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Ttw p1·r'"<t'11t <iay ('111•1·~y cr·isP- rrll•·c·t!< that t!,f'.' technolo•!Y for 

r:iirro !1\·d1·11p01.:rr· cl<'\"l'lor~r"nl a!< l''\:['t't"iC'nred It\· .f.lpar1, f'l•ina, Fra11t·1·, 

CiC'rrnan•: C'lc. is an rx1·rllP•il l':-.a::?pl<> t11 f"ollo" ror clevf'loping countries 

'1."ho arC' nm; r'.!akinsY t!r~ir liC'>'I pcL·•-tlill' rf"f"orts for cirvf'loping such 

micro O\dropovrr. T•1;s j, ('..;prtially applicable' i11 countries likC' 

l\e, ~l vhere then• arP r~an\ isoli1trd village'.- in hilly region..;, or in 

Indonf'.'!<ia. and thC' PhilippirtC':-, v:lf•re thrre are -:ian_\· s::iall isolated 

island>'. Thf' dPvelopment of -:·icro h_\·dropower can pla_\· a vrry· :<ignifi­

cant role in rai.;ing tlw livin~ standanl- of' rural peoplf'. 

,Japan first "tarted df'veloping hydropowC'r plants around 1890 and 

particularly bet·•een lW}Q to 192'1, .Japan pla,~ed great emphasis on micro 

h_vdropover dPvelopme11t, "'hi }pas in rase of ~rpal, lndropower developmPnt 

was first :<tdrted ar·ound 192'i. The total generating racilitie!< of Japan 

is 103,791 ~:(of which h_\·dropowC'r is approxi•natel_,. 24';) hut in ~~epal 

it is only 64.J M\o" (of whirh hydropower i~ approximatel.v 58~;), as of 

iq76. ·rhe t.otal t-.vdropowpr potential of .Japan is about 52 million kw 

and of Nepal is about ~3 mill1011 kW'. l'er capita power con~umption of 

Japan is roughl_,. 1,470 ka "·hi IP that of Nepal is onl_,. 10 kW. 

- • T 
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I. Outline of Power De;nand and !::iupply in Develo">ing Countrie" 

In most of the developing countries, thf' pove.· supply network•=' 

concentrated in big cities. In the,.;e biK cities, there are therrnal 

po"er <:tations ranging from seve1·al lltou--and kW' tc sevf'.'ral hundred 

t.housand kW', or lhPre arE' ,;;ubstation,.; 10!1Pre poi..er is t.ra11'-'mit.ted to 

from n~ry far dist.anrr!:'. However, the po ... er supplv needE>d for nenrh.v 

villaJ.?<'s is not enough. 

Generally spraking, there are ='mall-scale die~el Pni:ine po,..rr 

plants in small cities scattered at various regions, and po,..f'r is 

supplied mainl.\· to some limited areas and center=-. Like in the casP 

of the big citie~, power is supplied to towns nearb.Y h_ydrupowpr stations 

or nearby transmission lines which are extended to big citie:< from h_vdro­

power stations, but such tuwns are very few. 

Presently, every country is making an effort for rural electrifi­

cation '.lnd is expanding a transmission and distribution line network. 

W'orld Bank and other financing agencies are providing loans for rural 

electrification. ~mall-scale diesel power plants are being replaced 

by transmission line terr.1nal substations. However, not more than 10% 
of the overall hoi..seholds are being provide:i with a modern electric 

supply system. 

The purpose of rural electrification is t.o provide electricity 

facilities in all the moun.ainous area3 ani isolated areas. But here, 

it seems that rural electrification aias to supply electricity only to 

towns, where there are district and regional head office~. Unlike thP 

large cities where there are tall office huildingi; and large factoric~, 

the ~tructure of power demand in small ~nd medium cities in the various 

region~ is mair.ly for lighting householcls. Eighty to 1inct.v per~cnt o' 

the power is con~ume<l by households, and yearly power con~umption per 

household is barf'ly 100 kWh. The remaining 10-20< of' power is con:=iumc<l 

by l4mall factories, shops and district officel-' etc:. and po1.·cr con,.;umed 

is about 1,000 kWh to 100,000 kWh per househol<l. Por C'Xumplf', let'~ 

look ut the cases of Pokhara in Nepal, South Ki.limantan in ll'ld011f"sia and 

Catanduane<1 of th,. Philipp111es. 
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(1) Pokhara, Nepal 

Pokhara is 130 km away from the capital city of Kathmandu and has 

a population of about JO thousand. 

There is a h_ytlropo'W'er plant "i t.h a c;1pac- i t._v or l ,OQIJ lt'i nPar the 

town, and a micro hyrlropov(·r plant 10it.!J a cPpacil.v of 250 k'i ahout 

20 km away from the to1011. The po,...<'r from t.!1e hvdrnpo•er plant of 

l,000 kW cnpacit_v is mainl_,. con~umr.d by loc:il houseliolcl-- tli~trict and 

regional offices, rice mills, oil mill~ <'tc. ThP. povPr from the micro 

hydropover plant is transmitted to agriculturP development cent.f'rs 

within the region by a 7 km long transmis:-:ion line of 11 kV and is used 

mainly for irrigation pumps, poul L-.v farms and project offices. 

(2) South Kali Mantan, Indone!Oia 

There is a hydrop~ver station in south K~li Mantan with a capacity 

of 20 thousand kW. This town has a population of ___ and is located 

almost 60 km awa.v from thP. ca pi 1 al cit~·. .\rn~ from there, power is 

transmitted by 70 kV transmis:-;ion lines and is supplied mainl~· to 

Bandjermasin and "two other nearby cities. Bandjarmasin is famous a ... 

one of the centers of fore~t resource:-; developmP.nt of K~li Hantan and 

there is a paper mill having a load of 1.000 kW. 

(3) Catanduanes Island, Philippines 

This is a small island located to the south of Luzon islai1d and 

it has a population of 175 thousand. There iH a diesel Pngine power 

plant with a capac:ity of' 1,000 kW in the capital cit.v of Birak. The 

power is transmitted b.v l).:! kV trnn:-;mission line:; of 130 km in length 

and iR tlwn di::;tributerl mainly to the l'out:1ern part of' the island. 

It is a rare case that an electrification syHtem has developed in ·such 

an isolated island. 

The demand structure i~ ~uch area!'! is sh01m in Tahle 1 below. 

As shown in the table, commercial, industrial and official dP.mand 

A.lmost match domeHtic demand. In case of commercial, industrial and 

official demand, load is concentrated in day time vhi lP. in case of 
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dornc"'tic der.iand load is concP11trafrd in t.he C"Vening tim<. The total 

loud ratio is ahout 50"" to 61r·. In case of industrial purpose~, power 

is consumed for driving mott•r...:. In case or commercin.l and official 

demand, power i!< con~umed for li~hting, heating and air conditioning 

purposC"s. In case of hou,,:ehold demand, po.,er is c.:011-<w;,ed f~ir lighting 

purpo:-e<:, and the consumption ratio is 100 'I to }011 t; per housP.hold. 

Tl'e povr.r ra le is qui tc hi ~h when l'Omparrd to the i r1con;r. from povf>r, and 

the use of' heating cquipmrnt (cool\CT:c< etc.) or uir conditioner"' is not 

so vidP.:;prcad in such arras. Onl_,. ver_v ~·ev of' t!1<· wealthier housch'1lds 

could own and usr =-uch ccp1ipmt>i1f. In a cn1111tn• likr ~lala_,·~i;·, \."hcrr 

cookrr,..~ r«'fris~rrnt.or,.; tC"lr\'isio11 Pl<'. <il'C" wi1lrl_v u,..p,i, m11,.;l po\;l'l'" rm­

sumption prr h1111--rhold i:-< o\'"('l" l k"', a111l _,·r;1rl_,- rncr: .. ~Y c1111>'11mptio11 i:; 

i;ilmut l ,O<X> kWh. 

1 



TtLhle l An Example of Power Demand Structure 

Pok hara Va 11 e.v Kal.i Mantan f'a tanduane,. 

Demand Total Consurnp. Totnl Conl'4ump. Total ron!<llmp. 
Category Xo. of No. of· ~o. of 

Household Po"Wer per llousehold Power per 
1101• ~ehold 

PowC'r per 
Cons ump. Household Co11~ump. Household Con:-1un1p. llouset•old 

M\\'h kWh Mwh k"" 
Domestic 

.:?,:?09 l,:?03,686 545 9,612 6,70~ 698 ~ 8H l ,012 :?(14 
( 'H :") \51.1-·) ( 90. l.') ((1·l. ·I ') (HJ.5") (·I (1. '):'I 

Com- 15 2~~.7l·l l-~ '78 l 605 l '02 l 1,68~ ·1 '32 ~ "·· ,_,, I , l<i'S V1 

merci1tl (o.6·') (10.1·') ( 5. 7 .. ) ( 9. 8.~.) ( C) , l\ •) ( 2·1, 5 . I I 

Indus- 1:? 177 ,801 'l,556 4~ '308 l:?,09'i ') ·14 I '1) :1· I 
trial (1. 1·') (8.1-') (0.4;~) ( ·1. 9···1 (0. 2··1 (.:?. o·') 

Official 410 2,169 5,290 1:19 506 1, ').:?;! - - (). 8~~) (20.8~) (.:?. 8.') (:?L5,.I 

Street 170 582,450 J,246 169 (1(1 )90 
lights (7.1-') (:?6.2~'.) - - - ( L 7'') ( .I • l ~ J 

Total 
2,4:?6 2,285,651 942 10,669 10,406 475 4,590 2, 155 4i0 
( 100 ') ( 100::~) ( 100··1 ( lCJO''. I ( 100··, ( wo.,f. J 

~ote: In ca;.;e of Xe~l, officials is included in dome.~tic. 

~ t 
I 
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II. Limit of Rural Electrifiration 

A!' explained before, most. of" the llPH•lopin:~ 1·01111l1·ir.- !t'1•;r ht'"" 

makinp: l"'fforts for rural clt'ctrification and !•a\"I"' ir1·.;r·slrd !111~!" arnnw1t~ 

or mone.v ror expancling th<' povcr !"UJ'Jll_,. net '"orl• .• 

llowcn•1·, unlikP the pover suppl.' ;;_\·:--t.rm=- i:i hi~ ci I i1·~. thr 

in,·r,..fmPnt for expanding the power =-uppl_\. 11Pt,.-orl\ to srr:al l 1·i Ii~-­

!"rat.tered in vast. regions, or villages scatte1·Pd in rPr.rnte arf'a,, or 

'lted i!'land~ is not very eff('ctivt>. MoreO\·er, since thP major 

p. on of power is con«wned b.v dome;;ti<" hon,..ehold,.., the capuritv factor 

is ver.v low and therefore, power income i:-; not much in proportion to the 

~ost. of t.l1e generating facilitif'!". En·11 if thP project is c-on,..tn1cted 

by foreigu aid, there are ,.:ome regio11.- which then face a r.?·isis in 

caP,i tal recover.v. 

Let U!< make a case !:'tud.v, wnerein i.e propos.- t~1at povt'r is to he 

supplied to a town having a population, power con..;11r.1pt.ion, r.tr. as 

listed ht' low: 

l. Total population of town (-. t hou,..and 

.2. Population per hou!'ehold '"' 5 - (, per~ons 

J. Total number of households 1,000 

·1. PowPr consumpii on per hoi1~,eholil = JOO k'-11 

5. Annual powrr ronsumption ·_ )00.000 k".ih (i11clmii11~ "omf• 

(·ommrn·ial and industrial h1111:;ehol<I~) 

6. Powrr transmis,.:ion ro~t. to this town · 10 - 20 l".S. rni 11, l,'iiih 

1. Tra:-.smi s:'lion rosl /.,·ra 1· 

'500,000 kWh x I 0 - 20 t:. :-; . r.1i 11 1 1,wi. 

- 'i ,000 - 10,000 li~Cl,'_veR r. 

Now, lct.'s con~ider lhRt. thP nnnuaJ coi;ct ol' transmi;::,..ion eq11ipmp11f 

(including C"apita] recovPr.v and operation & mui11tcru1ncP cost) i" /.'. 

of ro11:11t.r11c:-1011 CCJ8f nnd lhnt the loan 11~ed carrie-: a \·er.v low interf'.;t, 

then the 11hovP. transmi!<~ion co:'lt will he, (l''.;'5'>,000 - 10,000L0.07 = 

U~S71,4}0- 1-12,857. Thnt is to cia_v, the uvnrage <'Oll'<truction C'ost 
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will be about t'S$100,000. T•ius, if the con ... truct.ion co..:t of the trans­

mis.;ion line i..; about l1S$5,000.-km, only 20 km can be covered. 

The main proble::1 is how to solve the transmission cost problem 

in r.iountainous u:-ea~ lil<e ~Pp. .. l or in isolated is::.and~ in the 

Phi lippint-!<. Tl•r> co11c<:tr11ction t'osl of lrunsmi!Csion line~ in the hilly 

rE"giotb of ·~fop.ii vi 11 ~IP h;t.:hr.r th:111 llmt or Lhe Terai plains aren. 

In proportion tn thi~, thr above limit of ~O l•m lrnr:smis..;ion line will 

hf' <'Vl'n grPn ler, and th<' ref orP in ~urh rPgi ons e lee tr i f i cal ion IJy 

tnwi-mission lin<' ,.-jlJ nol b<' f<'::t!'".a.hJr. 
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III. Policv of Electrification in Isolated Areas 

Povcr generation by diesel cngin<' is the most common and simplest 

vay to supply electric '!'lover in isolated arens like ~epnl's mountain 

villages or Philippines' islands. Jn case of diesel <'ngine pover plants, 

out.put be;.wcen 10 k'il to 10,000 kW, can he selected of any choice, ac­

cording to the need, and the construction cost therefore is around lJSSC\UO 

/kV to USS800/kV. The construct ion period is short and pover plant 

can be installed easily. ~1el efficiency is Plso good, and fuel cost 

per k~~ is U.S. cents 5 to 8. 

This is the reason vh_v most or the developing countries have been 

using diesel engine pover plants. 

However, then~ arc some d i.sadvantages of diesel e11gine pover plants 

vhen compared to hydropover plants, such as: 

a. It is necessary to supply fuel continuously. 

b. It is necessary to have frequent maintenance and major over­

haul of equipment every after 4-5 years. 

c. Spare parts are not easily availahlc and it is necessary to 

keep enough stocks of spare parts on hand to make repairs. 

But, generally speaking, in isolated remote areas, problems of 

continuous supply of fuel and/or supply of spare parts cannot be solved 

easily. 

And, since fuel cannot be supplied continuously and spare parts 

arc not always available when needed, the power plant has to be shut 

dovn and continuous power supply is not possible. 

Moreover, to employ skilled technicians for operation, repair and 

maintenance of diesel power plants is not so easy. Even if, such 

personnel are given educational training etc., they do not prefer to 

stay and work in remote and isolated areas, they leave the jo~ and 

go to better areas. And when power plant is operated by non-3killetl 

operators, there arc such cases that diesel engine gets damaged within 

2-J years, spare parts are not properly stocked, maintenance work is 
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not well done and the generator often ends up by getti11g scrapped. 

i\esides these, there occurs some other problems such as a lover furl 

efficiency causing the fuel cost to become 2-3 times that of normal 

operating conditions. In the case of diesel engine po•~=- plants, fuel 

costs occupies a major portion of the pover cost, ancl vhcn fuel costs 

rise, pol."er costs rise automatically, and for this reason rural elec­

trification in developing countries is not easily widel.\ used. 

The r.1ost common factor is that, the high rise in fuel prir.rs causes 

the rise in power costs, and for non-oil producing countries, t!1is is 

one of the most unfavorable conditions because it .:1akcs it, not so 

frasiblc t~ install diesel engine power pla11ts in isolated arens. 

Fnder such conditions, the developing countries arc maki11g efforts to 

Pstablish micro hydropover plants for the following reasons: 

a. The pc· .-1er cost gets to be cheaper when compared to long 

distance transmission lines, espc.-cially transmission lines 

throu5h mountainous areas or subr.tarine cables. 

b. The reliability of micro hydropower is higher than that of 

dicscl engine power plant and operation, maintenance and 

repair problem is simpler than in the case of diesPl engine 

power plants. 

c. There is no fuel that has to be continuously supplied. 

d. The volume of imported oil can be reduced by using water, 

vhich is a clean and cheap natural resource. 

Herc, let's discuss the p .. ·oblem of feasibility in the case of 

micro hydropower development. T1.~ cost for micro hydropower development 

is comparatively high. Although the siz'e of major equipment like 

turbines and generators is not large, the price of equipment cannot 

be reduced in proportion to its size, and moreover the price becomes 

higher for small size equipment. Also, the price of other anci lliary 

equipment such as governors, automatic oil pressure equipment, control 

pannels, etc. is comparatively higher when the si7~s are smnll, o.nd the 

size of such equipments ho.s no relation vi th the capacity of the power 

plant. 
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For example, let's consider the price of a turbine, generator and 

other anci lliary equiprnent for a power station having ht>ad a of 30 ;n. 

The price of the equipment is as follovs. 

Out1-ui. 1'1: ice (US$) 
(l,v) (all equipment) l'ri er of cqui Jll!lent/kW' Ct:sU 

250 400,000 1,600 

500 500,000 1,000 

The cost per kW of a micro hydropovcr plant vith a capacity of 

200-500 kW is assumed to be about l'SS1, 500-5, 000, -when c i vi 1 construc­

tion costs, transportation and installation cost of <'quipmcnt, engineer­

ing cost etc. are all adJcd together. "lien the capacity is less than 

100 kV, the cost per kV 'Will he around l":SS5,000-10,000. 

Nov, let's look at the cos 4, per k"11 of a micro hydropovcr plant 

whose cost/kV.is USl7,500 (assumed) and which is operated at an annual 

load factor of 60.J'. 

Annual Cost/kWh= USSi,500/(0.6 x 8,760 hrs.);kV 

= USSl.43/k\'h 

If the annual rate of cost is 8~ of the total cost, the above cost/kVh 

will be 11.4 U.S. cents and if distribution and other costs arc included, 

the total cc;'lt ;>er kWh will be around 15 t:.S. cents,and this cost cannot 

be borne by people of 11.:• ~ncomc living in isolatP.d areas. Therefore, 

small-scale micro hydropovcr is not economically feasible. 

Micro hydropover is often developed in small rivers. In arens, 

where the dry and vet seasons arc very distinct, there is almost n'1 

water in the river in dry season. To estimate the discharge of n river 

for micro hydropover, it is necessary to do n. detailed study of the 

river flow for at least several month~. 

It is not benefici~l tc. make electrification plans for i solat.cd 

areas based on the principle.& of a modern power supply s;vstem. There 

arc three things to be consi~crcd when planning rural electrification 

by micro hydropovcr plants: 

• 
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a. Consider using the maximum leYel of intake water. 

b. Consider that the operation of the pover station mny have to 

be periodically stopped for se¥eral day.s. 

c. Consider installing small-scale diesel engine pover plants 

in parallel vith the micro hydropover plants. 

From the above points, ve see that development of micro hydropover 

plants should be considered very seriously and, it is necessary to make 

detailed feasibility studies concerning hov to develop micro hydropover 

plants. 

Only after a detailed .study has been completed, can it ~e determined 

whether money should be invested for implementation. 
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IV. Selection of Sites for Micro Hydropovcr Plant 

For the development of hydropover, head ol water is u·ailablc 

from one of the following: 

a. Use the natural head like that of vaterfnll. 

b. Use an intake dam and canal so that the gra.tlie11t of th" river 

can provide an efi'cctive head. 

c. Hake use of head by raising the ele"·ation or n rh<'r h'.'· 

bui l1ling a dam. 

In the case of micro hydropovcr, to get bend t.he above method 

mentioned in c. is not feasible, because it vill be too costl.'. 

We recently had an ex1>eriencc of constructing a micro h_,·dropowcr 

plant by making use of head from a vaterfall. In this case the head 

was 35 m and.the output vas 200 k~~-

Roughly speaking, the cost of a turbine for this t~·pe of plant lS 

1/3 of the construction cost vhich vas llSS7, 500. From this above 

example, it is seen that 40 - 50 % of the construction cost is strongly 

affected by the discharge used. Since, the output of power plant is 

the product of discharge and head it is better to get a high head by 

making use of a waterfall, and in the case of micro hydropover, the 

price of head to .:onstruction cost is very much. 

For example, 

Lnt's assume that the lover limit of a micro hydropover planl is 

120 kWh with an overall efficiency of 80 ~', (including vat.er vny 

loas, machine efficiency etc.) 

. 
p = Q ·1 g x H x1, or Q x H = ..L.. .. g. x 't 

vhere, p = 120 kW\ 

~' 80 ~~ l -
9.8 m/sec 

2 
g = 
Q = Discharge 

3 (m /s) 

H -- Head (m) 
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Thus, 

120 kV: 15 Q x H - = - 9.8 x 0.8 

Also, let's assume: 

Annual rainfall = 2,500 mo 

Flow coefficient= 0.1 
2 

Catchment area = A km 

• • • • • (I ) 

Discharge Q = 1/3 of average discharge 

The relation between A and Q is given by the formula, 
6 0.1 x 2.5 x Ax 10 = Q x 3 x 31,536,000 

; • A = 54Q • • • • • ( 2) 

The relation between equations (l) and (2) is shown in the following 

table: 

l~ (m) 

Q (m3/s) 
A 'km2

) 

15 

1.00 

54 

30 

0.50 

27 

45 

0.33 

18 

60 

0.25 

13.5 

There are not so many small rivers having catchment areas bet~een 

2 k!Jt2 to 30 km2 , so from the above table it is clear that the head will 

be more than 30 m. This shovs that many economical problems arise in 

the case ot micro hydropover development. 

But in case of Nepal vhere a glacier can be used as a reservoir, 

and in the case of islands in the Philippines or lnd'lnesia where thcrr 

is enough rainfall vi th dry seaso11s and vet seasons not being dist;nct, 

micro hydropover can be developed at sites under conditions other the 

those 1iven in the above table. 

Nov, vhen an intake dam, intake canal etc. are large, the civil 

vorka Tolwne i• also large and in such cases, output must be large in 

proportion to the intake dam aad intake cand. Thus, small-scale 

hydropower is not possible and thua a large-scale micro hydropower 

project is neceaaary. In such cases, an intake dam located upstream may 

work a• a reaer1oir, depending on the landscape. (ref: l?eport or Chu-o­

kaihatsu Co., March 1978) 

--------



- 14 -

In case of an intake cn.nal, an open type is preferred to he con­

structed along a mountain side aml sor.,e portion of it ma~· ha,·e to he 

a tunnel. But the tunnel should not he a major portion, been.use most 

of the de~eloping countries do not have the technology n<.>edcd for t111111rl 

construction. 1l1e gradient of the river should he about 5 ~ · of the 

total length of intake canal. For example~ vhcn the lnngth of i ntalie 

canal is 2.000 m. the riYer gradient vill iJrOl"ide a 100 r:t head. If 

a 100 111 head is available, then 8CJ kW" output can he obtained with a 

discharge of 1 m
3
/s. 

• 
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V. Appl irnt ion of Mul t ipu1·1t0~r Ona 

Dc~-rloping count-ricl'I ho,·c been making efforts for development of 

h~ropo10cr in other arens by ul-ilizing multipurpose d_2s or irrigation 

dams. The chrtraclerislic::.; of hydropover by an irrigation dam is that, 

grncrall_y 1he head is low and the output. vo.l"ies by large ranRes. In 

order t.o adjust. t.o this phenoa«-non! currently most of the turbine 

manufacturers hr.\·e de,·eloped a ,-ariabie lov-head t~ turbine, and the 

design il'I being standardized. An example of a standardized type of 

huruinP is given below. 

a) Ali!t•:halmC?r~ Co., l' .S.A. - Tubr Turbine 

"' 6 3. Hclld: :! ·- l ' m; Di scJiargC?: :! - 4 m ; :;. ; Max. output: ,,) - :; ,000 kV 

b) Fuji Elrctric Co., .Japan - Bulb Turbine? 

8 
). 

Head: 5 - 1 m; Discharge: 8 - 27 m /s; Max. output: 40.0 - 4,000 kV 

The disadvantage!" or a hydropowcr station incorporated vi th an 

irrigation dam is that during the irrigation season the 1ailwater h<>comes 

zero beC'a.use the discharge for the power st.ation is decided by t-lae volume 

or water to be used for irrigation purpose aml almost all the vat.er is 

used for irrigation, thr. power s~1tion has to be l'lhut down. So on the 

other hand, the advantage of such a h,ydropover station is that, it does 

not hu-e a peak value (k.V - value), and t.hc benefit of its energy value 

(kWh - value) can be compa1·ed with the fuel cost or a thermal power plant. 

The major cost or the irrigation dams is for the civil vork, and t.hc cost 

of turbine generators is comparatively high because of the variable low 

head; thcre~orP, it is not economically feasible when compared only to 

kWh - value. 

However, for non-oil producing countries, in order to save out.flow 

of foreign currency due to the high rise in oil prices, from a long-term 

viewpoint it. is more beneficial to use the foreign currcnc.v f'or buying 

low-head turbines and generators. Although it ma_y not be economirnll~ 

feasible vhen compared to the kWh value, from nn entH"R). sa\"ing viewpoint 

tho devclo!>rllent of hydropover incorporated vi t.h a mul t.ipurpoHc i rriga­

tion dam seems to be more cncourlaging. 
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Morrovc.·, if a hydropovcr station incorporatrd liilh multipurpo~c 

dam is inst;:llrd, it i$ nrces:mr.\· to ha\·r suppod from a lhrrmal po,..rr, 

because when the t;iil water is used for irri~al-ion purposr, lhr total 

outpa. or povcr st.a lion will fnll considcrnhl.v. Jn .c;urh c·asc, thr 

kV-value of a multipurpo::1c irrign1-ion clam can al~.-> hr co11siclC'rc1l, •hrn 

;1 supplement. t.cnnal po'-"cr plant is in.c;talled. 

F1·om lhe abO\"(' disc-us~ion. vr. can l"OIWl111lr thnl' for the dC'n•lopmrnt 

of r.·; · .sol:ttE'd 11r<'i1, thC' first ll•ing t.o hr. c·onsidr··rcl is to clC'\"C'lop 

micro hydropowcr 1n·ojr.c·l.s usin:.! the cffC'c-1 iYr head of a natural '-"<1trr­

fall. And al.c;o to cll'vrlop mult.ipurposc clnms both for'hydropowrr grncra­

tion and ir-ri~ntion. hrcausr in the d1·.v season the tail 1'alr.r r:rn he 

US('(f f"Or irrigation purposr. 
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VI. ,!!l:dropower Potential in Developing Counhirs 

The hydropover potenatial of -Japnn is 52 thousand MW, in China i l 

is 540 thousand MW, in the Philippinl's it i:; 8.·1 thousand nnd 1n Xrp:d 

it. is 83 thousand MV. 

Among the developing countries, Nepal ancl lhr Phil i ppinrs hn\·p 1-akrn 

special interest for micro hydropovc-r dpvelopmc-nl, anti lot or survey~ 

works have been carried out.. In Nl'pnl the d r.\ and vet sea:;ons urc- H'n 

distinct., but its glaciers pro,·idc natural r<'servoirs, so there is grcnt 

prospect for developmc-nt of micro hydropover in Nepal. In th«.> <·nse of 

thr Philippines, there arc many isolated islands vherr there is lot of 

stearly rainfall, so there is also n greut prospect for dev<'lopmenl or 

micro hydropover the1:c. · Each of these polentinli tics is discuss«.>d as 

follows. 

a. Micro Hydropover Survey in Nepal 

In NPpal, a "Micro Hydropover De•·clopm..-nt Board" was «.>stablished in 

1974-75. Since then, Nepal has been playing an active role in the develop­

ment of micr'> hydropover. There is a fact.or_,. in Balnjyu, Kathmandu which 

manufactures turbines for micro hydropover planti:;, but an intcgrnt-ed t>lan 

for micro hydropover development covering l.",11 the potential sit.es through­

out Nepal has not been formulated. The survey of micro hydropovf'r projects 

in Nepal is based on demand. There arc scvc!·:~l micro h_vdropover stations 

constructed in Namche Bazaar, Dlmnkuta, Pokhara, Nepal1tnnj, Surkhct etc., 

and there are 17 - 18 potential sites already surveyed. 

b. Micro Hydropover Survey in the Philippines 

In August 1978, the Philippines published a booklet entit.led 

"Preliminary Evaluation of Mini-Hydro Po;tentitah in the Philippines". 

Thi~ ia a joint publication of Uie National El«.>ctric Power Corporation, 

Elec:tricit.~· D<>n:•.rLmcat. uncl Irri~11tio11 Dc~,;·r'mcn~ of the Gover•·meilt of' 

the Philippine!'. A.ccorclinJ( to thil'I report, thr.rc arc 4,500 pot.rnlinl 

sitci:i for micro l1ydropowcr development in the PhilippiJlcl'I, and among 

these, 474 sites nre said to be fcaffihlc i:iitei:i. There arc 316 ~itcs Lo 

be surveyed in datail <luring next 10 yearl'I. A breakdown of this il'I 

shown below. 
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Ta bl~ Feusihlr sites ("01 M\,·1·0 II.' ti ro pov<' t· D-:.-n?lopm<.'nl 

R<-~ion Si 1-f' No. Pot"" l i•ll ON) 

Luzon 271 (159) 5.20.0 (143. l) 

Bi sn.vn Hl ( 93) 135.4 ( 64.8) 

Mindanao 71 ( 64) 88.9 ( 58.8) 

Total 474 (316) 794. 1 (:6:?.i) 

Note: The fi,,arc~ in bracket.s includ<- those that. nrr. t.n br 

surveyed during the next. 10 year~. 
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VJl. Transf.-r of T<-chnology 

Althnugh ve havt> alread~· cli:<cus;ced in detail the ner.e,.;·dty of 

,.. .. 11-..cc.alc h~"li:i.-opover plant"', there has. bee-n no explanation a!C to hov 

to ""at i"'f.Y th«- nccr:-si t~· for po,..er clemanJ in isolalr.d area:<. 

Tht>rcforr, 10c 10il1 consider thi~ matter in th.- following paragraph:­

gi'\"cn below, exi'laining the mclhn•l cf tran:-ft>r of technology, properly 

and rfft•ctiv<-ly. 

In gcm•ral, it is seid, that drvclo1•ing <'mmt.rfo..; do nnt ha.ve the 

t.-chn•>lugy about. ;cmall-scal<• h~·dro1>0\icr dc,·rlo11111cnt. 

Even if Uai~ is a fact, it i"" nn?. dear what the technnlogy of 

a :<1:11&1 l-:<cale hydro110,..rr plant acluaJ ly mean"'· Thi,:; is rliscu:;sed a~ 

full01'>'. 

a. Variou,,- T\•Jlf'"' of Technolurv 

\'e havr dJ'\"idr1t the t•H:hnology into five different categories 

a:- given !>elotf: 

1) TPchnolof!Y of Plannin,g. 

Thi~ inclu,les the collection of !iUch fundamental data as explora­

tion of the area"", the amount of rainfall, the river'8 discharge 

capacity, site ~ele~tion, and make a study of each project includ­

ing a pre-tea:1ihility dudy and a fea!iihility study. 

It abo mean" that, the o\·erall basic l'rinciplei- of micro hydropover 

for example :•reparat.ion or m&:4ter plan, ~itr selection, considera­

tion of priority project and f\nding a model project etc. is 

includ~d in thi~ category. 

The mo~t. important 111atter concrrning thi!C kind of technoloty i~ 

that mo::Jt of the developing countrieic dnn't have enough basic 

data about rainfall and the di"chargP. ca.,acity of riven. 

Tl>•t i!C why it ;,, neceicsary to "tart collecting annual information 

and abo to set up equipment. and an organisation for the necesl'ary 

ob~•rvation and reKearch vork!C. 
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~) Enginet'ring Tt>l·bnology 

This indudr.« dctcilecl planninR frnm the hr.ginnin~ tr. thP cor.ipl<'-

tion of thr. t'ngin<'<'ring c·on:•truction. -\ncl, :--ud1 rnginrering 

construe lion nN~cls \·cry special ancl ,...,,:id plannini~-

For examplr, mal,e use of an opt-n vatervay as a rule, and n<'\t'r go to 

the expensP ol" J,ui}tling 8 tunnel vater,.-a.\·. 

J) Manufacturing 'ft>r.lmolngy (manufacture or equipment for ~maJl-..;cRll' 

h\·J ropn,.-er) 

In orrter to manufacture suc:h equipment, we neecl the proper combi1a­

tiou of ca:,.ting technique,., machinin~ technique~. electronic 

techniques etc. 

The mode 1 of t~e equipment- varie:-< according to the general concl i­

tion:; or the project. Icieali.sticall.\·, it i!< laope<l that l!1e 1levelop­

ing rountries ,..ill eventual!_\· be ablP to manufacture the equipment 

by themselve.s, howevt'r, \·er_,. ft>w countries currently have the 

technology to manufacture i l. TherrforP, they shoulcl begin ma~m­

facturing simple €'quipmrnt which can he made by using ,.-batcver 

technology the developing countries has as Qf this time. Even in 

the case of Japan, she did the same thing at the early st&ges of 

development as mentioned ht-fore. 

The nex+. st~p is for the developed countries to help the developing 

countries to improve the qual i t_v of technology an•l make more ef­

fective hydropower fariliti.Ps. 

4) Operation and Maintenance Technologv 

When compared with other type!" of power plantR, hydropover plnnt~ 

have the least complicated arul expensive "Y~tem for operation And 

maintenance. Hoveve-r, ~u<'h plantR cannot he left alone without 

any t.)pe of care. For example, if there iR sand or tlirt mixecl in 

water, it damage:< the vane:' of' a turbine and then the output of' 

the plant is greatly re?duce<l. Thus, it i~ very important that n:uch 

attention i:s given to ensure proper operation and maintenance work 

is performed. 
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5) Management Technology 

Concerning economic feasibility, it is necessary to carefully 

analyze a project before it is implemented. 

In d<'vt•loping countries, the management systrm ami aft.ercare of 

the projl'cl i:s u:--ually quite poor, so there is ol"tNl a Int ol' Jo.,:;. 

It is "ell known t.hat this tendency i:; even more pronounced in the 

case uf public- projrct.«. 

ltf> have bril'fl~· examined five different trc:hnologies ~ivi•'g the 

r<'lation:.-hip b•~tween developed countrie,.; and devt>loping countrie .... 

Th<' problem i,.; how to transfer the~e technologies from the devC'loped 

r.ountrie:-- to the developing countries. Thi,.. i~ covererl in thP 

following paragraph:--. 

h. Technical Cooperation and Transfer of Technology 

l) Type~~ and Pattern,.. of Technical Cooperation 

Japan International Cooperation Agency (JICA) ha:.o the following 

program: 

a) Dispatching experts from Japan to developing countrie:;. 

h) Inviting engineers including government officr.r:; of developing 

C"ountries to Japan where they can participatl' in training 

program~,. 

c) Cooperating with professionals of developing countries for 

preparing feasibility studies, e'l'. 

d) Providi11g grants and aid to dC'vC'loping countrie:;. 

ThesE" pattern!; of cooperation havf> been done sC'paratrly. Present.ly, 

Japan has more different types of C'ooperation, becau~e thf>rc Are 

now more complicated project~. 

:?) Transfer t.o Tedmolo&Y 

The di!'lpatr.hin~ of expert~ i:i also a ~ource of tran~ff'r of technology 

and it. can be done hy sending very capahle people from developed 
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t·ountrics to developing countr it',.:, and a-<I; ing thrr.i lo "ork. i.- i th 

thC' lo<."al proplr. 

Training of engineers is u-.ualJ.v •lonr l1_v in\·iting -.1•lrctrd ilt'r"ons 

of devr.loping countries to Japnn and gi\ing thC'1:1 ap:1rnpriutr 

traininp,. 

Vben people arf' nPe1lcd for a sj1r.riai projl•ct, tl•ey are ~cnt to 

particular firms anti trainctl tht'rr in thr mo,-t effcctiYr manner. 

Cooperation for surv··.v and study j,; c..lonc by :;ending cnn~ultants 

fro111 Japan to make master plan and prepare a feas i hi l i ty .-; tudy. 

The effectiveness of' .._.?chnology tran~fer i"' obtained by joint 

cooperation of the local staff and consultant"' from both developed 

and developing countries. 

The impact of grants and aid ha,.: been realized recently hy all 

parties concerned. It i~ expected that such activity will be used 

more widely in the future. 

Until now, ve cannot expect much effect of the transfer of technology 

directly; however, we ~an improve it h.v ,joint cooperation an:l 

working together. 

In s1unmary, we should emphasi~c that it is nccr.:ssary to use differ­

ent kinds of technology cooperation to tiUccc~sfully carry out the 

installation vork of micro h.vdropovcr plant project and only that 

way can we make technology tran~fer possible ancl more effective. 

The following are the matrice:; of four kjnds of tr.chniral coopera­

tion and five kinds of technology from the point of view of 

technology transfer. 



'.Technology 

Items ·., 

Dispatch 
of Expert~ 

c.,o,.eration 
to:: Training 

Research 
Cooperation 

Grant" & Aid 

Planning 
Techno loft\· 

0 

0 
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Tahl<.> 

L' • . V- r t. . Oiterati<>n .-.ngu1eer111g nanu ar. urang l an• 
Tcc.-hnoio~- T.-rhnology u_. t natn enance 

Te,:hno I ogx 

0 0 0 

0 0 

0 

- - - - -

Ma11agem ... nt. 
T<.>chnoloRV 

0 
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