AND MANAGEMENT OF THE PLANT

local people, During all the stages of the prc-en?, 2 few representatives
of the community work with the staff of the ATDC and gain training in
erection and oneratinn of the nlant. Before ==e slan® is handed-over

to them, thev give the necessarv instructions. The vplant has no automatic
control: the overator is therefore, instructei <c control the olant by

manua’ means. The flow cf water is controlled sither bv valve or by
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gate at the inlet to the venstock. The vcltage is adiusted by the reguiator.
Attermt 1s also made to run the plant at rull! lcad by connecting resistive
. load and switching them off as the consumers comes on the lines, This appear

to be an aporopriate method for running the nlant at normal conditions.

In return to the services of the local people during the construction
of the proiect, the communit*y iepresentailives decided on a small collection
as revenue. In mosti cases 3 normal collection a2t Rs. ‘/z or Rs. 2/= per
buld is made monthly, The amount thus collec.ed serves to meet incidental

expenses,

*6, MANUFACTURE OF EQUIPMENT

In Pakistan the manufacture of MHG nlant does not oresent any serious
oroblems, A number of industries in the public and private sector have the
necessary capabilities for fabricating the turbine., There is no shortage of
technical manpower either. Recently, 2 5C KW turbine has been made by a

orivate company.

. In case of electrical generator there are several industries having
facilities of making rotating mcchinery. Most of these are making motors of a
wide range of capacity and the same facilities can be used to make generators.
However, it will involve import of suitable materials mainly electrical steel,
components, e.g., pullies, shaft and bearings are made locally. Electrical
components e.g. distribution wire insulators, switches are made locally,
indicating meters, e.g., voltmeter and ammeters are nct made locally, however,

they are easily available in the market items.

Commercial manufacture of turbines and generators may become feasible if

the demand of such units increases substantially.

. 17. CONCLUSION AND RECOMMENDATIONS

Conventional method of rural electrification is too expensive and is not
justified, particularly when electricity is used for social uplife and runaing
cottage industries. In areas having widely dispersed population, the externsion
of grid is not only expensive initially but is expensive to manage and operate.
It is therefore a pressing need for more economical options for rural electri-

fication, Decentralized hydroelectric power offers a promising solution to the
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problem. The machinery for such plants can be made locally. By involving

the local community the plants can be installed and managed at a low cost.

In order to promote this technclogy, the following recommendations are
made:

~ extensive agsessment of potential for MHGC be made

~ MHG plants be made by local industries

~ Policies pe evolved for wide-spread aprlication of MHG plants

- rural electric co—-operatives be estzblished

~ regional workships facilities be es*ablished for repair and
maintenance of ‘urbine and generators

- facilities be established for tr2ining local techrician in
maintenanc:e of electric generators, distribution system and
domestic wiring

- exchange of ideas,information and excerience be promoted through
publications and visits

- development of other desizn oi turdines for low head be initiated
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No.

Annex 1

COMPERATIVE COST OF TEE RURAL ELECTRIFICATTION OPTIONS

(AVERAGE VALUES)

Mode Capital Cost

Extension of grid Rs. 500,000
far a village of
100 houses

Small Hydro Electric Rs. 50,000/= per
plant - 100 KW plant KW

(conventional design)

Mini/Micro Hydro Rs. 3,500/= ver
Electtric Plant KW

(ATDO DESIGN)

Running Cost

Rs. 0.35/KWH
(Charged from
consumers)

Rs. *.0/KWH
(Generatior cost)

Rs. 0.21/kWH

.generation cost)
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S. No, Location

Alpuri
Barkalay
Shang
Shalpin
Misghar
Bishband
Bella
Paras

Lamotal

TECHNICAL DATA ON SELECTED PTANTS

.t - Plants at 7, 3 and 9 are under construction

Water Head Instailed Penstock

Cusec Ft. Capacity, Size

15,0 20 12.0 22" dia drum
3.0 30 5.0 A" dia pipe
6.0 40 10,0 10" dia pipe
3.0 30 5.0 A" dia pipe
10.0 56 12.0 12" dia pipe
3.0 35 5.0 7 x 36" dia pipe

wooden channel

2.5 65 5.0 " dia RCC pipe
8.0 105 20.0 10" dia pripe
10.0 40 12.0 18 x 10w

wooden channe)

Turhine Dimension

Inches
Dia.

19,0
15,0
5.0
5.3
17.4
15.0
12.3
18.4

15.2

... Length

18,0
n.0
16.0
9.0
14,7
7.0
6.0
10.0

23,0

Application

Lighting

Lighting and
industrial
Lighting and
indust:ria)
Lighting

~do-

Lighting and
industrial
Lirhting

Lirhting and
industeinl
-Ado~
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COMPONENTS OF CAPITAL EXPENDITURE ON A 10 KW PLANT (RS) Annex 5

CTVYL WORK TIRNTN® AND CENFRATORS TRCENTCAL TOTAT, PTXED cosy DTSTRTBUTTON FIXED COSP

ACCESSORTES ASSISTANCE RS/KwW SYSTEM RS/KW

o INSTALLTD L DRI TVIERED

7000 2000 14750 3520 26770 2,677 1,000 3,477

.-

FIXED COST ANNUAL EQUTVALENT RUNNING TOTAL KWH GENERATION COST OF GENERATION
cosrt cosT ANNUAL AT 307, PLANT RS/KWH
i= 13 COSsT FACTOR, KWH

n = 25 yenrs

- - v ——— ¢ ——- ——— ——— — {1 4 $1 §  weereesemewe =& % 4 Al mmw P eror f % @ e e e e o ey v - — e - v o re—

6,770 3,657 , 350 6,00 26, 20 0,”3
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