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becomes more w1dely known

.are also under constructlon

e
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Introducﬂon‘- , . A (’/ _ ' -y

e T

In the m1d—l970's, the Approprlate Technology Development Orgamzatlon (ATDO) w1th

the technical consultmg serv1ces and support of Dr. M. Abdullawhe North West:

fellig -

(O "‘

Frontier Province (NWFP) Umver51ty of Engmeerlng andﬂ Technology, Peshawar,

"launched a program to dlssemmate small hydro technology and install ‘miero-hydro’

plants in remote rural villages in northern Paklstan. Their ob]eqtlve has been to create

approprlate‘ de51gns whose technology --and cost "can be absorbed‘ﬁ by the local'

populatlon.

been 1nstalled to-date, at"a pace qu1ckenmg w1th time as news of these mstarllatlons

—a . £

A 51mllar number of plants, ranglng 1n 51ze up to 50 kW

3 -

“night to replace wood or expenswe fossﬂ fuels used for lighting, dlrect shaft power is

- z
used to drive a varlety of tools and agro—processlng eqmpment at a number of sites

during the day.

. . B - ) . <A

s
-

Beyond the rather 1mpresswe raccompllshment of 1mplement1ng a growmg ~number of

v1able hy ropower schemes in. remote rural v1llages, another umque feature of thlS

Rangmg from about 5 kW to 15 kW, approxﬁnately two dozen pl-ants have

In addltlon to generatmg electrlcal power prlmarlly at-'

underta -’ng has been the unusually low cost per installed kllowatt of these schemes, a

cost rangmg from “about US 5350 $500/ kW (m 1981 dollars)

ThlS low cost ’ is

®

: : prlmanly attrlbutable to three iactors- I U S E j

' '(l) , non-conventlonal use of readlly avallable materlals-

@ - de51gn5- more*sultedf to the local reaht1es- and,
, NS more s

(3) -commuruty 1nvolvement in the 1n1t1at10n, 1mplementat10n, manage-' .

S et g g i

e ment, operatlon, and mamtenance of the hydropower schemes. = Ea

o
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. serve its people. The steep, rugged, 'stone- ¢ - e

‘communities eke out a living off the

triggered by the concern’that grew out 6f ‘the

At a time when-the high cost -generally associated with small hydropower schemes is.
often used as an argument against their appropriateness, the Pakistani exception to the

rule prompts a more detailed description of this experience. How were these schemes *

. 3
¥

implemented? What .specifiﬂc‘/'app.roaches were a,dop’ted‘ to hold down costs? + What
constraints exist in applying this approdath to other geographical and cultural areas or to
larger'schemes?-
Background -, _ ' B F e S .
In stark contrast"t"o‘ the flat plains which ‘extend over.a large portion of Pakistan, the
northern part of-the country presents physiéal as well as demographic obstacles to

.

extending roads and' eléétr‘;city gridg and developing other physical infrastructures to

studded mounta'ins;'Arendered even more
austere by the dearth of traees,'discourage»‘ 7/
inroads. And among "these mountains,

villagers in scattered and relatively isolated

s a

iﬁhospitable terrain. Greener irrigated plots

of land are generyally restricted to narrow '

strips  on the;--sldpes bordering perennial

#

streams in the valleys. The .areas farther

removed, if cultivated at all, must make the

s

most of the low rainfall in the re'gionﬁ.

@

] A - Aus _— A
. . Fig.1. This view overlooking—the
Dr. Abdullah's interest and adtive involve-  Barkalay powerhouse (arrow) Sshows

%

» terrain which s typical of the areas
ment in the area of small hydropower was Served by ATDO's micro-hydro
: schemes.
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1973 oil crisis.\/As ari immediate outgrowth of that crisis, an increasing number of

organizatlons /and\‘: programs worldwide began to address wproblems caused by a

dependency on imported'oil. However, because of the enormity of the problem,

\

"governments in numerous countrles generally showed llttle real concern or capac1ty for

A

meetmg the relatwely insignificant energy needs of those in the rural areas, both for
replacing cost’ly fuels, especially\kerosene and diesel already in use, as well as for

: ,"'vproviding them with some of the basic amenities already-available to those in the urban

.

areas: . o : P

&

In Pakistan, two alternatives for providing -electrical energy to the remote areas,

without relymg om\{mported fossil fuels, - were apparent. ‘To the extent that the pational

]

_grld rehed on large hydropower generatlon of electrLcny, grid extensxon to these areas

provided one such alternative. But the 'annual development plan of the Water and
Power Development Autho‘rity (WAPDA), tne -agency responsible for -electricity
generatipn, transmissien, and distribution in Pakistan, envisions rural electrification

proceeding at the rate of ab'out 1,000 vill‘ages annually. With three-quarters of the

'countrys 43, OOO v1llages still not electrified, it may well take decades to provide
electrrcxty to most of these villages. The remoteness of the villages, the small |
“populanon in each vxllage, and the lack of 1ncorr(e—generat1ng enterpnses all-contribute—
to making rural electrlflcatlon by extendmg the grid uneconomlcal . Under the presenf‘

system, the average cost of electnfymg a v1llage, even one only several kllometers

from- the main grld approaches Rs. 500, 000* Th1s flgure covers only the. cost- of
distribution, not transmission. e oo

Another alternative for providing electrici{tﬂy"’"to the rural“'areas' was the on-site

adtogeneration of power. In the early 1?,70"5, the'Ministry of Water and Power installed

-

Lo




several small hydropower plants along conventional lines but, at US $5,000 - $6,000/kW,

this alternative proved equally as uneconomical.

Consequently, both the high costs implicit in pursuing either of these alternatives, grid

. extension or autogeneration, as well as the logistical and organizational difficulties

involved seémed to preclude the possibility of providing electrical energy to the rural

areas. If this end was to be achieved, it appeared necessary to develop a new approach,

one designed to more appropriately address  the Specific realities and problemks

v

encountered in rural electrification in remote areas.

Given their desire to méke power available
1o fhose in the rural areas, the ATDO, under
the Ministry of Science and Technology,
initiated a program to develop a more viable

approach. Though hydropower resources

could be found in a number of villages in the

mountainous one

regions of the country,

factor which contributed to the high cost of

autogenerdtion was a reliance on commercial
equipment and conventional designs. _Also
implicit in this skilled

was a need. for

expertise to install and to maintain-systems
on a contipuing basis.
ATDO focused on developing equipment

local

5]

designs suitable for manufacture,

designs more appropriate from the fabrica-

tion, installation, maintenance, operation

Conseguently, the -

Fig. 2. An example of a simple design"

‘used by the ATDO.. The .steel pen-

stock into the Barkalay po¥érhouse
terminates  with a  rectgngular
nozzle.  The shaft with cross-flow
turbine is supported by bearings on a
small concrete base and wooden slats

prevent water from spraying out.

S
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and cost po'mts of view. Alter sgv‘eral attempts, the LATD.O adopted the cross-flow

turbine design.fabricated of steel asi the one most. suite to local realities. Its design

provided ease of fabrication, useful| efficiencies, and seemed suited to the head and

flow conditions most frequently found in the area.| Since new generators were
{

unavailable in Pakistan, the ATDQ also attempted to userecorﬁditiehed generators to

couple to the turbine. = At that time,i generators were only being imported as part of a

1

generating set, a complete package of . generator and diesel ‘prime mover, and not

separately. Though these attermpts at recondmonmg gkenerators were not successful,

'5u1table Chinese generators later appeared on the local m\arket

i
\

|

\

-The ATDO also developed new designé for the civilwork(s as well as a new approach

. ] Lo _ \ L
toward implementation. It adopted designs which stressﬁd the use of local materials
\;?’ \ R

rather than those imported into the area and the use of ldcally available manual labor

her than machinery.
S

.-~ i

sy v Lo : ‘
And finally, the ATDO sought to devise an administrative and management structure
\ )

. . G . \
_less costly to maintain and one more responsive to the needs of small scattered

Fig. 3. Simple earth headrace
(canal) conveying water to the ™
Eillonai (1) powerhouse .

_—




communitlesl. A structure evolved which, minimized the need to rely on a central and ™ :

remote administration. The communities are each responsible for all aspects of their

own schemes. Decisions on such questions as tariffs, hours of operation, and

' distribution of power are all made locally-as the need arises.

 Initially, in order to get the technology out into the tield, several individuals supported

b

by the ATDO held discussions in villages where some water pov;er potential was readily

M9

appafent. They informed the villagers of the possibilities for tapping this power and

gauged their interest in undertaking such a p'r‘oj_ect. Some villages dismissed the"idea

Tear

- while others took it up and made a nominal contribution of labor and cash. These latter

LA .
. "{; L F«‘..:ﬂx’_vﬁ;\i\

eventually served as demonstratlon sites, as examp\es to other v1llages of what they

cou_l\d accomphsh 1f"they have the'necessary interest and resolve.

A e
7

- ¥

. The idea caught on. _Initially, the ATDO envisioned that a team organlzedgaﬁd-”

supported by it would have to install each scheme. But it soon became apparent thaf,
s S C . :

because of the enthusiasm of  the villagers an(d their ability to learn "qui-c'klyvthe skills

' Y : =
_ necessary to install these schemes, this responsibility could easily be shared with

\aboqt two dozen schemes hive'been installed and more than three- dozen new sn:es are

t-hem.—- The ATDO has also been able to decrease its financial contribution toward these
1’ e - \
schemes in lme with its; mandate of only prov1dmg financial support for the initial

o

development and. dlssemmat n of- appropnate technologles Interest is snowballlng -

k)

~g,

belng con51dered or‘under construction. Llllonal, the wllage where the first scheme was

R ;L
U

‘ ﬁalled,,now has four mlcro-hydro schemes whlle in the area around Blshband there

- . : "JQ
PP i

‘are three schemes in the same small- valley All the plants mstalled to date contmue to

| operate properly, provmg the effectlveness of the ATDO‘s approach to implementing .

o

th\ese mlcro—hydro schemes. ' ) ' ST T

|

!

.

i
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The team to coordinate the implementation of these schemes includes a full-time

_technician and a field officer who serves as an administrative assistant and maintains

cbntact with the villagers. Both of these individuals are assigned by the ATDO to work

——

. : - . N
: with Dr. Abdullah under ‘his direction. In addltlon, two colleagues from the umvermty,\

I ~

. ~ one c1v1l and one electrlcal engmeer a551st with site inspections and implementation.
s&

(S P e

Personnel from either the university 6workshop or a private workshop fabricate the

= turbine according to specifications pfepared_by’ Dr. Abdullah:
‘ \.\h i - . ? . ‘-
-’ ,'l‘«:‘;";’ ™, ’ ’ - '

Given their very limited staffing and resources, the ATDO has installed hydropower

schemes in villagés in a fairly large geographical area in the mountai_noué regiens of

northern Pakistan, in the Swat, Dir, and. Kéghan districts in the NWFP and in Gilgit in
the Northern Areas. These villages, which generally include several hundred

inhabitants, are far from the electrical grid. Whereas some may be situated by a dirt

road, others may be half a day's walk away. Agriculture on irrigated or rainfed terraces

provides employment and'a meager cash income for most..

1. Implementation and Operation

&

The ATDO adheres to no rigid strategy in “implementing their rural micro-hydro

schemes. Their approach can be considered unigue only in that it is flexible. Just as a

; . /
i . : ;

turbine is designed for specific site conditions, so the~approach taken in imble_mentingv
these schemes caters to the social and economic circumstances existing at the site.

Tn 55n?fdering the possibilfity of a micro-hydro project which potentially could affect an
[ ~ .
- . g ! N R ‘
entire village, it would be naive to overlook the often intricate interr‘elationships émd 4
1 :

implicit constralnts to achon inherent in a tradmonal village setting and to assume that =
5 N .
thg "village" will request} assistance in explomng its hydropower resourpes. Thellssue is- /
E N /
further comphcated by the fact that implementing such a project requ1res access and
A : ; /

- e
B E

|
3
|
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is to be conveyed, usually in an open canal, from the river to. the powerhouse.

rights to water, to a suitable site for the p'dw‘erhoyse, and to land through which water

? 3

Consequently, it is an individual or a small group who' takes the initiative, these who, -

p?'ﬁtly becatise of their economic and/or social position, retain the respect and trust of

fhe villagers. They may be tratditio,nQal{'Vill,age”,,l'eadet;?_,vlocal entrepreneurs, the manager

// of a local cooperative, or-a resident landlord. The group may also include the owner of
yoT
/

/

i

the land on which the hydropo,wer'plar\lt is to be built, This naturally simplifies

irhplementing any potential scheme. Generally this venturé is not formalized although

the villagers are encouraged to register with the coope‘ra.tives department of the

provincial government to avoid any *future problems as well as to have access to

.

- benefits, especially loans, available thfough this department.

-

Already operating schemes prqvide the impetus for a growing awareness of the benefits

which result from de;/eloping a village's hydropower potential and for subsequent
requests to the ATDO for assistance. After a specific requést for assistance has been

v

received from the villagers, the ATDO first ascertains whether the national grid-is to
be extented into the area in the foreseeable future. If no extension is planned, then one
~or more members of the ATDO team visits the viilage to assess its po.tential‘f_or

hydropower development, to inquire into the villagers' objectives, and to advise them

would be involved. All"r;‘ftages» éf the work, from the construction of the civil works
through to household V\;ir‘ing, are explained. The ATDO only approves the project if,
after diS@ssions with the ';/illagers, it is satisfied that the entire corﬁm”&nity will share
in the accrued benefits. If it is apparent thaf this point is in (iuestion,"/;:he.A"l.'DO delays
.or withholds any potential assistance. This measure indirectly ;cends to nudge the

community into fruitful'cooperation. '




\

\

\
If villager interest appears well founded and genuine, the ATDO discusses\\;he roles of

\

each of the parties concerned. The civil works which will have to be built are also
discussed with the villagers who; in turn, will undertake the constrgction\ by both
purchasing the necessary materials (possibly cement, timber, and/or wire) and p”rk)viding
the necessary labq;. Desi_g&Ts for the civil works are discussed. The ATDO does not
prepare engineeri:é dra;vings since villagers cannot u_nderstang them. Instead, smgll !

wooden models are used on occasion to convey the design of some of the components of

the civil works. A model of a forebay, for h

example, might be presented since this is an
unfamiliar component to most. On the other

ha&d, headraces are farhiliar, having been a

wcomponent of their irrigation systems for

=

ies. Since there are no critical aspects

in the-iconstruction of the civil works, the

wE

vil-lag'érs undertake this work themselves
under the direction of the initiators of the
scheme. Whereas masons and carpenters are

often found in the :village,s, an electrician to

undertake the household wiring might only be

. : Fig. 4. A temporary structure across - |
responsible to locate an electrician who, in  the river diverts a portion of the

) water into an irrigation canal at the
turn, might pass the necessary skills on to right.  Similar structures are used

with hydropower schemes.

found in the larger towns. The villagers are

resident villagers. The villagers themselves
install: the distributior‘; lines. Depending on the circumstances, if the initiétors of the
scheme have morerimrfrjediate access to cash, they might provide the necessary
mate:’iais and the remvainder of the villagers might provide the labor. The ATDO

e

determines the portion of the total cash outlay to be-covered by the villagers based on

* ¢ a
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their financial resources. To avoid any possible misunderstandings, it is ATDO's policy

to avoidh handling any cash contributions made by the villagers. With the monies they

- 3

have collected the vﬂlagers themselves purchase whatever matenals are necessary

(.
During the fcourse of the site work, the ATDO; provides the vxllagers with technical

guidance wh?n nhecessary. At the same time, the un1vers1ty workshop or a private

-

workshop .in Peshawar fabricate the turbine. Because of its simple design, a village-

a

level techmman w1th _experience in sheet metal work and weldmg could fabricate the .

Y

turbme in severalf days But with limited staff, no effort has yet been made to train

e local technicians. Generators are purchaaed and stocked in sufficient numbers so that
they are available when required. When the.villagers cor‘hplete the site works, the

ATDO team provides guidance in insfalling the turbogenerati\ng equipment. From the
 time that a framework for the implementation of the proje’ct‘ihas been worked out and

any 'dispotesi such as those concerning land or water rights or accessibility to future
electrical power, have been reselved, the entire project can be completed in 3-4 U

e

- -

B < months, A ) .
=

- A . v / >

A vulager de51gnated by the community operates and mamtams the plant. For a few
days after completlon of the 1nstallanon, the local operator runs the plant w1th .

. ‘assistance from the ATDO staff, learnmg the varlous tasks necessary for proper
. \ 3 -
S

of the operator is manually regulatmg the equ1pment through the night. Though the
hghts around the V1llage are generally prov1ded with a switch, thxs hghtmg load thch
provides the prmcrpal load on the generator, does not vary markedly The operator,

therefore, 1s not required to contlnually adjust the water into’ the turbine to keep pace

“with changes in the electrical load. After early evening when most of the hghts are orl,

‘//-' the only major change occurs several hours later as the v1llagers prepare to retire for-

3
[




_the evening. Thereafter, the .Joad is
maintained at-a féirly constant, lﬁow level and
the pléfrﬂ‘ is shut down at or before daybfegk.
The 1initiators of the project often also
maﬁage the system,iundertaki,g opepationa\J
decisions,, in:cluding setting a tariff, in league
with the affected yillagers, altho'ugh this is
generally not formalized. " Equitable
_operation under these circumstances depends
clm‘:a mutual trust which has evolved over the

years. In cases where the same ganal serves
for both irrigation and power generation Fig. 5.

' utilizes excess water available from
an irrigation canal which cuts across
the terrain a short distance uphill.

(Fig. 5), power generation is relregé.tehd a

subordinate  position  and, durbing the

irrigations periods, the plant is either shut down during critical hours or days or else

Qperat»ed at reduced power. Whenever rerquired, the vivllagers contribute their. services
and carry out the hecessary maintenénce work on the c‘ivil works ;;/ithout ‘Waiting for
external assistance. The/{ATDO, through its staff which makes occasional v,\lsits and
shares experiences, mainfains a strong link with the local_comrﬁunities.

A fariff for thaelconsumption of electricity by. ‘the villagers, which is amenable to all,?s
generally set to cover some of the general recurring costs. In'one inSfance, the landlord
who initiated the scheme providéé free power to those :NhO provided labor toward its
construction. Commonly, however, a fixed monthly rate per bulb .(ger}era'lly Rs. 4.) is

set and villagers are asked to use bulbs in.the range of 40 W to 60 W. Most homes have

three to four incandescent bulbs. No current limiting devices are used. The villagers

11

The Barkalay powerhpusé :




NS
involved in the first .project implemented with ATDO assistance (about a  10 kW unit at
Lillonai) decided to install individual energy metérs (at a cost of Rs. 180 to each of the
+ eighty consumers) simply because that was the conventional approach uséd in urbap
areas. ln this case, the tariff is set at Rs 1.00/kWh and the total monthly revenue
. collected from the \@illagers is about Rs. 900. With initial guidanc‘e from the ATDQ
staff, the manager of each scheme maintains anv up-to-date register of all accounts.

Non-payment of the tariff can result in disconnection of power. Government agencies
A - . .
". do not collect any revenue or levy any taxes on these installations.

=1

/
1 Lighting is the principal end-use of the electrical power generated although some

appliances, such as fans, irons, arc-welders, drills, -and televisions, are used

ogcasionally. At one site, an electrically driven wheat thresher/corn sheller is operated

in. the field. It is moved to convenient locations around the village and electricity is

tapped from a nearby distribﬁtidn"pOle. The ATDO encourages other income—generating‘
end-uses and provides information on availability and cost of industrial ‘and/or

S

processing equipment of suitable capacity. J :
' |

‘Fig. 6. An electric motor-driven
wheat thresher drawing its power
from ‘the Barkana hydropower
Scheme.

ATDO
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Fig. 7. In addition to
generating electricity, a belt-
drive from the turbine (below
" floor level) drives numerous

tools at Lillonai (1). o

At a number of sites, cottage industries have been established which utilize direct
mechanical power from the turbine to drive a variety of tools. These include flour

mills, rice hullers/polishers, band saws, rock-salt grinders, wood lathes, cotton gins, and

E}

workshop grinders. These are generally useq during the day Whe‘n electricity is not
generated. At séme sites, the owner of the land on Which the pléwerhouse is located
purchases his own equipment. In case\'sk where a cooper’a’tive undertakes a micrb—hydro
scheme, the provincial Department of ’
Agri'culture and Cooperatives Aprovid@

loans for end-use equipment. A number of

;

bank§ in Pakistan have introduced schemes
z

to advance loans to farmers for agro-

processing equipment powered by micro-

hydro plants.

Fig. 8. A band sawin-epération B

at the Bishband powerhouse/ %
. Wworkshop is coupled by a flat '

belt to the turbine. ‘




IV. Technical Design : .
SA Appropriate designs. of both the components and the entire system account for the
relatively very low costs incurred in implementing the ATDO micro-hydro schemes as S

well as for the possibility of' using the villagers themselves to install, operate, and

maintain the schemes with the minimum of outside assistance. -
: )
- . : r

A. Civil Works

" -

lOne area in which the use ot local materials is maxtmflzed is in the construction of
. “ , ~ the civil ‘\i‘/orks. Not only does this noticeably reduce costs, but it pe,r’rnits‘ the use '
° | ' _( . of materials and construction techniques with which the villagers are already fami-
‘ liar. Once inVolved'in the construction, the villagers are then more aware of the
:operatLOn of the various components of the system and are in a better posmon to

: mamtam the C1v11 works in workmg order. -,

- “

<«

l. Intake Area r S 2 .
A temoorary div'ersion’structu're, a low wall of stones across the stream, directs
a portion of the ﬂ.owf into the intake. A major a“dvantage of this temporary -

dlversmn is that durmg perlods of heavy rains and tlooding, 1t easﬂy washes

,_away, no longer restnctlng the ﬂow of the stream’ nor focusmg it unto ‘the

S L

LA § B ,._,yxntake. The. ﬂood“)aters, along with potentxally destructlve boulders and debris :
: LSRN carned down the nver, contmue downstream unhmdered The v1llagers can
then easily reconstruct the dlverswn after the flood waters have. sub51ded And : \'_\;,
;'17 : o - if possnble, the actual 1ntake 1tself is placed so that: the natural contour of the

'land, rock outcroppmgs, or large bou1ders protect it from ﬂood waters and
0o
water-bomeedebns. In thlS ma,nner, an 1ntake for a mlcro-hydro plant is: 51mllar Ll
" Qx-f;
numerable 1ntakes to 1rr1gat10n canals which have been

' e «mm—t&aﬂy 0ne -of the




dotting the local streams for generations (Fig. 4). No new skills haye to be
brought in from outside the community. "Perma‘tnent dams or diversion
structures "Lyl"SE(:j elsewhere require high-cost materials (concrete .and steel)
which must be purchased outside, new areas of expertise which must be
introduced‘ into the area, and proper

engineering” studies which must be

. »
N '

carried out.”

B

Headrace

At the majority of sites, the head-
race closely’parallels the river. It is
similar to the traditioﬁal irrigation
canals used in the region except
that, in order to convéy the larger

flow that is usually required for

power generation at low head, it may

W< o
be of slightly | -secti oo '
. © ob sughtly larger cross sectional Fig. 9. An earth headrace conveying

dimensions. It is generally an water to the Alpuri powerhouse.

Fig. 10. A portion of the [iR3 %3
headrace constructed of SEa: =
concrete and supported by ®
masonry pillars, leading to
the powerhouse (behind the §
trees) at Bunji.
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unlined earth canal. Occasionally, when a portion of the headrace is built

above the original terrain or goes through soils which arehporous, that port'ronl

may be lined of concrete or constructed of masonry (Fig. 10). There are no
settling—-ponds: instead,- ény settling which occurs does so in the headrace
itselfk. Consequently, depending on the s:ite, a headrace may have to be cleaned
out on a monthly basis using village labor ‘and this may 'take a few days.
Probably the only kind of settling area which might be included in the scheme

in order to save on these labor inputs would be a structure lined of concrete and

properly designed, but this would involve increased cost. In selecting an

appropriate design, the tradeoff between cost and labor must be considered.
: N .
The approach actually adopted in Pakistan suits ly_ocalkrealities well. Labor is

generally more readily available than capital and, in any case, the lay of the

land ofter:},precludes finding sufficient land for-an adequate settling area. -

=

Forebay

]

The headrace terminates in a forebay which is the only structure using a

relatively substantial quantity of concrete. Even so, the actual po’rtion of the

forebay conveying the water is small, often with appro;&imately the.same cross-

B just before the intake

b

trashracks to the oil-drum pen-
stock at Alpuri.

Fig. 11, Trashracks




penstock

Fig. 12. A nearly vertical \i L
wooden penstock leads to | .-
the turbine in the Bish-
band powerhouse. &

section as the headrace itself (Fig. 11), and it is only on this immediate portion
that concrete is used. The forebay used serves neither to store water nor to
permit substantial settling to take place. A spillway is provided either before
the water actually enters the fyor'ebay or as part of that structure.” Also
included as part of ttle forebay is a manually operated, wooden sluice gate
which is used either to completély shut off the flow‘into the penstock of to
control the flow of water. To eliminate bends in the penstock.and to minimize
its length, the forebay is often placed as close tq"over’headkof the powerhouse
as practical (Fig. 12). Accordingly, the foundation for the forebay is often Built
up above the natural terrain. To minimize use of concre‘teﬁ’a‘cvﬁg oundation is
often constructed of dry-rubble masonry {Fig. 13). Generally it is only onhthe

upper portion of the forebay structure, that portion that actually contains the

water, that concrete is used.

Penstock

A range of materials is used in the construction of the penstock Sites with

heads exceedmg about six meters usually use a conventional, relatively costly,

steel penstock pipes which are fabricated in town. The flanged pipe sections

4




forebay structure

Fig. 13. A close-up view
of the dry-rubble masonry ,4&
forebay  structure and
wooden penstock at
Bishband!.

are then transported to the site where they are bolted together. A gate valve
is included just before the nozzle, eliminating the need to run up to the intake

of the penstock each' time the flow

°

has to be changed iTO match the load. L
At lower head si‘;fes, ZOO’U‘;re ot

drums are sometimes used (Fig. 14).
These--are generally welded in pairs,

bottom to bottom, and then trans-
ported to the site where they are

Y

ssecured together with clamps., Or, at
the lower end of the cost spectrum, -

wood which is sometimes ‘log:ally

available in fair abundance is also
used (Fig. 15). T hese - peristocks “of

, * 2/ta 1 Cross-sectis fabri-
lg 14' Oil—drum penst/ock/keaﬂng rec ngu ar ross secllon are april .

—to the turbine which iS placed below
floor level at the Lillonai (1)
powerhouse. '

cated of heavy, longitudinal planks, \ 2

SN o

secured by large ﬁails" where approf":""

18




Fig.v 15. Wooden penstock
@ for use at the micro-
R . hvdro scheme at Mandal.
ATDO
priate and reinforced by occasional '
wood and steel clamps. The inner
- - suria‘::e,,an(L,;Lo;Lrits -are .painted -over— -
..
i with coal tar to seal any small

openings. If the penstock ‘is con-

tangular nozzle - . ..o
_rectang N

structed of either oil drums or wood,

3

no gate valve is used. Instead, the

flow is controlled by plaerng a board

across the intake to the penstock.

The respective~ positions of the
—~ :
forebay and powerhouse are usually

W ‘ e Wik

selected to minimize penstock length " : -
: - Fig. 16 A view of the turbo-
for the available head, that is to generating area below floor level at
. , ; the Lillonai (1) powerhouse. The last
maximize slope, and to avoid the need oil drum used in the penstock Is
. tapered to form a rectangular nozzle
 for any bends along the penstock, The leading to the turbine (under wooden
' ‘ cover). Also visible is the generator

penstock is consequently fairly steep and separate exciter.

> ¥ -




and usually about 5- 15 meters long.

The upper‘er‘a\d of the straight penstock v
is incorporat}ed within the wall of the
“foreba’y.l‘ The lower portion ends with
a -{ecfangmar nozzle fabrlca;ted of
sheet steel (Fig. 2 and 16). At some
“sites, the longitudinal thrust of the
penstock due to its wevvight is virtually
completely supported by -the mass of

the forebay. At others, it is supported

by a mass of concrete or stone in the

power-house (Fig. 14 and 17). In both

. :~; .?‘f“fn‘_ F : .
Fig. 17. Oil drum penstock at the
Alpuri powerhouse. Operator's bed is
in foreground.

S —— cases, lateral thrust is -supported- by
the forebay and the stone wall of the
powerhouse.  Because of the short
length of the penstock’ and its steep
slope, anchors along‘its length are not

frequently used.

Fig. 18. The Bishband
powerhouse.
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-_containing a variety of tools. These

“appropriate pulleys as the various

i

Powerhouse ; ‘ I

, W"/// -
The powerhouse is generally constructed of dry-rubble masonry with a-timber

roof and open on the downhill side (Fig. 18). To maximize the available head
without having to expend a lot of effort excavating for the entire powerhouse,
the turbine is often set one to two meters below the level of the powerhouse

floor. The two bearihgs«»sugggrtin%‘g

S —

the turbine runner shaft are secured to a

concrete foundation.. The nozzle is fixed ‘ina-éb'e'ndeznt_ly of the runner, with a~

o~

C}eq\gpce of'up to a couple centiméters between the two. A simple galvanized ~
iron éhé;;c\SF* wooden-cover is used over the runner to shield the bearings,
pulleys, belts, a.nc;r-generator from the spray of water emerging from the
turbine. A single stage of several v-belts couple the runner with the generator,
which in turn is usually located somewhat aP(;'ve fhe turbine, closer to floor

level (Fig. 19). “In addition to including the electrical equipment. required for

the generation of electricity, the powerhouse may also serve as a workshop

are driven by flat belts off a long
intermediate drive shaft which itself
is directly belt-driven by the t‘ur’bine.‘

Belts are simply’ thrown over

tools are needed.

Fig. 19. Generator and ... A
control panel at the Alpuri +
powerhouse. An old crgss-flow
turbine is visible in. the @
background.

—— 21
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B. Turbogenerating Equipment

1. Turbine

The ATDO selected a cross—ﬂow turbine as the most approprlate type because
it is su1ted to the low. hgads found é;t most sites and is "easy to fabrlcate,
requxrlng no precxslon machlmng or close fits. The end plates of su1table
diameter are cut from 6 mm 'mlld steel plate and the blades of sufficient length
~are shaped by ham'rnering strips of“3 mm mild steel sheet to the proper
curvature. Wlth some unlts,4 blades are cut from'steel pipe of appropriate
- diameter.---The end- pl.ates!-are marked to indicate the position-of the blades.
The components are arc-welded together and onto t e steel shaft. No jlgs have

- (8

been used to date in the fabricathn of the units andthere has been no anttempt

i at standardlzatlon Both iab and fleld measurements mdlcate a turbine
efficiency of 50% - 60%.

.2, Generator

The generators used are made in the -People's Repu\h‘ll\ of China and operate at =~
i l5OO rpm, usually generating three-phase power at 220/380 V. They have a
'statlc exc1tat10n system and a manually operated voltage regulator. No effort "

is made to ground the system. A panel board often carries an ammeter for-.

T

eac/h/ ,ase, one.or more voltmeters, and possibly a frequency meter. A main

1§hermal circuit breaker box and switch fuse uhits are also incl-uded'.f:(Flg.-.ZO); —

Having reduced the cost of ma‘n—yﬁ,com‘ponents‘ of their micro-hydro schemes, the ~
Ayco’st of the generator is now easily the large'st component of the'total”‘cost

(Table l) To reduce these costs, work towards local fabrlcatlon of generators

\\

Cis Etng orgamzed by the ATDO and undertaken at the Umversn:y of




Fig. 20. Control panel at
Lillonai (1J, ATDO's first
micro-ydro plant. Three
other *plants have since
been installed in . that control panel
village. A :

Engineering and Technology, Lahore, with a grant from the ATDO. They have

built several 1000 rpm generators of locally available components and imported

sheet steel laminations. Laboratory efficiencies of about 60% have been

measured. Several units are about to be field tested. Howe\_/ér, with a cost
reduction of only 25% over the price for the imported Chinese generators, the

ATDO is examining whether large-scale local fabrication would ultimately

prove cost-advantageous. ' i

Governor

No governor or load controller is used with.the turbogenerating equipment to
maintain a match between water powver available and the imposgd electrical or
niechanical load. Equipment costs are, therefore, notvi‘ceably reduced. At
lower head sites, where no valves are included along the penstock, the operator
maintains the runner speed within acceptible limits by regulating the flow into
the penstock with a wooden sluice gate included in the forebay., The penstock
may then operate partially full, resulting in reduced head and jet velocity.

When the turbine, which should continue to drive a generator at 1500 rpm, then

23
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operates at reduced head, it operates at 'reduced efficiency. But, given the
adequate flows generally ayailable in the headrace, this is of no concgern. At
higher head sites, a gate valve at the base of the penstock is used to control the
.flow to the turbine. At'reduced load, ,use of the valye lntroduces disturbances |

in the jet causing reduced eftficiency, but this again is generally of no concern.

H

roo - \ | ’ . Lo

In actual operatlon, there is llttle ﬂeed for the operator to contmually momtor
the net load or, more preCLsely, the frequency or voltage The risk is actually
greater that the operator will fall off to sleep because of the mfrequ,ency with
which adjustments to the flow are required during the night. The. operator
.remains near the unit all night. At one site, an alarm to alert the .operator of
over-voltage conditions has been installed. Also included is ‘an ovet&oltage
trip which then removes: the excitation from the gene::;tor if the operator hasr

not . taken the necessary correctlve measures, - For short durations, the -

Fog .
R 'generators Can accon)odate the tirbine runaway speed encountered when the =~ ¢
excitation is removed. ' S
“fl ' )
.. C. Distribution’ oo\

3,

~The powerhouse is generally\'{ocated close to the village and no transmission system '

is necessary. A ‘simple. dlstnbuxnon line of su1tably 51zed bare/copper wire serves to
\ :

carry the power to the consumers %A ‘maximum voltage drop 15 set at about 10%. ~—-§l‘:-.;~:lf.,.
—~ . ST
Wooden poles support the hnes.. The sectlon of these poles ynder ground level are ‘

pamted w1th coal tar. No llghtnmg arrestors, are mclude,d since lightning storms

” i apparently pose little threat in the area. Often each phase is d1str1buted to -a
. .

dlﬁerent part of the v1llage and occasmnally, one phase -is kept at the

powerhouse/workshop Although in the deSLgn of the scheme, an attempt is made .
{ '

to balance the.average expected load on eachyk phase, no attempt is made to

-~

. e . 28 , ’
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continually balance loads during operation

. _ of the system.

a

PS

The wiring standard used varies from
nationally recognized standards in the
well-finished homes to rudimentary wiring

in most of the stone, brick, and/or maud-

wall homes. In spite of this, no accidents
) have occurred to date.  With some
schemes, fuses are mounted on the power

poles in addition to installing them in each

. home (Fig. 21). For lighting, incandescent

lamps are used though the use of fluores-
. Figs 21. A power pole, with street
cent lamps is encouraged in cases where = light and fuses, at élpuri. '

the consumer can afford the initial cost.

V. ‘Costs

Around 1978, the A"i'bO prepared tables of' both. the capital costs (Table 1) and
recurring costs (Table 2) for the range of their micro-bydr‘o séhemes Installﬁed to date.
This costing information is presen'ted in Rrupees (Rs. 1 = US $0.10). Thé unusually low .
cost per kilowatt for the ATDO's mi¢ro-hydro schéi:nes, z;anging from US $250 -
.$400 /[ kW.(in 1978 dollars), is due to several factors: |

(1) low administrative costs;

(2) con'trjbution by the villagers of all the labor; , S .

(3) maximum use of local materials;

3

(4) . local fabrication of some of the equipment; ' o
¢ ﬁ\\
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From: Mini & Micro Hydel Plants, ATDO
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5. 9,350 1,500 5,000 't 3,520 ’,‘19,370 4,000 | 23,370 3,874 4,674 N
7.51 12,950 1,500 6,000 3,5?'0 ’ 23,970 6,000 ] 29,970 3,196 § 3,996 |
10. || 14,250 | 2,000 | 7,000 | 3,520/ 26,770} 8,000 | 34,770 }} 2,677 | 3,477
12. | 16,780 2,000 8 ;500 3,520 30,300 9,600 | 39,900 || 2,525 3,325
15. . 20,800 2,500 | 10,000 3,520 36,820 12,000 14_8,320 2,455 3,255

" Table 1. Breakdown of fia‘éed, costs for ATDO micro-hydel
plants. ‘ :

S .

o P'ed

-~ (5) approprlate system design (e.g no attempt to max1m\ze system eff1c1ency, no

governor, no full-time staff)- S I

S .

(6) no provxslon for a profit margin mcluded in most costmgs for micro-hydro

’ . -

installations; and, . ' : .
(7)% minimal use of costly technical expertise and supervision.”

The ATDO initially financed most of the machinery and materials requi‘red‘ in the

mstallatwn of the mlcro-hydro schemes. This was was partly for promotlonal reasons --

From Mml & chroHydel Plants, ATDO

"people needed to be aware of what the "p_rod(xct"

was as well as its usefulness before they would

consider buying it. In add1t1on, capltal is generally

- GSTE

& ,
in short supply m rural v1llages. Now, as "the

9

| Plant Capacity (kW)
iL.abor

.Miscellanequs R‘ep’airs
“Total Operation and.
Maintefiance Costs

|
I

'technol'ogy is’ estabhshmg itself fairly widely and

5. 1,800 | 200

< 7.5 | 1,800, | 250

10. |+ 1,800 | 300 250 | 2,350 I .
' .~ contribution 5* be1 hase ut. t role of .

12. 14800 | 375 350 | z,s2sf T tion i g p d_out., Is

15. 1800 | 450 450 f 2,700

R
o w
[=3n=}
[
N
w oW
o o

its potential use is becoming Visible, the ATDO

désigning, and dlssemmatmg u‘th1s technology has

Table 2. B’fe&kdbivh of oberation
and maintenance costs for ATDO
mlcro—hydel plants

largely been- completed. The loqal prulati'on and
[ a .

provincial authorities. are (‘:af'rying .an increasing - =
3 |




. po p'non of the capital.costs. At present, the cost of ATDO‘s technical services and half

of; the generator cost are'covered by the ATDO the other “half of ‘the generato*ost is._.

bo}—ne by the NWFP provincial government, and the civil costs are covered by the.

villagers. The-cost of the turb'gnmnd;?rnaterials necessary for the distribution and house

dl -

wiring is split up among the three parties depending upon the situation.

The ATDO has also performed a cost analysis for ‘the same size plants as those noted,

.

2.

- previously. . For this analy51s, the ATDO a§sumed a plant 1 :E of-25 years, a 13% interest

£

\From: Mini & Micro Hydel Plants, ATDO
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5. | 13,140 {12,483 19,370 | 2,643 | 2,150 | 4,793 | 0.36 {| 23,370 | 3,188 [ 5,338 | 0.44
7.5 | 19 %100 {18,725} 23,970 | 3,270 { 2,250.| 5,520 | 0.28 |{ 29,970 | 4,089 | 6,339 | 0.34
10. | 26,280 |24;966 26,770 | 3,652 | 2,350 | 6,002 | 0.23 || 34,770} 4,744:{ 7,094 } 028
: ° B o -
12. | 31,5% |29,939 ) 30,300 | 4,134 | 2,525 | 6,659 [ T.21 39,900 | 5,443 | 7,968 +f 0.27
15. | 39,4203 549 | 36,820 | 5,023 | 2,700 [ 7,723 ] o.20 || 48,820 | 6,660 | 9,360 | ©0.25

‘Table 3. Cost analysis for ATDO micro:hydel planfs.

I

~ rate, a 30% Oplant factor, and d1str1but10n losses of 5%. Thelr flndmgs are noted in

a

Table 3. For the range of power outputs covered by the ATDO mlcro-hydro schemes,

costs/kWh generated range from US $0. 02 $0.04 / kWh (in 1978 dollars)
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VI. Issues and Problems

i

continue to implement projects to keep pace with 'increasing demand - for

assistance? What constraints lie in the way of achieving this goal?

At present responsibility for all design work™ and other technical assistance,
arrangements for fmancxal support, administratidn, and coordmatmg activities

with interested Villagers falls upon the Very limited staff of three supported by

the ATDO. Not only is much- time "and effort taken up in addres‘singi these
St

" functions per se but equally as demanding is the time and effort required in
— . : ) ’ "CR

~

covering ground, in visiting the widely separated z‘ﬂlages in remote areas of the

country i

One approach_might be to increase staffing of this implementing organization and--
possibly to open an "office""in each district whergsubstantial work has been or is

being undertaken. But this prompts two further é'uestiqns: '

4

(1)  What would be the source of financial supp;ort for this enlarged staff? _C'-duld;
the provincial government 'provid‘é sd'ch,:’suppOrt? And if so, would the - -

-program's present effectiveness be. iméaired by .accompanying ,politiycal' -
‘contraints;—bureaucratic inefficiencies.;and delays, and lack of" staff

=




-
.

méti'vation? On the other hand, by possibly redesigning its implementation

: ; : ¢ . . F U
‘strategy and passing on its costs to its customers, couldsuch an organization

’

be virtually self-supporting ? Could the ensuing financijal- en be
minimized by making loans available to those villages undertaking micro-

. P R
hydro schemes, loans which could then be repaid by collecting monthly fees

. £
without increasing those feés from those presentty=¢harged? Or would this

place an ﬁnaccejb‘tabiqbgrden on those ig.ihekrur‘a’l;ﬁa‘r?a&?,,:f e

i - o!

(2)  And, assuming that the financial problems can be reSqlved, can indi\}iduals .

\;/ith the same ded.iéafigar—\:' :co the job that is appareht among the présent sf’aff «
be recgruited? This can well .prove to be a more difficult point fo résolve.
Though " work in rural areas is ofte_h personally rewérd’ing, it is very

" demanding. That may well be one reason why, while resources, continue to -

pour- into the urban areas, the rural éector is generally largely neglected; v

Dr. Abdullah has already attempted ;ecruiting b\'jt his expérienéé té date
b conﬁrms‘th’e difficulty that will be vencojunter'ed'.' Not only must - the
| potential c.andidates" be willing to undertake the work but other factors such

~ as their age, motivation, and sensitivity must also, of course, be considered.. = _ _ ]

o B. Increasing the Capacity of the Plants

=

E

The, hydroﬁower plants implerhentéd to de{te by the ATDO have had éabacities
- Aranging up to approicim’ately 15 kW. Economically, its approach 'appears.‘véry

'attr'a'cti»v'e, especially in view of general experience with small hydropoiver'

- @

projects undertaken by the public and private sectors around the world ‘(Fig?. 22).

. Can the ATDO approach be- applied to the implementation of larger schemes?

B
-+

< . .. Howdoes 'tncreasing,.s@z.e,change"-t-hejbvarau design? What
L . ; - N

new prob_lem‘s might be

e encountered?
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"~ One fvaictbiy‘w\;hicrhk céhné{Be avozded 4000 ¢+ Con‘ventionél
" : » approach
when generating increased power is B ) /
3000 ¥
the requirement for an increased E
' - ' T
1 f water and/or an increased L .
flow of wate [or se = 2000
‘ 42
head. This introduces several g o
N o P
S PR U — e Jran B S S
possible problems in the implemen- g 1000 ATDO micro-hydro
2 ‘ &)

\ / schemes

‘ 0 + + + .
place, sites near adequate 'load . 0 100 200 300 :
centers where these éonditki'o‘ns" are - Power Output (kW)

met must first be found. Secondly, . Fig. 22. = Comparison between' the
o S costs of ATDO-sponsored schemes and

where' sufficient water is found but = - conventionally —implemented ~ small —
" hydro projects.

[ hi )

is limited at times because of other )

E end-uses for th‘at-'\gyater, especially for irrigation, conflicts might arise. Any

water used by a hydropower plant is lost"to productive land between the elevations

N ;

of the intake and the tailrace, though it is, of couﬁse, again available at or below

the elevation of the tailrace. And finally, a larger’ s;herﬁe might well involve

_more_extensive 'civil works which. could occupy of interfere _with presently .. ...

productive lands, causing further tonflicts. The small ATDO schemes élreadyi ‘

S, . [ S OO O U — e e Sl L - i ;
implemented are either ‘well integrpted within the existing system of irrigation or )
" else dccupy short strips of land wr/ﬂch ‘are situated along'therriver, land which is ‘

. unsuited for agriculture. -

A implementation (see pp. 25-26). The technical aspécts of this ap‘pro‘ac’h,;'.a s in part

’ %applicable to larger schemes. Appropriatg"_;_igj;.jﬂg_gs‘o"f’_,;_}fje‘1‘95;1‘111,@‘;1’@,15_,_ggmp,o‘ng
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as well as of the overall system
can continue to reflect the
realities encountered in the
context of small decentralized
hydropower. However, the use
of increased flow and head with

larger projects will affect their

design.  Increased flow will

P :
tend to imply civil works and Fig. 23. The ATDO approach encourages self-~
turbines  of — larger cross.  reliance.  'Rather than relying uniquely o

Tl store-bought steel pulleys, villagers sometimes
construct their own pulleys of wooden half-
sections bolted together around the shaft and

wrapped with a strip of canvas belting.

sectional Hdimensions., In-
creased ‘head will imply a
greater working pressure imposed lon the turbine and p'enstock. Materials used in
the construction as well as designs adopted must reflect these changes. Though
the approacl'; of simply fedqcing the dimensibns of designé used for larger
hydroelectric proje'cts should continue to be guarded against' when dealing With

& ‘ '
small decentralized ﬂydropower, the designs and materials used with small

3

- projects will tend towards those used by these larger projects as plant capacity

increases. This may well imply“h‘igher cost materials. It)might also put locally

fabricated turbines to.the test. “\\

\\

/,“ i 5 ' ~ \\\

Y . )

»

As a plant's capacity increases, the accompanying larger and more varied
d . ,

electrical end-uses may well require more sophisticated and costly governing and
protective devices. Depending on the size and the layout of the villages which are
to b>e tied to these plants, t‘ransmission might have to be considered. To date,
costs have been maintained low because only rudimentary protective devices are

being used and no governing devices and no transmission are necessary.

-
3
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Whether - the other, non-technical, éspects ¢an be: incorporated.in the

implementation of}rrger schemes is uncertain. |Village leaders established in the

a

community were, Qor any one of a variety of frpaﬁ\ons, instrumental in the initiqgon
and-management -of-the smaillr ATDOrffschem,é"s +d date. And these schemes were
implemented with substantial inputs and commitments from the local community
whose bond.to these leaders was often based on a trust which had evolved over’

‘time. These factors reduced cost markedly and increased the viability of the

projects. Is this pg)ssible for larger schemes? Schemes with a greater capacity

__ would often cover a wider geographical area. Several villages might be involved.

Is it still possible to find a homogeneity of interest and willingness to work
together as a Iérger group. How large, and increasingly complex, a system can a
virtually untrained individual manage and operate effectively? Would this require
additional financial, managerial, and technicél inputs which would no longer be as

readily available at the village level?

’

Near Gilgit in the Nor,thefn Areas, the ATDO is presently implementing a 50 kW
hydropower scheme, a size significantly larger than those presently installed.

~ Their experiences with this scheme should provide further insights into both the

Fig. 24. Direct belt-drive
powers grinding wheel (being
6 used to sharpen a band -saw
»#. " blade), wood lathe (turning a

4. leg for a bed), and grain milling
machine in background.
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problems that might be generally encountered in implementing and managing

larger schemes and the costs that will be incurred. )

Benefit to the Rura] Sector

When all is said and done, do small decen-tralized micro-hydropower plants really
contribute to an improvement in the lot of the rural poor? Or are t“he '-'rich;' the
real beneficiaries? Is electricity a luxury, a projection of the felt needs of urban-
based planners on the rural populatibn? Does it not make the "poor more
dependent on forces largely outside their control for access to the necessary eﬁda

use appliances and expertise to maintain both the system and the appliances?

The method of implementation of ATDO schemes relies on a few individuals t? _
initiate, coordinate, and manage the entire undertaking. But they, by virtue of
;ch;eir standing, economic or otherwise, are apt to benefit more diréctly from the
villager inputs, bo’gh financial and labor, towards -the schemel Are the villagers
assisting the '"rich in getting richér" at their experise or are they redping actual

benefits in proportion to their inputs? Can a villager withdraw from the system,

should he so decide, without any net. loss to himself? Over time, might the

Fig. 25. Workshop utilizing -
power generated at the

Barkalay powerhouse. | £
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rnanager of a scheme gradually manage the scheme to his own end on the pretext

that the villagers have already reaped benefits commens\urate with their original

contributions, both physical and monetary. Though thé\se would appear to be
, ‘ ' A . o
possibilities, there seems to be no indication at present that these congerns_are

warranted in the case of the ATDO-implemented micro—hydro\schemes.

——

IBecause the poor are “often living not far beyond a sub51stence levél they are - .-

y.

often ‘conservative, hesitant to accept new ideas which mlght compromlse their

‘already precarlous economic position. But rthe fact that the\l_lllagers do tap onto_

-monthly tarlff seems to 1nd1cate that they must feel it to thelr advantage, that it
does 1mprove thelr lot The ATDO has’ recently completed a survey of the 1mpact

"of the1r work and their fmdmgs are expected to be ayallable shortly This might

answer some of these questions. - _ /

Assuming the schemes continue to be managed eduitably,‘ are ‘the stated villager

benef ts, primarily electricity for lighting, actually net benefits? If electricity

replaces kerosene or wood which was previously used for the same purpose, any g

net benefit cag be fairly ea51ly determined. A cash value can be a551gned to it.

I, however electrlcny is_ used because it is now available whereas nothlng was

'used prevmusly, the conclus1on is not clear-cut A new expense will deflmtely be

\mcurred on the part of the v1llager and addmonal income w1ll be reqmred to cover

it In cases where newly mtroduced llghtmg contrlbutes to 1ncreased mcome-

J

generating product1v1ty, then net benefxts can again be more easﬂy determlne"j "

= ‘m; !

: '.Z;-Soc:lal and other benehts, derlved from electr1f1cat1on, Wthh have no direct cash’ :

value may be sufhment ratlonale for 1mplement1ng a subsxdlzed Lcheme. Howev‘]er‘ .




this is a luxury not afforded self-supporting schemes which have no alternative but

to cover the costs they incur.

Replication in Other Countries

Given the prevailing trend of high cost per installed kilowatt for small
decentralized hydroypower installations around the world, the approach undertaken

by the ATDO in Pakistan provides an_attractive alternative. But two points must

* a

be stressed..

3
[

+ Firstly, the low costs of the small decentralized f{ydropower installations
described in this Hcas'e study are for plants with an outbut of 5- 15kW. Until
plants with higher capacities are operational and experience has been gained, it
would be erroneous to extrapolate from the experiences gained to date and to
assume that the costs of hydropower installations would remain low for plants of
greater capacity=that may or may not bé the case. Further work in the field is
necessary before the validity of this assumption can be substantiated.

Secondly, before iti is"/assumed that such an approach and its associated low costs
can be replicated elsewhere even for installations of only small capacity, those
aspects which have been instrumental in reducing the costs of the ~‘;ch‘emes
installed with the assistance of the ATDO should be considered. Some of" these
aspects (see pp. 25-26) are clearly more easily replicated outside Pakistan than

others.

Local materials have already been used in hydropower installations of all sizes
throughout the world, though there has often been a bias toward the extensive use

of -expensive, often imported, "better" materials. Though incorporating locally-

y
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dvailable materials in the. design of hyd;‘opower schemes can be maximized to
re‘du"ce costs in other countries, care must be exercised. One obvi'ofusly' cannot
assume, for example, that since ld:/kos't earth hea‘dreces are‘ 'u";c;éd in Pakistan,
such a headrace design .is appropz:_'g.et‘e at o;cher sites or in other regionS. Though an:
attempt to maxim'ize the use of local rhaterialsi can always be made, the actual

LN

extent to which these are used is site-specific._

P, ) by,
. Not every developing nation may have the experience and capability of, for .

- example, Indonesia in fabricating turbines for a wide .range of operating.
characteristics as well as associated hardware. However, in the low power range

being considered here, most countries have the skilts necessary to undertake at ‘

least somelocal fabrication. Outside assistance might .i'rtii'.cially be necessary in
de51gmng appropn\ate equipment "and in training the staffs of local Worlkshops On
the other hand the necessary expertise might weLl be found in the country,
poss_lbly in a umVerSLty or a government mlmstry ror department. Whether this
Y, expertise is avdifable'for this purpdse is, of codrﬁe, still ohen to question. Local
fabrication of turbined could lead to cost r_eductio’ns and any decr'ease‘ in
eff1c1ency of the equ1pment could, in most ceses, be ea51ly offset by shghtly .
"mcreasmg the capacxty of the turbme Local capacxty for fabrication could also

_ mean that turbmes and related equipment could be repalred or replaced more

ea51ly when necessary.‘ o

- . . . ‘ W

i L N .V g \_ . ‘k‘
nvolvement of villagers in the implementatlon of the ATDO schemes substannauy ' ‘

i
b

reducei ,the labor and -administrative costs. Whether such an apprqach would be -

possible elsewhere would depend on villager motlvanon, and thei

resultant
commitment to. the project, as well as on '.possibly numerous social and ultural - .

factors. Because of the varied forces at play in a traditional setting,” active




v
involvement of villagers in any_rural development project rarely comes about on
~ . .

its own. In some cases, it may be difficult toinitiate even with-external inplts.

b

Apprdachés to "appropriate system design which are similar tg those used in-

a

‘Pakistan are clearly also possible, but.. individuals with knowledge of the needs of,

and realities in, rural communities, as well as of engineering aspects and options,

" ‘myst be found. D"evi’sing appropriate designs within a new context requires

creativity and flexibility and a need to often break away from . conventional
approaches.  Finding appropriate individuals to address ‘this task might be
difficult.

x
i

Finally, one essential requirement |for implementing ‘small decentralized

: hydrbpoW’er schemes on a regional basis is a real and lang—term commitment on
the part of the organizations ‘and mdlyldunls concerned w1th followmg through
with such a project. This requ;rement ‘may well be the most dlfflcult to fulfill.
The approach taken by the ATD'O. is not the con-ventlonal approach. and ‘therem lies
the major obstacle—it does not “fibvte in‘toa'th‘e usual slot. I‘t requi'rcs organizations

. . o ¥ . B
and individuals who can address a wide range of new needs including:

* an integrated. apprdach to -implementation where technical
aspects are only one small part of. the overall work

* new designs mcorporatlng possibly non-conventlonal approaches -

— ET .

and materials;

* new approaches to funding;

* possibly new orgénvi,zations at the local level or at least a new
scope of work for existing 1nst1tutlons ¢ AT -

¢ ' o

« * training of a new level of tramees, and , C

* conscientious end-use_ planmng and 1mplem entation.

5

* . i, : )
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v It requires individuals‘\{vhoa‘t'e willing to work for extended perioda of time in, and
are committed to, the "mc‘)re’f’te‘\mote‘rrutal»areas. It-requires a change in the
emphasis in - the objectives of hydt6p0wet1 programs from imported fuel
eubstitution to rural development.

i

Though not comprehenswe} thls illustrates the rather extensive scope of\the\effort

that ‘wéuld be reqmred Unless a real and long—term commitment can be made »
‘, P e - \
‘toward such a project, the cosic and V1aqlllty of the resultant ‘hydropower schemes TR

\.,«’/ N

. may not attaln those found in Pakistan. \Careful planning for an effectlve project

is essentlal otherwlse, any attempt may prove expenswe and dlscouraglng and

e

T may. not achleve the prolect‘s ant1c1pated ob)ectlves
o N
~ L ) o
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