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SMALL SCALE HYDROPOWER -
APPROPRIATE TECHNOLOGY FOR RURAL DEVELOPMENT 

IN LESSER DEVELOPED COUNTRIES 

by 

Stephen R. Harper 

A B S T R A C T 

Less Developed Countries (LDc•s) ·now have a total of about 

2.8 billion people, or approximately 70 percent of the total world 

population. 

World populations and current energy consumption are such 
( ,. l 

that if all the world's countries came up to the U.S. per capita 

ene_rgy use, the world's consumption would multiply by a factor 

of seven. F6r the LDc·~ energy development will pe an increasingly 

important issue. 

Hydropower technology is -on the shelf, and avail able now, of 

proven feasibility both technically and economically, and presents 

a sound and r~.tional energy solution from the envi-ronmental view-

point. It is a technology which could be useful to the Less De­

veloped Countries for the long term, _irrespective of the shift 

from abundant low-cost fossfl fuel options or the development of 

more exotic alternate energy technologies. With its continuing 

replenishment and nondepleting characteristics, it remains one of 

the most attractive sources of ene_rgy. 
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The nature of water resources includes a distributive element 

which makes it ideal for rural development. The apparent shift in 

deve 1 opmen t po 1 i ~Y, from the tradition a 1 "top-down" industria 1 i za­

tion approach to the "bottoms-upll reach the village approach, re­

quires decentralized applications of energy resources attainable 

through development of hydropower in many regions of the world. 

Distributed Small Scale Hydropower (SSH) systems offer excel-

lent opportunities to augment energy supplies to many rural areas. 

Also, in a modest way the development of a community infrastructure, 

training of operating and maintenance personnel, and initiation of 

small scale agribusiness enterprises may be undertaken. Each of 

these activities could result in relatively major contributions to 

the improvement of quality of life. 

SSH sites are found in abundancy in most mountainous r.egions 

and offer sensible possibilities for decentralized applications 

in LDC • s. 

Dr. Robert D. Kersten 
Director of Research Report 
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CHAPTER I 

INTRODUCTION 

The gap in standards of 1 i ving between the Deve 1 oped and Less 

Developed Countries (LDC's) continues to grow. Progress of the LDC's 

toward a better life has been slowed by the world-wide economic 

troubles that continue to result from the increases in oil prices. 

The OPEC economic squeeze brought new cries from the developing 

countries for techAology to help develop their countries. The 

task of meeting the requirements of an energy-hungry world has 

never been more .demanding than it is today. World population and 

current ener gy consumption. growth rates are such that if all the 

world's countries came up to the U.S. per capita energy use, the 

world's energ..: consumption would multiply by a factor of seven 

(Palmedo, 1977). 

For the developing countries, the choice of energy technology 

will have a more significant and long term impact than any other 

technological choice facing them. The challenge of supplying food, 

housing, health service and education for some six billion people 

by the year 2000 is the main engineering problem for the rest of 

this century (Cortes-Comerer, 1977). 

The choice of energy (and other) technology influences a given 

society in several ways, such as demanding certain skills and 
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education, by introducing certain usage patterns, by placing empha­

sis on conservation or oppositely on wasteful habits, and determining 

the scale of certain infra-structures. Particularly, for LDC's, the 

choice of energy (and other technology) can have a. very strong in­

fluence on the kind of society emerging. The motivation for any 

development effort should be either to satisfy basic needs, such as 

food, shelter and human life conditions, or in particular, when ba­

sic needs have been provided, to improve standards, e.g., by pro-

viding more material goods ot' intellectual "goods", improving work- ,/ 

ing conditions, improving educational opportunities and increasing 

public participation in decision-m~king. 

What constitutes "desirable development•• is often a difficult 

question , and will vary from one country to another, depending upon 

their internal aspirations and the way in which those aspirations 

are influenced by comparisons with more industrialized nations. 

It seems clear, however, that economic developrnent in terms of real 

disposable income and the way in which this translates to the 

availability of goods and services is an essential part of any 

development plan (Thomas and Jawaharlall, 1979). 

Po 1 icy Shift 

In the mid-1970's, amidst threats of nonaligned governments 

and international conflicts, the Developed Countries took renewed 

interest in foreign aid policies. In 1976, at the Nairobi U.S. 

Conference on Trade and Development, Dr. Henry Kissinger outlined 
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U.S. proposals to increase technology transfer, manpower training, 

and research. 

The ensuing surge of development efforts brought to the third 

world countries much bright, shining, expensive machinery. However, 

the realities of village life do not always lend themselves to 

sophisticated 20th century technology. There are numerous examples 

of technology transfers which were failures. Pieces of electrical 

equipment sit idle due to the lack of three phase power in certain 

regions. Machinery lies unused after the first mechanical failure, 

due to t1e lack of some simple maintenance or for the need of spare 

parts. 

Utilization of capital intensive technology only tends to 

widen the gap between the rich and poor and increase foreign de­

pendency ra t her than self reliance. Emphasis must be placed on 

"many small steps" ... "on adopting what we already know is 

better" . . . not on buying the latest big machine (Grubbs, 1979). 

The basic motives of the development effort are being reviewed, 

and the trend seems to be towards decentralized, low cost projects 

capable of indigenous production and support. Renewable energy 

resources, which in the past have not had a chance to compete with 

low cost fuel generation schemes, are receiving primary attention. 

It is recognized that dependence on renewable resources constrains 

a society to its natural limits and increases its stability. 

Energy planning is reflecting a more wide-spread realization that 

the westernized, wasteful society is not necessarily the solution 

for the LDC. 
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A closer look is being taken at the site specific cultural and 

economic factors, with emphasis on local participation to promote 

creativity and realization that self reliance is indeed possible. 

Public, private and international agencies seem to be turning to a 

11 from the bottom up approach ••. 

Appropriate Technology 

The phrase .. appropriate technology•• is coming into more common 

usage. Since technology traditionally has connoted technical 11 hard­

ware••, there was a .tendency for people to stress this aspect of 

•• appropriate techno 1 ogy 11 at the expense of a more a 11-encompass i ng 

meaning. 

One of the most important aspects of 11 appropriate technologyll 

wh i ch must be emphasized, is its social and political dimensions. 

Relating this to LDC's, it is clear that attempts to improve the 

standard of living and the quality of life in such countries re­

quire more than just technological hardware artifacts. Introduc­

tion of modern capital intensive technology into an LDC requires 

approval and/or cooperation of the political power structure and 

it is this element which historically stands to gain the most bene­

fits from such technology transfer. It is this same power struc­

ture which often does not have the haziest idea of the benefits 

of simple technologies in meeting the needs of their people. 

The question then is, what current energy technology would 

be most useful to many LDC's for the long term? The technologies 
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most of the world needs are those based on indigenous energy and 

human resources of the respective countries. The technology should 

be low in capital cost, small in scale, simple to maintain and oper­

ate, and, if possible, involve a renewable resource. It seems evi-

dent that small scale ·hydropower (SSH) mini and micro packaged 

hydro units is included in that technology. 

An approach which stresses rural development programs is ideally 

suited (from an energy standpoint) in many LDC areas to SSH. The 

nature of the water resource itself includes a distributive ele-

ment which makes it ideal for rural development. 

Modest energy production could enable implementation of rural 

development programs aimed at increasing food production, preventing 

unemployment and urban sprawl through labor-intensive projects, 

offsetting population growth by development, and augmenting the 

role of health and education. 

Hydropower technology is on the shelf, of proven feasibility 
\ 

both technically and economically, and presents a rational energy 

solution from the environmental viewpoint. It is a technology 

which could be useful to the Less Developed Countries for the 

long term, irrespective of the shift from abundant low-cost fossil 

fuel options or the development of more exotic alternate energy 

technologies. With its continuing replenishment and nondepleting 

characteristics, it remains one of the most attractive sources of 

energy. SSH sites are found in abundance in most mountainous re­

gions and offer sensible possibilities for decentralized applica-

tions in LDC's. 



CHAPTER I I 

HISTORY OF SMALL SCALE HYDROPOWER 

) Through the reaches of time, the nature of technology used to 

meet man's basic life-needs has depended on many of the same fac­

tors. The socio-economic, technicaJ, religious, and philosophical 

doctrine of each specific cultural stage determined the nature of 

its technological tools. The technology available, in turn, helped 

to shape the existing and emerging societies. 

The major technological choice has always been that of power, 

especially motive power. For it is the nature of the prime mover, 

wity its wide varyi .ng dimensions, that determines the size of 

units of wood, metals, or other materials used by craftsmen and 

1 aborers. 

' Prime movers separate technological history into five stages, 

the first two revolving about the use of manual and bestial labor. 

Work efficiencies in these stages were extremely low, and life 

often required working constantly just for survival. The beginning 

of the third stage is marked by the introduction of small scale 

hydro systems, usually applied to the constantly recurring burden 

of corn grinding. 

1 The most primitive water mill is of ,the N.orse horizontal-type 

which probably originated in the hilly regions of the near east 

6 
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as far back as 65-100 B.C. The mill utilizes a vertical shaft or 

axle bore at its lower end, and a small horizontal wheel composed of 

a number of scoops or paddles , (see ri gure 1, Forbes,~ 1956). The · 

first literary references to hydropower are found in a Greek epigram 

dating to the 1st century B.C., in a poem by Antipater of Thessalon­

ica (Forbes, 1956): 

Cease from grinding, ye women who toil at the mill; 
sleep late, even if the crowing cocks announce the / 
dawn. For Demeter has ordered the nymphs to perform 
the work of your hands, and they, leaping down on 
top of the wheel, turn its axle which, with its 
revolving spokes, turns the heavy concave Nisyrian 
mill-stones. · 

Figure 1. A water mill of the Norse type used in Shetland 
until recently. The blades were lifted clear of the stream by 
the rope. 

;/0 The use of the Nors~ mill gradually spread northward, east­

ward, and westward. It could produce up to one-half horsepower 

but could only be made to work with small volumes of high­

velocity water, thus its use was restricted to hilly rather than 

va 11 ey r.egi ons. 
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~ The Norse mill inspired the Vitruvian mill, engineered in the 

first century B.C. by the Romans. The Vitruvian mill utilized gear·­

ing and a vertical undershot wheel to achieve better speeds and 

efficiencies. These wheels were capable of developi .ng up to three 

.horsepower which allowed for a wider variety of applications (see 

Figure 2, Forbes, 1956). ·· 

Fig~re 2. Model of an undershot Roman water wheel from 
Vehafro, near Cassino, Italy. It is reconstructed from impres­
sions left in lava that had flowed over the mill. s·cale 1/30. 

YP The use of gang labor methods utilized during Roman times, 

however, seemed to suppress the use of the water wheel, and it 

was not until the fall of Rome that hydropower technology began 

to spread. 

Y~ The use of the Vitruvian mills spread rapidly northward and 

eastward in the Fifth and Sixth Centuries to France, Germany, 

England, Spain, Wales and other European countries. Meanwhile, 

the horizontal Norse wheel was spreading in use to China, Syria, 

Lebanon, Romania, Greece, Denmark, Norway and Sweden. 
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l~ The public-works minded Spanish Moslems had a great interest 

in dams and helped to advance the current day technology a great 

deal. The Monastic orders of lOth Century Europe also had much to 

do with the spread of water wheel technology, so that by 1100 A.D., 

the water wheel was well established in the rural societies of 

many cultural regions. The wheel was being used fo~ grindi~g, saw­

ing, pumping water and air, hammeri~g, spinning, and a multitude 

of everyday labor tasks (Ermenc, 1978). 

~ ~The Doo~esday survey of William the Conqueror (1086 A.D.) re­

corded 5624 water mills in rural England. It is estimated that at 

this time there averaged 3-4 mills per mile of English stream 

(Hyde, 1978). 

~ Towards the end of the Middle Ages, the transition from the 

undershot to the more efficient overshot wheel further expanded 

the capabilities of water power systems (see Figure 3, Stowers, 

1957). 

Figure 3. Typical overshot water wheel with side-shroudings 
removed. C 1600. 
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'P By 1300 A.D., use of water power technology had expanded for 

such uses as rag pulping for paper, hide beating, silk spinning, 

mining, and improve~ grinding, hulli~g and sawing. 

~~ Thirteenth century Russian literature describes governmental 

decrees concerning the uses, construction, and ownership of water 

mills. Despite political problems associated with the feudalism 

of the times, Russian "engineers" were able to keep abreast of 

European technology, and utlized water power in much the same man­

ner as the Europeans. 

~· BY the Sixteenth century, hydropower had become the center of 

everyday life, and was taken for granted much as today's electri­

city is. New towns were planned and built with respect to the po­

wer potential of specific streams. Emphasis was placed on local 

industrial applications, and each town generally had at least two 

or more mi 11 s. 

XV\ The Seventeenth century showed some research and improvement 

of water wheel efficiencies. Water wheel technology was in such 

common usage as to allow for such diverse applications as jewel 

and cosmetic trades. The number of water wheels in Europe was 

reckoned in the tens of thousands, and their construction had be­

come the refined art of the "Mi 11 wright". 

;vr2 In South America, water wheel technology had become wi'de)y 

employed in gold . and silver mining. In Potosi, South America, 

after the mines had played out the easier ore veins, large dams 

were built to provide the additional mining power needed. One of 
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these dams failed in 1626, wiping out 126 of 132 water mills, and 

killJng 4000 people (Smith, 1971). 

r~ The mid-Seventeenth century brought the pi .l grims to the Ameri­

cas and with them the overshot water wheel technology of the times. 
I 

By 1647 in. Sa.ugus, Massachusetts, a metal mi 11 was produci.ng up to 

8 tons of merchant iron bars per week (Ermenc, 1978). 

) Much progress was made in hydropower research during the 

ei.ghteenth century, most notably the work of John Smeaton, who 

accurately compared the efficiencies of overshot and undershot 

wheels, and initiated the use of metals in water wheel construction 

(Rouse, 1963). A great increase in floating mills was noted, and 

water wheel technol .ogy found new uses in providing arms and pow­

der, glass manufacturi~g, coining and printing (Stowers, 1957). 

fi/'c; Euler, in ~_754, developed the theory of reaction machines, 

and expressed the first basic relationship of reaction turbines 

(Rouse, 1963). 

y~ The nineteenth century brought log-scale advancements in 

hydropower technol .ogy with the development of the turbine (see 
1-

Figure 4) . 

J 0 The sixth census of the United States gives the number of 

various mills in use in 1840 (see Table 1). An 1885 census re-

ported over 900 mills along the 100 mile long Merrimac, turning 

out such. household products as cutlery and e.dge tools, brooms and 

brushes, furniture, paper lead, clocks, washing machines, ferti­

lizers, gunpowder, agricultural tools and a wide variety of 
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Figure 4. · The progress of waterpower techno 1 ogy. 

other useful products (Ermenc, 1978). The number of mills counted 

in service at that time totaled 60,518. 

Ye} The first hydraulic turbine worthy of the name was developed 

through the successive efforts of two French engineers, Claude 

Burdin, a professor at L1 Ecole des Mines, and his student, Benoit 

Fourneyron. Burdin was a theoretical man, whose work inspired 

the practical genius of Fourneyron to produce a successful exper­

imental turbine unit in 1827. Fourneyron eventually built more 

than 100 turbines, mainly of the free efflux type (see Figure 5, 

Rouse, 1976). 
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~r; TABLE 1 

COMPENDIUM OF THE SIXTH CENSUS - WATERMILLS IN 1840 

. . 

Mills 
<.n 

r-- -a <.n <.n 
r-- 4- Q) r-- <.n <.n Q) 
•r-- 0 s... r-- r-- r-- 4-S... 

State 4- :=E: s...~ 4- •r- 4- r-- 4- r-- 0~ 
0 <.n~...j....) O:=E: O•r- o·.-- ...j....),--

en r--OU :=E: :=E: Q.JU-O'T 
•C G.J .-- res • ...j....) . . ~res...._ 

O•r- s... LJ.._ 4- O<.n 0 .3 0 r-- r-- 4-
zs... s... ~ z •r-- zrc:s z •r- res~ 

~ res c s... V> 0 >c 
0 en res 0 res 

r-- :=E: :=E: 
1..= 

Maine 20 6,969 558 1,381 20 3,161,592 
New Hampshire 3 800 449 959 9 758,260 
Massachusetts 12 7,436 678 1,252 7 1,771,185 
Rhode Is 1 and 144 123 83,683 
Connecticut 7 15,900 384 673 57 543,509 
Vermont 7 4,495 312 1,081 20 1,083,124 
New York 338 1,861,385 1,750 6,356 63 16,953,280 
New Jersey 64 168,797 509 597 21 3,446,895 
Pennsylvania 736 1,193,405 2,554 5,389 166 9,424,955 
Del aware 21 76,194 104 123 737,971 
Maryland 189 466,708 478 430 9 3,267,250 
Virginia 764 1,041,526 2,174 1,987 6~ 7,855,499 
North Carolina 323 87,641 2,033 1,056 46 1,552,096 
South Carolina 164 58,458 1,016 746 19 1,201,678 
Georgi a 114 55,158 1,051 677 6 1,268,715 
Alabama 51 23,664 797 524 16 1,225,425 
Mississippi 16 1,809 806 309 28 486,864 
Louisiana 3 276 139 50 706,785 
Tennessee 255 67,881 1,565 977 26 1,020,664 
Kentucky 258 273,088 1,515 718 23 2,437,937 
Ohio 536 1,311,954 1,325 2,883 112 8,868,213 
Indiana 204 224,624 846 1,248 54 2,329,134 
Illinois 98 172,657 640 785 18 2,417,826 
Missouri 64 49,363 636 393 9 960,058 
Arkansas 10 1,430 292 88 1 330,847 
Michigan 93 202,880 97 491 1,832,363 
Florida Territory 62 65 2 189,650 
Wisconsin Territory 4 900 29 124 350,993 
Iowa Territory 6 4,340 37 75 95,425 
District of Columbia 4 25,500 4 1 183,370 

TOTAL . 4,364 7,404,562 23,661 31,650 843 76,545,246 
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F.i g ure. ·5·._ · Fifty horsepower Fourneyron turbine, 1832. 

y~J Boyden (1844) recognized that an additional artificial head 

could be created if the tailrace velocity were reduced, and by 

1855 patented a ·suitable diffuser for application to Fourneyron's 
i 

turbine. 

~ The turbine demonstrated superiority to the water wheel in 

all respects. It could ·utilize lower as well as higher heads, 
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and developed better than twice the power at ten times the speed 

of the conventional water wheel. 

~ By 1838, news of Fo~rneyron's success had reached the U.S. 

and some were installed according to his o~iginal specifications. 

It was soon recognized, however, that the Fourneyron turbine suf­

fered from the divergent, outward flow produced by the guide vanes 

( Ro us e , 19 7 6 ) . 

fo~ In 1838 to compensate for this, Samuel B. Howd patented an 

inward flow turbine, and again in 1842 an outward flow design he 

felt superior to Fourneyron's. In 1844, Uriah Boyden also de­

signed an outward flow turbine which, accompanied by his flow dif­

fuser , achieved a 78% efficiency rating (Rouse, 1976). 

l Changes came very quickly. Blacksmiths and foundrymen found 

the turbines easy to make and profitable, and many new improve-. 

ments and patents ensued. 

· Many times, the "new" turbine would assume the name of its 

builder or improver. Most notable in this respect is the work of 

James Francis, Chief Engineer for The Proprieters, a ~roup of 

manufacturing companies on the Merrimac River. Equipped with the 

patents of Howd and Boyden, he built -in 1847 a center vent tur­

bine which used a conical approach, inclined guide vanes and tail­

race diffuser (see Figure 6, National Center for Appropriate 

Technol _ogy, 1979). Altho_ugh his f_irst turbines had low efficien­

cies, in several short years, his designs were tested to have up 

to 80% efficiencfes (Rouse, 1963). 
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Figure 6. · Francis turbine runner. 

Francis and Boyden continually refined their designs, and 

with the help of trial and error work done by John B. McCormick, 

formed the fore~unner of the mixed flow unit. 

Y. In the western U.S., where large heads were available, atten-

tion turned to impulse type turbines. The most common impulse 

wheel is the Pelton wheel, which utilizes split buckets to discharge 

the jet flow. Pelton tested a wide variety of impact buckets and 

patented his split-bucket desJgn in 1880 (See Figure 10, Rouse, 1976). 
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)!; Most important to water power technology during this century 

was the development of the electric generator. One feature of su­

preme significance was that power could now be transmitted over 

long distances. The size of hydropower units increased. greatly, 

and in the late nineteenth and early twentieth centuries, large 

dams for hydroelectric facilities began to appear. 

Y£J Since 1900 more dams have been bui 1 t than were already stand'­

; ng up to the turn of the century. Turbines were i ncreas i.ng in 

size and by 1925 tens of thousands of turbines developi~g up to 

500 horsepower were worki~g throughout the world. By 1950, large 

projects capable of producing thousands of horsepower were becoming 

quite common throughout the world (see Table 2). 

Twentieth century improvements in turbine designs also in­

clude the development of the propeller type turbine, generally 

used for large installations of up to 50 Mw·. The fixed blade pro­

peller turbine appeared to give the answer to the problem of low 

head generation at high speeds. The Kaplan turbine of 1925 varies 

the propeller blade angle to achieve better part-load efficiencies. 

A new design of the impulse turbine was presented by Eric 

Crewson, Director of Gilkes, in 1920. The impact of his develop­

ment was that a jet of l~rger diameter could be applied to a run­

ner of the same mean diameter as the Pelton wheel, givi~g higher 

speeds without. great efficiency 1 o~ses (Wi 1 son, 1956). 

F Water turbine. governors changed vastly during mid century and 

are now high-capital, sophisticated pieces of control equipment. 
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TABLE g: 

HYDRO-ELECTRIC POWER DEVELOPMENT IN 
SELECTED COUNTRIES, 1927-1950 

Power-station capacity 
Country (MW) 

1927 1933 1950 

Algeria Nil ----- 111 
Austria 243 642 1,250 

. Be 1 gi um Nil ----- 24 
Brazi 1 373 ----- 1,536 
Can ada 4,590 5 '191 9,212 
Chile 85 ----- 387 
Fin 1 and 164 288 667 
France 1,490 2,700 4,739 
Germany · (i~cluding Saar) 945 1,269 
Germany (West) 3,398 
Greece 6 6 34 
Ice 1 and Nil ----- 30 
Japan 1,305 3,684 7,549 
New Zealand 45 298 633 
Norway 1,420 1,740 3,008 
Portugal 7 ----- 138 
Spafn 746 1,250 -----
Sweden 1,000 1~156 2,566 
Switzerland ' 1,380 1,882 3,057 
United Kingdom and 

Irish Repub 1 i c 186 ----- 793 
United States of America 8,744 11,208 19,733 

Increase 
on 1927 

{per cent) 

-----
410 

-----
310 
86 

355 
300 
220 

-----
-----

466 
-----

475 
1,300 

117 
1,900 
-----

256 
320 

325 
125 

After 1950, with the advent of large thermal and hydropower 

stations, rural electrification and better transportation systems 

led to a world-wide decline in the use of small scale hydropower, 

especially in the industrialized nations. Only recently has inter­

est been rekindl~d in its use for rural electrification and small 

scale industries. Thus, the use of small scale hydropower as a 

prime mover has gone through a complete cycle of existence, and may 

again be on the upswing. 



CHAPTER III 

y·THE POTENTIAL IMPACTS OF SSH SYSTEMS IN LDC'S 

Quality of Life 

~ As noted earlier, the motivation for an energy development 

scheme is to increase the overall quality of life. For the rural 

developi~g community or village, the life quality issue of greatest 

importance is generally that of food provisions. 

7 Estimates of malnourished persons in the third world range 

from 550 million to over 1 billion. Population projections suggest 

that by the year 2000, the world-wide need for farmlands will have 

increased by 1 billion acres. Further, .against these new lands 

must be balanced the loss of existing agricultural lands due to 

factors such as urbanization, industry, salt water intrusion, ero­

sion and over-cultivation. 

y The major thr~st of new agricultural land development involves 

the transport and use of water. On one extreme, the pumping power 

provided by a small scale hydro system could irrigate the dry 

lands, on the other it could relieve flooded wetland conditions. 

The availability of irrigation water from pumped storage ponds 

could feasibly allow double or triple crop harvests, since it 

could provide water that is normal .ly not available during dry sea­

sons of the year. Possibilities include shallow well pumps or 

19 
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even short distance transport of water to dry regions. Proper wa­

ter conditions not only help the basic nature of plant growth, but 

more importantly, they allow the use of nitrogenous fertilizers and 

pesticides which increase the farmer's crop yields. 

y Increased production levels can lead to increased nutritional 

levels and worker productivities. Resulting surpluses can be mar­

keted to help pay for power and other agribusiness equipment. 

~ Small irrigation developments can also lead to provision of a 

dependable domestic water supply and treatment works, which would 

serve to reduce outbreaks of water borne diseases. Other sanita­

tion measures enacted through SSH power could include showers and 

latrines, food refrigeration, and improved health care technologies 

and programs . The resulting increased level of health could fur­

ther raise worker productivity and life expectancies. 

} Energy production on the rural scale serves several educa­

tional functions. Increased communication with the outside world, 

such as radio, news reports, nighttime reading, and leisure enter­

tainment can be important transitions, depending on the level of 

development sought. The importance of leisure entertainment was 

attested by the 1963 General Electric survey team: "Power plant 

was worth 100 policemen" (General Electric, 1963). The G.E. sur­

vey team witnessed that the showing of films at night greatly re­

duced local criminal activities by relievi .ng the monotony of boring 

nights. 
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#~The offshoot of development efforts related to small scale 

hydro implementation will most likely include educational system 

improvements. The economic development could result in increased 

educational opportunities and development. 

!/.:; Recent evidence i.n China, Egypt and Costa Rica indicate that 

educational and economic levels also have an inverse effect on popu­

lati.on growth (Cortes -Camerer, · 1977 ). It is generalized that 

birth rate is linked with girls• education levels and village atti­

tudes. 

,;Vt Locally, increased education can lead ~o the development of 

an ind~genous infrastructure, with labor-intensive projects aimed 

at better utilization of indigenous resources and promotion of ·a 

positive attitude towards self sufficiency. A small scale hydro 

system can provide the impetus for such self-organization in a 

small way, by requiring timely maintenance and the delegation of 

certain responsibilities, such as lubrication, cleaning, monitor­

ing, etc. 

~ On the environmental side, due to the non-polluting nature 

of hydropower, the development of SSH projects leads to a decrease 

in the potential impacts of other ene,rgy sources. It has been 

predicted that the emissions from the development of traditional 

industrialized en~rgy sources could result in catastrophic air 

pollution episodes (Wark and Warner, 1976). Finally, modest 

ene,rgy sources enable the better undertaki .. ng of the basic processes 

(e.g., sawi .ng, milling, grinding, etc.), that lead to an increase 
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in productfon efficiency, and reduction in dru.dgery resulting in a 

h.igher quality of life and enhancement of real economic growth. 

v· Economic ·nevelopment 

/ One cannot identify quality of life exclusively with the econo­

mi.c factors such as per capita income and gross national product, 

since many important non-economic factors are also involved. Never­

theless, it is clear that substantial economic growth is needed 

within the LD~ group. Furthermore, it is obvious that in order to 

significantly lessen the economic gap, the LDC's will have to sus­

tain long term real economic growth at annual rates ~igher than 

those prevaili~g in ·more developed countries. Such economic growth 

will clearly require increases in energy consumption. Estimates 

show that the LDC's would have to sustain economic growth rates of 

5-7% for as long as 75 years or 10-12% for 25 years to close the 

present socio-economic gap (Thomas and Jawaharlall, 1979). 

It is important to note that the value of this economic growth 

is highly dependent on the equal distribution of income and pre­

servation of political freedoms. 

j SSH systems can have both a positive and negative impact on 

developing countries' economic growth. On the positive side, 

they ultimately result in a reduction of food, energy and other 

imports. However, since rapid economic growth is usually a func­

tion of centralized industrialization, the decentralization effect 

of SSH systems tends to slow growth. SSH can help the development 
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effort in both the rural and the industrialized sectors of the LOC 1 s. 

The provision of electri.ci.ty in rural sectors will . generate a demand 

for goods and services which can be met by industries and workers 

from the industrial areas. This cooperation will help lead to an 

increased national stability and further self reliance, and a mul­

titude of other benefits. 

If e.ngineers and scientists are to be maximally effective in 

helping to solve the development problem in advanced, as well as 

emerging nations, they must furth_er their understandi.ng of how to 

work with the social, economic and political processes, both in 

the rural as well as industrialized sectors. 

Y It seems that emphasis on the transfer of SSH technol .ogy is 

consistent with the recent developmental policy shift from goods 

to people, resulting in a general 11 quality of life 11 improvement 

in the LDC 1 s. Not only do SSH systems fit well into the distributed 

rural development process, they can also be applied to centralized 

locations with good success. 

)' Project Seale 

The scale of an ·energy project, especially in the developing 

country, has a direct beari.ng on many socio-economic factors and 

the future life-style of the local population. The costs associated 

with the civil works of 1 a.rge systems may exclude the~ from use by 

the poorer societies. In many cases, even the costs of electrical 

hookups can exclude some families from service. Electricity cannot 



24 

profoundly affect the economics of developing nations unless it is 

extremely cheap, i.e., available to all equally. Often the acqui­

sition of even a small amount of capital can be an insurmountable 

task. However, the 11 many small steps-" approach offers a direct 

advant.age here. Small amounts of capital, which may be more avail­

able, can be used in a positive manner, as "building blocks" towards 

an avera 11. goa 1. 

The size of a project can also restrict the choice of technol­

ogy utilized. A brief comparison of various energy technol .ogies 

available versus s::ale is presented in Table 3 (Kersten ·and : 

Harper, 1980). 

Notice that hydropower is unique among the power generation 

schemes in that it is not technol .ogically restricted by scale. 

Sma 11 projects us i.ng water flow as a direct source of energy can 

be attractive in economic terms even where there is no possibility 

for l~rge scale development. 

Project scale also affects such issues as environmental qual­

ity and public safety. Large scale systems, especially in the 

case of hydropower, present much greater safety risks than small 

systems. 
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TABLE 3 

PRESENTLY AVAILABLE ENERGY TECHNOLOGIES VS. SCALE . . 

Scale 
Techno l_o gy Large Small Mini Micro 

~ 100 MW 10 ~ MW ~ 100 1 $ MW < 10 MW < 1 

Nuclear * . • .. 

Coal * * 
Oil * * 
Gas * * 
Fossil E_ngi ne * * * 
Solar Thermal p 

Solar Photovoltaic * 
Solar Biomass p 

Wind . p p - * 
Hydro * * * * .. 

- . 

P = in pilot plant st_age 

* = Technology proven and available 



CHAPTER IV 

j ENERGY DEMANDS IN THE RURAL LDC 

Many of th~ rural societies of the Lesser Developed Countries 

are isolated from the centralized electrification schemes in their 

countries, or cannot afford to pay for the electricity when it is 

available. 

) The World Bank has estimated that about 12% of the rural LDC 

poor were served by e 1 ectri city in 19.71. But fewer sma 11 vi ll_ages 

were electrified than la_rger, and only a small percentage of villages 

actually 11 Served 11 had hookups (Cecelski, 1979). The vast majority · 

of domestic energy needs haye been and continue to be supplied by 

traditional sources, such as wood, agricultural residues, and dung. 

This ene_rgy use pattern has severa 1 socio-economic and en vi ronmen­

tal implications worth considering. 

r The form in which energy is used is often closely related to 

the tasks it is designed to perform. The use of the traditional 

fuels as a major energy source suggests that the majority of energy 

used is for meeting basic needs, i.e., cooking, lighting, and 

space heati _ng. 

) Not only are the traditional fuels ~ighly inefficient them­

selves, but as they become more scarce, the ttme spent collecting 

26 
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them increases. Often one or more members of a family must spend 

each entire day in search of fuel. 

} The use of traditional fuels has environmental consequences, 

also. Widespread deforestation is becomi .ng a major problem, .com­

pounded by massive erosions as in the hills of Nepal, where the 

need for expansion of agricultural lands has caused the farmers to 

clear and terrace the hillsides, which are then washed away by heavy 

monsoon rains (National Academy of Science, 1976). 

y The majority of energy used in rural LDCs' small scale indus­

tries is also from traditional sources. Wood, charcoal and ~gri­

cultural products are burned in furnaces and open fires in the soap, 

textile, metals, and foods industries. In some cases, the use of 

these fuels can be 11 appropri ate 11 such as in Ghana, where massive 

timber harvests leave up to 70% as waste usable for domestic and 

non - domestic uses, providi~g nearly half of the entire nation's 

needs (Powell ,' 1978}. However, electricity in most cases provides 

a much better alternative. It is much more adaptable to agricul­

tural functions rangi~g from pumping water to fertilizer production 

and other small scale .agribusiness. Electricity not only supplies 

the needed ene_rgy, it also frees the manhours spent in search of 

fuel to allow for use i.n oth_er producti.ve means. This time can be 

spent expanding farmlands, harvesti~g crops, and prepari~g seed 

beds. Benefits are also tompounded by increased producti.on and 

processi .ng efficiencies. · Domestically, electricity can improve 

th_e efficiency of the basic processes such as cooking, heating, 

and l.ighting by usi .ng more efficient equipment. 
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The domestic and residentia-l ene_rgy consumpt.ion r·ates of several 

rural poor countries are_ given in Tab·le 4'': ---~~ (Revelle, 1978). The 

proportion of total rural energy used for commercial vs. non­

commercial purposes varies from country to country, and, due to the 

nature of the fuel sources used, data are highly speculative. Es­

timates of fuel wood consumption can vary up to factors of ten or 

more, and determinations of heat contents derived from mass quanti­

ties of organic matter are sketchy at best. Hbwever, it is gener­

ally believed that domestic uses of energy outweigh commercial uses, 

comprising from 50% (rural and urban) up to 80% of the total ene_rgy 

used in rural areas. 

The difference in total energy consumption and production for 

several LDC's is depicted in Figure 7. Notice that most of the 

countries' already low consumption far outweighs their production. 

The need for energy is evident for commercial as well as domestic 

applications. Introduction of a new energy source should be ef­

fected to serve an equitable benefit, that is, to increase the 

quality of life for many, rather than a select few. SSH can help 

some, however, it is not the total answer (Muiga, 1979). 

It is clear, however, that a significant improv~ment in this 

deficit is attainable through hydropower development. Table 5 

(Hubbert, 1969) shows the world's water power potential by regions. 

Also shown is the amount which is presently developed in each 

r_egion. The tota·l world potential is 2,857,000 MW, of which only 

152,000 MW.· (1 ittle more than 5%) has been developed. 
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TABLE 5 

WORLD WATER-POWER POTENTIAL 

Region Potential Percent Development Percent 
(103 MW} of tot a 1 (103 MW) Deve 1 oped 

North America 313 11 59 19 

South America 577 20 5 

Western Europe 158 6 47 30 

Africa 780 .l 27 2 
.. 

Middle East 21 1 --
Southeast Asia 455 16 2 

Far East 42 1 19 

Australasia 45 2 2 . 

. USSR, China 466 16 16 3 
and satellites 

TOTAL 2', 857 100 152 

Notice that h_igh potentials exist in Africa and South America, 

both fossil-fuel deficient continents. Africa has a potential for 

78o,qoo MW and South America has 577,000 MW. 

· If we 1 ook at the_ growth of tot a 1 world hydropower resources 

th.ro_ugh time, we see the typical logistic "S" curve (See Figure 

8). 

We are presently in the log phase of this growth, with much 

room for future improvement. Hubbert (1969) predicts that the 
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~vorld should come close to a near-ultimate utilization of its hydro­

power resources by the mid- to 1 ate-twenty-first century. 
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installed potenti~l with time. 

Once supplied with electri.city, what will happen to the energy 

use pattern of rural people will be difficult to predict. Energy 

increases can lead to accelerated use and waste . by extending the 

ra~ge of services available, based mos~ly on increases in personal 

economic income. If incomes· rise, the purchase of appliances 

caul d we 11 result in an exponenti a 1 demand. growth function. 

.. ·.· ... , .. 
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However, the more efficient use of energy atainable thro~gh these 

appliances could tend to offset the deman~ growth. In the rural 

and poor areas, en~rgy demand has been shown to decrease in the short 

run, if it changes at all. In the 1 o.ng run, however, ene.rgy use 

w.i 11 undoubtedly rise, but to what degree is uncertain. It has 

been estimated that, in order to secure an adequate life with some 

opportunity for improved health and well bei~g, total consumption 

for th_e world's LDC's will have to at least triple (Cece]ski, 1979). 

When estimating the electrical demand that will b~ generated 

by a specific community development, the use of past data is not 

recommended. A better approach would be to predict the specific 

uses that the SSH system will serve. Locally or regionally, spe­

cific estimates can be derived for commercial and residential uses, 

to give per capita consumption. 

These demand projections will be highly dependent on the level 

of development that is s~ught or achieved. Based on income, var­

ious residential and commercial appliances may or may not be used. 

A social classification system can be derived, based on these ap­

pliances, and their uses, as seen in Table ~· ·: 

Class I development can be described as incipient, with very 

limited personal income. This class would be associated with the 

provision for the most basic of needs. 

Class II development would be just a step above Class I, in­

cludi..ng possible communal purch.ases of a meal . grinder, refr.igera­

tor, more lights, more water pumps, and a more efficient stove, etc. 
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TABLE 6 

RESIDENTIAL DEVELOPMENTAL CLASSIFICATION 
SYSTEM BY APPLIANCES . . 

. Appliance .. Class I Class 

Light Bulbs * * 
Meal Grinder 1 

W.ater Pump 1 2 

Refr.i gerator 1 

Heater 

Fan 

Hot Water Heater 

Radio 2 * 
Television 

Cooki .ng Device 1 

Wash i.ng r~achine 

* May be found . in every home unit 

1 May be a communal unit 

.. 

II . Class 

* 

* 
2 

2 

2 

2 

1 

* 
1 

* 

2 May be communal or sparsely di·stributed 

III Class IV 

* 

* 
2 

* 

* 

* 

* 

* 

* 

* 
2 

Class III development is typi.fied by a widespread availability 

of the basic appliances and the appearance of some of the 11 creature 

comfort 11 appliances.. Communtt,y funds may be available for the 

building of . showers with hot water, a fflm projector or. television 

set. 
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Class IV deve 1 opment can best be described as 11 sub-

industri ali zed", that is., the bas i.e creature comforts are evident 

in every home. The us·e of 1 ab.or s avf.ng devices and a wide variety 

of industrial tools starts and spreads in this stage. 

Each class of development can be associated with range of per 

capita demands, based on the appliances used and the following fac­

tors: Community Cooperati·ves and Local Industry 

Community Cooperatives 

In Class II or I I I deve 1 opment, every home may not have a refri­

gerator, freezer, or hot water heater. However, community cooper­

ati.ve ventures such as communal showers, freezers, etc., may exist. 

Such demands must be distributed over a larger population to arrive 

at a reasonably accurate per capita figure. 

Local Industr,x 

Based on the level of development, certain small or medium 

scale industries will exert electrical demands, also. The same 

type of classification system as above can be arrived at for the 

rural industrial sector. The many electrical demands for Class IV 

industry would be difficult to list. For Classes I, ,II and III, 

Table 7 may be representati.ve. 

These uses are of course just · examples, for each development 

effort will be site specific. For a given community, this type of 

sensitive evaluation~ accompanied with the power rati~gs and 

average use-hours per tool, can help assure that a proper size unit 
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TABLE 1 

INDUSTRIAL DEVELOPMENT CLASSIFICATION 
SYSTEM BY TOOLS . . 

Tool Class I Class II 

Water Pump * * 

Shop Dri 11 * 

Skill Saw 

Saw Mill * 

Table Saw 

Radial Saw 

Lathe 

Dri 11 Press 

Lift Crane 

Air Compressor 

Class III 

* 

* .. 
* 

* 

* 
* 

* 
* 

* 
* 

has been chosen. A classification sys~em such as this would fft 

nicely into a national/~egional development plan, whether for SSH 

or any other small scale energy development. Based on the appli­

ances and tools chosen for Classes I and II, the following ra.nges 

of electricity demands were arrived at: 

Class I.;, II - up to 100 KWH/Capi.ta/Ye.ar 

Class III - lQCl::lo 1000 KW.H/Capita/Year 

Class IV - greater than 1000 KWH/Capita/Ye.ar 



37 

For instqnce? for Class I! development the foll owi .ng home units 

may exist: 

1 ~ · Seven persons per family, 1000 person village 

2. Three l~ght bulbs,· 60 watts each 

3~ One radio, 50 watts~ per 100 people 

The followi .ng community appliances may :be present: 

1 ~ Two wa.ter pumps, 1000 watts each, per vi ll .a ge 

2. One meal . grinder, 200 watts,. per vill .age 

3. One refrigerator, 350 watts, per village 

The following small scale industrial tools may be used: 

1. Shop drill, 150 watts, two per village 

2. Timber saw, 2000 watts, per village 

Based on these tools and appliances, the total demand is calculated 

as follows: 

L.i ght Bulbs~ 180 watts x 1200 hrs/yr + 7 persons = 30.9 

Radio: 50 watts x 1200 hrs/yr ~ 100 persons = 0.6 

Water Pumps: 2000 watts x 600 hrs/yr ~ 1000 persons - 1.2 

Meal Grinder: 200 watts x 500 hrs/yr ~ 1000 persons = 0.01 

Refrigerator: 350 watts x 1800 hrs/yr ~ 1000 persons = 0.6 

Shop Drill: 300 watts X 25 hrs/yr ~ 1000 persons = 0.01 

Saw Mill: 2000 watts x 120 hrs/yr ~ 1000 persons = 0.24 

TOTAL: . 32,71 · k~h/t~~/~r~ ·dr · 3.73 · w~tts/c~2/Yr 
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Package unit sizes for each class would probably be around (per 

1000 people): 

Cl ass I - . r -1 o KW 

Class I I - l ·0-100 KW 

Class III - 100-1000 KW 

Class IV - 1000 KW and up 

~gain, these ranges are mere generalities, the need for site speci­

fic studies is evident. 

The 1963 study on rural power systems by General Electric sug­

gests that a minimum of 50 KW would be required per village installa­

tion (2,000-3,000 people). They recommend excess capacities for 

future growths, and suggest that local hydro is the most appropriate 

equipment for power generation. Their survey concluded that there 

is a definite need for package production of 75-100 KW units for 

rural applications~ 



CHAPTER V 

Y SMALL SCALE HYDROPOWER - SYSTEM NEEDS 

~~ The many factors associated with the in-house production of, and 

installation and maintenance of hydropower equipment require careful 

consideration. Care must be taken to match system needs with the 

site specific resources and needs of each locality, while attempting 

to optimize economics with the production or purchase of a standard 

size unit. Regional studies incorporated into a national energy 

plan would greatly aid in deciding upon the best unit size necessary 

for each country or region. 

~/ 1 ~ Indigenous Production of Packaged Units 

j; 

The electrical demand that will be exerted and its uses such 

as lighting, space heating, irrigation pumping, commodity proces­

sing, sanitation and communications must all be examined for pre­

sent and future development levels, as seen earlier. 

Based on the forecasted electrical demands, a specific size 

(KW, HP) generating unit can be chosen. The type of turbine unit 

best suited for this size will depend on the physical-hydrologic 

constraints, such as head, flowrate, and general topography. 

Local physical conditions can be grouped to form a regional 

plan, with each region having relatively homogeneous conditions, 

thus allowing for the possibility of local production of a number 

39 
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of standard size units of the same turbine type. For instance, a 

very mountainous region would provide numerous sites for high head, 

low flow generation, and a number of impulse turbines could be pro­

duced in this region. In regions of h.igh flow, low head, a shop 

can be set up to produce a number of propeller type turbines. :: 

The production of small scale hydro by local small scale indus­

tries would be very desirable. A small scale industry such as SSH 

would benefit the local population through better employment oppor­

tunities, and a more equitable income distribution. They are also 

beneficial on the national scale as they tend towards decentraliza­

tion and he1p to create investor opportunities and capital formation. 

A 11 small scale industry 11 is generally defined as having some­

where around ten employees, one-person management, and limited 

capital. Small scale turbine production could fit into this cate­

gory, but if generators, penstocks, and other electrical equipment 

are also to be prod~ced, SSH production would probably not conform 

to the traditional 11 Small scale 11 definition. 

Production of packaged hydropower units would probably be 

best classified as "medium" scale industry. The possibilities for 

a rural industry still exists, but the wide range of technical 

expertise required probably excludes a one man supervisory struc­

ture, and the acquisition of substantial capital might be difficult. 

Full scale production, especially initially, would tend to be 

highly capital intensive, due to the wide range of services (mechan­

ical, electrical) needed, and the nature of the tools and skilled 
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labor needed. More feasible for the rural setting would be a small 

scale assembly plant. Small scale industry could certainly handle 
the assembly of pre-sized, pre-machined, pre-wound parts for a pack-

aged unit. In this case, one skilled person could probably manage 

the operation, and at a much reduced overhead. The success of each 

small scale assembly plant would revolve largely around the manager­

ial skills and .energetic drive of the manager, who probably will own 

the business. He must have the ability to handle not only the tech-

nical, economic, and social problems, but he must also be able to 

coordinate his activities with various sectors of the ~egional, 

or national infra-structure in meeting their overall development 

goals. He also must deal with materials supply and scheduling, 

vocational training, marketing and other non-technical tasks. The 

scope of skills and manpower required, however, is not beyond the 

resources of many of the lesser developed countries. 

The costs involved with the production or assembly of package 

units will depend on the local availability of tools, materials 

and skills, and transportation costs. 

y~ Indigenous Support 

Although there is a general lack of mechanically trained 

individuals in the rural LDC setting, village people show the 
I 

capacity for learning enough to maintain their equipment. This 

has been evidenced where diesel or gasoline engines have been 

installed for power generation in India and several South American 

countries (General Electric, 1963). Of course, simplicity of 
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technology greatly aids in this respect, and if regional production 

is enacted, the necessary expertise will be close at hand. 

Small scale hydro systems tend to be low maintenance, especially 

if the system is designed with LDC skills in mind. A rural, small 

scale system would probably only require once or twice yearly sim­

ple maintenance, such as lubrication and cleaning of trash racks, 

etc. 

Electrical Transmission Service 

y Many of the developing countries have established voltage and 

frequency standards, usually 220 volts at 50 cycles. Rural electri­

fication, ·even in highly isolated plants, should also reflect this 

standard. 

)JO Thr.ee phase generation is recommended for costs and transmis­

sion ease. Transmission lines can represent a major portion of 

the capital cost involved, and should be minimized, if possible. 

Since D.C. transmission requires larger cables than A.C., D.C. 

generation, with inversion to A.C. before transmission, is recom­

mended. 

y A water turbine, depending on its generator, can produce 

either A~C. or D.C. power, as desired. Since power demand will 

fluctuate both daily and seasonally, some type of regulation is 

generally required. Either the excess power must be stored or 

used, or the flow of water and thus the turbine output must be 

regulated. This regulation requirement largely helps determine 

whether A.C. or D.C. current is to be produced. 
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/ In producing A. C. current, the flow of water must be regulated 

because A.C. cannot be directly stored, especially in isolated 

plants. Production of D.C. requires no flow regulation, as excess 

power can be stored in batteries. ' 

/ Since flow regulation requires expensive governor and valve 

shut-off devices, its use is not recommended in Loc•s. Instead, 

the turbine should run according to the flow it has available, with 

storage provided for use during 1 ow flow periods. Here the unit is 

des.i gnated for peak 1 oad conditions, and the excess energy produced 

duri .ng low demand periods can be stored for such a time as it may 

be needed, such as during low flow, dry weather periods. 

;Vo Seasonal Storage 

Storage of energy is a necessity in many Loc•s due to seasonal 
. . 

precipitation variations. In India and other southeast Asian na-

tions, for example, monsoon rains produce high flows for four months 

of the year, and very low flows for the remainder of the year. 

There are many ways to store energy, either by direct electri­

cal storage, or by converting it to some physical form which can be 

used at a later date. Possibilities include battery banks, pumped 

storage systems, compressed air storage, hydrolysis of water for 

hydrogen, and heat storage (National Academy of Science, 1976). 

The storage system of choice will be site specific, and highly 

dependent on the amount of storage needed, the availability and 

cost of specific technologies. 
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Selection of Feasible Sites 

}V The selection of appropriate sites for installing package-type 

units in Loc•s is dependent on the following factors: 

1. Topography- slopes, streams, depre~sions 

2. Hydrology- rainfall, runoff rates · 

3. Proximity to demand 

4. Social acceptability 

r Specific design details differ for high and low head schemes. 

High head (greater than 10 meters) schemes are. generally "run-of­

river11, where no dam is required to produce the needed head. In­

stead, water is drawn into a pipe at a h.igh elevation and discharged 

at a lower elevation after bei~g run through a turbine. High head 

schemes are much more efficient than low head schemes, equipment 

is smaller, and unit costs are much lower . 

./vc Low head (greater than 1 meter·, less than 10 meters) schemes 

can also be 11 run-of-river 11 if large flowrates are available. 

Usually, however, a small dam is built to provide additional head. 

If a dam will be required the site must be chosen very carefully 

with respect to foundations and flooding. The best location for 

building a dam is where a broad valley narrows with steep sides 

and a firm base. The best bases for building dams . are. granite or 

basalt 1 ayers, the worst are sands or porous rocks, ·and fissured 

bedrock. Construction should be of indigenous, readily available 

materials. Wood, clays, stones, etc., are all acceptable (See 

Figure 9, National Academy of Science, 1976). If concrete is 
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readily available, its use is highly recommended, even if some steel 

must be imported. 

For high head schemes, the major topographic constraints re-

valve around the length of penstock pipe required and the problems 

anticipated in laying it. Consideration must also be given to the 

discharge of water from the turbine unit, especially the erosion 

paten ti a 1. 

CONCR~T~ OAirl 

To onyone familiar with the handling of concr.ete, this 
makes a very neat and permanent means of obtaining 

. water storage. It is possibly the best and most shapely 
structure which can be used. The old wood dam need 
not be removed. 

---; 7 

TIMB£fl 

OAM 

Another method of building a wood dam where 
Qreater height is desired. 

, 
Figure 9. Dams for use with sma 11 heads. · 

,f 
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) Available Power 

Y After assessing that conditions are topographically suitable, 

hydrologic resources must be examined. The available power from any 

water resource is dependent on the head available, the volume flow-

rate, and various mechanical efficiencies and losses. For a given 

power requirement, there are many combinations of head (H) and flow­

rate (Q) which will work. As a rule of thumb, the power available 

can be expressed as: 

Power (KW) = Q(cfm) x H(ft) x Efficiency factors 
709 

At a potential site, head is maximized for efficiency, and the flow­

rate needed can then be computed from the above relation. The flow­

rate calculated is a minimum needed to keep the power supply con­

stant, or pro~ide the excess needed for storage, as refiected in 

the initial size choice. 
--Notice that the head (H) used in this calculation is the net 

head, which differs from gross head, in that it accounts for all 

losses incurred through friction in pipes, elbows and bends, and 

turbine discharge requirements. 

Net Head = Gross Head - Head Losses 

/vC Head losses include friction losses, which can be calculated 

from basic fluid mechanics principles or from nomographs supplied 

by pipe manufacturers. Impulse wheels may require that the turbine 

be set above tailwater level, thus also losing some of the avail-

able head. 
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/vC' The efficiency factors used in the power calculation are based 

on conversion losses, particularly in three stages. The first is 

th_e efficiency of the turbine itself in withdrawi_ng the kinetic 

energy from the flowing water. Efficiencies vary for different 

types of turbines and water wheels as shown in Table 8 . 

TABLE 8 

TURBINE AND WATER WHEEL EFFICIENCIES 

TURBINES EFFICIENCY 

Reaction 80% 

Impulse 80 - 85% 

Cross flow 60 - 80% 

WATER WHEELS EFFICIENCY 

Overshot 60 - 75% 

Undershot 25 45% 

~ The second efficiency loss occurs in transmitting the turbine 

power to the generator through belts or gears - generally 5% or 

lower. 

) The third loss occurs in the generator. Generators have 

typical kinetic to electrical conversion efficiencies of around 

80%. 



48 

The overall system efficiency factor used in the power calcu-

lation is a product of the three factors. Overall system efficien­

cies, from water flow to electrical output, generally ra.nge from 

50 to 70%. 



CHAPTER VI 

) II APPROPRIATE II SSH TECHNOLOGY 
jtfo k 3 

>, Hydraulic Turbines 

v Basically there are two types of hydraulic turbines, impulse 

pr reaction turbines. Impulse turbines differ from reaction tur­

bines in that they utilize only the kinetic energy of the water, 

while reaction turbines also utilize pressure energy. 

Impulse turbines applicable to high head, small scale hydro­

power generation include the Pelton and Turgo impulse wheels and 

the crossflow turbine unit. 

Pe 1 ton and Tu.rgo ~mpul se (See F.i gure 10 ) whee 1 s uti 1 i ze 

jet streams to strike specially shaped paddles, causing the wheel 

to spin. They are best adapted to ~igh head, low flow situations. 

Crossflow units (See Figure 11) use r-.aoi ·al ~ly fixed blades 

under high or low head conditions, even as low as 1 meter. The 

crossflow unit manufacturer claims that it maintains a high effi­

ciency over a wide range of heads and flowrates (Ossberger, 1979). 

Reaction-type turbines utilize more pressure head than velo­

city head. The runner is placed directly in the flow stream and 

the blades are turned by water flowing over them, rather than 

striking them. Reaction units are generally of higher speeds 

than impulse type turbines, and are applicable to the entire range 

of available heads. 

49 
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PELTON WHEELS 

TURGO IMPULSE WHEELS 

Fig .ure 10. Pelton and Turgo impulse turbines 

Reaction turbines are classified as either Francis type or 

propeller type. The Francis runners are like the propeller type, 

except that they have a band located circumferentially around the 

runner at the discharge end (See Figure 6). 

The propeller type, turbine resembles a ship's screw placed 

in a tube. The number of blades is usually substantially less 

than for the Francis type designs. Propeller turbines can be 

installed vertically or horizon~ally. For horizontal installations, 
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1. Casing 
2. Guide vanes 
3. Rotor 
4. Main bearing 

: l 

5. Corner casing 
6. Air inlet valve 
7. Draft tube 
8. Reducer 

' Figure 11 . Cross flow turbine unit 
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care must be taken to keep the water pressure the same across the 

runner inlet. 

Water Wheels 

Since water wheel technol~gies have existed since the dawn of 

civilization, their simplicity is obvious. Water wheels are most 

suited to delivering mechanical power, since their slow speeds 

generally exclude them from generating electricity without extensive 

gearing. 

The mechanical power aVailable can be transmitted through 

gears, for such uses as pumping, milling an~ grinding, and many 

other uses similar to those of the nineteenth century. 

State-of-the-art water wheel technologies are of the classical 

overshot or undershot type (See Figure· 2 a nd Figure ~), with spe­

cially designed blades or buckets. They are typically 15 feet in 

diameter or. greater and operate for heads ra.ngi ng from one to 

thirty feet. 

Efficiencies uf water wheels themselves range from 20-75%, 

·and further losses occur in the necessary gearing systems. In 

many cases, water whee 1 techno 1 ogi es may tend to be more "appro­

priate11 than turbine-electric projects. That is, the goods and 

services that accompany or preclude the use of electricity may 

not be available or affordable. In these cases, such as low level 

Class I or Class II development, water wheels offer excellent oppor­

tunities for helping to carry out the basic processes previously 

mentioned. 
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y Co mme r c i a 11 y Ava i 1 a b 1 e Package Un i ts 

Pre-manufactured, assembled or un-assembled micro hydropower 

turbine units are available through private companies in many coun­

tries of the world. They usually are shipped as a unit mounted on 

a base requiring bolting onto a pre-manufactured foundation, water 

and electrical hookups. Many times the manufacturer will supervise 

the installation of the unit. However, ·one of the main advantages 

of the package unit is its simplicity of installation . . With a good 

set of instructions, relatively inexperienced personnel should be 

able to set up the unit and put it in operation. 

The Barber hydraulic turbine company of Ontario carries a 

line of "micro 11 (up to 25 KW) and "mini" (100-600 KW) Hydel units 

as a standard package (See Figure 12 ). 

The unit utilizes a Francis type runner (which minimizes civil 

works due to low discharge velocities) to provide cavitation free 

operation at efficiencies of 85-88%. Heads utilized vary from 10 

to 25 feet (3-10m). They are equipped with synchronous genera­

tors which are des.igned to bH driven at 1200 rpm to provide 60Hz, 

3 phase output at 600/347 volts. The generator is air cooled and 

self ventilated, which are desirable qualities. Also provided 

for the generator are a brushl ess exciter and voltage r.egul a tor 

devices. The unit also comes equipped with a governor and asso­

ciated flow control devices. Barber estimates that it could re­

quire up to a year from start to finish to install a 100 KW or 

greater unit. 
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~~· Figure 12. Section through Mini-Hydel power generating sta­
tion under design development. 

Gilbert Gilkes and Gordon, Ltd., of London, provide small scale 

hydropower turbines ranging from 1 to 1000 KW but do not provide a 

pack.aged turbine-generator unit. They have installed many units 

in more than 50 countries, including Indonesia, Bolivia, Sri-Lanka, 

Guatemala, Ecuador and many other LDC's. 
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Ossbe.rger Turbinen-Fabrik of Weissenberg, Germany, is the 

supplier of ~ater power technolpgy for the p~ogram of European 

Economic Aids to Developi~g Countries, and carries a specialized 

pre-assembled package crossflow unit especially for implementation 

i n L D c ' s (.see F.i g u res 1 r and 1 3 ) . ! 

The Ossberger design features 11 Simple robust construction of 

the prime mover wit~ few rotating parts, with roller bearings for 

practically maintenance free operation, requiring no automatic 

monitori .ng system". They also claim: 

- insensitivity to flow variations and foul water 

- brushless generators 

- uncomplicated hydraulics 

- ease of installation 

- once yearly lubrication, and 

- 35 year lifetime 

Ossberger has also installed many remote LDC units. 

Independent Power Developers of Montana and Idaho . provide a 

complete package unit for either high or low head situations. 

Their units include rugged brushless D.C. generators, a battery 

bank for storage, and an AC inverter which supplies 60Hz, 230 

volts. They predict a life-span of 15 years for the battery bank 

and up to 30 years for the other system components, and the system 

carries a two year warranty. They estimate equipment costs at 

approximately $1,100 per KW, depending on site conditions (See 
-

Figures · 14 and .1.5 .. ). 



OYEM, GABOURN, WEST AFRICA 

Head: 

Flow: 

Power: 

6.6 Meters 

3000 L.P.S. 

212 H.P. 
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MISSiON SEMINARY, TANZANIA 

Head: 

Flow: 

Power: 

33 Meters 

170 L~P.S. 

60 H.P. 

·; PARANA, PARAGUAY 

Head: 

Flow: 

Power: 

16.5 Meters 

900 L.P.S. 

185 H.P. 

Figure 13. Ossb~rger Asynchronous Generati~g sets. 
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F.igure 14. Independent Power's high head package. 
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INTAKE ® 
PIPELINE· ® 
SYSTEM ENCLOSURE ® 
INVERTER ® 

MAIN BREAKER BOX· 

BATTERY BANK 

GENERATOR 

TURBINE 

I 
I . 

I 

Fig ur~ . 15. rndependent Power Is 1 ow head package. 
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The James Leffel and Company of Spri~gfield, Ohio also provides 

package type units. Their Hoppes hydro electric unit offers direct 

couple generator des.ign, complete speed control and instrumentation 

for. generation of 10-50 KW (See F.igure VI-7). It is housed in a 

stee 1 case (for mi era units) and offers 1 i fe expectancies greater 

than thirty years. The Leffel Company also carries a larger pack­

.~ge line of turbines. The ~'Samson" units ra.nge from 50-500 KW, 

applicable to a wide range of heads. Leffel reports unit costs 

for the Samson units at around $700-$1200/KW. 

Figure 16. Hoppes hydro-electric unit. 

Jyoti , Ltd. , of Vadodara, Indi. a, a 1 so pro vi des : a ·:.micro packaged 

unit. Their "Mini'-Hydel" uni't utili:zes a Francis turbine at med­

ium heads. Thei'r unit is complete with. synchronous generator, 

governors and full i'nstrumentation (See Figure 17 ) . . 
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Fi-gure . 17 . Typical Jyoti Horizontal Hydel set comprising 
horizontal Francis Turbine or Turgo-Impulse or Pelton Wheel as 
the prime-mover, besides other major constituents like alternator, 
governor and panel, etc ~ · 

The Allis Chalmers Corporation, of York, Pennsylvania, pro­

duces a line of standardized tube-propeller and Francis units. 

Allis Chalmers s.uggests unit costs for their standardized units 

at $500-$1000 per kilowatt. 



CHAPTER VII 

-.1 SSH ECONOMICS 

In LOG's, capital is scarce, and interest rates are generally 

h:igh. Therefore, it has been s_uggested that the yearly income (ben­

efit) obtained from implementing an "appropriate" technology should 

be at least half of the capital investment (Revelle, 1978). Small 

untt costs are desirable, and it should also be possible to amortize 

the capital over a 1 o_n g 1 i-fetime. 

Small scale hydro, with its aforementioned benefits and 30 

year service life, adapts well to these requirements. The capital 

expenditures involved in installing a hydroelectric facility are 

always site specific. Cost factors are directly related to the 

scale of the project, and the availability of skills, materials 

and manpower. 

Capital cost factors include: 

1) Design cost- can be high for small, single 
units 

2) Real estate cost - can be nil in LOG's 

3) Construction cost 

4} Materials cost including mechanical and 
ci.vil works 
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Operational cost factors include: 

1) Generator load factor 

2) Level of maintenance skills required 

3) Repairs and technical assistance 

4) Amortization and depreciation 

The custom design of small units can yield a very h.igh cost 

factor. If a standard size unit is produced, however, this cost 

factor can be reduced. 

Small scale hydropower system unit costs are greatly affected 

by scale. A one kilowatt pack.age unit can cast as much as $25,000 

per KW. The cost for a 10 KW unit is approximately the same as 

for a one kilowatt unit, as reported by the James Leffel Company 

of Spri~gfield, Ohio, for their small Hoppes units. 

~ In the developing countries, due to the required simplicity 

of installations, economies of scale associated with large projects 

are normally not applicable. Technological equipment of the micro 

scale exhibits its own economy of scale. 

This scaling effect is mostly attributed to commercial avail­

ability. Mass production of any of the specific unit sites would 

greatly decrease its unit cost. Inevitably, the cost associated 

with any project will always be site specific. Installation costs 

will be highly dependent on the training ability of the local peo­

ple, and indigenous construction materials availability. 

General cost data for micro hydro systems are available from 

a number of sources. Cost data for small scale hydropower units 
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from the 1963 General Electrtc survey are presented in Table 9. 

These estimated costs have been adjusted to reflect current economic 

conditions Ce .. g. , GNP Implicit Price In·fl a tor). 

TABLE 9 

ESTIMATED COSTS OF SSH UNITS 

Item Output ( KW) 

25 50 75 · 100 125 

Turbine-Generator 423 330 278 258 245 

Hydraulic Works (1) 62 64 64 64 65 

Electro Mechanical 427 356 297 259 217 
Works (2) 

Gate Ho use (3) 215 108 71 54 43 
-

Total Cost $/KW 1127 858 710 635 570 

(1) Typical penstock (100ft), two elbows, sluice gate. 

(2) Governor, drive, electric control and associated equipment 

(3) Nominal 20' x 20' x 10' 

(These costs do not include construction labor, taxes, 
duties, transportation, or technical assistance charges. 
It is assumed that all buildings including the dam will 
be made from indigenous materials such as stone, wood, 
etc9). 

Note that the electromechani.cal equipment of a hydropower sta­

tfon can represent up to 40 percent of the total costs . . Simplicity 

can offe~ great savi~gs here, not only in des~gn and equipment, but 
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also in construction costs. If the speed control unit can be elimi­

nated : and replaced by an electronic switching-load control device, 

some savi~gs can be effected. 

Possibilities exist for installing such a system, which can 

sense a load reduction and resultant turbine speed increase. This 

load can then be replaced by switching on some type of useful equip­

ment, such as a water pump, air compressor or other machinery. 

Possibilities also exist for switching for some type of electrical 

storage. 

This type of system would, of course, result in some small 

speed variations, however, these variations could be acceptable in 

rural LDC areas, or could be dampened with a battery storage sys­

tem. The design of such a switching system would likely face some 

problems, and is beyond the scope of this report. The special at­

tention of an electro-mechanical and possibly a micro processor 

engineer would undoubtedly be required. However, with the present 

day level of electrical technology and electrical equipment costs, 

the production of such a system is indeed possible. The applica­

tion of such a system would probably not replace all of the mechan­

ical control works, but would serve to greatly reduce them. 

Other measurements are also available for reducing the cost 

of implementing SSH systems in LDC's. A Japanese study to minimize 

th.e accessories, maintenance, and operational costs suggest: 

1) Utilization of most economic material 

2) Fixed blade propeller runners 
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3) Dry beari_ngs 

4) Induction generators where possible (n~t 
in many rural LDC 1 s) 

5} Automatic speed regulating devices 

6) Open, self-ventilating generator cooling 
sys tern 

7) Selection of the most economic terminal voltage 

Data for capital and production expenses from DOE Plant-cost 

studies for hydro and other pertinent technologies are presented 

i.n Table lO. Notice that the four sensible alternatives for 

small scale development (Table 3) include fossil engines, photo 

voltaics, wind and small scale hydropower. Production expenses 

tend to eliminate 11 fossil engine 11 and capital costs eliminate photo-

voltaics. Wind -machines of mini/micro scale may be feasible in 

some localities depending upon storage battery economics. SSH has 

the clear advan~age. 



Technology 

Nuclear 

Co a 1 , Oi 1 , Gas 

Fossil E~gine (2) 

Photovoltaic (2) 

Wind (2) 

Hydro (2} 
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TABLE 10 . 

TYPICAL UNIT COSTS OF 
VARt OUS ENERGY SCHEMES 

Installed 
Capacity'· 
$/KW (1) 

Ignores Ci v1l Works 
800-900 

300-400 

300-400 

18,000-23,000 ( 3) 

1,500-2,200 (4) 

200-3,000 (5) 

Production 
Expenses 

Mills/KWH (1) 

4-8 

15-20 

300-450 

Nil 

Ni 1 

1-2 

(1) Data from various sources including DOE Plant Construc-
tion Cost and Annual Production Expenses reports. 

(2) Sensible alternatives considering scale. (Table 3}. 

(3) Estimates are in $5 ,, _000~$6 ,oo_o ... ra_nge for 1985. 

(4) Optimistic-does not include storage batteries. 

(5) $3,000/KW average cost of President Carter's "Rural 
Energy Initiative". 



CHAPTER VIII 

CASE STUDIES 

The People's Republic of China 

Since liberation in 1949, the Chinese Government has attached 

~ great importance to the utilization of the hydropower resources. 

The long term development of China's hydropower resources is seen 

as one of the most effective developmental strategies. 

China's ene_rgy development is characterized by the "many small 

steps" theory. Since 1958, China has constructed more than 80,000 

small and micro hydropower stations with a total capacity of 5,400 

MW (See Figure 18, Tseng, 1979; Revelle, 1978). Hydropower. gener~ 

ating units with capacities belbw 500 KW account fo~ more than 60% 

of these small and micro units. 

Most of these are built by the people's communes at the county 

level for the use of commune members. The units supply electricity 

for local industries and small workshops. Applications include 

grain drying, wood cutting, oil extraction, lighting, and film 

showi .n g. 

The development of small and micro power stations has not only 

solved the power problem for domestic commune applications, it 

also has the advantage of multi-purposed industrial applications. 
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Q 
600 .C ilomelers 

I ..,.. __ _,...._ __ ~~~. ,:;-·"-::- ..------- ... ~- .... ---

Figure 18. ' Small nydro-electric stations {ave~aging 40 KW) 
i n South Ch i n a . 
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Beginning in 1972, work on standardization of the hydropower 

generati~g equipment was carried out. Since then, unified des~gn 

work has been practfced on a national scale. 

Fo·r the constructi'on of small and micro hydropower stations by 

counties and people's communes, the Chines~ government maintains the 

following policies: 

1) Wherever the water resources show promise 
for development, the government impels in­
stallation of small or micro hydropower 
stations · 

2) Huge amounts of state loans with low interest 
are dedicated annually to people's communes 
that engage in constructing the aforesaid 
statioris· · 

3) To production plants for hydroelectric 
power installations and equipment, the 
government would give timely and appropriate 
investments to increase production 

4) With the small and micro stations that can 
be integrated into the national grid, the 
state would supply electricity with a pri­
vileged charge to promote rural electrifi­
cation 

In China, an average unit cost of $1,000 (U.S.) per kilowatt is 

found to be ~good estimate. It is generalized that equipment and 

installation costs are roughly equal. The authors report a cost 

of $575,000 for a 600 KW ($960/KW) project, as of )\ugust, 1980. 

Transmission costs range from $75-$150 per installed KW (Tseng, 

Wengin, and Zhaoxiang, 1979). 
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Panama 

The country of Panama, especially the rural areas, ·was hard 

hit by the OPEC price squeeze. In Panama most rural l~rge villages 

were .e 1 ectri fi ed by 60 or more sma 11 di ese 1 units. About 40% of the 

people had no pow·er, and the rest were served by traditional fossil 

schemes. 

Several large hydroelectric stations were planned and built 

300 miles west of Panama City. The distribution plan included all 

areas between the dam and Panama City, and the first phase came on 

line at the same time as the second OPEC price jump. To serve the 

most equitable benfit, all the power generated at the hydro station 

was transmitted directly to the one million people of Panama City. 

All the intermediate areas were bypassed, except for a few 1 a.rge 

rural cities. 

Transmission levels were lowered to 150 KV to lessen transmis­

sion ·· costs and resulted in a need for transformers and sub-statio.ns 

wherever the power was tapped. This made it even harder for the ,~~ 

rura 1 vi 11 ages ·.~to.~.,pptai n power,- and thirty-three percent of the :: ~~ 

population remained without power. 

To help compensate for this problem, the U.S . . Agency for In­

ternational Development developed a small scale hydro technology 

base and demonstration project. Small decentralized hydro projects 

were planned for vill .ages in the Cordillera mountain ra.nge. The 

diesel sets bei~g presently used in this region would be trans­

ferred to rural areas with no hydro potential. 
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In the Cordillera mountain ra~ge, village runoff is fairly 

uniform year-round, and in the 33 ~iles from the peaks to the sea, 

the water drops about 600ft. AID, aided by GSA International, 

Inc., arrived at the following design criteria for SSH implementa­

tion in the Cordillera: 

1) Design for run of stream greater than 40' head 

2) Design for 120% of minimum flow 

3) Impulse Turbines 

4) Steel penstocks and headpipes 

5} D.C. Generator with A.C. inverter up t6 10 KW 

6) Electronic governor and load diversion system 

7} V-belt drive up to 200 KW (gearing above) 

8) Diversion ditch 90° to stream flow 

9) Settling basins at _each end of diversion ditch 

10) 1/2 11 trash rack spacing 

11) Guillotine headgate with worm drive 

Three sites_ greater than 200 KW were camp 1 eted this year at 

Santa Fe, San Francisco and Coclesito. Others are being planned 

and constructed at this time (Grover and Fritz, 1979). 

·New Guinea 

Several small "scale hydropower systems can be found in Papau 

and New Guinea. Th.e La 1 ok ;- river was deve 1 oped for Port Mores by in 

1957 with the installation of three one-thousand kilo~att machines, 

at a cost of around $1,200/KW. The second stage of the Laloki's 

development added another 2,500 KW at a cost of around $1,100/KW. 
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Other small schemes in New Guinea include an installation at 

Goroka with a capacity of 600 KW at a cost ·of $600/KW. · This low 

cost did not include a flume lini~g, and consequent erosion and 

1 ands 1 ides required much. maintenance. Eventually, the affected 

areas were encased i"n Armco piping. 

Small installations also exist at Mount Hagen and Tapini. 

Both had high initial costs, and some of the same erosion problems 

as the Goroka scheme. The costs of these systems ran up to $1,800/ 

·KW but have still proven to be economically superior to diesel in­

sta 11 at ions (.See · F.i gure , 1)9.1, Ryam, 1972). 

Morocco 

The Agency for International Development was commissioned to 

study the small decentralized hydro potential of the Atlas and Rif 

mountains of Morocco. Their efforts included the formation of an 

information package, development of site selection criteria, loca­

tion of demonstration units, cost developments, and socio-economic 

impact assessments. 

The information package consisted of precipitation and hydrology 

records, irrigation patterns, contour maps, power grid maps, and 

population patterns. 

Site selection criteria were listed as follows: 

1) Year-round water 

2) Need (market) for power 

3) Unavailability of network power 



. 
l 

W
E

S
T 

S
E

P
IK

 
·~
,
·
 •V

A
N

IM
O

 
•w

uT
U

N
G

 

E
A

S
T 

S
E

P
IK

 

! 
•P

A
G

I 
~
 R.

AI
HU

 

: •
!M

f•
ND

A 
~A

IT
/\

.~f
_;

_ 
. ~\

't-
! eA

M
A

N
A

B
 

DRE
IK_

jKi
Rfs

·r~
: 

-.
..

0'
!!

_E
W

A
K

 

I 
•G

R
EE

N
 ~

~~
ER

 
:~~

\\'
\'{

\~ 
YA

NG
O

RU
 

Se
..

...
...

.. 
...,

....
....

 
: 

~r
-J

 
--

--
•a

uN
A

I 
D

 
(/

 O
BA

LU
AN

 

M
AN

AM
 

M
A

D
A

N
G

 
• 

·· .
...

.....
 · ..

 : 
~
 

O
M

UR
U 

W
4b

 
KO

M
PI

AN
 

...
...

...
 
~
 M

A
D

A
N

G
r•

 
Q

4 
• 

... .
 

LA
IA

G
A

M
e 

0 e
 

SA
lY

E
R

 
·· ..

 
· -

• 
e 

n
''/

ER
 

·..
. .

.. 
~)

 
~'

-
OR

OB
A

.-
. -

J!
A

P
E

 N
AM

AN
D

A e
 

~~~~
~<::

;) 
,.

.\
 

e 
e 

·
-

. 
T,q

l'vt
e 

M
O

UN
T 

HA
GE

N 
*-"

<;.
 e'\3

·.~
~
·
~
 ~ 

~ 
TA

R 
I 

-
.
 -~

lo
 

r:J
 

M
IN

Je
 

.; 
e 

~~
 ···

.·"
: ...

.. 
~~

r, ... ~0
~ 

-
. 

• 
. •.

 · ..
 • 

• 
:' 

~~
 ... 

~<::;
) 

\ 

'P
tk

 
-
~
A
N
G
O
R
A
M
 

11
1e

uN
r, 

N
IP

A
o 

M
EN

O
I 

'
.-.

:_O
GD

BA
 

..
. ,

 
CH

UA
\!E

: 
~-~

<::
:s~

-0~
,
 ... 

[Q
] 

. 
G

U
M

IN
E

• 
.

...
 , 

~~
li

>-
~ 

RA
M

U 
I.A

LI
BU

'-
: 

e 
. 

KA
G

UA
 

e 
'·

 
. 

~(J
~\ 

~'\
-0e

 
·~

 
ER

AV
E 

... 
Y

''·
 

,. ..
... 

~c.
~\;)

~ u
 ~\

~~ 
[Q

J 

BO
G 

lA
 

• .
....

....
....

. H
AT
ZF
~L
DH
AF
EN
 

-
<'

K
A

R
K

A
R

 

60
 

!w
E

A
M

 
I 

• 
I 

•M
O

R
EH

EA
D

 

KA
PA

GE
RE

 
•• 

KW
IK

IL
A 

.. ··
··•

 .. ,\
'···

····
···· .

....
 . 

~
 

.· ..
...

...
...

...
.. .

 
O

M
U

R
U

Q
.l.

 M
A

D
A

N
G

 
f 

~ 
(,

!)
 

~ 
a 

:o
 

: 
: 

0 
: 

•S
AI

O
O

R
 

~ 
~
 

~ 

~
\.

J
i 

...
.. ·

 
: 

ER
AP

 
eB

U
TA

jE
N

G
 

• 
LA

E
 

•G
AG

ID
U

 
~(
!)
..
._
_.
.,
..
•D
RE
GE
RH
AF
EN
 

( 
. 

. eM
U

M
fN

G
 

: 

~A
I~
UN
E 

~ ...
.....

 
· ....

.. :.
.....

., 
: 

eM
U

R
U

A 
·.~
 
G
A
R
A
I
N
A
~; 

-
KE

RE
M

A
· ..

 · 
:.:

. 
• 

: 

IH
u"-

o"'
: TA

PI~
~ 

:;T
~;;

 
•-~

~~~
 

\ 
. ··. 

B
E

R
W

-iA
e 

~ 
,..:

· 
PO

PO
NO

ET
 

G
U

LF
 

. ~
K
·
~
·
 •

•
 O

EM
BI

 
I 

: 
" 
~
-

;s
4t

fto
 

1~
6·

 

~
 

R
O

U
ty

i\"
: ,:
 ····

··· .
....

.....
 AB

AU
.( 

.....
.. 
. 

~\
.\
. 

.....
.....

._. 
....

....
....

... 

N\~
\\~

~\)
~ 

\.
~ 

N\
~ 

C
E

N
T

R
A

L 

(!
) 

(;
) 0 • 6
. 

A
 

~ 
'-

\ 
''"

' 
" 

AI
YU

R
"' 

• 
...

 
'-

"··
·... 

ut;
S~·

 
...

...
.. 

\.
..

..
. 

(J
"'

 
.. ··

·. 
.. :

_
; ..

. .V
vO

NE
NA

RA
e 

:o
O

M
ile

s 

H
IG

H
L

A
N

D
S

 

GA
Sf

>.:
1A

TA
 E

A
S

T 
N

E
W

 B
R

IT
A

IN
 

C
e

n
tr

e
 w

it
h

 u
n

d
e

rt
a

ki
n

g
 w

h
o

lly
 o

w
n

e
d

 b
y 

th
e 

E
le

ct
ri

ci
ty

 C
o

m
m

is
si

o
n

 

C
e

n
tr

e
 w

it
h

 u
n

d
e

rt
a

ki
n

g
 m

a
in

ta
in

e
d

 b
y 

th
e 

E
le

ct
ri

ci
ty

 C
o

m
m

is
si

o
n

 f
o

r 
th

e 
A

d
m

in
is

tr
a

ti
o

n
 

O
te

s
e

l g
e

n
e

ra
tt

o
n

 

H
yd

ro
·e

le
ct

ri
c 

g
e

n
e

ra
ti

o
n

 

P
ro

p
o

se
d

 d
ie

se
l 

ce
n

tr
e

 

P
ro

p
o

s
ed

 h
yd

ro
 c

e
n

tr
e

 

T
e

rn
to

ri
a

l 
b

o
u

n
o

a
ri

e
s 

D
is

tr
ic

t 
b

o
u

n
d

a
ri

es
 

T
ra

n
sm

ts
si

o
n

 l
tn

e
 

o 
10

0 
20

0 
M

ile
s 

r
-

0 
15

0 
JO

O 
K

m
. 

F
ig

ur
e 

19
. 

Pa
pu

a 
an

d 
Ne

w 
G

ui
ne

a 
el

ec
tr

ic
it

y
. 

'-
J

 
w

 



74 

4) Run of river schemes 

5) Possible secondary water uses 

6} Power costs less than diesel 

7} Social soundness 

8) Technical and administrative feasibility 

9} Environmental impact 

10) Equitable, distributed benefit ("the_ greatest 
good for the greatest number") 

Three specific areas are currently under detailed planning. 

The first, with a potential of 200 KW, is being undertaken on the 

south side of the Haut Atlas at Msemrir on the Dades River. A 

diesel generator presently supplies electricity twice daily, but it 

is expensive and requires frequent maintenance. 

The second site, at Tillougguit, is northeast of Alfoure on the 

north side of the Haut Atlas. A small hydro unit is bei~g planned 

to give electrical service to 2000 villagers by 1995. 

The third site, also in the Dades Valley, i$ at Ait Arbi, 

wnere a large spring emerges from the mountain side about 35 meters 

above the Dades River. Two-hundred KW is obtainable for two small 

villages at least half the year, with lesser capacities during the 

remainder of the year ~ (See Figure 20, Grover and Fritz, 1979). 

Details of the planned hydro unit are as follows: 



36
 

·3
2

 

-
-
-

·-
-

D
A

M
S 

M
oh

am
m

ed
 V

 

2 
M

ec
hr

a 
H

om
ad

i 

3 
T'

fe
r 

4 
A

I 
K

an
se

ra
 

5 
N

ak
hl

a 

B
ot

 
R
~
g
r
e
g
 

1 
Si

di
 M

ac
ho

u 

8 
lm

fo
ut

 

D
oo

ur
ot

 

A
T

L
A

N
T

IC
 

O
C

E
A

N
 

le
g

en
d:

 

• 
M

aj
or

 c
it

ie
s 

'-f
...

 
E

xi
st

in
g 

d
am

s 

--{
}-

.. 
D

am
s 

un
de

r 
co

ns
tr

uc
:io

n 

~;
;::

..-
. 

Ir
ri

ga
tio

n 
an

d 
cu

lti
va

tio
n 

. ·
''
 

10
 

6 
2 

I 
10

 
M

ou
la

y 
Y

ou
ss

ef
 

11 
A

it 
O

u
o

rd
o

 

12
 

8r
n 

al
 O

u
.d

an
e 

13
 

H
as

so
n 

A
dd

ak
hi

l 

..
 ~,
 \ 

1 
Sf

> 
A

IN
 

. 
p,,

}
' 

\~
> 

,.;· .
 /:

~~I
~E~

:~~
AN S

EA 
14

 
C

av
ag

na
c 

D
A

.~
.S.

..
!.

JN
DE

R 
C

O
N

ST
R

U
C

T
IO

N
 

:J
 

1d
ri

~ 
: 

A
ro

bo
t)

 

16
 

S1
d1

 C
he

co
 

17
 

Y
ou

ss
ef

 b
en

 
T

 ah
i 

18
 

M
an

so
ur

 D
ah

bi
 

\ .. 
I 

IV
 

-
--

-
-
-
-
-
-
-

-=
-..

...
,..

--
-

-

F
ig

ur
e 

20
. 

M
or

oc
co

 
el

ec
tr

ic
it

y
. 

3
6

: 

3
2

 

-...
...I

 
U

1
 



1) Flow at 1 m3;sec 

2) Head at 35 meters 

3) Penstock 6" PVC 

4) Pelton turbine 

5} L ink.a.ge and. governor 

6) A.C. generator 

7) Governor deflector 

8) Fabricated baseplate 

9) Control panel 

10) Electrical equipment 

11) Engineering (GSA) 

12) E~gineered package 

13) Installation materials 

14) Installation materials 

15) Supporting steel 

16) Power house 

TOTAL COST 

COST PER KW 
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= 34 cfs 

= 105 ft. net head 

=300ft. X $15/ft ...... $ 4,500 

= high speed unit....... 32,600 

=Woodward or equal..... 2,400 

=enclosed, S.E ......... 20,400 

= no z z 1 e con t r o 1 . . . . . . . . 3 , 6 0 0 

= w/c foundation bits... 2,800 

=cabinet type.......... 3,400 

= breakers, gauges, etc. 8,400 

=combining package ..... 11,375 

= U.S. funds ............ $ 89 ,475 

= 600 man-days at $20 ... 12,000 

= 22 yards concrete and. 2.970 
re-bar 

= 2 tons at $.75/#...... 3,000 

= 150 ft2 at $40/ft?. . . . . 6, 000 

= 

= 

$102,645 

$513/KW 



CHAPTER IX 

SUMMARY AND CONCLUSIONS 

The last decade brought many changes to the development pro­

cess. The term 11 Appropriate Techno l.ogy 11 was coined, with the rejec­

.tion of the large scale industrial model of development. 11 Appro­

pri.ate Technol ogy 11 represents the tools and hardware that are more 

adaptable to third world societies. 

The term 11 appropri ate 11 suggests that such hardware be 1 ow in 

cost, and emphasize the use of indigenous materials and resources, 

especially labor. 

Appropriate technologies should, if possible, involve decen­

tralized and renewable resources, and offer possibilities for self­

production and self-maintenance. Many small ~ · distr·iQ.~ted, afforda­

ble systems will generally be more appropriate than one centralized, 

capital intensive project. 

Although small scale hydropower systems can be high in capital 

cost and technically complex, their implementation into rural LDC 1 s 

energy development is often the most 11 appropriate 11 method of serving 

third world needs. Small hydro systems are presently cost competi­

tive with other electrical . generation schemes. Simplification of 

equipment, and indigenous production can help reduce unit costs as 

compared to modern commercial units. A major cost savi~gs could 
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be effected by eliminating mechanical speed controls. Local small 

or medium scale ·inclustr·ies --_can __ off~r. · . great savi.ngs in overhead, 

labor, materials and transportation costs. 

If properly implemented, small scale hydro systems can have 

many positive ramifications on the developmental process. The pro­

vision of electricity can lead to direct improvements in agriculture, 

small scale industries, and the basic residential processes. In­

directly, it can lead to improvements in education, health, and 
- . 

promote the development of local infrastructures and the idea of 

self reliance. The resultant demand for goods and services would 

stimulate more interaction between industrialized and rural socie-

ties, with social and economic benefits for both. 

Proper implementation requires a sensitive analysis of many 

factors. These include project scale, family incomes, electrical 

demand projections, and the availability of materials and manpower 

skill~ and social acceptability. 

Technical factors requiring careful examination are the topo­

graphy and hydrology, seasonal storages, the transmission distance, 

and the type of machine to use. Francis, Pelton and Crossflow 

seem to be the turbines of choice for small scale applications. 

All offer low disch~rge velocities, thus minimizi~g civil works. 

There are a number of corporations that manufacture small 

scale, package hydropower units. The equipment available through 

these companies can be quite complex, and cost from $500 to $2,000 

per kilowatt, depending on size. The average equipment cost is 



79 

about $1,000/KW for equipment, and construction costs can equal or 

exceed this. Transmission costs . are around $100/ki'lowatt, depend­

i.ng on distance and other factors. Small hydro systems offer low 

to nil operational costs. They are generally very reliable machines, 

easily maintained, and offer service lives of 30 years or more. 

Systems costs, whether imported or produced at home, can be 

optimized with a line of standardized uriits. Alth~ugh hydropower 

is often referred to as 11 the site specific energy source 11
, possi­

bilities for standardization thro_ugh r_egional/national studies exist. 

Production of a line of 25, 50 and 100 KW units would be desirable 

for a national rural electrification plan. These units can be 

combined in series or parallel to fit the range of demands that the 

developmen t effort would require. 

Small scale hydro systems have been extensively used for rural 

electrification in China. They have also been successful in many 

other Loc•s and seem to offer the best choice for energy develop­

ment, where physical conditions permit. 

Recommendations for Future Research 

Standardization of micro hydropower package units would be 

very desirable. The need for regional studies of energy demands, 

hydro potentials, and physical characteristics is evident. These 

studies would greatly aid in starting small scale industries re­

lated to SSH production and installation. They would also help 

to direct development efforts to where they are most needed or most 

feasible. 
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The need for more LDC small scale hydro case studies is also 

evident. Small hydro installations in the Loc•s can be quite dif­

ferent than a U.S~ or European project. The literature available 

on LDC SSH systems is rare, and usually sketchy. Case studies can 

accent the success of rural SSH p~ograms, as well as aid in stan­

dardization. 

A reduction in civil and mechanical works is needed for the 

LDC. Replacement of th~ governor, and its associated flow control 

devices could effect a major cost savi~gs. Research aimed at an 

electric load-switchi~g speed controller is needed. Perhaps even 

a microprocessor could be used to divert excess productions for 

irrigation or pumped sto~age. 

Studies are also needed on energy demands that would be 
~ 

exerted through SSH, or any other small scale energy development 

scheme. The sensitivity of the preliminary energy forecast will 

reflect the success of the project. Comparisons with past attempts 

can. greatly aid · classifyi.rig levels of development, and predicting 

their respective energy growth rates. 
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