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Preface 

The development of new and renewable sources of energy has become a matter of ~riority in 
many countries all over the world. In particular, increased attention has been paid to the 
development of small-scale, mini- and mi~ro-hydropower generation units which could, under 
certain circumstances, contribute 10 the industrial and economic development gf -£Ural and 
remote areas. 

In places nhcrc limited hydropowcr is available, mini-hydropower generation (MHG) units 
offer a readily accessible source of renewable energy. They use proven technologies that in many 
cases need only adaptation, require limited investment and obviate excessive transmission costs. 

As part of its programme of action on appropriate industrial technology, UNIDO has been 
actively involved in promotion of MHG development and application in developing countries. It 
has organized three projects related to the subject: 

(a) Group study tour to China in the field of medium- and small-scale hydropower plants. 
14 May-2 June 1979; 

(b) Seminar-Workshop on the Exchange of Experiences and Technology Transfer on Mini 
Hydro Electric Generation Units, Kathmandu, N~pal, 10-14 ~ptember 1979; 

(c) Second Seminar-Workshop/Study Tour in the Development and Ap?licatio:i of 
Technology for Mi:ti Hydropower Gener~tion, 17 October-2 November 1980 at Hangzhou, 
China, and 3-8 November 1980 at Manila, Philippines. 

The Seminar-Workshop held in Nepal recommended that UNIDO should enr.ourage the 
preparation of manuals providing guidelines for the development cf MHG units in developing 
countries. 

As a first step, it was considered useful to prepare a manual on MHG for the guidance of 
decision-makers in this field at central or regional govemment lev:I or at the planning and 
project implementation stages. The Manual is intended as a working tool to help in decision
making on the estabiishmcnt of small a'ld mini-hydropower stations and in the formulat:on of 
comprehensive and coherent policies and programmes for this purpose. 

The preparation of the Manual was made possible through the financial support of the 
Swedish International Devc:lopment Agency. 

The Manual was prepared by the La~in American Energy Organization (OLA DE) und-:~ the 
general leadership of G. Rodriguez Elizarraras, Executive Secretary of OLADE, through a 
group of its experts, including C. A. Hernandez, l. E. M:ichado and L. A. Suarez, with Enrique 
lndacochea, head of the Regional Programme on Small Hydropower Stations, as the technical 
co-ordinator. The Manual also benefited from in,,uts provided by Guo Ruizhang, Chief 
Engineer, Bureau of Water Conservancy, Shanghai, and Thovild Persson, VAST, Sweden. 

It is hoped that the Manual will serve as a practical and useful reference for those involved 
in working in the field of mini-hydropower generatiol'I. It should, however, be considered as a 
first volume to be updated and er.panded in the future to enhance its usefulness. Any 
constructive suggestions or proposals iri this regard are welcome. 
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EXPLA,ATOR\" 'OTES 

References 10 dollars (S) are lo Cni1ed Stales dollars. 

Besides the common abb1e•·iations. symbols and term>. tltc follo-.ing ha,·e been u'ed: 

EEG 
MHG 
OLA DE 
PVC 

ex1ension of an existing grid 
mini-hy·dropo-.·er gencrauon 
Organi7aci<)n Latinoamericana de Energia I Latin American Energy Organi?ation I 
poly,·inyl chloride 
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Introduction 

This Manual is intended 10 be- a working !Ool 
for decision-makers al different lnels. Since the 
main po1en1ial users of the Manual will not 
neces~arily ha,·e a spec' !ized engineering back
ground. lhe technical elements have been restricted 
to descripli\·e aspects and elemen1ary concepls. 
with more emphasis being given to questions of 
mini-hydropower gc:nera1ion ( M HG) developmenl. 
policy. planning and programming 1han 10 
engineering. technology. 1he organiza1ion of insti
lutions and training. 

The Manual rrnposes specific approaches to 
Ml-iG and. in som= cases. alternative solutions to 
its problems. However. for every aspect of MHG 
development the optimum solutions may vary 
considerably from country 10 country as a result 
of differences in socio-economic system~. political 
organization. level of developrr.ent. hi~.ory and 
culture. The specific conditions of each coun1ry or 
region must therefore be taken into accouni when 
recommendations presented in the Manual are 
implemen:ed. 

The Manual comprises six chapters. The first 
two chapters contain general information. includ
ing 1he definition and classification of MHG 
units. the advantages and limitations of MHG in 
solving energy and industrial developmel!t prob
lems in rural and rcmo1c areas and at the country 
level. and a comparison of MHG with alternative 
energy sys1ems. 

As regard~ 1he clas~ification o! MHG. ii 
should be noted that at the time of writing there is 
no united and generally accepted classifica1ion of 
MHG units. Different organizalions and countries 
have different approaches. Some of the systems of 

M HG classification are described in chapter I. 
including the system proposed al the l':'lilDO 
Seminar-Workshop on the Exchange of Experien
ces and Technology Transfer on Mini Hy<!ro 
Electric Generati<m t:nits. held in Septemt>er 1979 
at Kathmandu. Nepal. 

Chap1er Ill presenls an analysis and 
methodology of MHG de\elopment. including an 
assessment of possible applications and an evalua
lion of resources and demand. and providing 
decision-makers with useful information on 1he 
operation and ma!ntenance of MHG units. 

Chapters Ill and IV form 1he core of th.: 
Manual. suggesl a me1hodology for considering 
the pos~ibilities of MHG developmenl. and identify 
a number of aspects which sho•ild be taken into 
account before a fooal decision is made. 

Chapter V is addressed to those responsible 
for organizing and supervising projects and 
describes the de\·elopment of specific MHG 
projects 

The annex contains basic MHG calculations 
which rn 1y be of intt'rest to th0se who ha\·e 
engineering training. 

Although the appro:iches to the problem and 
the recommendations made in the Manual apply 
mainly 10 MHG of !ess 1han 1.000 kW. they may 
also be rclevanl lo lhe higher power r:mges. 
provided thal lhe limi1ed applicalion of some 
concepls. particularly in the technology field. arc 
clearly borne in mi;id. 

The Manual will have achieved one of i1s 
objectives if it succeeds in making it clear 1hat a 
mini-hydropower station is more !han just a 
small-scale model of a large hydroelcc1ric plan1. 





I. Definition and ~tion 

An MHG station is an installa1;on where 
hydraulic power is used lo generate small quanti
ties of tlectricity by means of one or more 
turbine-generator units or groups. The main 
componenb of an MHG station are described 
below. 

Main compon..nu of an JI HG srarion 

Descriprion 

Dam 

Intake works 

Conduit 
conduction 
system 

Forebay 

Silt basin 

Civil engineering 
accessories 

Surge tank 

A structure built across the main 
watercourse in order to maintain 
or r:.ise the le,·eJ of tile water. In 
MHG it is usually used to raise the 
water le,·el and is of simple con
struction. 
Mareric/s: concrete. earth. rock. 
wood. plastics 

A structure 10 facilitate ~he entry 
of wa;er to the conduit system. It 
may or may not be submerged. 
For MHG it may be of permanent 
or artisan construction. 
Mareria/s: concrete. masonr~. rubble 
(artisan construction). 

The water is taken from the intake 
to the forebay b) means of a canal 
or tunnel. For MHG. 1rriga11on 
canals may be used. 
Con.uruction: lined or unlined. 

Sh :.icture which facilitates the entry 
of the water to the penstock. 
. 'Wateria/s: concrete. lean-mix con
crete.asbestos-cement. ferr"cement. 

A system for protecting the turbine 
by preventing solid particles from 
entering the penstock; may be in
stalled as pan of the intake works 
or the forcbay. depending on now. 
tcm.in and the material from which 
the channel is constructed. 

S<.recns (for controlling solids). 
gates. s.,.llways. etc. 

A structure for compensating over
pressure; not often used in MHG. 
depending on :he head, kngth of 
penstock, velocity of water ir. the 
penstock, materials of which pen
stock is made and lime needed to 
close :he main valw; may form 
part of the forebay. 

Pcnstock 

Powerhouse 

Tail-race 

Turbine 

Speed regulator 

Gc:nerator 

Pressure iJipc for convcymg the 
water from the forebay to the 
turbine. 

Structure in which the generator> 
and other electromechanical equip
ment arc housed. 

Structure which returns the wate; 
from the po,. er house either do11. n
stream of the n-:cr from which it 
was taken or to a neighbouring 
basin. 

A hydraulic motor that comerts 
the energy of the water (head. or 
drop. and flow) intJ mechanical 
energy. 

Trpes 
Pelton: a f.-cc-jct unpulsc turbine 
used for high !>cads; low cost: 

Michell-Banki: cross-now 1mpulsf' 
turbine used for medium heads: 
low cost. low ef':cicncy: 
Fra~;i;: reaction turbine (operates 
filled with watcrl used for medium 
heads; high cost. high efficiency: 

Axial: reaction turbine (variants: 
Kaplan with adjustable lilades. 
fixed-blade propeller-type. tubular
typc. bulb-type etc.) used for low 
heads. 

An alternative to the turbine 11.ould 
be the water wheel. which is low
cost but of 1011. efficiency. It is 
slow and operates with small heads . 
Artisan construction is possible. 

A servo-mechanism wllich keeps 
the turbine revolving <:t a constant 
speed and consequently maintains 
the clecirical energy generated at a 
r.onstant frequency. 

T)pes 
Mechanical: almost never used; 

Oleo-mechanical: the standard 
type; 

Elec1ro-clcc1ronic with flow regu
lation; 

Electro-electronic wclh energy di~
persion; 

Alltrflalive.1: manual control. 

An cleGtrical machine thal con
verts lhc mechanical energy into 
electrical en:rgy; 



Transformer 

fipt'_\ 

Alternator: >Y nchr,mou> generator. 
the mllS! frequently U>ed in !'.tH(;. 
..\,y nchronl>U> generator: induction 
mohlr. 

Electrical e1tJipmen1 \arying the 
\oltage which enables energ\· lo be 
rran.sptlned o\·er disrances t'Cnno
'Tlic<.lly. 

Elr 1rnmechanical Main \ahe lgate <>r bunertl' I: 
accc::-.~one:-. t urbinr:-gencrahH 1ran~mi~'ic.1n b~ 

direct coupling or by tran>mission 
>ystems :V-bell. diain <>r gear>l: 
hydraulic mstrument,uion I mano
meters): lightning conductors. 

Tran,mission In !'.tHG. lo-. and medium \<>hag~ 
line are used to transmit the electric; 

energy from the plant to the point 
of consumption. 

The amount of power (measured in kilowatts) 
that can be generated is equal 10 that a\·ailable in 
the \\ater after allowing for the losses of efficiency 
in e:ach successi\e component of the MHG. and is 

proportional to the product of the net head and 
the nnw. defined as follows: 

Ciros.r head: Difference in le,el from the 
upper surface of the water at the highest usable 
point to the lower level of its use by the turbine. 
Measurement: metres. 

.\"et head: Equivalent to the gross head less 
the hydraulic iosses in the different elements 
com·eying the water to the turbine. Measurement: 
metres. 

f101t: Quantity of \\ater (\olumel per unit of 
time. Unit: cubic metre. per second. 

MHG may be classified according 1<1 \arious 
criteria. A description of more than one system of 
criteria would l:>c useful. not onl:. l:>ecause of the 
arbitrary eiemenrs that enter inw e\·er:- classifica
tion. but also because the specific characteristics 
and degree of de,·elopment of each countr~ may 
belier t-e ser\ed by different classifications. Guide
lines for the defir Ilion of criteria applicable to 
specific cou:itri~ or regions are presented below: 

I. Systems based on power and head are pro
posed in tables I and ::!. 

TABLE I Cl.AS.>IFICA TIO' nr MHG STATIO''i ACCORDl,<i TO POW~R CAPACITY 

( "~"'"\ "" oTfcllfl:cJIWn 

\111 ,.,,...Jr1 Jropo" 'r 
r(l'1fl''ilitllrt r• w·, 

\f;lfl-lr ~Jr or•"•,.,. 
i:,.,:rrwru,,, 

t/,,U.1 

\mJI/ JuJr,1p·•.,.,.,. 
f,.,,f",..Jf:;J,, 

rJ..W 1 ·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

China 
8~ uml 
B~ '"'lalled capac11~ 

Peru 
Phol.ppme> 
Roma ma 
Sweden 
Thailand 
Turkev 
t:n11ed S1a1e' of Amenca 
l~NIDO 

Karhmandu Seminar" 
Hang1hou-Manila S<mmar• 

Preoarator~ commiuce for the IJnucd Narion'.\ 
Conference on New and Rcncv.~blc St)urc~ nf 
Encrg) I Panel"" Hydropo10er! 

5-511 

l:p to llMl 

l'.p to llMl 
l'p to llKl 

t:p 1,1 I IMMl 

51-51Ml 

1·p '"I 000 
IOl-1 IMXl 

IOI· I IMXl 
IOl-2 IXMl 

1·p1<16IMMl 
t·pi.1 J!fU) 

5111-5 IXM) 

1·p "' 5 000 

5-5 '""' llXl-1 501' 

I IXll-5 IMMl 
Lp k 20 IXM) 

2 IM)J. JI) IMl!l 

I 001-10 OINl 

TABLE l\.iHG Cl.ASSIHCATION SYSTfM PROPOSED BY 01.ADE FOR THE l.ATI' AMl:RICAN RFCilO!" A'D 
THE CARIBBEAN 

M1ero-hydropower ilat1on" 
Mmi-hydropower •lalion• 
Small hydropower sia11on• 

PoKrr rQff(t' 

lkW1 

tip"' .~o 
5()-500 

500-5 ()()() 

l.e" lhan 15 
Le" lhan 20 
Le-. 1han 25 

lfraJ ,,,,,.,,,.,, 
.\frJ111m 

15-~ 

2:J.. IOO 
25-1 JO 

More lhan 50 
More than 100 
M•>r< than I _,O 

\atrs The lnw, mcdrnm and h1&h head\ corrc\por'ld approumalely 10 1he cmplnymen1 of Anal. hanci' or M1chel'-R.inl11. and PC'llon 1urhint''i. 
rC"\f.«l1Hl't Sm41ll hvdroelcctric power \lal1on\ al\o indudc illl planh '411h ou1puh of It\\ lhan ~.(W)O kW 
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The upper a:tJ lower head and output limits 
adopted for any c:3s~ification arc indicative only 
and should not be rigidly applied. 

For very small octputs. generally less than 
5 kW. and where the .,,-atcr resources and charac
teristics of the country justify it. the use of water
wheels. particularly for direct mcchar:ical power. 
is also possible. 

2. According to intake: 
Run of river (lateral intake from a main 
watercourse): 
With rcscn·oir or dam. 

3. Accordi!lg to its regulation: 
Adjustable flo-... (control of the tlo-... at the 
turbine: intake). v. hich may be either manual 
or automatic: 
Constant load. whether bccausr of the actual 
nature of the load or through dissipation of 
the cxccso; energy. 

4. According to its links to the grid: 

Isolated plants: 
Plants connected to small electrical grids: 

Plants c0rnccted :o ma1or zonal or national 
nctw0rks. 

5. Acc:Jrdmg to technological concept: 
Plants using con\·cntional technology. This 
i1up~ii:~ quality ci~::! e:-:ginccring \\·ork.s for the 
intake. -:anal and forcbays: silt basin at the 
intake. steel piping. cxpcnsi\·c electro
mechanical equipment constructed to strict 
matcnal and mar.Jfacturirg criteria. and fully 
instrumented switchboards: 
Plan.~ using n,)n-convention.al technology. 
T~ey often use inta' . .:s from existing irriga
tio~ cana!s which .re: improved. the forcbay 
installed in line on the canal ano incor
porating the silt basir electro-mechanical 
equipment designo!d and constructed with 
technologies appropria1c to the Incl of indus
trial <lc\clopmcm of the country and the 
availability of local materials. standardized 
~quipmcnt. and modular switchboards '~•1th 
minimun instrumentation. 

Examples of the layout and main components 
of MHG stations arc illustra:ed in figures 1-7. 

B. 1.ow-tw..i MHG 

Fipr~ I. <;dinlallc dial'•• ol .,i•i-llydropowrr ll•li-
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II. Mini-hydropower generation 

A. Adnatages 1ad limit1tiolls 

One of the main aims of a'\y policy for 
developing MHG units as sources of energy is to 
make the most of their specific advantages and to 
011ercomc their !irritations. Some of the important 
points to be borne in mind arc given below. 

Advanragn of .VHG 

Solucion lo problem• or 
growth and difficuhies in 
!he supply of fuel. particu: 
larly in rural and isolaled 
areas; 
Helps 10 promoce socio
economic and cuhural de
velopmenl in 1he rural en
vironment; 
Technologies available 
that only require adapta
tion to specific condirio~. 
in order to reduce cos!s; 
Low operating costs; 
Cheap and simple main
tenance; 
Long service life; 
Linlc or no environmen
tal impact; better conirol 
of 1he hydraulic system; 
Can be compatible wich 
use of the water for oth-:r 
purposes (irription, drink
ing 11. • .icr etc.) thereby 
improving investment. 

Llmirariom of "IHG 

High unit in.-estmen1 cost 
per installed kW; 
High cost of studies in 
rela1ion to overall in•·est
menrs; 
Utilization dependent 
upon the availability or 
hydraulic resources near 
1he points of demand; 
h is necessary to sol\·e 
possible contradictions in 
the priorities of water 
use. particularly for irri· 
gation; 
Power production may be 
affected by meteorologi
cal and seasonal con
ditions; 
Continuity of operation 
depends on the technolo
gical characteristics of lhc 
installations. on an ade
quate economic and pro
ductive basis for the use 
of the power generated, 
and on adequate ins1i1u
tional arrangemcnls for 
adminis1ration, operation 
.. nd main1enanu. 

The specific advantages of MHG open up 
enormous possibilities of application. Their :fis
advantagcs may be grouped under two fundamenral 
problems: rhe invesrmcnt requir:d per insralled 
kW and rhc prospecls for rhe conrinued operation 
of the plants installed. Figure 8 shows in schema
ric form the causes of rhese problems and ourlines 
some of the solutions wh:~h may be considered 
when drawing up c!evelopmenr policies. 

/] 

B. C"mparison .-ith alternati•e system!" 

The aim of rhis chapter is not lo dclcrminc 
the absolute advantages of one or other power 
system. but rather to establish in qua!itative form. 
without proposing methodologies for quanutati\e 
analysis. the main elements and criteria for 
comparing the altcrnati\·cs. 

Often. when making comparative analyses of 
MHG and other alternative systems. certain dis
advantages. real or supposed. of the MHG arc 
assumed a priori and the economic evaluations of 
alternatives arc freqaently distorted by over
conscrvati\·c indices. 

It is not claimed that MHG is the best 
solution. only that there are appropriate solurions 
for each case. which are jetermincd by maki.-1g a 
comparati\·e analysis of the \·arious alternati,·e~. 

F.xrension of an existing grid 

The question of whether to in~•all ar. MHG 
or an extension of an existing grid (EEG) is 
mainly one of economic comparison. particularly 
as regards the investment required. Some of the 
el\.ments which must be taken into consideration 
in such a comparative analysis are presented 
below. 

Civil "·orks 

lnlakc, conduclion sys1em. forebay. pens1ock. power
house. accessories clc. 

Elutro-muhaniral equ1pmnrt 

Turbine, regulator. gencralor. swilchboard etc. 

Tramfurminfl 

To medium 1ension; not always necessary (lrans
formcr). 

Transmiuron and distribution l111e 

From the machine room lo the point of consump
lion; small distance (!cw or medium tension. volt
age reduc1ion for distribution and consumption). 

Civil M·orks 

Substation. swi1ching area. 
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TrOllS[ormi11g 

From high to medium tension (transformers. switch
board etc.). 

Transminio11 a11d tfistrib111io11 li11~ 

Medium tension from the substation to the roint of 
consumption. voltage reduction for distribution and 
consumption. 

The greater or lesser importance or magnitude 
of a given parameter determines the comparative 
advantages c;,1 instal:ing MHG or extending an 
existing network, as reflected in table 3. 

TABLE J. COMPARATIVE ADVANTAGES OF MHG 
AND EEG 

C ompara11\·,. odl:a111at,. 

Grt11t" 1mporta1Kt" 1/1~ 1mptwt1111u 
or"""11mMko( or ""1J'flfllfk of 

Pargm~tn- flOTIJl'IWf~ poram~Ur 

Distance from point of 
consumprian ro 
exls1ing ndwork MHG EEG 

Distance from point of 
consumption 10 site 
of power station EEG MHG 

Power capacity required EEG MHG 
load factor MHG EEG 
Reliability of supply EEG MHG 
Uneven terrain MHG EEG 
Availability of small-

scale c'°onomically 
hamcssable hydro-
power resources MHG EEG 

Availability of energy EEG MHG 
Prospects of.community 

panic1pation MHG EEG 

Combining MHG and EEG 

It is possible to combine MHG and EEG in 
cases such as the following: 

(a) In countries with abundant small-scale 
hydraulic resources, densely populated and highly 
electrified; 

(b) Possibility of using irrigation and water 
control dams for power generation if placed near 
the grid, where demand for electricity is small; 

(c) In countries over-dependent on imported 
fossil fuels for generating electricity and with 
abundant small-scale hydropower resources; 

(d) Progressive development of electrifica
tion in several rural localities, beginning with the 
installation of an MHG unit and later supple
mented by EEG when justified by the growth in 
demand. 

Thermal units 

Diesel enaines or, for smaller needs, gasoline 
engine~ (Otto cycle) arc generally used for gene-

.';,f1n1-irniropow. er uarwn' 

rating electricity. They were traditionally the main 
alternative to MHG and their very widespread use 
was because of the low cost of acquisition and of 
fuel and lubricants. case of installation and 
simplicity of operation. 

With the ending of power systems based on 
the low cost of hydrocarbons. such units in many 
cases cease to be a valid alternative way of 
providing power in rural areas. Small-scale steam
power stations operating >¥ith the Rankine cycle 
can be employed to generate electricity. frequently 
utilizing waste combustible materials or even coal 
when it is easily available and cheap. 

The advantages and disadvantages of thermal 
units as compared with MHG may be thus 
summarized: 

Adva111ag~s 

Smaller investments; 

Ease of installation; 

Simplicity of <';::ration; 

Fewer studies r.eedcd for 
their installation. 

Disadra111ages 

High and increasing cost 
of fuels and lubrica1tts; 

Expensive to maintain and 
repair; 

Need more highly skilled 
maintenance and repair 
staff; 

Require imported and dii
ficult-to-obtain spare parts; 

little prospect of devel
oping local production of 
motors; 

Short service hfe ( 5-8 
years); 

Contribute 10 en•·iron
mental pollution; 

Help to increase demand 
for oil. 

Economic comparisons of the two alterna
tives, 1hermal units or MHG, are frequently 
distorted by the fact that in some countries the 
prices of oil and its derivatives are subsidized. In 
such r.ascs the micro-economic analysis must be 
corrected by macro-economic factors derived from 
the true cost of the fuels. 

At !he present time the main cases in 
which the employment of small thermal units is 
appropriate are the following: as emergency or 
reserve uni1s; and in isolated areas where there 
are no easily harnessable hydraulic resources 
and !he extension of transmission lines is not 
justified. 

Other renewable sources of energy 

The various renewable sources of en:rgy 
offer valid alternative energy supplies for rural 
development. However, in most cases they are not 
substitutes for MHG, either because of the terminal 
form of the energy sup:>lies (direct rnechanical 
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energy or source of heat) or. even if they can 
produce electric power. economic only for very 
small power loads. 

The ad\·antages ofMHG over other renewable 
sources of energy may be summarized as follows: 
easy adapta:ion for producing electric power: 
lower unii costs of investment per unit of useful 
energy; and its mature and prov.::n technology. 

With regard to the specific characteristics of 
the main alternative sources of energy. the follow· 
ing points should be noted. 

Direct solar e11ergy 

The main field of application of direct so.ar 
energy in the countries of the third world is 
heating and drying. Its passive use in environ
mental heating through appropriate architectural 
desigr is aiso particularly important. 

Solar energy can be hunc·~ed for the direct 
production of electricity through the use of 
thermal units operating with the Rankine steam 
cycle, which involve very hig:1 initial investment 
costs and very low efficiency. Photovoltaic cells 
a• : also used for the direct conversion of soiar 
radiation into electrical energy. but in the third 
world their utilization is only justified for the 
production of energy needed in small quantities 
and for highly s;.ecialized applications. because 
they are not yet a cheap source of energy. 

Wi11d po.,•er 

Although wind power is mainly used for 
pumping water from the sub-soi!. it has manv 
other applications as well. and there is eve, ~ 
cormercial production of windmills for the 
ger.eration of electricity. In general they provide 
an alternative to MHG for the power rang~ under 
IOkW. 

Bioe11ergy 

Biogas production has great advantages. not 
only as a source of energy but also because of its 
capacity for the production of fertilizers and its 
positive impact on health and the environment. 
Its main uses as a source of power are in the form 
of heat for lighting, cooking etc. It can also be 
used to fuel prope1'y adapted combustion engines. 
for which it is competitive with MHG in the lower 
power ranges. The process of pyrolysis and the 
use of alcohol can also be interesting sources of 
bioenergy for the operation of small thermal 
units. 

Geother:nal merg}" 

Geothermal energy can also be employed to 
general! electricity. Although it is most frequently 
applied in medium or large power stations. 
geothermal energy ma:' also be used for small 
units. 



ill. Development of MHG 
A. Possibilities of application 

Before undertaking specific projects to pro
mote the development of MHG in a given 
country. it is necessary to determine the nature 
and magnitude of the problems to be solved by 
using MHG. to ascertain the existence of small
scale hydraulic resources. and to carrv out an 
overall. assessment of national capa~lti~s. Com
pliance with these requirement~ will involve an 
analysis of the factors outlined below. 

Prohlem.1 to he .wfred 
hy .\f Ji(j 

To provide energy for 
the rural emironmenl. 
including small industries 
developmenl 

Replacing hydrocarbons 

I~ 

Elemenn ''" analrs1J 

Orders of magmt.ide of the 
problem; 
Alternati•·es; 
For what purpose: 

'.o improve living condi
tions 
To develop farm indus
try 
To develop small indus
ries (fertih7ers. sawmills 
etc.) 
For mining development 
To develop handicrafts 
F1>r irrigation and drain
age by pumping 
Education and culture 
Hea1t:1. 

Use of thermal power sta
tiom and of petroleum 
derivatives for cooking. 
lighting or healing; 
Production and import of 
hydroc? rbons. orders of 
magnitude. prospects and 
limitations in replacing 
them; 
Transponini hydrocarbons 
to rural areas; 
Implications of using 
thermal equipment (cost, 
useful life, supp ying 
fuel, maintenance and 
repairs): 
Erosion of soil·. 
Hydraulic control; 
Deforestation; 
Pollution 

A.1certaming the existenc<' 
of .1mall-scale J:ydropo" er 
po1ent1a/ Elemel'H for analysn 

Availability· of hy1ropower Qualitative assessment of: 
r~ources Precipnations and hy-

Location of hydro
resources in relation to 
deri1and 

Accessibility of 
available resources 

Possibilities of 
multiple use 

Maximum utili:allon of 
na//onal capacities for 
del'eloping MHCi 

Planning 

Overall evaluation of 
resources and demands 

Preparation of pre
irivestment studi,.s 

Financing 

drology (flow); 
Terrain (heads); 
Geological and quali
tative geomorphological 
characteristics of the 
territory; 

Estimate (if pnssible) of 
the order of magnitude of 
the potential; 
Area or regional condi
tiuns. 

It should be borne in mind 
that for isolated MHG 
units or those "hich are a 
part of small grids. use of 
hy dropowe1 should be close 
to the location of c'emand. 
Potential should be esti
mated in areas which are 
close to the demand. except 
for MHG units which are 
interconnected "ith larger 
grids. 

Communication; 
Geographic accidents; 
Climate; 
Pealthiness. 

Irrigations. use of existing 
water courses; 
Use of existing dams: 
Mult1ple projects (irriga
tion and energy). 

E/emenu for analrsi.1 

Or11ani1a11on, experience. 

Institutions, studies "'hich 
have been carried out, 
orgam1ation. 

Institutions. advisers able 
to prepare projects and 
develop engineering experi
ence. 

Availability. financial in
siitutions. external s'lurces. 



I n~~ituti~na: organization 

Construction 

Operation and 
maintenance 

flnman resourc~s 

Technol.,gy 

Supplying equipment 

[lectrical enterprises and 
their acti,·1ties in rural 
areas~ 

'.\1unicipal an<! co-operative 
enterprises: 
Private producers. com
munal participation. 

Experience. small contr:a...-
tors. coniracting firms. 
enterprises. materials. 

Organiza!ion of operation 
and maintenance. 

Availability at all levels 

A\·ailability. capacities for 
development and adapta
tion. informatiJn; 
Experience in acquiring 
technologies. 

Existing or potential pro
duction. impons. informa
tion. 

B. Organization of planning and programming 

Once it has been decided to develop !'v!HG in 
a country. it is necessary to define: 

(a) The rcsponsib!<" government sector 
(ministr1·, government secretariat or institution 
etc.), which will in general be found within the 
scope of the ministry or government secretariat 
responsible for energy affairs; 

(b) The body responsible for planning, 
directing and co-ordinating the development or 
MHG, which may be the -;cntral planning body, 
the planning office of the competent ministry or 
government secretariat, or the planning depart
ment of an enterprise or institute responsible for 
energy development. 

Within the body responsible for planning, a 
unit or section should be established which will be 
specifically in charge of developing MHG separate 
from the unit or section dealing with larger 
hydropowcr sources. The functions of MHG 
sections or units could include the following: 

(a) Proposing development policies and 
strategy; 

(b) Formulating development plans; 

(c) Formulating periodic programmes for 
implementation (studies on civil engineering works 
and finan..:ing); 

(d) Co-ordinatinll and supervising the unils 
responsible for the programmes for evaluating 
resources and demand, carrying out civil construc
tion works, and plant operations; 

fe) Acting as 'ln ad\·isory body for MHG 
development: 

(n Co-ordination with instituuons and 
enterprises responsible for financing. technologi
cal development. pruduction of equipment and 
training: 

([:} Defining tariffs or th(' criteria for estab
lishin~· them. 

Af•er ar.alvsing energy needs. the availability 
of hydropower resources and the national capaci
ties. a policy decision must be taken as to whether 
the implementation of MHG should be encouraged 
or not. in which connection the following should 
be borne in mind: 

(a) The decision should rely on such infor
mation as is available and not wait for the 
preparation of ad hoc studies. It should therefore 
be based on fundamentally qualitative clements 
and Jn very approximate quantitative clements. 
Together with the process of pl'lnning the develop
ment programme and any possible corrections of 
the policy which has been adopted: 

(b) There may be territorial distinctions 
within a country concerning the development of 
MHG. depending on the availability of hydraulic 
resources and the energy needs which have to be 
met: 

{c) The policy decision should be taken 
with due regard for the time and context of 
development priorities in relation to other energy 
sources; 

(dJ A policy for the development of MHG 
is dependent on such factors as the a\:.iilability •Jf 
hydraulic resources and energy needs. National 
capacities are factors which can facilitate or 
impede the development of MHG in a countr~. 
but they arc not absolute factors. since they ran 
be changed; 

(e) The development of MHG calls for 
integrated action on various fronto. as reflected in 
figure 9; 

(f) The policy decision to develop MHG 
should be the basis for the formulation of a 
strategy of development and specific policies, the 
clements of which are analysed in the n'!At part of 
this chapter. 

The compulsory or indic.ative .::haracter of the 
plan will depend on the socio-economic system of 
the country, its poiitical organization and on 
whether there is a greater or lesser participation of 
the public or the private sector in the various 
parts of the implement:.tion of the plan. 

The diagram of relations in figure 10. which 
is dn:wn from the civerall diagram in figure 9, 
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[)<v~lopm~ttl ofMHG 

shows the process of planning the dc\·ctopmcnt of 
MHG. The unit in charge of planning should be 
able to perform the following functions as com
plementary acti,·ities: 

(a) Keeping records of localities without 
electricity and a catalogue: cf suitable hydraulic 
resources. prepared by the body responsible for 
cvah;ating resources and demand; 

(b) Considering requests for financing and 
actions taken by the local population and decid
ing whether they can be incorporated in the 
implementation programmes; 

(c) General negotiations concerning the 
large-scale purchase of equipment; 

(d) Co-ordination with communal institu
tions and organizations which can promote the 
development of MHG in their localities; 

(e) Suggesting needs for technological 
development to the competent institutions and 
evaluating the use of non-conventional technolo
gies; 

(/) Suggesting institutional schemes for the 
construction and opcralion of MHG; 

(g) Co-ordinating international technical 
co-operation. 

In a country where systematic projects to 
develop MHG arc being undertaken. the first 
requirement is to prepare: a short-term plan, for 
carrying out certain concrete projects, and a 
development plan. The latter will require: studies 
on the c:valuatior. of energy needs. the availability 
of resources and the establishment of priorities. 
and should al~" promote: activities in various 
fields connected with technology, the production 
of equipment, training and financing. 

On the basis of the short-term plan. a one:- or 
two-year implementation programme: should be 
drawn up, taking into account the following 
factors: 

(a) Termination of uncompleted works; 

(b) Abandoned works (power stations where 
civil engineering work has begun. where equip
ment has been acquired but not yet instz.lled etc.); 

(c) Relocation of existing equipment in 
abandoned plants; 

(d) Identified needs (new projects or pro
jects under study); 

(e) Existence: of civil engineering works 
which may reduce costs (irrigation canals. dams 
etc.) and shorten times for implementation; 

(f) lntallation of pilot plants to evaluate 
technological alternatives and capacities for 
implc.nc:ntation. 

I~ 

The establishment of a short-term plan and 
i!s related prog~ammcs offers the: following 
advantages: 

(a) It makes it possible to initiate MHG 
de,·elopment projects without im·oi.·ing any delay 
because of the need to prepare a coherent. overall 
plan; on the other hand. it pro,·idcs sufficien: time 
for dra1A.·ing up the development plan; 

(b) It results in the: acquisition of c::-peric:ncc 
which can be used for the dc,·clopmcnt plan; 

fc) It creates conditions for the dc\·clopmcnt 
of mature projects; 

(dJ It hcl!JS to demonstrate: the processes of 
MHG; 

(e) It stimulates the development of com
munal self-help projects. 

Simultaneously with the preparation and 
implementation of the short-term plan and its 
related programmes. the planning uni• should 
begin to prepare: the MHG development plan. 
which requires the following series of preliminary 
studies and evaluations to serve as the objective 
basis of the plan: 

(a) Identification of populated anti isolated 
centres and m1crorc:gions which arc in need of 
energy development. study entrusted to. or 
contracted with. the: unit for the: evaluation of 
resources and demand; 

(b) Evaluation of rc:sourcc:s in hydrographic 
basins and watersheds (first approximation) <1nd 
approximate: c\·aluation of potentially exploitable 
rc:sourcc:s in areas close: to isoiatcd population 
centres and microrcgions (second approxim~tion). 
studies c:ntrustc:d to the unit for the: evaluation of 
resources and demand or to outside: contractors; 

(c) Inventory of existing MHGs. evaluation 
of their condition and operational situation; 

(d) Estimate: of potential financial resources; 

(e) Evaluatior. of a1;ailablc technology and 
prospects for its dc:vc:lopmc:nt. adaptation or 
acquisition; 

(f) Evaluation of potential for supplying 
equipment and materials of either national or 
imported origin. and of potential industrial 
capacities for equipment manufacturing; 

(g) Evaluation of the: avail.iblc: experts for 
studies and engineering; 

(h) Summary of investment and operating 
cost indic.,i;; 

(i) Evaluati<>n of the: institutional situation 
and of the experts available: fur the construction 
and operation of MHG stations; possibilities of 
communal participation. 
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The plan must like\\1se :ake due account of 
'pectfic p<>licte' \\hich can rr•>\ide the framework 
for a de\ elopment strateg\. Various polic ~ 
sugge•ll•>n' and "'me ,,f their possible comi><J
nents. \\hich "ill ha\e to be adapted to the 
conditi•>ns ,,f each countr~. are presented ~lo"·· 
The functi.ming ,,f th:: planning unit has been 
illustrated in figure 10. 

Pt•h..:~ ,1f 
rural ~n('rg_~ 
de\d<>pmcnl 

ln,111u1tonal 
po lie\ 

Con,trucuon 
pol IC\ 

Finan.:mg 
pohC\ 

h1u1pmen1 
poltcy 

·i echnolog•· 
pohq 

ln.:rea'c in added \aluc ,,f pr.>Jucti•>n 
b' m.:an, ,,f c'rablhhmg rural indu•
tnc': 
De' dnpmenr ,,f ~ncrgy-producmg 

a..:r1\1l1c'.\: 

lmpr<1\lns lt\lng cond11i.1n': 
Health. culture. recreation; 
Pumping v.arcr; 
\lulu-purpo•c u>e ,,f dams; 
De' dopmcni of 'mall rural clecrncit\ 
gnd,; 
lnren:.innccuon of !\.fHG "'•th nauonal 
ner,,.ork' or dc,dopmcnt of t•olatcd 
l.i.:aliuc,. 

Po,111,in in the conrc'r of rural 
dc\clopmen1. 
Partic1pali•>n ,,f ckcrnfica•,or. b,>d1es 
or enrcrpri'c' and c11mmunal parric1-
pa1ton. •Hganirauonal and cnrrcprc
ncunal form,; (ml\ed municipal enter
prise,. pri' arc co-opcra1t\·e• I: 
Di,triburi.in of inshturional rc,ponsi
bih11cs among the \arwus acti•it1cs of 
~.fHG dcH!l•>pmcnr. 

Gradual 1'Tlplcmcnrarion aimed ar the 
future lugc-,calc consrrucllon of \fHG 
'talion': 
lnicn'"" u'c <1f local material\ and 
la hour: 
t ·se llf nnn-..:nn\en11onal 4-:onst ructi~'" 
tcchni4ue' and m11erial. 

Ba,1c propomons of resources lo be 
assigned to !\.1HG; 
Financing cntena; non-reco>erable 
investments and operation financed by 
tariffs; 
l'\a)uation of communal conrribuuons 
of labour and materials; 
Way, of obtaining external financing. 

Origin of supplic;; priority for national 
supplies; 
Promoting the development cf do
mc,t ic production; 
1\dapttng project engineering work ro 
nauonal supplics of equipment and 
materials; 
Quality and criteria for acceptance: 
prospects for standarrli1ation; 
Determining equipment componcnrs 
In be obramed frnm domcsric indus
rnal production and to I>.- imporred. 

Prnmoring the developme~I and adap
ta11on of rechnologies relating lo 
e4u1pmen1 and marcrials: 

Tariff policy 

Training pt>liq 

Opcrarion and 
mainrenance 
pohcy 

Dcrcrm•~ .• ng channel, for runsfernr.g 
de• eloped rcchnolofy IO indu•I r~; 
Promoung the de' dopmenr ,,f non
(on•enrional con•trucuon rcchnologics; 
Dcrcrmining channel> for dismbuung 
(onstruction technolog1cs ro proJcct 
unus and C•>mmuniric•: 
£>etermming ,.hat equipment "''II be 
de,cJopcd "'ith local rechnologi"' and 
"'har "'ill require acquisition of forcig.1 
tcch'1ologic.; 
Determining wh;or C•>nd11wn' uc un
;occeprablc for contracts for the 
acqui,irion of rcchnology. 

Making energy a\ailablc lo rhe inhabi
tants ~~f remote area) "ith fc'A ec,•no
mic re-~ources; 
Ensuring the opcrarional c<>nt1nu11\ of 
MHG through funds demed from 
rariffs: 
Basic proportionaluy ,,f national tariff 
S\Stems; subsidies; 
Promoting the national use of electric 
energy; 
Promoring the use of electric energy 
for production purposes. 

Training professwnal and technical 
cadres for research. proJeCI stud1e' and 
cngmccnng. construction and opcrarion 
of MHG s1a11ons. 

Sclccrion of e-iuipment technology musr 
rake inro account its useful lifc. rhc need 
for simplified prc•enri•·e maintenance 
and minimum mainrcnancc re4uire
menrs. case of maintenance and repairs. 
domesric manufacturing of compo
nt nrs. srocks of spare parts; 
Organ11ing regional maintenance 
s4uads; 
Training opcrarors of rural Migm in 
prevcnri•c mainrenance: 
Esrabhshing shop facilities for repairs 
and reconsrruction of equipment: 
Promoring rhe pamciparion of the 
local population in the mainrenancc of 
mfrasrrucrure. 

C. Overall evaluation of resources and demand 

The overall evaluation of resources and 
demand is one of the principal elements to consider 
when promoting the construction of MHG in a 
country, since it is the main frame of reference for 
drawing up development plans and implementa
tion programmes. In this connection. the following 
general considerations should be borne in mind: 

(a) The overall evaluations deal with demand 
and resources for microregions and basins and 
not with specific projects; 

(h) When considering the development of 
MHG in microregions or isolated localities. it 



must nol be forgoncn 1ha1 the o\"crall c\·alua1ion 
of demand and resources for energy arc closel~· 
connected in geographic terms. because of the 
limitations of the distance o\·cr which low- and 
medium-tension current can be lransmincd; 

(c) When allempling lo connect MHG 
stations 10 existing nc1worlcs. a geographical link 
should be establishcJ between lhe area where the 
hydraulic resources arc located and the trans
mission lines to whi~h the stations arc 10 be 
connected. 

It is \·cry important to distinguish between 
the O\"crall c\·aluation of resources and demand 
and evaluations made for specific projects. 

Dist111c1101u bet" e1•11 o.-erall e.-a/ua11011 and 
e.-a/ua1io11s for specific pro1ects 

Overall e.-aluation Specific e.-a/uation 

Needed for the formula- Seeded for studies of in
tion of MHG development di.-idual projects: 
plans and programmes: 
Study of the o.-c:rall energy 
needs of a microregior. or 
population groups in a 
specific area; 

St~dy of exploitable re
sources in a basin or dip. 
with a preliminary list of 
specific projects: 
General. extensi'e and 
multi-disciplinary studies 
to e,·aluate resources. in
cluding: 

Hydrology 
Ecology 
Geol0u· 
Geotechnics 
A \·ailability of aggre
gates; 

Study of the energy needs 
of a locality or popula
tion group '"hich may be 
scn·ed by specific prn
jects: 
Study of the reS<>urccs for 
a specific project: 

Detailed studies of a pro
ject. reduced to an ab
solute minimum in order 
not to increase pre-invest
ment costs: 

Flo,.· measuremenis 
Geotechnics 
Topography; 

Evaluation of the O\erall Evaluation of demand 
dr.mand in an area must must be based on a de
bc statistical in nature. tailed irwestigation of the 

localities connected with 
the project. 

The evaluation needs for specific projects arc 
dealt with in cl>aptcr V. 

Depending on the local conditions in each 
country, the overail evaluation of resources and 
demand should be made by an ad hoc technical 
unit, which should be responsible to the unit in 
charge of MHG planning. Alternatively, 1hose 
functions may be entrusted to an institution which 
specializes in evaluating natural resources in 
hydrology. Consideration could also be given to 

ha\·ing 1hose functwn' earned out b~ a 'pecialired 
unit of a firm engaged :n clcctncal dc\·elopmcnt. 

If !here arc an~ limiiations '"ith respect to 1he 
institulional organization for 1he v\erall e\alua
tion. considcra1ion migh1 be gi\en lO hiring 
specialized ad\isers under 1he supcniswn ,,f the 
planning unit. 

The unit in charge of the o\·erall c'aluauons 
will ha\e the following main func1ions: 

(a) ldenlifying and e\·alualing exisling ~1HG: 

(b) Assigning pnoriiies lO the area' ''' be 
C\·aluatcd in co-ordination with 1he Planning l"nil; 

(c) Carr~·ing out e\·aluation sludies ofba,ins. 
sub-basins and water sheds by direct method, or 
mathematical models: 

(d) faaluating encrg~ de\elnpmenl needs 
and potential in rural areas: 

(e) Identifying specific MHG projects and 
suggesting pri:>ritics for their development. 

A typical flow chart of the prnccss of overall 
naluation is presented in figure 11. 
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The •JUtlincs suggested for evaluating rc
sourcc:s and demand should not be applied 
mechanically in all countries, since there are 
special conditions in each case which call for an 
individual approach based on the characteristics 
and distribution of small-scale hydraulic resources. 
the relative importance of MHG in rural devel
opment, and the existence of institutions. siatis
tics. studies and technical cadres for carrying 
out evaluation activities. 

Some of the characteristics required for 
overall evaluation activities arc described oelow. 



/t11·enrory of nisring .\{HG 

The establishment of an im·entory· requires 
the identification of existing and projected plants. 
It is recommended that special evaluation forms 
should be pn:pared in order to record the follow
ing data: 

Data concerning the location: 

Hydrological data and an appraisal of the 
basin: 

Basic specifications of the power ~tation and 
i:s main equipment (capacities. head. flow. 
type of turbines. penstocks. generators etc.): 

State of preservation (for existing ?lantsl: 

Data concerning senice and the populauon 
supplied. including .;:haracterisucs of demand 
and types of consumpuon. 

The inHntory pro\ides a useful tool for 
organizing plans and programmes when evaluat
ing the state of de\'dopment of ~tHG and when 
determining short-term acti\ities designed to re· 
adapt. relocate and continue projects. It is also 
useful for detecmining the specific reference in

dices of a country. 
The in\'entor~ can be used for stud: ing other 

energy sources. especially with regard to the 
extension of existing elecmcal network~ and 
thermal power stations. 

An namplc of possible e\aluation forms for 
recording data on ~HG plants 1s pre~ented behlli.. 

Data sheet for MHG plants 

Name of the MHG units: 

Location: (1) ( 1) (1) Location 

(1) Define accorc'-:; to the political-administrative division of the country. 

Basin Sub-basin Watershed 

Capacity Area (km 2 I Minimum daily ! Maximum flood Multi·year I i 
flow (m 3/s) flow (m3 /s) average flow (m 3 's) 

I 
I 

I 

Status of the MHG plant (2): Existing 0 Under construction 0 Projected 0 

Condition of the MHG plant (2): Good 0 Bad 0 Inoperative 0 

Status of the networks: Existing 0 Under construction 0 Projected 0 

Condition of the networks: Good 0 Bad 0 inoperative 0 

Power installed or to be installed (kW) (Ji: 

Maximum demand foreseen (kW): 

Mean annual energy (kWh): 

Kind of turbine: 

Design flow (m 3/s): 

Gro5s head (ml (4): 



:_1 

(2) Alterr.ative:y indicating basin or sub-basin data. 

(3) In generator terminals. 
(4) Difference between upper lewl of water in the forebay and the lower level of head 

utilization in the turbinE. 

Population served: 

Number of consumers: 

Relative use of electric energy (%) 

Public Household Commercial Industrial Irrigation Mining Others 
Lighting 

Others (describe): 

Productive activities using electric energy (details: carpentry, bakery, brickrnaking etc.) 

Observations: 

Identifying and c/assifring basil!s and sub-basi.'IS 

This is a preliminary approximation based on 
a study of geographic and topographical maps 
and on existing hydrographic evaluations. It 
includes the approximate determination of the 
hydrographic and physical parameters of the 
basins and sub-basins of the country. either on the 
basis of measurements and studies which have 
been carried out or by inference from mathe
matical models. 

This study may be extended to the systems of 
watersheds belonging to a sub-basin by establish
ing correlauon parameters when determining run
offs. It will entail the preparation of hydrological 
studies for specific basins and sub-basins, where 
the hydrological data call for greater reliabilit}'. 

It is necessary to draw up criteria for 
geographic correlation with respect to the iden
tified microregions and isolated localities. 

Identifying m1croref(ions and isolated localities 

The identification of microregions and iso
lated localities is a preliminary exercise for deter
mining energy needs, based mainly on existing 
statistical data which can be obtained from 
censuses and regional studies. Suitably designed 
files should be prepared in which to record the 
principal data concerning microregions and rural 
localities with respect to their population. pro
ductive activities and production. communication 
routes, availability of supplies. approximate energy 
requirements etc. Data for the preliminary evalu
ation should be restricted to an absolute mini
mum. 

In the process of grouping localities in 
microregions. the following factors should be 
taken into account: physical proximity. communi
cations. political and administrative division of 
the country. location with respect to sub-basins 



and hydrographic water shed. and economic and 
social links. 

Considering tha1 the: available statistical 
information will frequently not be: up to date: and 
will not contain certain elements of information. 
it is necessary to prepare: mathematical models of 
population growth or decline: and correlation 
indices for determining quantitati\·e parameters. 
• .• hich should be checked by field sampling. The: 
files should be: kept permanently up to date:. not 
only with regard to time. but also with regard to 
the: accuracv of the: information. 

PrioruieJ as.rignecl to areaJ or microri•gwm in tht• 
o\·erall t•rnluation 

Thi: information obtained during the three 
previous stages will provide the basic elements for 
ass1gn;ng priorities to the areas where the studies 
for the O\ c:rall evaluation will be carried out. A 
simultaneous evaluation of all parts of a country 
would seem un~easible for the: following reasons: 

the cost and the: limitations of the a\·ailable 
financial resources: the minor significance of 
certain areas for the development of MHG 
because: of their hydrocnc:rgy potential or popula
tion density: the: limitations regarding human 
resources and institutional experts to carry out the 
overall evaluation. 

This work requires the establishm.:nt of 
priorities among areas in order to prepare: a small
scalc: evaluation of the hydraulic resources in the 
sub-basins and hydrographic watershed of the 
areas and an o\·c:rall evaluation of •he nc:c:ds and 
er.c:rgy demand of the localities situated in them. 
In other words. priorities will be assigned in order 
to determine those areas which "ill require more 
detailed eval•1ation studies because of their better 
possibilities for the development of !\1HG. as 
shown b} the preliminary studie•. for identifying 
basins and populations. 

An example of the type of form that may be 
used to collect data on microregions and rural 
localities is gi\ en belo\I.. 

Data form for the identification of isolated centres and microregions 

Name of population centre: 

Location data: 

(1) ill (1) 

( 1) According to the political-administrati .. e division of the country. 

L Population l Population density 
(inhabitants per km1 I 

Number of abandoned potentials 

Domestic Commercial Industrial Others 

• 
Wate1shed to which it bP.longs 

Area (km1 ) Minimum daily Maximum flood Annual or multi-year 
flow (m3/s) flow (m3/s) average flow (m 3/s) 



--------------------·------------------

Specification alternatives 

Alternative Alternative Alternative Alternative 
1 2 3 4 

1-fead utilization for MHG (m) (2) 
i I 

I 

I Flow utilizable for MHG (m 3/s) 

~ I I 
Installable power for MHG units I 

I (kW) I 

(2) Measured from the estimated forebay water level to the mit"imum utilizable level 
in the discharge. 

Status of service 

Available electric service: Yes 0 No 0 

Kind: Hydraulic 0 Thermai 0 Transmission from larger electric service 0 

Quality of service: Good 0 Fair 0 Bad 0 

Year of installation or interconnection: 

Level of subtransmission tension (kW): 

Condition of networks: Good 0 Fair 0 Bad 0 

Hydraulic generation: 

Condition of MHG unit: 

Installed capadty (kW): 

Available head {m): 

Utilizabie flow (m 3/s): 

Existing 0 Under construction 0 Projected 0 

Good 0 Bad 0 Inoperative 0 

Maximum demand (kW): Total annual energy (kWh): 

Distance from small hydropower station to population centre (km): 

Note: In case several units exist, indicate the characteristics of each. 

Thermal generation: Existing 0 Under construction 0 Projected 0 

Condition: Good 0 Bad 0 Inoperative 0 

lnitalled capacity (kW); Maximum demand (kW); Total anual energy (KWh): 

Number of groups: Potential of edch: Type of equipment: 

Fuel used: Efficiency (kWh per unit of fuel): 

I 
I 



Generation frcm other electric service: Existing 0 Und2r construction 0 Projected 0 

Line capacity {kW): Length lkm): 

Powver of largest electric service {kW): Total annual energy {kWh): 

Maximum demand {kW): 

Type: Hydraulic 0 

Thermal 0 Fuel used: 

Mixed 0 

Road system 

Road: Asphalted 0 Paved 0 Unpaved 0 

Passability {months per year): 

Distance from other population centres: centre distance (km) 

Irrigation 

Number: Existing( El: Projected{ P): 

Irrigation Status IE er Pl Irrigated Area (km1 ) 

Economic activities 

Livestock { head) (pigs, sheep, cattle, others) (details): 

Agriculture (area farmed, by types of crop, details): 

Mining (tyre of minerals, reserves, amount exploited): . 

Agro-industry (types and production capacities): _ 

Other industries and handicrafu (details): 

Flow (m 3/s) 

I 



In order 10 de1ermine the priorili~. it is 
necessary 10 establish weighted e\aluatioa cri1eria 
which must be co-ordinated wi1h the planning 
uni!. The following parameters may be con
siderea; however. their weights and values should 
be established in connection with the priorities 
defined by· the national de\elopment plans and 
government policies. 

Parameters for anigning priorities to areas _for the 
o,·eral/ e\·aluation of resources and needs 

The population which can be served; 
The existence of hydrauli: resources; 
The existence of favourable conditi<>ns for 
constructing MHG. insofar as it can be 
determined from the preliminary studies: 
The possibili1ies of the area for economic 
development and for the use of energy for 
producti\e purposes: 
The physical interconnection between locali-
1ies in 1he ;.1ea and with other regions (road 
network): 
Possibilities of interconnection with larger 
systems: 
Other energy al•ernati\·es: 
Possibilities of multiple-purpose development. 

Some of 1he above-mentioned criteria would 
hardly come under consideration in determining 
priorities. because of the limited information 
provided l::y the preliminary identification studies 
and inventories. 

This stage: srill does not pro\ide an adequate 
basis for the development plan and !he MHG 
implemen!ation programmes derived from it. but 
it is certainly useful for formulaung the shorl
term plan, especially in those cases where: possi
bilities for projects with special advantages have: 
been specifically identified. 

Overall ernluation of resourceJ in each area 

The overall evaluation will focus on the 
sub-basins and watersheds which offer the best 
possibilities and are closely connected with the 
localities which are potential users. !t should 
1herefore be carried out together with the evalu~tion 
study of demand and needs referred to ~:ow. 

As previously mentioned. the ov..rall evalua
tion studies of the resources of each area and sub
basin may include studies of hydrology, ecology, 
ge0logy. geomorphology, geotechni :s and the 
availability of aggregates, the possible scope of 
which is described in the following paragraphs. 
H·Jwever, although the evaluations will make it 
possible to identify specific projects, they should 
not be made for every project, in order to avoid 
excessive pre-investment costs. Moreover, the 

dep1h and scope of the e\·alua1ion will depend on 
1he hydrclCnergy po1encial and ;:nergy require
ments of !he project. 

Hydrologr 

l .1e purpose of hydrological studies i~ to 
estimate the flows which can be used for mini
power s1ations by generally de!ermining 1he 
minimum flows for which there is an 85-95 per 
cent probability 1ha1 !hey will be exceeded :>n a 
monthly basis. With regard to the methodological 
aspects. the minimum flow is ~enerally ascer
tained on the basis of flow-dur;uion curves. 
although they are often hard to determine by 
direct methods. since in many ca~es no hydro
metric records are a\·ailable. In such cases. in
direct melhvds invol\ing 1he determination and 
applicatior. of index values mus! be used. 

Criteria of constanl ,imilitude be1ween the 
su!J-basins and !he main basins ma; be estab
lished to help generalize the inf('rmation available 
for the larger basins. especially with regard to the 
precipitation-duration and flow-duration curves. 

The available plu•·iometric information (pre
cipitation measurements) should be supplemented 
by preparing regression equations of existing da1a. 
Moreover. the hydrometnc informa;ion which is 
generally available should be ~sed by applying 
interpolation criteria to supplement the flow 
records. Hydrological models can also be used 
when there are no representatl\e hydrological 
series in the ~ub-basins by simulating run-off 
series for the drainage area in question. One 
interesting model which would require some 
adaptation for practical use 1s !he Sorwegian 
SNFS system in which the transfer 1hrough each 
sub-basin is simulated by a sy~1em of tanks. 

In the final analy~is. the monthly minimum 
flow. or tha1 which is c'tceeded 95 per cent of the 
time. assuming the prcdominam use of run-of
river mini-hydropower sta1ion~. cc.:l be defined as 
a per;entage of the average multi-annual flow. 
Equations may be formulated by which a relation
ship is established between 1he annual average 
flow or the annual average: hydrau;ic capacity 
(m 1s- 1 km- i) (also known as discharge modulus) 
and the corresponding drainage area of the basin. 
which. together with the duration curves. makes 
it possible to define linear erpressions for calculat
ing the minimum mon1hly flows. 

Daily flows may vary considerably, since 
daily minimum values are generally lower than 
monthly values. Howe\er, the fact that !hey 
cannot be very accurately predicted could lead to 
an apparently insoluble problem. since ther( is 
practically no sioragc in the case of run-of-river 
mini-hydrostations. In spite of this difficulty. the 
problem may be irrelevant. since 1he occu;rence 
of daily minimum flows whicli are less than the 

-1 



month!~ <ines W<1uld affect the operation of the 
plants only temporarily. 

ldealiv. it would be desirable to ha\e esti
mates for a minimum period of thn:e years 
concerning the watercourse from "hich \\ater 
would be obtained. although this is :ml~ practical 
for groups of projects in a gi\ en basin ar:d not for 
a specific mini-hydropower station. 

Relevant information supplied by the local 
population. if properly interpreted. may also help 
to evaluate historical tlo"'· specially \\ith regard 
to floods. Ma~imum tlm\' supply a u•;eful reference 
point for planning civil engineering works. 
especially as regards their protection. 

Ecolog_1· 

The ecology -;tudies are de~igned to describe 
the em ironment in which tlo~a and fauna will 
develop in order to determine it~ effect c>n project 
characteristics. building types. materials. equip
ment to be used and prospects for conservation 
and. on the other hand. the effect of establishing 
rnini-hydropower stations on the ecology of the 
basin or sub-basin. From the methodological 
point of \·iew. such a study is suitable for 
e\ aluating basins but not for evaluating specific 
projects. In the latter case. only general comments 
are needed on the ecological . spects. which 
involve the following: climate. biological rnnes. 
soils (f.-·. m the point of view of human use). 
\egetaticn. fauna. bodies of water and aqua1~ 
biology. 

(;eologr 

The purpose of geology studies is to deter
mine the basic characteristics and compositi<>n of 
the soil and subsoil of the basin in order to 
establish general guidelines for construction. 
mainly concerr:ing its structural and seismic 
aspects. With regard to methodology. it is 
advisable to undertake studies which apply to 
basins and rnb-basins rather than to specific 
projects. The mmt relevant aspects of such studies 
are the following: lithology (paralysing geological 
formations by stratigraphical methods). structural 
geology (examining faults and determining direc
tions of volcanic activity). and seismology 
(considering records. the probability of earth
quakes and their magnitude). 

( ;enmnrphnlogy 

In the field of geomorphology. the aim is to 
study the conformation of the surface of the 
terrain and evaluate it with a view to determining. 
in particular. the a-:cumulation and deposit of 
sediment in the watercourses. considc:ring its 
eroding effects on equipment and the consequent 

need for suitable planning for "It basin' and the 
selection ,,f aporopnate materials for the turbines. 
mainly rotors and injection systems. It is abo 
helpful in making a final selection A the site in 
onier to a;,oid possible landslides and erosion. 
The methodological aspects imol\e the identifica
tion of structures on the basis of geomorphologi
cal maps. mainly with respect to scarps. slopes 
and \alley bottoms (river beds). and may be 
applied to the <nerall stud\ of basins and 'ub
basins. 

(;,•otcchnin 

The study of geotechnics \\ill imol\e an 
analysis of soils with r.!spect 1<1 their characteri,tic'. 
mechanical properties. stability and \\ater-table. 
mainly in order to help plan the construction of 
hydraulic "orb. As regards methodology. the 
application of geotechn:cal studies to h'l->ins and 
sub-basins is limited. because of the great di\ersity 
of indi\·idual \ariations. In this ca,e. therefore. it 
will be limikd to descripti\e aspects based nn 
geological studies. 

A geotechnical study is particularly rele\ant 
for the study of soils m possible 'pecific locations 
for civil engineering works. m order to help select 
final locations and to define design re4uiremeni-. 
The extent of its use der-ends on the si;re of the 
indi\idual project. both \\ith rc,pect to study 
costs and the risks inherent in the rnnstruction 
work itself. In the case of mini-hydrop<rner 
stations. geotechnical studies should generally be 
redm:ed '" a minim11m. depending c.n 4ualitative 
judgements. mainly by exca\ations and drillings. 
an estimate of the bearing capacity of the soil. and 
an estimate of safety factors both for designing 
the intake. forebay and supports i"or the piping. 
and for anchoring the main equipment. 

Al·ailahility of uggrt',(!Utn 

The availability of suitable materials for 
aggregates (stone. gravel. sand etc.) is 1m estigated 
becat!se it represents an important factor in 
reducing construction costs. The methodology 
adopted involves a differentiated study of the 
e"istence and characteristics of the principal kinds 
of material needed (granular. rip-rap and 4uarried 
material. sand. gravel etc,). 

01'..rall n·aluatinn o( enagr nt'l'ci.1 and 
demand in each art>a 

This study should be combined with an 
evaluation of the hydropower resource~ of the 
;uea in question in order to determine the 
feasibility, and facilitate the subse4uent formula
tion. of specific MHG projects. 



flnt·iopmt·nt of \lll<i -------------------------------------'V 

Such a.1 approach re4uires a detailed study of 
the data obtained from a ;>reliminary identifica
tion of microregions and is·.llated areas through 
field evaluation suneys describing the characteris
tics of each locali.y. 

It is necessar~ to keep an extensive data file 
for each locality and to prepare card inde11;es for 
microregions or groups of localities which can be 
integrated inw a small grid. 

A socio-economic analysis of each locality 
may cover the points described below. Howe\·er. 
it should be borne in mind that this analvsis could 
be mt;re limited and some elements left for 
consideration in studies of specific projects or 
simply disregarded. 

Scope of the socio-economic analysis qf localities 

Population 

Economic 
activities 

Number. size of families. break
down by activities. income. cul
tural levels etc. Typification ,if 
the possible levels of satisfying 
energy needs. 
Historical information about 
growth (or stagnation): migra
tions. Forecasts (estimates) of 
growth and of the rise in the 
indices of ene;gy needs. 

Description nf existing proJuc
tive and supporting activities: 
economi.: impact. Potential of 
the area. Identifying projects in 
energy-consuming activities 
Requirements for project im
plementation: time limits. 

Transport and Transport systems (personnel 
communications and goods); highways. postal 

system. telecommunications etc. 

Services Drinking water. drainage. 
energy ~upplies; trade. 

Education Schouls and cultural activities: 
educational needs and their 
specific energv requirements. 

Physical 
description of 
the locality 

Geographic location. distance. 
physical rlc:scription {streets, dis
tan1..es, types of cons1ruction 
etc.). 

The socio-economit analysis should provide 
the basic data for each locality, so that the 
requirements and potential for electricity con
sumption and the required installed capacity may 
be determined by using indices. 

In this stage of overall evaluation, only 
approximate requirements of installed capacity 
:nay b' determined on the basis of indices. In 
addition, preliminary evaluations ol energy con
sumption may be carried out for various kinds oi 

consumptio!l. including households. public light
ing. ecor.omically producti\c activi:ies and mis
cellam:ous consumption (health. education. cul
ture: social. political and religious ::ctivities etc.). 

Approximate periods of daily use may also 
be :=stimated for each categor: and its seasonal 
rnriations. The proposed additional analysis pro
vides tht necessary d.:ita to determine required 
installed capacity and demand at the pre-feasi~il
ity level for studies of s;>ecific projects. 

/Jenti(nng spt·dfk prn1ecu 

Because of rite interaction bcl\~een alterna
tive MHG projects which can be defined from the 
o\·erall evaluation of resources. together with the 
evaluation of needs and demand in al! the 
localities of an area. it is possible to determine 
and define in approximate terms those projecis 
which can me.:: the basic energy needs of the 
pnpulaticn at minimum cost. For that pur;>ose. 
the following factors and recommendations must 
be considered: 

(a) To what extent is it econumically 
justifiable to organize groups of localities to form 
small interconnected medium-tension grids. 
depending on their extension and the topognphic 
characteristics of the area" 

(b) Projects of relatively greater capacity. 
which can economically replace scv.:ral smaller 
ones. should be selected; 

(c) The topography and charactc:~istics of 
rhe site determine the hc:ad type of the power 
station. High heads are more convenient. since 
they involve smaller investments and ensure greater 
economy of water. although they are subject to 
more "car and tear and the greater water-level 
los~es decrease the availability of water for 01her 
purposes at higher levels; 

(d) Account should be taken of increased 
requirements of installed capacity, either by over
designing the insta1!ations or allowing for future 
enlargement; 

(e) Construction i:roblems should be anti
cipated when defining projects: 

(j) Alt~rnative solutions and projects should 
lY- assessed; 

(f() The above: guidelines should he ~upported 
by field evaluation. 

It should be pointed out that the objective at 
this stage is to rry to define projects which could 
meet the: basic energy needs of the area in 
question by trying to optimize combinations. but 
not to establish priorities for impleni,.'1ta!ion. 
which is a part of the next stage:. 
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t (Al From/to the planning unit 

Inventories of 
existing MHG 

Inventory of requirements for 
the construction of MHG stations 

Determining studies required for 
evaluating resources and demand 

Is there 
personnel 
capable of 

carrying out studies 
for the evaluation 

of resources 
and demand? 

No 

Yes 

Preliminary identification of 
microregions and isolated localities 

r-p;; iminary assignment of priorities I based on criteria concerning resources 
and demand in each area 

Checking preliminary priorities in the field 

Identifying specific projf:cts 

Carrying out the 
necessary studies 

(0) From the training unit 

(0) To the training unit 

Fiiurt 12. l'nil for 1he t•alualion or re.ourcn and dtmand 

From the 
studies and work 
implementation 
unit 
(GI 

~eadjusting priorities using 
criteria based on estimates 
b other units 

(Al 
To the 
periodic MHG 
implementation 
programme 

A.uigning preliminary priori tin to pro/cC/1 Facton for euahlilhing priorttin tiir the imple
mentation of pro1ect1 

The assignment of preliminary p~iorities to 
projects forms the basis for defining the develop
ment plan and its implementation programmes. 
which is the responsibility of the Planning Unit. 
Weighted evaluation criteria mt.1st be established 
in order to determine the priorities. while taking 
due account of economic, technical and social 
factors. The following general factors should be 
considered. 

Size and cost. including cost of 1nnsmiss1on 
lines; 

P1lpulation t.1 be sen·iced. load factors; 

Energy used in productive acti\ities. including 
industrial production in relation to energy pro
duced; 

Availability and permanence of the hydraulic 
resource; 



Possibilities of mutually complementary use 
in the case of multiple projects or possibilities of 
interference with tne use of water for other 
purposes; 

Possibilities of using local labour and materials 
for construction; 

Possibilities of organized participation on the 
part of the community by contributing labour and 
materials; 

A\'ailability of access roads and rood 
connections; 

Possibilities of creating local employment; 
Possibilities of continuity of service. self

financing of operation and community support; 
Possibilities of supplying equipment. pref

erably of national origin; 
Engineering requirements and problems in

vol\'cd in the project; 

Various producti\·e activities which may be 
developed in isolated localities and the approx
ima:e requirements of installed capacities are 
shown in table 4. 

TABLE 4. ISSTALLF.D CAPACITY REQUIRED FOR 
PRODlTTIVE ACTIVITIES l]I; ISOLATED AREAS 

. .flfl\111 

Carpcntr'.\o "hop" 
Baken•• 
Hand1cn.ft act1"·111cs 

Small sa"' mill• 
Small sugar-cane mill• 
Grain mill 
Wea,mg 
C off cc bencfic1arie" 
Quarric" 
Ice-making 
lrrigatmn pump 
Brick-making 
lodgmg ( 20 guc•t•) 
Rc"itaurant 
Vegetable canning 
Dair~ product• (buner. chee••I 
Milk·proce""" (cooling and 

pre-c\.·aporatu1n) 

Silo' 
Electrical and mc,hanical \\Ork~hop" 

(repair>J 
Petrol pump' 

lnt1111l1·dn1ruo11 
'1•qurrc"J 

14 U I 

5-15 
2-5 
1-2 

15-30 
I0-20 
.1-20 
0.5-t> 
5-30 
l>-30 
l>-Nl 
2-1!~) 

1-5 
2-5 
1-2 

5-20 
2· 10 

5-20 
.1-5 

5-15 
0.5-5 

By applying the above guidelines it will be 
possible to prepare lists of projects in order of 
priority for use in planning and programming 
activities. although this will not automatically 
ensure the inclusion of those projects in the 
programmes, since the planning unit will have to 
establish other priorities with respect to questions 
of regional development, rural industrial develop
ment and &cctoral policies. 

Th~ functioning of the unit for rhc evaluation 
of res .cccs and demand is reflected in figure 12. 

.•! 

D. Pre-inu~stment studie-i. 

This secti<'n is .:oncerned maml~ \\llh pre
in\·estment studie' for spe..:ific projects. studies 
relating to the O\'erall analysis of resources and 
demand having been deah with in the preceding 
section. The dividing line between the t\\o types 
of study is not always easy to draw. since studies 
for specific projects may be related to the proce's 
of identifying projects and establishing priorities. 

Specific project studies serve two basic pur
poses: technical and economic justification. and 
the provision of guidelines for project e'\ecution. 

Pre-investment studies represent one of the 
basic differences bet\\een MHG and larger-si1e 
plants. The preparation of studies therefore often 
poses th.: following problerns: 

fa) High study cosh. often amounting to 
between 30 and 50 per cent of total imestments: 

(b1 Formal terms of reference not always 
adequate w the needs of the project; 

(c) Over-abundant information. processing 
of data of linle significance. lack of relevant fac!; 
ar.d failure to establish a correlation bet·.,,een the 
study and the realities of the r,roJect; 

(d) Limited practical \ali.:e fo~ determining 
inve~tments required N for guiding plant con
struction. 

The above-mentioned dra" backs may be 
attributed to the following causes: 

(a) Uncritical transfer of terms nf reference 
commonly u>ed for large hydroelectric projech; 

(b) Routing division of studies into successive 
phases (pre-feasibility. feasibility and detailed 
engineering) without taking m10 account the aim 
of the particular study: 

(c) Formalistic demands and ex,~ssi\e data 
requirements made by financing instituti,rns: 

(d) Lack of definition of targeh enabling 
proportions to be established between study costs 
and total project im·estment; 

(e) Lack of 'comprehensi\e 'tudies on 
resources and demand by basin' and microregions 
respectively; 

(/) Limited amount of direct informaiion 
and excessive processing of inferred or esiimated 
data; 

(f?) Lack of technical and economic manuals 
on project dcvr.lopment; 

(h) Limitations in consultancy systems and 
in the capacity of public institutions 10 carry out 
studies; 

(i) Lillie consideration of technical alter
natives: 



,. 

I 11 Little cnnsid~rauon gi\en to the prnspcct' 
for participation b\ the local populawin in the 
pn•Ject. 

It is important that targets be set at the 
Planning Unit stage re!'arding the ma-..imum cost 
of studies as a percentage of the total im estmcnt 
and according to the si1e of the po"er s1a1i110. 
Targets should ob\'iousl~ be set fur each country 
as pan of an appnnimate calculatinn nf the cost 
of the components of the studies and the establish
ment nf their scoi;e. It should not be forgouen !11at 
the studies are a rougl:. guide for future operation" 
and a means of protecting the total project 
investment. They "hould 1heref1He be kept \\ithin 
reasonable limits to prevent their becoming a 
high-risk imestment themsehe,._ which could lead 
to a si!(nificant increase in total in\'estment or 
even to the absurd situation where their cost 
could seriously affect the feasibility of the project. 

Defir.;1c targets must be set by each country 
for the maximum cost of pre-in\'cstment studies 
with respect lo total im·estment in an MHG 
project. which will in tum define !he scope of the 
studies. Chapter V. section F. dea!s with costs and 
includes a reference cur\'e based on the data in 
table 5. which show that the percentage cost of 
studies for smaller power \'alues ought to increase 
"ithin reasonable limits. 
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The scope of the studies is closely related to 
the propNtion d~sired between their co~h and 
total in\'estmenl and to where the project stands 
in MHG de1;elopment planning: in other words. 
"hcther or not comprehensive information on 
basins and areas for groups of projects is available. 
which depends on the thoroughness of the project 
studies carried out as pan of the overall evaluations 
referred to in chapter Ill of this Manual. 

In the light of the above-mentioned con
siderations. some general guidelines are presented 
below for preparing pre-investment studies for 
the three conventional phases of pre-feasibility. 
feasibility and detailed engineering. 

Pre·fea.1ihilitr or rt'ConnaiuanCI' ~tuclr 

In the case of MHG. it is desirable to establish 
minimum requirements at the level of the pre
feasibility study. which could be replaced by the 

\f1m-hldr11r1111,·r 11..ztr""' 
------

concept of a reClllJnaissance study. imply 1ng 
something of more restricted scope. On the other 
hand. it is useful in this phase h• ensure that the 
data needed to senle the in'e'tment 4uestion are 
a' ailable so that. if possible. the preparatinn nf a 
feasibility study "ill n<•t be essential. 

The degree of appro\imation i.1 a pre
fea,ibilit~ ~!ud~ "ill differ. depending on "hether 
or not the pwject in question is beyond the scope 
,,f the planning and merall e'aluation proce"'. as 
sho" n belo". 

( 'hdrtRICfl\/l(.\ ,,, ,.,,,._ft'iJ\lh1'111 \(UdlC\ w ( ordtnt: to 

their rclcJIWn\htr to plannmJ! '1nJ 11\r:rtJ// t'\·'1fut1tton 

Prntt'CI• "·h1ch form p11rr 
o( tht' p/11rr 11rrd m·,·ral/ 
ernluauorr o( rernurce• arrd 
JemanJ 

The dc=-ch111n to cur~ nut 
'tudic' '' 1akcn at the 
planning sta~e on the ba''' 
of the merall c\alua11<10' 
made. II rl"mam' fur lhc 
pre-fca\lb11il\ '1ud~ 10 
anal"" ahernall\es. define 
plan< specifica1wns. de1er
mmc the ,c,1pc of pr1>Jec1 
cn~1nccnng and a''.llC''' tt' 
fc:a,1bil:I\ pn1'pech 

The 1l\erall naluauon ma' 
contain ade4uate da1a on 
h~drnh1g\. 1he a'·'e"m<nl 
nf re,ourcc:'.\. cncrg~ de
mand and in,talkd capa
.:11~ re4u1remen1'. "' tha1 
It onl~ remain~ lo a"'e"' 
the data m a field stud'. 
to make fl,,,. measure
ment' ;ind to prm1de 
additional detaih. 

/rrdeperrJerrt pmt•'d\ our
udc.• tht• 1.:ontt \I of on•rall 
, .. ·a/uatwrr• arrd plarr• 

If th.: pru1c.:1 f,,.,i., pr11-
mhmg 111 a prd1mmar' 
'unc~. lhc prc-fca,1b1li1' 
,1ud~ ..:an ha\c the: 'CtlJK 
nf 1hc planned prn1cc1,. If 
n<•L 11 ,h,1uld prn\ldc 
allernall\c' and appn>\1-
"Tiatlon' d' lo th('tf ,pc::.;1-
fi..:auon' and ln\C:,tmcr t 

rc4u1remenb. and a''c:"·· 
1hc dc,irabiht' of g1>1ng 
nn "'ith the '1ud1c,. 

l·\aluat1or. nf rc,ourcc' 
and anal"'' of demand 
fail "11hm the ,cope of 
lhe 'tUd\ 

Also of importance will be the si1e of the 
project. which will determine the scope :1f the pre
feasibility study in proportion to the estimdted 
requirements. and other factors relating to the si1e 
of the project. as outlined below for power 
stations tentatively separated into two power 
ranges. 

< haracte.1111<1 nf pre-1i'a11h1ltt1 uudt<" 
acrnrdm.I( tn u:c ol .'.flf<i p/arrr 

I.on er pm• er value.t 
(/eu tharr /()II kW) 

Checking waler flows 
usmg indirect methods 
during short periods and 
generah1ing by mean.• of 
4uahta1ive assessments. 

ll1gh1•r !'"" ,·r ralue1 
(ar /eau /!Ill k U'J 

Checking flo"' through 
mc.isurcmcnts taken "'er 
long periods or the use nf 
"milaril~ modeh. 



\'er~ Iim11ed !opographi
cal 'une~s. or !heir elim1-
na1ion: !he u'e of arii,an 
me!h<>ds for k' elling falls. 

Visual a>Se,smenr of 1he 
s1ruc1ure of 1he terrain for 
cnn~tructton purpose~ 

<herdimen>1oning and lar
ger safe!\ m.ugin' taking 
mr·· account greater un
ccnaint~ factors. 

\lore considerali<>n of !he 
use of non-comemional 
!echnologies !ending 10 
reduce cos!s. even if gi,en 
margins of reliabilit~ and 
sen ice life mus: be sacri
ficed. 

Detailed 1op•>f_raph1<:al 'ur
,e~s ,,f !he rtost reJe,anl 
area' (in1a'ce. channel. 
foreba'. fall. P<'"erhou,e. 
tail race l: careful determin
ing of the read and la~out 
of a penstuck. 

Appl~ing 1.eotechnical me
!h<>ds I<> c 1eck the charac-
1eris1ics .- f the :~rrain in 
area' ,. here 1he main con
>lruction ,.ork i' h> lake 
place. 

Le~' ovcrd1rne-nsionin~ and 
reduceci safe!~ mJrgin' in 
\·ie\Ai of more con•r-ktc 
studies and !he greaier m
\eslmen! imol\ed. 

Less .:ensideraiion of non
.:on\en!ional 1echnolog1es 
e'en !hough in many cases 
!he~ will be relnanl in 1his 
power range. 

The foregoing should be regarded as guide
lines. for the scope of each individual project must 
be decided in the light of the objective characteris
tics of the project. The items covered by MHG 
pre-feasibility studies arc included in the following 
check-list. 

Checkli.Hfor MH<i pre-feasibility Jtudie.r 

1. S!1mmary review of all the essential findings. 

2. Project background and history: 
(a) Project sponsor(s): 
(b) Project history: 
(c) Cost of studies and investigations already 

performed. 

3. Market and plant caj)acity: 
(a) Load demand and mar:.ct 

Its past growth. estimated future 
growth. and connection with the grid: 

(h) Sales forecast and marketing 
Competition with other energy sources 
Estimated annual sales rever1ues from 
power supply: 

(c) Power estimates 
Hydrologic study 
Firm power 
Secondary power 
Waste water: 

(d) Determination of installed capacity. 

4. Location and site (including, if appropriate, 
the gcologi.:al study and estimates of the 
cost of land and of storage reimbursement). 

.I.I 

5. Project engineering: 
(a) Preliminary determination of scope 01 

MHG project: 
(b} Technology and equipment 

Rough estimate of costs of local and 
foreign technology 
Rough la~·out of proposed equipment 
and ps.>wcrhousc 
Turbine. generator. gate and valve. 
auxilia'.!· equipment etc. 
Rough estimate of in,cstmcnt m 
equipment: 

le) Ci\il engineering works 
Rough layout of intake. cr.mc~ancc 
structure and powerhouse 
Rough estimate of im·cstmcnt cost of 
civil engineering work' (!peal and 
forc:gn). 

6. Plant organization and o\'erhead cost. 

7. Manpower: 
/a) Estimated manpower requirement broken 

down into major skill categories: 
(b) Estimated manpower costs. 

8. Implementation scheduling: 
(a) Main construction method and imple

mentation time schedule; 
(b) Estimate of implcmcntatmn cost~. 

9. Financial and economic evaluation: 
fa) Total investment costs: 
(b) Project financing 

Proposed capital structure and pro
'."Osed financing (local and foreign) 
Interest: 

(c) Production cost: 
(d) financial cvaluaiion based on above 

estimates 
Pay-off period 
Simple rate of return 
Break-even point 
Internal rate of return 
Comparative cost of alternative sources 
of energy; 

(e) National economic evaluation 
Preliminary tests 
Approximate cost-benefit analysis. 
using estimated weights and shadow 
pr:cc (foreign exchange, labour. capi
tal) 
Economic and industrial diversification 
Estimate of employment-creation effect 
Estimate of foreign exchange savings. 

Feaiiin!itr 

The pre-feasibility or reconnaissance studies 
for MHG shnuld cover the clements needed to 

f 
I 



take a decision on im·estm~nts. with a ,-icw to 
cutting out feasibility studies and pr01:eeding 
direct!~- to project engineering studies. However. 
feasibilit~ st~dies are desirable for projects which 
raise problems on technical and economic grounds. 
or when altern3tives must be compared. prO\·ided 
such studies are justified by the scale of the 
project. 

Detail engineering 

Detail engineering studies should include the 
following: 

Supplementary topographic details: 
Supplementary geotechnical study (wh~n 
justified by the scale of the project): 
Final specifications for the project: 
Detailed design of each civil engineering item 
and specifications of materials; 
Final specifications of electromechanical and 
auxiliary equipment: quotations. evaluation 
of :!lternatives and proposed purchases: 
Electncal design of transmission lines and 
installations: 
Recommendations for construction, installa
tion and start-up: 
Implementation schedules and work pro
gramme: 

In the absence of feasibility studies. the 
engineering study should indade a supplementary 
financial and economic analysis dealing with the 
following points: 

Investment and financing: 

Schedule of payments: 
Personnel requirements: 
Operating and amortization costs: 
Consideration of tariff schemes: 
Analysis of sensitivity of investments; 
Organizational aspects of construction and 
operation; 

The scope and depth of the engineering 
studies will also depend on the scale of the 
proposed investments. The main features may be 
classified as follows: 

Charactrrt.11in of n11?tnernng 11udin accordin.re 
10 t1:e nf MHG plant 

/.011·rr pmrrr ran!?"-' 
(/eu than /00 kW) 

Less siudy of detail in 
design. details to be sup
plemented as work pro
ceeds. 

111.reher pmrer rani?e< 
(grea1er than /00 k WJ 

More study of detail in 
design. 

Larger -.afet' factor' for 
de,ir.n. 

Proplutil1natel~ greater :i~e 
of local materials. 

Dra" ing~ Cllmmen~uratc 

"ith capabilitie' nf a 
Ct'n~truct1on ft1r~man. 

Con~1derat1on~ 

and 'implicit~ 

of price 
"ill be 

ma1or Item' in the final 
'election of e4u1pment. 

More C\tended u-c of 
Olln~on"entional technll
log1n. 

More u'e \1f 'em1-,tandard 
de,ign,_ 

____ lf_111_r.JnJr,1ront·r \ll.lfioff, 

Smaller ,afct, fact<>r' f,,, 
dn1gn. 

Prnp,lrth.lnafd~ Je,,cr u'c 
of local materiab. 

Dra"'"I!!' commenw•ate 
"i!h capabihtie' of a Cl\ ii 
engineer. 

C'1.1ns1d~rat1nn' ,lf rd1ab1-

lit' and 'en ice life "ill be 
ma1or Item' in the final 
'election ,,f e4u1pment. 

!\.fore e\tended u..e nf 
c,1n'\cnti1.1nal technol,,g1es. 

!\.lore u'e of '"tathir-made·· 
d<"'ign' 

Standard equipment. including turbines. 
should be 'pecified and selected for all MHG 
stations. 

Pre-1mcstment prn1ect s1uriies may be en
trusted to '"arious budies or indi\"iduals. such a, 
the projects and engineering s.:ction of an electri
city boa~d or under•aking responsible for 
implementir.g MHG. a specialized hydroproject 
institi:tion or agc"r ~-- . .:..;= independent consultants 
and experts. The choice will depend on the 
policie~. social and economic system. and techni
cal capabilities of the country. 

It is useful if the electricity board or er.ter
prise acting as c:..ecutive agent for the MHG 
programme has a projects and e:igineering sectinn 
capable of making the necessary prc-in\estment 
studies and of subcontracting and overseeing 
studies when its own project de\elopment capa
bilities arc O\crloaded. 

Contracting gnod consultants is often diffi
cult. and the supervising agency needs a high le\cl 
of technical capability in order to be ab!e to 
define the scope of the studies clearly, cvalua!e 
cos:s and check on the quality of tnc studies. The 
common mistake of carrying out studies which 
cm1tain little substance and a mass of irrele\ant 
information should be arnided. Another matter 
for concern is the tcndcncv of financial institu
tions to establish such requirements regarding the 
qualifications of consultants and the scope of 
studies that pre-investment costs tend to be \Cr\ 

high and the studies contain formal element~ 
which for the most part arc useless for project 
evaluation and implementation. 

Guidelines on the functioning of the unit for 
the implementation of works and studies are 
presented in figure 13. 
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Fi&UU 13. Lnil for tiw implrnwntatioa or stlldirs •1111 •orb 

E. Financing 

The financing section will deal with the 
general problems of financing investments for 
MHG. with the emphasis on aspects likely to 
reduce investment or its financial and foreign 
currency requirements. Common problems in 
MttG financing are the following: 

Heavy investment per installed kW: 
Substantial foreign currency requirements: 
High study costs and irrelevancy of studies to 
project operation and implementation: 
Individual projects are on too small a scale to 
be financially intereqing and are expensive to 
administer and to evaluate: 
Liule experience of systems for financing 
groups of projects; 
Difficulties of including national engineerir.g 
in pre-investment studies: 
Unsatisfactory schemes for financing national 
supplies: 
Underestimating potential community con
tributions of manpower and material.;; 
Lack of MHG financing policies; 

Inadequate economii; capability of communi
ties: 
Misconceptions of rural electrification based 
on spontaneous development of prcductive 
activities requiring ~nergy. 

To deal with the above-mentioned problems. 
the recommendations given below should be 
borne in mind when drawing up financing schemes. 
Many of the rccorumendations arc given detailed 
considerauon later in this section. 

Cieneral guideline.{ for imprm·ingfinancing prmpecr.1 
ofMHG 

I. Reduce investment and foreign currency 
requirements by means of non-conventional 
technologies. standardization. national production 
of equipment and local materials. and community 
participation in construction wor~s. 

2. Increase the relevance and reduce the cost of 
pre-investment studies by overall assessments of 
resources and demand by zones and basins. 
preparation of guidelines for project formulation 
and design handbooks etc. 
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-~- Finar.ce gn•up" of related pruJeCl,_ 

4. lncrea~ community panicipauon in the 
building and operauon of planh_ 

5_ lncrea'e the 'hare of national engineering in 
projech by strengthening the engineering capab11i-
11e' uf the in,tituti<>ns re,ponsible for i1apkment:ng 
'.\tHG project' and g1,ing preference h• 'uitabk 
dome,tic con,ultant' o\er foreign C<>nsultants_ 

ft_ De\el,1p 'Y'tem' for financing national 
,upplie,_ 

7_ Stirnula1e community participation in pn>Jecr 
impkment;itinn by emphasi1ing such panicipa
tinn in the 'tudy ,,f priori1ie" and de\eloping 
;ippropria1e 'ys1ems for the financial e\aluation of 
community contributions and technical a,,j,1ance 
re4uirements_ 

lL De1erminc a national ~.tH<; financing policy. 

9. Promote the: parallel de,dopment of energy
intc:nsi\e producti\ e acll\itie,. 

10. De\dop guidelines on the rational u'e of 
enc:rgy _ 

Special auc:ntion ,hould be paid Ill reducing 
1mc:,1ment needs. including pre-in\estment studies. 
and foreign currency re4uirements. 

<iencru/ gu1ddmt'I fiJr rt•di.cing 1m·n1m.·n1 OH/\ 

und fi1rcign currt•nn· rcqwremt•n11 

I. O\erall C\aluation of demand and re,ource' 
should be broken down b\ tones and ba,ins. thus 
reducing the costs of indi1 idual studies and 
achie\ing economies of 'cale in the multi
di,ciplinary 'tudy of areas P<hsibly in\ol\ing a 
number of projects_ 

National credit lines 

Where\ er P'"'1bk. proceed d1rectl' fr,1m pre
fe;NbilHy ,:udio lt> deal "'•th engineering ,tud10_ 

l Simplify term' ••f reference ,,f 'tud10 and 
prepare gu1dehno for their daborati<>n_ 

4. Prepare doign manuab and handb,14.1k,_ 

5. c.1n,1der u,ing n.in-comc:n11on.il 1echnologio 
and the inten'i'e use ,,f local matenab from the 
pre-imotment study pha'e'-

ft_ l ·,e d<>me,tically produced e4u1pn.ent and 
materials and. if po,s1ble. nati<inally de\l:l••ped or 
adai>ted techn.1logie-. not subject 1<1 rtl\alty pay
ment' or large numbers of imported parh. 

: l "se 'tandard item' ,,f e4uipment and C•>n
,ider cheaper and ,h,1rter-hfe alternat1\e' for(,, ... _ 
P''"'er in,1alla11ons. 

II. A 'emi-,1andardi1atr.in of Cl\ ii engineering 
\loorb \lo•.>uld be 1.1sefuL 

9. The use of national engineerir.g in prnJecb 
help' to 'a'e foreign currenC\. reduce relall\e 
co'!' and impr<l\e adaptation!<> actual condillon' 
in the country. 

to. Community pamcipa11on help' It> reduce 
apparent in,es:ment and therefore re4uire, le" 
dome,tic financing_ 

To promote th.o dC\eh1pment of '.'.1HG pro
Je.:h. appropriate policie' mu'! be defined. 'uch 
a' seuing up an '.\1HG de\el,1pment fund \\h1ch 
can be administered by a go1ernment-fin3nced 
agency or by the electricity board or in'rnuuon 
concerned. Possible ,ources of financing :nad,. 
a1ailable through the fund are illustrated in 
figure 14. 

Variou' method, of MHG financing are 
described belo"'. 

International credit lines 

MHG development fund 

Contributions from 
national budget Of 

electricity development 
undertakings 

Projects 

figuro 14. Project lina11eia11krou1k an ~lie; !k .. lcpinn1 flllld 

Community contributions 
(materi1ls. services, 
m1npower I 



lntc"rniJlwnal .-reda /111,·.1 

:\ dear distincti<m is nccc:>sary bc:t11.c:cn 
untied credit lines. such a> some 1r.tc:rnational 
linancc: agencies can pw\ idc:. and tied credit lino. 
fr,•m financial instituti:.ms in C<>Un!ries 11. ishing 1,> 
promote: their equipment and c:nginc:c:rmg sale» 
thrnugh financial promotion_ 

Tied credits arc: satisfactory pnl\ 1dc:d tha: the: 
elements c,mcc:rnc:d arc: not pwducc:d domc:s
tical! y. and after analysis of their technical charac
teristics. pricing and financial conditions has 
sho11.n them h> be: the: best option_ The tc:mpta
ti<ms of soft financing often lead h> the: purchase 
of c:Qutpmcn: 11. hich is too c:\pc:nsi\C: or inadc:-
4uatc:_ 

Specific credit lines defining \ari<>U> finan
cing conditions sh,mld be: arranged in <>rdc:r that 
the: financing of groups of pr<>JC:Ch ma~ be 
subsc4uc:ntl~ nc:goiatcd. The criteria and terms of 
rc:fc:rc:ncc: for studies should be realistic. ana 
preferably made: kno11.n b~ the: publicati,m ,,f 
guidelines for project preparation and assessment. 

Satwnal cr.-dit lrne1 

'.'atwna' "edit lines sh,>uld be: used maml~ 
ll> finance: d<>mc:sticaH~ produced supplies of 
c:4uipmcnt and materials. They can tic arranged 
11.ith agencies cor:cc:rnc:d with financing the: pro
motion of industr~ _ Credit lines for site dc:\elop
mc:nt and worb can be arranged ...-ith agencies 
C<>ncc:rnc:d 11.ith financing land dcH:lopmc:nt. 

( "onrrihuT1on1 from natwnal hudgeH or dntTIC/il 
dn-elopmt•nt undataking1 

In the: light of the rlevc:lopmc:nt plans and 
their annual MHG implementation programme::,, 
resources could be allocated in proportion to the: 
credits obtainable. Some of the: m\c:stmc:nt finance 
could take: the: form of a grant or be: established as 
a percentage: of the: profits of the: power companies_ 

ConrnhutionJ from the communu1 

Community contributions should be: deter
mined during the: studies phase:_ They should be 
regarded as part of the: total in\cstmc:nt and 
therefore: need to be: properly assessed. Communi:y 
wntribuuons usually consist of unskilled building 
labour. materials (mainly aggrc:g.atc:s for the: ~ivil 
c:nginc:c:ring works) anrl sen-ices (local ar:d carl.'ig 
and transport. storage:. security etc.)_ 

Where: invc:Mmc:nts arc: financed on a basis of 
partial repayments. financing would take: place 
through a rc:volving fund. However. irrc:spccti\-c: 

,,f the: scheme: ,,f imc:stmc:nt repayment and C:\C:n 
m the: case: of outright gr;rnts. projects must earn 
at lc:ast enough to C0\ c:r opc:ratior. and main
tenance: cosb. othc:r11.isc: the: plant ma\ be brought 
to a standstill by the: first operational problem 10 
aris;: or ih installations ma~ be thrc:atc:nc:d b~ 
nc:ntual damage:_ Morc:o\c:r. it 11.ould be difficult 
10 dnisc: a scheme: in 11. hich pc:rmanc:r.tl~ non
rc:c<" c:rab!c: .:<>ntrib~1tions 11.c:rc: closely a'sociatc:d 
11.ith sustamc:d gro11.1h of ~1HG. 

The: proportion,. of financing to come: fn m 
crc:dii-. budget contributions and commuraity 
contributions should be: defined in general tc:rr.'s_ 
Some countries ha\c: adopted a method b' 11.hich 
the: imc:stment is di,idc:d into three: rnughl~ c:4ual 
pari-. the: first ll> be financed b~ crc:dii-. the: 
second by budget contributions and the: third b\ 
community contributi<m'-

ln\C:stmc:nt rc:cnHry criteria must abo be: 
considered in iinan::c: policy m the: light of tariff 
p<>ssibilitic:s and the: aims of rural c:lc:cmcity 
dc:\c:lopmc:nt. Three: typical cases 11. ill no11. be: 
gi\c:n. but intermediate: s<>lutions arc po"ib!c:_ 

Outn~ht grant1 

With outnght grant» there is n.- 4uc,.tion of 
reco\cring in\c:stmc:ni-_ Budget contribuuons and 
financing arc: a matter for go,crnmc:nt or the 
c:lc:ctricity dnelopmc:nt board. and the tariff 
,ystc:m· merely cmc:r operation and maintenance: 
costs_ 

The: sy,tc:m can be: used to dc:,clop ~1HG in 
arc:zs 11.hcrc: incomes arc: \cry 1011.. but because of 
its limited financial capabilities. onl~ rc:lati' c:ly 
fc:11. ~1HG plants could be: built_ 

Partial -~ranH 

!n the: case: of partial grants. the: budget and 
community contributions arc: often regarded as 
part of the grant. and the loans obtained arc: to be: 
paid through appropriate: tariff arrangements. 

Total recon·n- ol 1m·1·Hm.-nt 

Though ideal financially. the: total rc:co\c:ry of 
imc:stmc:nt usually pro\c' to be: impossible: for a 
rural electricity dc:vc:lopmr.nt. smce 1mplc:mc:nta
tion is greatly hampered h\ rc:strictmg it to cases 
in which the: likely income: from supplying c:lc:ctri
city 11.ill cover capital amorti1a!lon and loan 
service: charges over a gi\c:n period_ Schemes of 
thi\ type: can be: usc:d for MHG installed mair:I\ to 
serve profitable: productive: activllic:s. such as 
mining. agro-indu\try etc. 

Ti1c: financing unit functions along the: lines 
indicated in figure 15. 

•; 
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F. Construction and start-up 

This section will deal mainly with the problems 
and methods of construction as they relate to such 
matters as excavation work. civil engineering. the 
installation of electrom~cha;;ical systems and 
equipment. and the actual starting-up of the 
plant. 

Of all the various types of alternative sources 
of energy. MHG poses the most exacting construc
tion requirements because of the relatively large 
scale of the building operations and the con
siderable size of tlie installations. 

The construction processes will vary according 
to the following facwr,;: 

Planned installed power: 
Nature of the terrain; 
Location of the site; 
Mode in which the plant is to be used (inde 
pendently or with interconnections); 
Availability of skilled labour; 
Construction technology; 

Ease of access and tran;port: 
Technological sophistication of the equipment: 

Climate: 
Particular factors in the case of multi-purpose 
projects. 

The construction process i' schematically 
represented by the flow chart in figure 16. 

The stages of the construction process are 
anal~sed below. 

Re\'iJion o(studit'l and inspt•aio.'I 

The office responsible for carr~ing out the 
project. which may be a put of the electricit~ 
board. must first of all define the areas of 
responsibilit) for the management and 'uper
vision of the project. The next step will be a 
revision of the studies and a site inspection 
concentrating on charactc:ristics. specifications. 
and construction guidelines. The task of revision 
ma) be entrusted to independent professionals or 
consultants if sufficient trained personnel of this 
kind are not available. or when a project is 
designed for direct implementation under the 
auspices of a i;;unicipal government or pri\·ate 
firm. 

Acquisition ol ha1ic t•qutpment 

Considering the possibility of problems w uh 
delivery schedules. arrangements should be made 
for the acquisition of the equipment as s<wn as 
the revision of the studies has been concluded. In 
some cases. these arrangements ma~ be hegun as 
early as the engineering study stage. 

The heading .. basic equipment.. normally 
covers such items as the turbines. speed regula
tors, generators. main valves. electrical control 
panels and transformer~.. It ma) also include 
electrical materials and pressure t11bing for pen
stocks. together with the related accessories. 

Co-ordination 1rith the financing unit 

Co-ordination wit!i the financing unit 1s 
required in order to determine the modalities and 
timetables of the release of funds for the various 
stages sche~uled in the project construction pro
gramme. At the community level, this co-ordination 
may also be tied in with co-ordination of dis
bursements and community contributions. In 
addilion, the procurement of the equipment must 
be co-ordinated with the financing uni1. 
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Co-ordi1111riun o( commu111rr _,upporf 

Specific areas of P•>ssibk Cli-opentior. must 
be identified as early as the study and 
implementation-decision stage. Co-ordination is 
required prior to the commencement of construc
ti<>n in order to produce some: sort ,,f formal 
agreement with the community CO\enng. among 
other things. the following points: 

'.\ianpower: type~ and number of man-hours 
for each phase of construction: supenisory 
responsibilities: 

Materials: generally aggregates for ci\·il en
gineering work,. such a' s1one and sand. 
\HioJ for formwork etc.: quantitie,. location 
.:tc.: 

Sc:n ice~: transport. 't•>rage and war.:housing 
of materials. per\onnel transport facilnies. 
provision for security etc.: definitiort of 
resp<msibilitics: 

Monetary resources. 

Dc:penJing on the type of social organization 
and the tradirions Jf the country. such agreements 
will be concluded with the most reprc:sentati\e 
authorities capable of mobilizing the support 
required. Those authorities may be communi1y 
leaders. the senior officials of co-operati\e organi
zations. or the members of the municipal govern
ment. It is also essential to make certain that the 
agreements are brought to the attention of the 
local citizens and supported by them. 

Con.Hrucrion pro.~ramm(' 

The consicuction programme must be drawn 
up in harmony with the actions referred to in the 
preceding sections. The: characteristics of the 
cons: ·uction programme are determined by the 
nature of the project. In the specific case of 
MHG. allowance: must be made for considerable: 
margins of uncertainty in the various phases of 
execution. this uncertainty being the: result 
principally of the: exploratory nature: of rhe 
studies. the: logistic problems inherent in any 
project which involves only a minimum of 
administrative apparatus. and the difficulties that 
frequently arise. with respect to organization and 
adherence to progress schedules. in activities in 
which there is an clement of relatively voluntary 
communi1y participation. 

The following questions should be considered 
in project construction programmes: 

(a) Excessively detailed programmes should 
be avoided. and programmes should be limited to 
a discussion of the principal elements only; 

fl>J The planning 'hould include suffic1.:nt 
latitude for unforeseen de\elopmcm,. particularly 
with regard to d.:sign modifications. 'upplies. anJ 
work to be performed by the wmr:-.un11y: 

fc) Preference should be gi\en to th.: use nf 
logical systems for the progre" timetables as a 
means of clearly d.:fining th.: criucal paths. but 
with only the principal e\ents con,ider.:d: 

fd) In programming the work ll> be p.:r
for:ned by the local community. cons1d.:ration 
should be gi\en to 1hc possibility of interference 
wi1h other acti\ities requiring 1he auc:nti<>n of the 
inhabi1an1s. particularly during th.: planting and 
h~r\esl seasons: 

f ,. / .-\rrangc:menh should be made fllr tech
nical support w mc:et requin:men!S ari,ing fwm 
unforeseen design change,. particularly with 
respect 10 ci\il enginc:ering: 

(lj In planning for the tran,p11rt ,,f materials 
and equipment from ouhide !he area. considera
tion should be gi\en to po"ible prnblc:m' of 
acces,. especially during 1he rainy 'c:a'' >n: 

(V The modes by which materials arc: tc> be 
hauled should be the subjeCI of ad\ance planning. 
particularly \\hen draughl animah are lo be used: 

(h) All work-related re,pons1b11iti.:s mu't he 
set forth in the programme. 

Per.wnnd rt•cruumt'llf a11d orga111:a1u111 
o( u1mmu111rr rnpporr 

The basic construc1ion team may include the 
following members: one 'upen i'or (generally an 
engi:ieer. who may be in charge of mor.: than one 
project). one site cons1ruc1ion foreman. skilkd 
workers (masons. carpenters etc.) and unskilled 
workers. The super\ising ~ngineer normally 
re;>orts to the office responsible for the imple
mentation of1he project. The conslruction foreman 
is frequen1ly a contraclor in charge of his m\ n 
crew of skilled workers; the un ';ii led work-force 
may be provided by 1he local community. In 
situations of this kind. pro\ision must be: made 
for the prevention of any conflicls of responsi
bilny be1ween the contractor and the community. 
In organizing communi1y support. specific per
sonnel should be assigneJ 10 1he construcllon 
manager. 

The cquipmenl installa1ion phase will require 
a sr ,>crvisory engineer (mechanical or electrical) 
at the head of a learn which might con~ist of one 
mechanic or filler. one ins1alla1io .• electrician and 
assistants. The equipment installation team will. 
in many cases, be provided by 1he projecl imple
mentation office. The assistan1s may be drawn 
f,·om •he po1ential local operators of the plan!. 



The abo\'c recommendations regarding 1hc 
composition of the construction crews arc intended 
as guiddincs only and arc subject to considerable 
modification depending on the size and particular 
features of the project. The general aim should be 
to keep the technical team to the indispensable 
minimum. since i·1 is a major cost factor. particu
larly in the case of small plants of less than 50 kW 
output. 

It is essential to remember that the presence 
in the community. during the execution of the 
project. of skilled tcchnici.ms :md workers mav 
gi\·e rise to unusud socio-economic situation~. 
The effect of such situations may be beneficial. by 
pro\iding an opportunity for social and cultural 
exchanges. but it rr.ay also be ncgati\'c if the 
out~idc personnel fail to adapt themselves to local 
customs or if. by their beha\'iour. they create 
problems. 

In ord~r to facilitate the participation of local 
communities in the project. consideration should 
be given tu the formation of "'·ork groups or 
brigades to fulfil assigr:ed plan objectives. 

Excarnrion 

Higher or lower levels of mechanization will 
be employed. depending on the structure and 
socio-economic development of the country and 
on the size and characteristics of the project. In 
the case of MHG. frequent intensive use of local 
manpower with low levels of mcchaniLation is 
preferred. On the other hand. it is important to 
amid underestimating the value of the community 
effort simply bccau,c it is not included in the cash 
budget. ~!:cc a frequent error is to fail to provide 
for a minimum of mechanization capable of 
economizing on a large number of man-hours. 

The excavation of the channel is the major 
task at this stage. after which com~ the intake and 
the surge chamber with the silt basin. and finall!' 
the powerhouse and 11'c penstock si.ppon structure. 

C1,,nJtrucricn 

The ci' ii engineering works pose greater 
requirements 'Nith respect to skilled labour. which 
may be supplcmer:tcd throui;h community efforts 
in the form of assistants and personnel tngaged in 
hauling the materials. As a means of broadening 
community partici;;a1ion, consideration should be 
given to the pc~•ibility of training local personnel, 
particularly as mason~. 

The timely transport of materials is one of 
the most important factors in avoiding excessive 
costs and delays in scheduling. Depending on 
conctitions in the country and the nature of the 

J; 

terrain. the use of locally a\'ailablc draught 
an!mals may be of great importance. In instances 
when such animals are used. it is necessary to 
arrange for the preparation of appropriate paths 
and to plan carefully the mO\cment of the loads 
so as to a\·oid interference. 

The safety of the personnel re<tuircs that 
consideration be given tu thei; skill le\eb and 
experience. an:.! that suitable prm ision be made 
for the full use of the materiab and equipment 
needed to ensure their safety. 

Since the engineering plans are to be ';,pplc
mcntcd or corrected during the actual work on 
the project. the experience of the construction 
foreman is a critical factor. In the ..:ase of 
modifications which depend mainly ''°the terrain 
or on existing structures. the \ iews of the local 
inhabitants may be \ery u,cful. 

Installation of 1•qu1pm,·nr und .-f,•, tri.-ul '·' 1f1•m.1 

The installation of the equipment normally 
requires ~killed and trainee! personnel. :"levcr
thcless. an effort should be made to im ohe in 
such work any local inhab1tan1' who appear 
potentially capable of being trained as oper:..tors. 
in order that they .nay llccome familiar with the 
equipment and the in,tallation_ 

The safety and 'ecurity ol the electncal 
systems is a matter of mainr impGrtance for 1hc 
continuiri& good operation of the plant and the 
protection of its operating per-.1r.nel. I! mus1 be 
assurncd that the plan! itself will ,101 be i:1,pected 
or repaired with c:ny great frcqi.enc\. 

Start-up c..1d 1.tcci·ntunn' tnu/, 

In the s.:asc nf plant start-up and acceptance 
trials, which marks the transition to normJI plant 
oi:icra1io11, the following point, mu,t he: kept in 
mind: 

(a) The ;:cceptancc •riah must be s1andard-
1zed according to the guidelines e'tablished fpr 
each plant type and size: 

(hJ The actu'li start-up of the plant must be 
carchlly plaoneJ, \\ith duties and rc:,pons1hil1tie'.s 
clearly assigned and safety aspeci- pro\1ded for. 
The emergency procedures must be clear and well 
understood by :ill those taking part in the triaL;· 

(c) As part of the >tart-up operation. the: 
indigenous opcrato<s designated 111 he responsible 
for i;lant operation ;nust be c\all·ated and their 
compctcn-.:e certified; 

(d) It is desirable that the sui>pliers of the 
main equipment be present at the start-up of the 
piant. 



G. Operation and maintenance 

In the four preceding sections. our analysis 
has been chiefly concerned with MHG imple
mentation from the poin!s of view of the comprc
hcnsi\·c evaluation '>f resources and demand. prc
invcstmcnt studies. financing. construction and 
stan-up. and i11dircctly with operation and 
maintenance. 

In this section. \·arious points arc considered 
in connection with the next phase in the establish
ment of MHG. namely its use and daily operation. 
This phase is of decisive importance. since even 
projects which have been efficiently managed 
throughout their implementation may fail unkss 
organizational schemes and op=rating procedures 
arc established which guarantee the opumal utili
zation of invested capital. 

Frequent problem~ in MHG plant operation 
and maintenance arc: 

Unsu;tablc administrative. organizational and 
financial arrangements: 

Insufficient liaison between the plant 
management and the local community and its 
organizations: 

Limi•ed capabilities for plant management 
and operation in rural communities: 

Operating and maintenance costs dispro
ponionatcly high in relation to the energy 
produced: 

Excessive bureaucracy in rhe centralized 
manag.:ment of small plants: 

The high cost and problems of social 
adaptation associated with operators brought 
in from outside the community: 

The frequently inadequate skill levels of 
locally recruitt.d operators: 

Excessively high tariff rate's. inhibiting 
development in rural areas: 

Rates too low to cover the costs of operation 
and maintenance: 

Absence of technical support for main
tenance and repair: 

Inadequate comp0nent standardization and 
lack of spare parts. 

The problems of MHG operation and 
maintenance are ba~icdl!y simple, as described in 
greater detail in chapter V. The chief difficulties 
are institutional in nature and have to do with 
th.- running ar.d managrment of the plants as 
well as with the origin and technical ba1.:kground 
of the operators and maintenance personnel. 
Among the various administrative airangements 
1hat may he adopted for MHG management. 
three typical ones are discussed below. 

Direct subordi"atiof! to a go1·ernn'.ent 
or regional electric p01rer authorin-

The advantages and disadvantages of an 
MHG administrative system directly subordinated 
to a government or regional ~lectric power 
authority arc described below. 

Ad1·antages 

The possibility of centralizing actions of 
greater technical complexity and of taking advan
tage: of the economics of scale inhi:rent in the 
overall manag.:ment of groups of plants: 

High skill le\·cls on the part of the personnel: 
Solid financial and technical backing. 

Di.1ad1·antages 

Each plant is by itself too ~:nail in the co;llext 
of a large organization. with the result that. of 
the extended decision-making channels. it may 
be neglected: 

High operating costs as a consequence of 
high general expenses (overheads) and operator 
and maintenance costs: 

The remoteness of the authority. and thus of 
the plant. from the local community and its 
problems: 

Problems in rec0nciling water needs for 
irrigation and gencrau..,.i: 

Difficulties in mobilizing community support 
for maintenance work at the site. 

E.Hahli.1hment of a commumtr ,·nagy entapriw, 
po.Hihly in the form of a municipal e111erpriw. 

co-operative or other trpt• of auociation 

The ad\·antages and disadvantages of 
establishing a community energy enterprise for 
MHG management are o•;dincd be:ow. 

Advantages 

Activities centralized at a level facilitating 
service-related decision-making. 

Greater ease in mobilizing community support 
for maintenance work: 

The resolution, within the community, of 
conflicts of interest regarding the use of the water; 

Lower operating costs. 

Little experience and know-how in business 
r.1anagement: 

Problems in collecting electricity bills and in 
the use of financial rc5erves (which might 
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occasionally be improperly diverted to other 
purposes) for replacement and maintenance; 

The possibility of faulty maintenance:; 

Poor opportunities for economics of scale:. 

Primu po...-er enterprise 

A private power enterprise. even in countries 
with a market economy. raises problems when 
applied to public-service MHG in rural areas. 
since such plants arc: not generally regarded as 
investment opportunities offering an adequate 

To_tt:ie . IOI 
training unit 

From the studies and IGI 
works implementation unit 

Training requirements 
for operation and 
administr1tion 

From the rural IEI 
development unit 

No 

profit margin. but as tools for the promotion of 
development. ?'formally. the best prospects for 
such an :ilternativc arc provided b~ independent 
producers who require energy for their production 
activities (agro-industries. sawmills. mines etc. I 
anJ can sell any s1!rplus power to nearby com
munittcs. The selection of !he: appropriat;: 
administrative arrangement will depend on the 
socio-economic structure of the countr~. the 
extent to which such pla11ts ha\·c: been developed 
there. the capacity and nature of the: electric 
power enterprises. the size and remotcnc~s of the 
plants. and finally the: traditions. work experience. 
and managerial skills of tht- ..:ommunity. 

From the pl .. ning unit 
(Al 

Survey of oper.tii:" 
capabilities 

Determination of operational 
and 

administrative requirements 

Is there 
a sufficient 

QPability in 
the area of 

administration 
md operation? 

Yes 

Organizetion of 
administration 
and oper;,tion 

Stan·up 

__ ~DI Fro":' the . 
tra1n1ng unit 

Nnt<r: Leuers wnhin parenth~..,. refer to uni!• covered in fiaur. 9. 
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Wntwut ad' llCating an\ nne particular 
":heme. it i' llften p.issible to adopt a combined 
model ill\''" ing a Cllmmunal. municipal. or co
opi:rati\e enterpri,e in association with the 
g<aernment electric power authority. 

General guidelines for a 'cheme involving a 
communal enterprise in associa•ion with an electric 
power au1h,1rit~ are pn:,ented below: 

(aJ The enterpn'e i' 'et up in accordance 
with the contributions made to its establishment. 
the value of the manpower. materials. and services 
emplll~ed bei:1g . egarded as the contribution of 
the cllmmunit~: 

(hJ The enterprise has a board of directors 
Cllns1st1ng "fa reprcscntati\e of the electric power 
authorit~ and ,,f the representative organizations 
or a\Sociated bod:es of the lo.:al community and 
local municipal au.horities: 

(c) The enterpri'e will employ the minimum 
number of personnel re4uired for its operation 
with 1 'iew to covering four basic re4uirements: 
the admini,tratilln of funds. the collection of bills. 
the operati1>n of the plam and preventive main
tenance. for which the number of employees may 
\al\ according to the size of the plant and the 
ntent Ill which its eljuipment is automated. At 
'mall plani'. with an output of les:. than IOO kW. 
the total staff may consist of one or two operators 
10 be also rc:sp"n'ible for administrati\e tasks and 
the collectilln Ill hill' in addition to their duties in 
the area of operatinn and preventi\e maintenance. 
At larger plants which service a small system. 
there ma~ in addition be an administrator and a 
hill colle<.:tnr: 

(</J '~" far a' po"ihle. all the personnel of 
the enterprise should be recruited from the local 
communit~ and trained by the government or 
n•'?ional electric po ... cr authorit}: 

(<') The electric power authority will train 
the operating personnel of the plant in preventive 
maintenance. and will prmide ttchnical support. 
in the t\cnt there i' a need for repairs. in the form 
of thing maintcn<.:nce brigades set up to service 
grnup' of plant•. at the regional level: 

(l°I The community enterprise will collect 
and admir.ister the funds ra;sed through bihing. 
and will maintain a reserve to finance repairs and 
replacements and. if possit.le. the physical cxpan-

. sion of the plant. in addition to covering normal 
operating costs and staff salaries and wages; 

(g) The community enterprise v1ill be 
responsible for ensuring that the funds arc used 
only for the purroses established in relation to the 
development of the local power system. The 
government or regional electric power authorit; 
will be responsible for supervising and auditing 
the management of the funds: 

!hi The community enterpri,e and the 
government or regional electric power authnnty 
will define the terms of their co-operation in an 
agreement or contract: 

(i) Direct investment contributions b:- the 
electric power authority and the community will 
not be returned ;ior will they earn profit. The 
financing received in t~e form of loans may be 
either assumed by the electric power authonty or 
returned in whole or in part by the community 
enterprise. 

The functinning of the nperatiom unit i' 
reflected in fi1>11re 17. 

H. Requirements in the area of human resourc5 
and training 

The successful implementat10n of M HG plans. 
programmes and projects requires the pr,1motion 
of training ccurses. including aspects relating to 
non-conventional technologies. civil engineering 
design and construction. electromechanical eljuip
mcnt and its repair and maintenance. The following 
steps should be taken in organi1ing the courses: 

(a) Infrastructure "uney of training estab
lishments: 

(h) Securing of funds for financing the 
courses: 

(c) Establishment of a pilot training pro
gramme on the subject of the development of 
water resources. with particular reference to rural 
areas: 

(d) Establishment of programmes to pnnidc 
specialized training in MHG. 

It would be advisable to carry out a survey of 
the capabilities of the co·•·1try with respect to 
centres of higher cducati' . research institutes 
and special schools for the training of inter
mcdiate-levc:I technicians. As an initial step. a 
pilot-technology programme on the de\elopment 
of water resources in rural areas shnuld be 
established. On the basis of the experience gained 
with such a programme. a decision could be 
reached as to the possibility of organizing a 
specialized course in MHG. It would be best if 
developing countries began by organizing ex
changes of experience among themselves before 
seeking to s:opplcmcnt their information from 
outside sources. 

The various types of MHG engineering train
ing courses include the following: training courses. 
undc;graduatc regular courses in the field of non
con·;cntional technology, and specialized post
graduate courses. The training courses, which arc 
of short duration, arc designed to provide current 
information on all phases of MHG design and 



related Ill MHG development in their \'arious 
phases of .:xecution. A \'ery important factor is 
the need to impro\'e the standard curricula of the 
engineering departments of univer..ities and insti
tutes of technology by including courses on MHG 
ar.d applicable non-conventional technologies. 
Post-graduate courses as such will be conducted 
al a more ad\'anced theoretical le\'el and may. in 
principle. extend over an entire academic ye?r. 

The following recommended guidelines should 
be borne in mind in planning the engineering 
courses: 

(a) The courses should be designed lo con
solidate the advances already achie\'ed in the 
country; 

(h) The courst"s should be organized for all 
areas of specialization and graded diff.:ren1ly 
according !O area. The emphasis should be on the 
preparation of monograph studies by interdisci
plinary groups; 

(c) The cou:ses should co\'er the areas of 
civil. electrical. mechanical and industrial engineer
ing. economic administration and operations 
research. 

The following recommended criteria should 
be applied in preparing courses for intermediale
level technical personnel: 

(a) Theoreli..:al aspects should be considered 
wi1nin the same programme for engineers and as a 
part of in-plant training; 

(b) An MHG plan! for training should be 
established for the training of technical personnel 
and skilled workers. Experimentation in the use of 
non-conventional technologies might also be con
ducted al such MHG plants; 

(c) The courses should cover ci\·il construc
tion. electro-mechanical equipment and adminis
tration. all primarily from a technical point of 
vie11.; 

(d) The training of m ... .:hanics and main
tenance electricians should be undertaken through 
!he establi,hmen! of !raining units in the major 
repair shops. 

The basic.. objective of !he course is 10 hc!p 
narrow the existing gap between the number of 
people with higher education. where there has 
been a relative advance. and the shortage of 
intermediate-level technicians. w;1ich is 'l general 
phenomenon in deveioping courtries. Witl. respect 
10 the training of MHG operators. pref:rence 
should be given 10 institutionalized arrangerr.cnts 
designed to train operators from rural areas. It 
has been concluded. on the basis of a "rtain 
amount of experience. that the first part of the 
courses should be carried out at the school plant 

:?!"!d -:nn1in11...-f :u .-~i,tin~ MHG plants. The first 
part should be of a th~<>re11cal and practical 
na!Ure. in keeping with 1ne educational (e,d of 
the operators. In the case of rural operators. ii 
should be e:>1pec1ed that they will have completed 
at least their primary education. The course 
would run three months and co\'er the following 
subjects: 

Basic sciences (fu;idamentals of mathematics. 
physics and chemistry); 
Basic operating principles of an MHG plar.1 
and its equipment: 
MHG plant operation and the interpretat"on 
of operating manuals; 
Preventi\·e maintenance principle' and 
methods for MHG: 
Maintenance and repair of bmiding 'truc
tures and installations; 
Maintenance and minor repair' of mechanical 
and electrical equipment; 
Mechanical and electrical 1rouble-shoo1ir.g: 
Identification of mechanu:al and electrical 
malfunctions; 
Fundamentals of technical drawings and dia
gram reading: 
Fundamcntab of electrical in~1allations: 

Re;:.dmg of in~1rumenis: 
Bench-work mechanics (fitting); 

Safely in opera ti Jn; 
F:mdamenrnls of administration and book
keeping; 

The second pan would be ts~cenually of a 
practical nature and "'ould consist of a 1wo
month penod of operator training at an existing 
MHG station under the supervision and in~truc-
1ion of a skilled operator. 

The manpower rer.iu;remen!s at each stage '1f 
ar. MHG project are as follows: 

I. Planning and programming 

Engineers 
Economists and social ~cientis!s 

2. (i/rJbal naluarions of re.wurces and demand.1 

Civil engineers 
Hydrologists 
0eok,gical engineers 
Geomorphologists 
Ecologists 
Electrical engineers 
Mechanical engineers 
Energy economists 
Social scientists 
Topographers 
Hydrometry speciaiists 
DraughtsfTlen 
EngineennLZ assistants 



3. Srudies of specific projects 
Ci\'il engineers (mainly structural engineers. 
sup?orted by specialists m hydraulic engi
neering) 

5. Operauon and maintenance 
Electromechanical engineers 
Mechanics and electricians 

Mechanical engineers 
Electrical engineers 
Topographers 
Technical draughtsmen 
Engineeril!g assistants 
Test inspectors 

4. Consrruction 
Ci\'il engineers 
Electrical engineers 
Mechanical engineers 
Topographers 
Draughtsmen 
Building inspectors 
Electrical technicians 

Yn 

Each country must determine its manpower 
requirements for technology dc\'clopment and 
production of equipment and materials in 
accordance with the nature of the programmes 
and acti,·ities it in;ends to implement. The abo\'c 
list represents an ideal situation. In actual practice. 
countries may begin their programmes with fewer 
human res<"Jrces. since it may be expected that as 
the worl< proceeds they will be able to find 
solutions rn their temporar~ lack of qualified 
personne'. 

A flo" '.:"h;.ct for the training unit is presented 
in figure I!!. 
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I. S~nlhesis or lhe \IHG buildin~ procns 
(from plannin~ 10 complelion) 

As indicated in the preceding sections. the 
decision-making process in\'ohed in the building 
of MHG must be oi· a comprehensi\'e nature. 
b::cause a number of different factors need 10 be 
considered. h may be seen from figure 19 that the 
process begins with a preliminary assessment of 
the prospects for the stations. This phase must 
include a study of the problems to be sohed. the 
a\ailable water resources and the capacity llf the 
country 10 undertake MHG projects within the 
nmtext of its national de\elopment planning. 
specifically in the area of energy development. 
Following the completion of the preliminary 
study. a political decision must be made as to 
whether to mount the ne.:e"ary effort to build the 
facilities. 

If it is decided to mt•\e forward in this 
direction as part of the national development 
policy. the next step is to establish an organi1a
tional framework for planning and programming 
and to dnise procedures for the e\aluation of 
resources and demand at the basin and sub-basin 
lnel. The proposed framework and procedures 
would ser\e as a basis for the formulation both of 
a short-term de\'elopment plan permitting the 
immediate implementation of specific projects and 
of a more long-range plan en\isaging the building 

of MHG •>n a large 'cak .. -\t the 'ame time. 
pl!llCtes must be deltned and actions taken tn the 
areas ,,f financing. the de\dopmenl of human 
resources (!raining I. community participation. and 
technological de\ elopment. This final aspect is 
critical tll the determination of guidelines r-:garding 
the transfer of technolllgy and the promoti<>n llf 
domestic equipmertt production. 

It is within the conle\t llf 'uch plans and 
policies that the undertaking llf specific projech 
should be initiated. The first stage in this connec
!ion consists in the preparation of a pre-feasibility 
(reconnaissance) study. if necessan . .-\ feasibility 
study should be considered only in dllubtful 
situations when such a preliminary analysi' is 
required. In many ca'e' it may be eliminated 
altogether and the detailed engineering study. 
including a supplementary econ.1mic and financial 
analysis. begun immediate!\. 

The next phase of the project is cnncerned 
with the actual building of the plant and the 
installation of its equipment. ldlowed by the 
start-up of the facilll\ (for details 'ee chapter Ill. 
section F. and chapter V. ,ection [)). 

Finally. there is the ta\k of establishing 
operating procedures for the plant. which also 
include the areas of maintenance and administra
tion. The essential work of th" stage is described 
in chapter 111. section G. and chapter V. 'ection L 



IV. Development of technological ~pab~ 

A. Assessment of technolo~ical capabilities 

The techm·,logical de\·elopment of a countn 
should ~tart with an inventory of its huma~ 
resources and industrial potential. In the case of 
technological development for the: construction 
and et1uipment of MHG stations. the imenton 
should focus on the identification of huma~ 
resources and the production of equipment and 
materials. 

With regard to materials and et1uipment not 
produced in the country. the possibility of 
de\eloping technology for their production or 
acquiring foreign technology. if justified by the 
national or regional market. should be considered. 
The altern?tive would be to import the materials 
or equipment components. 

The production required to meet the need' of 
MHG and the industries involved in such produc
tion includes the following: 

Jfarerial\ /rJr ci,·il t•nginuring 11 orb 
Granular materials. clav and silt 
Cement · 
Steel construction bars 
Pressure pipes for penstocks (steel. PVC. 

polyeth) lene. asbestos-cement) 
Gate and butterfly \ah·es 
Grates and gates 
Wood 
Steel cables 
Bricks 
Tiles 
Nails 
Explosives 
Galvanized wire mesh 
Bolts. nuts. washers and scre\\s of various 

types 

Equipmenr and roo{J for ciril engineering ll"orb 

Pickaxes 
Spade~ 
Wheelbarrows 
Motor pumps 
Concrete mixers 

Elecrromechanical mareria/.{ 

Copper and alloys 
Structural steel 
Stainless steel 
Shafts 
Bearings 

Ek.:trical conductors 
Posts and accessorie' 
Electrical materials 

Elcammt·chunical <'quipmenr 

Hydraulic turbines 
Speed regulators 
Electricity generators and \oltar,e regulator' 
Measuring inst;-umenb (\oltme;ers. am-

meter,. power facwr meter,. frequency 
meters. kilo'.1.att meters and energy meters. 
manometers) 

Mechanical transmission systems {gears. belts 
and couplings) 

Measurement and high-tension power trano;
formers 

/ndu.lfrin inrnln·d 

Casting 
Metahwrkine and engineering 
Precision e1._ .eering 
Electrical engineering and allied industries 

B. Equipment 

.\fanufacruring capucirr 

Once the materials and equipment for MHG 
in a particular country have been identified. an 
analysis must be carried out to determine the 
advisability of the local production of imported 
equipment (figure 20). Some of the requirements 
which should be taken into account for the 
production of MHG equipment are given below: 

(a) Adequate technical information on pro
duction is essential. Alternative sources of tech
nology are as follows: applied research by the 
manufacturer himself: applied research bv centres 
and institutes within the coun.ry: and purchase of 
technology from foreign manufacturers and 
research cent res: 

(h) Emphasis should be placed on items 
"hich are of a size and type making them 
appropriate to the productive infrastructure of the 
individual country: 

(c) The use and adaptation of materials of 
domestic or regional origin should be maximized; 

(d) The equipment produced >hould be 
standardi1ed: 

4Y 
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producing related c:quipmc:n1 sh<>uld be set up. 
becau..e the c:xciusin~ pwduclion <>f equipment for 
MHG 1s n<>t justified b~ the small siu ,,f 1hc: 
mark~t: 

(() ThC' production of spare parts. main(~ 
those subject to "'ear. should be contc:mplatc:ri. 
and a permanc:ni st..xk <>f such parts main1ained. 

Various allied industries arc: in\Ol\ed in the 
production of MHG equipment and materials. 

Equ1pm<'lfl <IlfJ maurtal 

Prtssurc pipes for pen
s1och 

H~draulic lurbmc, and 
speed rcgula1or. 

Elcct:icil~ gcncra1or> 

T ransiormc.-. dccirical 
ma1crials and accessories 

F ac1<>r1e> manufact unng 
P•l'C' '"•lh market> deter
mined b~ d,1me,1ic mdu,. 
tr~ rather 1han !'.fHCi. 

!'.k1af,.orkmg and cn
gmttnng enlcrpnscs. fac-
1,>rie' r.1anufae1unng ccn
irifugal pumps. •ahc-. 
'acuum equipmcm. fan,. 
mncr. and foundr. shop>. 

Fac1oncs producing 3her
nal<lr. for 1hcrmal dccm
cll~ gcncrauon unus and 
fac1<1ncs producing clccmc 
~nohlr~-

Eicc1romcchanical mach1-
ncr~ indus1nc>. 

De.-e/opment arrd adaptation of technnlngr 

T c:chnological research and dc:,·dopmcnt can 
be one of the basic tools for promoting and 
sustaining programmes for the construction of 
MHG in individual couniric:s. sin~c: the tech
nologies im·ol\ed arc: :nature. and only adaptation 
and inno\ation processes of a non-con•·en1ional 
nature. permit1ing adjustment to the specific 
conditions of the indi\idual country. arc required. 

Owing to the great di,·crsity of existing 
sit!lations with regard 10 research acti\it!es. MHG 
con£truction programmes and induslrial dc,·elop
mc:nt. it is not possible to cs1ablish a single 
organizational pattern for the development and 
adapiation of technologies which would be appli
cable in all third world countries. Therefore. onl~ 
a few general recommendations and alternari'e 
organizational patter.is are presented below for 
the guidance of countri~s interested in promoting 
programmes for the de,elopment and adaptation 
of MHG technology. 

In the MHG national development plans oi 
c:ach country, the development and adaptaiion of 
equipment technologies will have: to be regarded 
as part of planning. It will therefore be: necrssary 
to dc:tc:rmine specific policies. general objectives 

;;: 

dii'1 i~i li.>vui .. c:"t iu Uc 4iio\....tu:J. The i"t1iio"1ng 
recommendations should be .;,1n,1dered m <>r· 
ganizmg progr.i.mmcs for the de'cl,>pmeni and 
adap1a1ion of MHG lechnolog~. 

fa) There must be a 'llocll-defined financing 
prospect from the stage of programr:ic: de1crmma-
1ion so as 10 a' 01d the loss ,,f re":ar.:h prn1ec1' 
O\lotng 10 shortage: of funds: 

fh) In order ''' achie\ e corree1 adm1m,1r:i-
1i,rn of the programme. there mu'' he llpcrall<>nal 
follow-up as regards rc:,uh>. !he lime re4u1re..! fur 
c:'ccuti<>n and u1ilira1ion of fund,: 

(<") From the: initial ''age oi the pr.>gramme. 
the form and characteristr.:' <lf re,ulh. "hu:h ma' 
1mol\e dissemination and 1ran,fcr ,,f 1e.:hn,1h>g\. 
mu~t be clear!~ defined bee figure: ~I 1: 

fdJ . .:,. \·aric:ty of ins1i1u1ional cntcna m.l\ be 
adopted for programme implcmcntallon. "'h1ch 
ma~ take place through uim cr,it1e-. re,earch 
institutes. industrial c:nterpri'e' and cle.:1nfica11on 
boards: 

fe; N1,rmall~. 1he programme "'111 be e\e-
cutc:d through research line' or interrcla1cd grnup, 
of projects. Each 1e4uires a brief but clear 'pec1fic 
formulation prior !O im1ia1ion: 

(() The programme ma~ be di\ idcd tnl<l 

'"' ,, type~ of ae1i. ii~: a,pc:c" relaung 10 .:n ii 
engineering \loorks and in,1allali<'ns. and aspcc1, 
relating tc design and production ,,f c:4uipmen1 
and materiab: 

fg) Each projc:Cl should ha\c a 'llocll-defined 
e'ccution sequence. Figure ~~ 'ho"'' a I~ pica I 
methodology: 

(hJ Th:= programme c\ccu1wn team need 
not necc:ssaril~ consisl of npcns. Onl~ one or'"'" 
expcr:cnced professionals arc rc:4uirc:d. and the 
remainder ma~ be young profc:s,1onah \lollh a 
good academic background: 

fi) Guidelines should be established for the 
preparation. at each stage of 1he pro1ec1. of 
documents and reports. "'hi ch should retlecl 
positive: and nc:gali\·e aspects and failure'. sll as lo 
ensure continuity and !he accumulation of lmo\\
lcdge useful for the: programme. thus a\1ndmg a 
situation of depcndenc~ on 1hc: prc~c:ncc of each 
indi\idual executor: 

(J) During programme: c\ecu1ion. !he c\e-
culing agency mus! maintain close contact bcl\loccn 
the industr) and the enterprise: responsible for 
electrification. in order lo achtc\ e rc:sul!' "'ith 
p1actical application; 

(!.:; Dissemination of rc:,ul!' ma~ take place 
through manuals and brochures m !he case of 
ins1alla1ion and com1ruc11on of Cl\ll engineering 
works: 
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{!; !:-: :h~ ~u_.;~ ,;f ~'-fu;f11uc11i. 1c~uil~ ma~ 
be transferred to industr~ in order tn promote 1hc: 
indus1rial produc1ion of such c:4uipmc:nt. the: 
c:ntc:rprisc: being pro\ idc:d with all technical 
information re4uired: 

(Ill) The: dc:\c:lopmem and adaptalion of 
e1.juipmem technolog~ should be focu,ed on 

'Wt.ion• orldvnr..i L dit..fopnwnr POl•C•H 

Jc, ciopmem nr" non-com c:nuonal 1echnnlng1c:,. 
taking as a point of reference: 1he mJu,1nal 
capacil\ of each coumr~. 

Thc: no" char1 of a technolog~ de' dnpmem 
unit and the '!age' in the formula11nn and 
e\C:Cution of MHG technological research pro1ecr
arc: rc:tlectc:d in figures ~ l-2J. 
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I T'°!~ ~~t:h!'Y)~'-'g!t.::!! d~':·!h:-~!!'!'!~! ,_'\f MHG 
cquipmc1•: rnuld proceed along t'ic following 
lines: 

Tc.Thnolog14·a/ ailernall\t·.-: rn tire producllc>n 

"·'· .\fHc; l·qu1pmen1 

Equipme1r1 T•P•' 

H~draulic Pelton. 
turbines Mi.:hell-

Speed 
regulators 

Electricity 
generators 

Banki. 
Francis. 
Kaplan or 
a•ial 
tfo-. 

Oleo
mechanical. 
electric/ 
electronic. 
energ~ 

di•persion 

Alternators 
for MHG. 
induction 
molors as 
generators 

Rt·commt•ndat~o!H for 

:~chnofog:cul Jn·dopmenr 

Selection ... ,f •~o nr lhrce 
!~pc, of turbim: 111 :.,e hgl.t 
llf the charactenstics <lf 
resource• and delt'and in 
the countr~ 
Dc\elopment ,,f h'drau!ic 
and mechanical designs 
Stud~ of aspects relating :o 
construction and mater iab 
for each part. in the light •>f 
the characteristics of the 
industrial prnduction of the 
countr~ 

Establishment of methods 
for the selection of turbines 
Establishment of methods 
for assembl~ and 
di~ssembl~ of equipment 
Establishment of 
recommendations for 
operation and maintenance 

Selection of the t~pe of 
regulator most suitable in 
the light of the 
characteristic• of operation. 
industrial capabilit~ in the 
countr~ and technological 
c.perience 
Functional. electrical and 
mechanical design 
Standardizauon a' 
appropriate for 
standardi1ed turbine' 
Preparation of 
manufacturing manuals 
Studies on matrers relaling 
to construction and 
materials 
Es1ablishmenl of methods 
of selection 
Establishment of 
recommenda1ions for 
operation and mainten.1nce 

Study for the adaplation of 
the alternalors for lhermal 
electricity generalion units. 
mainly as regard~ runaway 
speed protection, so that 
they may be used with 
hydraulic turbines 
Adaptation of electric 
motors to operate as 
aulonomous generators 

t::!'ctricit~ 

trar.s
formers 

Miscella-
neuus 
electrical 
equipment 
and 
matcria1' 

H1gh-ter.,wn 
pow<"<. 
•-=1'=•~unng 

Contn>l 
pan.:!11;,. 
conductors. 
insulator\. 
lightning 
arr~tcrs 

l ,,._.hihhm~nr t..lf 

rec.:nmmcndauon' h>r 
llpcrat101i .;~ti maintenance 
General d-:-.;ttn •>f 
gent"; ~t<>rs and m•"t 
,,ntable manufacturing 
pmce" 

Stud1c, ,,f dr"tzn' and 
form\ of con~tructinn. 
taking l"to accou:ll the 
ind"'trial ::apabiht~ of the 
CtllJOtr~ 

S•andard11a11on 
b!abli,hmcnt of 
reCllm:'Tlcndath'lO\ for 
op-:ratmn c•nd maintenance 

Stud~ f,ir the p1,,duc1ion 1>f 
th;, equipment aftc1 
stand;ird11ation 
Fstat.!!..tu~r.-nl nf mcthtl\is 
r:.f s.clcctinn 
Estabh,'tmcn< of 
rccommendauons for 
installauon and 
ma1n1cn4:ncc 

AcquiJition o( rech1zn/r,g1 

Depending on the level of devel<>prr.ent of 
each country as regards capa.;;it~ to gen:-rate 
usable technologies. proje::t execu11on possibilities 
and prospects for the production d equipment. it 
will be necessary to acquire: a greater or le!.ser 
amount of technology from other countrie~. The 
various means of acquiring kn('wledge whid·, .;an 
be ustd in production. ranging from technical 
assistimce and the provision of informatio!l to rhe 
purchase of technological packages to set up 
production lines. including detailed p:ans and 
instructions for manufacturing. assembly and 
technical services. can be IC'oked upon as purchases 
of technology. 

Most countries have thct• own legislation 
reguiaiing the acquisition of :echnology. i\nd it is 
therefore impossible to lay down specific guide
line5 on the matter. bu1 gene1ai r'!'commenda;ions 
earl be made regarding the acquisition of !~ch
nology for mai1ufacturing MHG equipment. Wtth 
rc:gard :o MHG. the acquisition of technology 
relates primarily !o the electromechanical equip
ment and accessories. 

Various considerations and rec,1mmendations 
which shoulc:! be borne in mind m connection with 
the acquisition of technology are given belo-N: 

(a) With a v•ew to achieving technological 
development 'n keeping with 1he characteristics 
2r;d industrial capacit) of a country. il is advisable 
to limit the acquisition of technology to cases in 
whkh the development of technology i:; not 
considered to be of i!lterest; 
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take place through a process of selection of 
alternati·.-es ard should 0.:: limited lo rhose par•s 
in resj:;::Ct of \\hich the le\el of technolcgical 
de\elop'Tlent attained makes posst!>lc full produc
tion. in keeping \\ith the priontics laid down for 
national technological de•elopment. The acqai
sllian of technology shou:d be organized in such a 
way that it mal<es a real cuntribution to ~uch 
development by permitting the assimilation of 
knowledge by national technicians. !lisguiscd 
,;;ommercial elements of acquisition of tcchnolog:'.• 
and technical assistance. at med oni~ at the granting 
of e\clusi\c :iccnscs under the .ip;x:arance of 
bilateral assistance programmes. mus! also be 
an1idcd; 

(r:) The aci.;uisition ol technology \\ill be 
justified when the comp:ex;t~ of the equipment or 
of some pf its pans surpasses the dc\elopmcnt 
.:apacit~ of the cnuntry. Acquisition should be 
confined to those t:lem.:ni- which arc neces:;ary 
and cannot be design-=d ur manufactured in the 
country without foreign assistam:c. Restrictions 
rr.aking i: ncccssarv to impon pans which could 
be locally produced should be arnided. while. on 
the: .Jther ha11d. the loc.al manufacture of com
p0ncnts and use of materials available in the 
country should be promot.:d; 

(d) The fuile~t and most careful analysis 
possible shou!d be made of alternati,·cs prior to 
any process of terhnology transfer. Inclusion of 
the largest possible number of alternatives ~ndcr 
tte same terms of reference should be ensured. 
and e~·aluation criteri2. •::10uld be laid down prior 
t'.> the analysis. Technologies appropriate to the 
industrial and technological level of development of 
the country. using mainl~: local raw materials and 
labour. shoulci be given favourable cor.sidcration; 

(e) Contracts for the purchase of technology 
shou!cl be concluded with fixed !Jeriods of duration. 
at the end of which the obligation to pay royalties 
ceases. and !he royalties should be fixed oniy on 
t!1c basis of a percentage 0f sales. avoidir.g the 
inclusion of rnmimum payment obligations. 
Restrictions with regard !& the scope of the 
market for products ~hould also be avo;ded. and 
obligations 10 purchase raw mat<:rials from a 
given supplier should not be accepted. thus 
preserving the freedom to purchase on the market 
if more favourable lerms can be obtained; 

(/) In order to improve the negotiating 
cap2city of nationa1 enrerprises in respect of the 
acquisition of t~chnology. it is important that 
clear policies sltould be defined and that legislation 
should tend to limit 1hc imposition of restrictive 
clauses by suppliers and technology. 

If the specifo: chara;:taistics of a country as 
regards its industrial policies or production capa
bilit~ arc such that the local m:i.nufacrure of 
certain types or ,ize~ of equipment is not justified. 
those items must be in1portcd. In such cases. 
personnel trained in the analysis and selection of 
alternatives and the tcchr,ical equipment required 
for carrying out acceptance: testing are necessary. 
The supp<>r! w!'tich can be extended in this fic:ld by 
institutions engaging in technological research is 
imp.~rtant. 

In purchasing cqu!pmc:nt. the following tech
nical considerations must be taken into aCC<lUnt: 
the capability for t!lt manufacture and repair of 
components and spare pans in the country: 
characteristics of mair.tc:nance and o!Jeration 
appropriate to the i:onclitions of use: ability to 

\\ithstilnd situations ari;ing ou: of errors of 
operation; and case of as,embly and disassembly 
of parts and accessories. 

In addition to the requirements in respect of 
ful!ilrn~nt of technical specifications. guarantees. 
costs and de!ivcry date for equipment. suppliers 
should be asked to provide the ~ollowing: general 
assc:mbly drawing of equipment; detailed drawings 
and information on the materials used m the main 
componcnls of the equipment which are subject tc 
repair: lis1s of spare: parts: instructions for 
assembly. disassemoly and repair; and technical 
assistance for the training of local personnel 
responsible: for the: maintenance and repair of 
~quipment. 

For bidding or rendering for the acquisiti0;1 
of cle;:t~omechanical equipment for !\1HG pro
jects. it is important th~t the following <echnical 
dat'J sho11ld be provided: usable head. maximum 
generating power at the contacts of the: generator; 
generating frequency: generaiinz rnltagf; ard 
e11vironmcntal cordirions under which the equip
ment operates. 

The: suppliers of the main pieces of equipment 
shou!d also be asked to provide the following 
technical da:a: type of turbine 3nd its specifica
tions; efficiency curves of the: turbine and generator 
operating under different (;>ad conditions; type of 
sp.:cd regulator and its specifications; characteristic 
curves of operation of the regulator; type of 
mt"chanical transmission or direct coupling betwe~n 
turbine and gcnc:rawr: and specifications of the 
conrrol panel or swirchboard. inciudmg ranges 
and accuracy of the instruments intrgratcd into it. 

When bidding or tendering is carried out. it is 
recommended that a list of possible suppliers 
should have been identified in advam:e. They 
~hould be asked to provide informat;on on: 
reliability and efficiency of their equipment; cost 
indexes; credit faci!it;cs; expected life term of 
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eC!ui!'ment: fulfilment of delivery dares: and ease 
of adaptation of equipment to local industry for 
the manufacture of spare parts. 

C. Development and adaptation of technologies 
for construct ion 

With regard IO the development and adapta
tion of technologies for construrrion. it is essential 
10 stress the need for research both en methods of 
construction and on the use of non-con\·entional 
materials. The research must be linked with 
investment projects by means of pilot plants. 

Although the design and constructivn of civil 
engineering wurks are largely determined by the 
nature of the site. the possibility of preparing 
manuals envisaging standardization or semi
standardization of civil engineering works must be 
investigated. It is also very important to organize 
research relating to the production of pre
fabricated elements for civil engineering works. 

The institutions carrying out research on 
material~ and various elements for MHG should 
c.:i-ordinatc their activities with the units which 
are en~agcd in engineering acti\·i;ics in the rlcld. 
and which may be carrying out research in the 
context of investment programmes during and 
after construction. The research concerning 
materials should be oriented towards establish
ment of their hydraulic and mechanical properties. 

In general. there are two technological 
alternatives as regards civil engineering works. 
One. the conventional alternative. is based on the 
use of concrete. reinforcing steel and structural 
steel. considering separa(ely the structures required 
for MHG. The other involves a minimum utiliza
tion of those materials and endeavours to inte
grate structures. such as the silt basin and 
fcrcbay. and utilize existing infrast~ucture, such as 
irrigation canals. As regards methods of construc
tion. mention can be macle of thoJc based mainlv 
on intensive use of labour. in the optimum case 
with community participation. those based on 
int.:11sive use of machinery. and mixed cases. 

It would be highly advisal_ile to promote or 
support surveys to increase knowledge of existing 

!'roduction ca!'acities ot material~ so as to t:e able 
to develop their supply. Construction technologies 
s'1oL•ld be disseminated by means of manuals for 
the design and execution of worb. 

D. Ch.:ck-list of technological alternati'fes 

1 he technological alternati\·es most suitable 
for each countr~ cannot be rigidly stated because 
the conditions governing the development and 
adaptation of technology for MHG will vary. as 
will conditions relating to geograph~. h~draulics. 
labour. availability of skilled manpower. appro
priate financing etc .. all of which have a bearing 
on the determination of :echnological alternati\es. 

Taking into account the above-mentioned 
factors. a selecticn of possible areas of interest for 
technological de\elopment is presented belo\\. 

Con.Hruction 

The various materials which can be used in 
the civil engineering works for MHG arc analysed 
below. It is important 10 stress that. in the context 
of non-convcntionai technologies. the following is 
taken into accoun:: use and improvement of 
existing intakes and irrigation canals: forcbay 
installed .. in-line .. with the canal and ir •• iudin6 
the. silt basin: pcnstock conduit in non-mcta!lic 
materials. dams of <Htisanal construction. reduc
tion to a minimum of the use of ~ostly materials 
such as concrete. and use of no1i-com·entional 
materials such as ferrocement. soil cement etc. 

It is advisable to specify materials taking into 
consideration the applicable national standards. 
and when these are not available. to use appro
priate foreign standards and norms. It is important 
to promote the development of national sranduds 
for the main materials employed in MHG. in 
order to ensure the drafting of adequate specifica
tions and good quality control. 

The rechnologica! alternatives arising from 
the characteristics of various materials are 
presrnted in table 6. 

TABLE 6. TECHNOLOGIC .<\,LAL TERNATIVES IN THf USE Of MAH.RIALS 

Wo1n1al 

Clay and Siii 

Granular m-1cnal~ 

Wood 

Gab1ons 

Dams or core wall\ 

Dams or core walls 

Dams. pcns1ocks. powerhouse. 
ga1es 

Dams. canals, protcc11on of 
slopes 

High degree >I 1mpcrmeab1l11~ 

Low degree ol 1mpcrmeab1h1' 

Low price 

Low cost. ea.1ly adapted to 
lhe Siie 

Pornb1ht) of fractunng 

Reuer pcrformancr under cx
lernal loads 

Shor! hfe 

Permeable dunng lhe m111al 
pc nod 
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\later111/ 

Concrete 

Fcrroccmcnt 

Soll cement 

Pol~ \·in~ I chloride 
IPVCJ 

Asbcsto~-ccmcnt 

c, .. 

Dams. canab and anchoragt'~. 
C1lTC "'alls. foreba\. po .. er· 
htlU~ 

Lmmtr:~- dam~ 

Pcnstock 

Eq.,·,,ment 

The list below describes the principal items of 
equipment used for MHG. together with a number 
of recommendations for •he development of tech
nology research projects. 

Trp1• 

Pelton 

Michcll-Banki 

Hydraulic turhmt•.1 

(it·n.-ra/ characrcri.rio 

Thi> is a tangcntial-flm• actaon 
turbine consisting of one or more 
no11lc' and a runner carrying a 
certain number of buckets. 
The range of application of Pelton 
turbines is limited to low specific 
speeds. Oi:;crating with high heads 
and r~duccd flows. this turbine 
can give an cf:icicncy of approxi
mately XS per cent. 
ft, manufacture require' an indu'
mal plant equipped to perform 
operations of casting. welding. 
cutting and basic machining 
(turning, planing. and drillingt. 
The runner and nonlcs arc 
normally produced by cas:ing. 

This is a partial-admission, cross
flow. action turbine with radial 
intake, and consists of an injector 
and a runner having a certain 
number of curved blades. 
The range of application lies bet
ween that of the double-n07.7.lc 
Pellon and the high-speed Francis 
turbine, in situations involving 
medium heads and moderate 

Durabllll~. rc~1,1ancc tn h1g:h 
comprc"um 

l.tt\li. co'L high general 
r~1,tancc 

Lo\\ Ct>'I. hght \4.c1gh1. rap1J 
m'tallauon. ea,~ adap1at111n 
to prntilc. "'"' head ln''\C' 

( ontmuou' l~n(r:th'. 1A1th,1anJ, 
t.:tm,1dcrahk dcformalton. 
ea'\C of lrar.~pon and m~tal
lauon. good re,1,tam:e 10 
impact ;\nd '-tllar r.1d1a'lon 

l.o-.cr co'I than m the ca".c tif 
PVC. good adaptation h1 the 
profile nf the fall. no c'<pan
'1on 1om1' rc4u1rcd. reduced 
head lth'\C' 

Francis 

Axial 

High ''"t. poor pcrft~rmancc 
m 1nrrcnr "tlrk' 

I 11v. rc,1,1ani.:c 10 ..:nnccn1 ratcJ 

... nd p1eron~ load .... c\Jl..'."tln~ 

Ct 10\I TUCIHlO 

Relat1\C fragil11~. 'h11uld he 
huncd. Inv. rc'l,tancc lt~ 

"1lar rad1a11on 

J11mt' rc4um: 'f'(i.:1al ... 1ccl 
t.:nuphng' v. hich arc C\3(tlntl 

111 '"'tall. high head )l,...,c, 

~datl\Ch hca\~ and frat?tk. 

'" rh.u It " ad\ ha hie 111 

~ur~ 1hcm 

tlm.-. l hi' turbine can operate 
with cfficiencie' in the urder of 
XO per cent and generate up lo 
IJK)O kW of power. 
Bccathe of lh particular geumctn. 
the Michdl-Rank1 can be ea\lh 
prnduced and " regarded a' a 
lo\\-Cn't turb1n~. 

lh manufacture require' an in
Ju,:rial plant e4uipped to per
form "elding. culling . .:nd ba,ic 
machining operation' (turning. 
planing and dnlhngl. 
It can be produced u\lng welded 
pari-

The u,e of thi' turbine" re,1ric1ed 
to medium soecific 'peed' and. 
like the Michell-Banki l)pe. to 
medium head' and moderate 
!lows. It' efficienC) he, bct,.cen 
X.l and 90 per cent. 
It\ manufacture req111re' an in
d.i,tnal plarot "1th the nece"ar) 
equipment for ca,llng. "eld1ng. 
culling and machining. 

Thi' i' an axial-tlo" reaction tur
bine. with a speed control '''terr. 
incorporaicd in the runner m the 
particu:u ca'e of Kaplan turbine,. 
Its area of applicat;oo i' hm1tcd 
to fa1rl)· high 'pccif1c speeds. 
Operating with ver) low head, 
and large flows, it is capable of 
achieving efficiencies of about 
90 per cent. 
Its manufacture requires an in
dustrial plant set up for casting. 
welding and ci.lling. and equipped 
with the usual basic machine tools. 

. . , . . . , - .. . . 



Speed regulaton for hrdrau/ic turhilrn 

Trpe 

Elcctrical
clcctronic (with 
flt'·:. : ,~:-:~rlli) 

Encrgy-<k;:.ipa:ion 
(clcctrical
clcctron;c) 

Oleo-mcchanica: 

General charactt'r1Jtin 

This regulator consist\ of ~n elec
trnnic de\ ice d~signed to detect 
\'ariations in the speed of the 
turbine on the lnsis o~ the ,·ana
tions in generating frequency that 
accompany a change in load. and 
an electric motor which dri,·cs a 
mechanism opening or closing the 
flow regulation ,-al\·c of the tur
bine in either direction. 
As the electronic unit is ;he ,amc 
in all cases and doc' not depend 
on the power. this rcguiator is 
incxpc:nsr,·c ll> manufacture. the 
electric motor or the h~draulic 
scr\'omcchanism being the princi
pal \'ariable cost factor. 
l >' manufact11rc requires an in
dustrial plan: specializing in elec
trical and mechanical "ork and 
with its own electronics shop. 

This regulator consists of an elec
tronic dc»icc designed to detect 
\'ariatior,, in the speed of the 
turbine on the basis of the \'aria
tiori,; in generating frequency th~t 
ar.~ompany a change in load and 
i! s_ s!cm of electrical resistances 
that increase or reduce fictitious 
loads to maintain ~onst::nt load 
on the t•ubinc. 
The clecironic dcvic~ is similar to 
the one nquircd for the ckctric
clectrontc r,·gulator "ith po,iti\e 
water control 
Its manufactur~ requires an indus
trial plant with an electronics 

'hop. 

This kind of regulator consists of 
a 'peed sensitive clement. usually 
in t '1c form of a centrifugal pen-

Trp•· 

Alternate rs 

Induction 
gcncr.uors 

dulum. a force Ji,1nbu11on clemcnl 
iilcorporating a pres,un1eU oil 
distribution ··ahc and a scno
m.>tor. a compensation and 
~c,crsing system designed to sta
b;lize the \Cl,icit~ of 1he group. a 
gc•lf or sliding \anc pump. am: a 
nun>ber of actua:ing dc\'ices t<> 
C<>n•rnl the flo,.-regulafrir. \al\·e 
of the turl>inc. 
The cmt of m~nufacrnring ;his 
rcgulato.- is. cPmparamd~ speak
ing. higher than the cost ,,f the 
clcctro--clcc• r'.mic regulator. and 
its producticr. requires an indu'
tnal plant c4uip~d tn perform 
welding. cunir•): and precr,i<>n 
mach1ne-l<>ol opc1:t.tilJO,. 

El.-ctrical g1·n1·ra1,,., 

<ienera! charac·teri\ftn 

These arc gcnerawrs "ith a de.ign 
incorporating a \oltagc: regulawr 
and rci,-iforced coih capable llf 
"ithstanding turbine runa"a~ 

speeds. 
For economic rca~o=-i!t. ~he U\t of 
two- or !o:.ir-polc alternator' i' 
rernmmenGed for MHG. 
Manufacture require' an electro
mcctianical plant "ith basi• 
machine tooh .. nd equipment fo• 
the .. ir.ding of cnih. "clding and 
culling. 

The'c arc induction mctors 
operating as generators either 
independent!~ er in parallel "1th 
an :iltcrnatnr. 
Their manufacture: requires no 
more than the adaptat:on of e'ist
ing electrical mntof\ and can be 
undert2~~•· ~t the manulJcturing 
pian! itsc!f. 

i 
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V. Approaches to specific pro~ 

A. Specific assessment ()f demand and resources 

Demand 

An important point to rcm~mber is that the 
demand estimated in the planning phase will be 
used for the specific projects phase. Demand is 
assessed in the light of local and regional 
c,1nnitions. The putential electricity demand is 
calculated 'lnd a global estimate of future growth 
in demand i~ prepared by e~tablishing a plann;ng 
target to be achieved in a time equal to the 
estimated time required for a grid supply. The 
analyses re~•1ire field invtstig:uions and processing 
of the data discmered. The following acti\·ities are 
required for specific demand assessment: identi
fication of the major development complex of the 
zone; identificati;..in of the area of influence of the 
de\elopment complex; inventory of socio-economic 
activities; identification of possible future growth 
factors in the zone; and analysis of data yielded 
by field work and other ~ources. 

The possible sequence of phases in demand 
estimation is reflected in figure 24. 

Genor11 ..,.,.,.., ol 
soci<HCQnomic actMty 

Identification of "'°'' 
•~nponant ec.tivities 

C.lcul11ion of Cll*itv 
MlfftllO 
polllnti<ll domond 

Detorminalion of blllc 
11locetion or capecity 
of lomily unit 

E1tim1191ol 
reY,,,..., cap111i1i:iet 
of_,,iti91; 
Sludy of •l-1iW cootl 
of d-l -1tion 

Region11l..,.IY1'S. 
IC0n0<1>ic growtll trwnds 
..,.1ytis.,d 
dlmogrlpllic 1nolysis 
of.,_.,;ty 

Fieurr 24. Th• procn• of drmand nlimation 

Ml 

Re.wurets 

Resource~ are estimated on the basis of 
analysing existing cartog~aphic. geological. beo
morphological. hydrological and ecological data. 
supplemented by field surveys. headwater surveys 
and topographic surveys Possible headwaters are 
identified from information supplied by the: local 
population. Headwaters located near. that is 
within approximately 15 krn of. settlements in the 
basins under study are researched and their dis
charges suITeyed. 

The available head is determined by simple 
topographic methods. A pocket altimeter is satis
factory for high falls. and a precision altirr.etrr 
should be used for low falls. In both cases a spirit 
level can also be used. 

B. Selection of technology for the denlopment 
and design of MHG systems 

The general design criteria for the selecti0n of 
m.:hnology for MHG systems concern the 
characteristics of the region, such as access 
facilities for possible future use of building 
equipment. and the availability of local building 
materials. Specific MHG design criteria are 
presented below. 

Criteria(or .1itiflR intake 1rnrh 

I. Tl:te maximum narrowing of the stream 
channel should be determined in orC:er to mini
mize spillway length and. therefore. ncavations 
and structural work. 

2. A site should be found corresponding to the 
sediment conditions. 

3. The be~t foundation for the structure 
preferably on rock out-croppings. should be 
found in order to ensure stability. 

4. The minimum length of conduit in contact 
with maxinum waters should be chosen in order 
to reduce t1•e amounts of reinforced concrete 



Desigr. crueria for conduit system> 

L The plan ~hould be suitably Jesigned to 

minimize excavat;ons. 

2. There should be a minimum wa:e; flow rate 
of I r.i/s to avoid sedimentation. 

3. The duct noss-se~tion should be dose to the 
opti.num hydraulic value. 

4. A c.heck on seepage should be made to 
determine whether the duct walls and t>1ase need 
lining. As a general rule. lined ducts cost twice as 
much as unlined. 

Criteria for designing silt basin.1 and surge chamben 

!. l::e capacity should be .:hecked to ens.ire the 
following: appropriate supply tu penstoclc ab
sorption and damping of oscillations arising from 
opening and closing of inlet \·alves due to varia
tions in turbine loading; and control of water le\·el 
at penstock inlet. 

2. The design dimensions of the silt basin should 
be determined in the light of the permissible sizr 
cf the particles that can be allowed to er.ter the 
turbine and the characteristics of the solids in the 
water. 

3. The d ... pth of the silt basin sl•ould be such as 
to preclude disturi'ances due to r;sing a'ld 
descending flows caused by temperature changes. 

Criteria for pensrock design 

I. Various materials a:e suitable and various 
types and sizes may be used in combir.ation to 
achieve optimum solutions. The figure below 
shows the various materials which may be used 
under different heads (in rnetres): 

Steel 

Malleable iron 

R>!inforct'<f plastic 

Asbestos-cement 

PVC 

Polythene 

Timber 

In order to withstand the maximum permi,,
s!ble water hammer for power stations. the rated 
pre· sure cf the tubing should be approximately 30 
pc1 ;:ent more than the gross drop. W '.ter hammer 
surging can be controlled by appropriate timing 
of the closing of lh~ controller. 
2. Building costs. which increase with diameter 
as well as wi•h gro;!nd conditions. snould be 
balanced against tubing pressure drop. which 
reduces ou.put. This comparison will help to 
determ:ne the optimum diameter. 
_. Anchorages should be designed for safety 
factors based or. overturning, sliding and bearing 
capacity. The tubing should also be studied for 
three different kinds of load: dynamic pressure 
load on tubing. stuic pressure load on tubing and 
load on empty tul,;~y;. It is also ad\·i<>able to 
design a filter to extend along the whole length of 
the venstock to drain possible seep;;.ges. 

Design criteria for pc" erhou.1rs 

I. The area to be buiit on depenc!s upon plant 
requirements. head. water flow and the number of 
units. If enough funds arc available. a residential 
area can be found for the operator. A water 
supply system with filter bed purification and a 
sewage systerr. with septic tank would then be 
available. 

2. Drains or some other system shvuld be 
provided around the powerhouse perimeter to 
intercept surface water and keep down the level of 
the water-:able. 

Design criteria for transminion lines 

The design of transmission lines is governed 
by the following variables: line rnlta,1;e, capacit). 
power factor, length, height above sea level, 
average, maximum and minimum outside tempera
tures. and wind speed. 

. . . "' . . 
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C Buildin~ methods 

The \·arious methods of building the elements 
inrnlved in MHG are considered below. 

Dam 

Gabions are easy to install and cheap. Possible 
early seepage can be prevented by concrete or 
timber bulkheads. Conditions may become critical 
with \·ery low flows in cases in which significant 
losses are unacceptable. 

If appropriate materials are available in the 
region. it is worth considering the alternatin~~ of 
massive concrete or of brick. Massive concre1e has 
the ad\·antage oi using appropriate roclc coming 
from exca\·ation works. Th;s is the be:.t solution 
for sites with high water heads over dams. but 
foundation problems are ;nuch easier with heads 
of below two metres. The :nair. difficulty is that 
since the structure is rigid. cracking may occur 
due to differential senlemems. If there are facilities 
for !ransporting materials and equipment. alterna
tive combined structures for the dam and intake 
of reinforced concrete can be considered, pro
vided that the structure is of small dimensions. 

lntakt• 

There are various possibilities. If there are 
old stream beds. they can be enlarged by exca\·a
tion and the water diverted through them. so that 
the construction of the intakr system can proceed 
in almost completely dry conditions. 

Another possibility is to use sheet piling. The 
intake. lock and conduit are constructed first. 
then the spillway i> constructed wl1ile the water 
flows through the lock and intake. This alt.:rna
tive calls for sh~et piling of appreci'lble lcng:h and 
reduces the space available for working during 
construction. The maximum permissible c!ischarge 
of the lock increases tile risk of flood damage. 

The first alternaiivc may be better if cxca\'a
tion costs arc justified by the reduction in risks 
and inconveniences as compared with the sheet 
piling alternative. 

Silt basin 

This can be positioned immediate:y after the 
intake works. in which case the nearness of the 
flow is used economically for sediment cleanliness. 
The water should also be free of sediment along 
the construction conduit. although sediment may 
occur in its c.pen run. 

Another alternative is to use a combined 
sand trap and forebay. This option is certainly 
cheap !Jut requires a faster flow rate through the 
c..lnduit system to prevent sedimentation. it is 
..:sually associated with the use of earth conduits 
and is useful for MHGs. 

\fll'fr-lti Jrnpou o \ltlllon\ 

Steel pipes are \·cry npen'I\ e fr,lm the point' 
of \·iew l~f bo!h material- and in,tallation. Cement 
asbestos pipes are cheaper and easier t•.> obtain. 
although in some cases there ma~ be limitations 
due to the ma\imum commerciall~ a\ailable 
diameters. 

}'mn"rhou.11• 

Here more than in an~ other part of the ci\·il 
engineering works. the use of pre-fabricated ele
ments may be regarded as a means of cuning 
costs. It is very important to bear in mind local 
materials. not onl~ for reason' nf co't but abo of 
appearance. taking into account their beha\ i<>ur 
under seismic conditions. 

D. Seleclion of equipment 

MHG equipment should be 'elected from the 
commercial catalogues of nauonal and inter
national makers of standard equipment. The: main 
selection criteria should be reliabilit~ and cheap
ness. 

Details of the procedure for selecting the 
various items of MHG equipment are given below. 

Sc!t·crum 
f."qu1pment paramt'la 

Tra'h Al!.1wable 
rack panicle 

~UC 

Vahe Pipe ,11e. 
pre"ure 

Turbine Head. 
discharge. 
power 

According lo 1hc: 'P<!ctfica1wn 
of turbine material-. minimum 
tlo" ,e1e.:tu1n and head. fh" 
t.:.f.n he fr,r au1omath.: or 
manual deaning. 

Main!~ gale. bu11erth. and 
'phcncal \al'c:'. according 10 
pipe 'ite. lurbin~ intake. water 
head and clo,ing umc. 

Once the charac1cri,11c' of the 
turbine' a' C\platned in 
chapier I\. •'.nd the: generator 
,peed arc known. a turbine 
'peed can be decided on and 
the bc:'I kind of 1urhmc: can be 
'elected u'mg the 
melhodolog~ gl\cn in the 
anne\. h ,hould be: 
remembered chat turbine C11't 
h 1nver!i.el~ proponannal 10 

1urhinc 'peed. 
Once the kind of turbine ha' 
been decided on. a ,t;indard 
model 'ui1ahlc for the head. 
d1~charge and power i' 
selected from commercial 
catalogue,. The'e parameter' 
will determine turhme 'peed . 
wh.ch will not differ great!~ 
from the planned value. 



Speed 
controller 

Turbine 
and 
generator 
trans
mission 

Capacit,·. 
frequenc~ 

RPM. 
load 

Generator Capacity 

Control 
panel for 
power
house 

Power 
trans
formers 

Trans-
mission 
or 
primary 
network 

Capacity. 
voltage. 
frequency 

Capacit). 
voltage 

Capacity. 
trans-
mission 
\oltagc 

Substation Capaciry 

Selection of the speed 
controller is automatic once 
the turbine has been selected. 
The cont:ol:cr can be olco
mcchanical ·.>r clectro
electronic. 

The mechanical transmission 
between the turbine and the 
generator should be selected in 
the light of the speeds of each 
and bearing in mind that belt 
transmission is U$ed for high 
speeds and gearing for low 
speeds. :f the turbine and 
generator both run at the same 
speed. a direct coupling is 
used. 

The gcncra11on voltage and 
frequency arc selected with 
reference 10 electrical 
>landards for generation m 
each coJntry. 
The most appropriate kind of 
generator should be selected 
accordingly. as indicated in 
chapter IV. 
A generator of the required 
capacity and gcncra:ion 
frequency and voltage should 
be identified in the commercial 
catalogues. Bear in mind that 
generator cost is im·erscly 
proponional to its speed. 

A control panel should be 
selected h> suir the maximum 
capacity, voltage and 
frequency of the generator. 
The aim should be to use the 
least possible amount of 
instrumentation compatible 
with effective control. 

Transmission voltage is 
selected in accordance with 
each country's standards for 
transformers and the 
transformer to be used may be 
selected from commercial 
catalogues on rhe b;11,is of 
capacity. Remember that 
shon-circuit cL:rents may be 
five or six times the rated 
current. 

The oprimum cable cross
sccrion is selected in 
accordance with each 
country's standards for 
electrical conductors and to 
give minimum voltage drop 
and power loss. 

The distribution voitage is 
determined in accordance with 
each country's standards. The 
transformation rario can then 

Distribu
rion or 
secondar~ 

nc111.ork 
(consumer 
connec-
tions) 

Distribu
tion 
\Oltage 

be found and the 
corrcspon<iing subs1a11on> 
selected from the catalogue>. 

The same criteria and 
standards used to select the 
primar' net11.ork arc used to 
select the >econdan nct,.ork. 

The selection process is illustrated in figure 25. 

ls,..,. ... .- ..... HGI 
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f'ig•~ 15. ProcH< of rquipmeal ..-leclion for 'Ill(; 

E. Operation, maintena:ice and repair 

Ope1ational characteristics depend mainly on 
the size of the plant. the type of s;:rvice. the level 
of control automation. the reliability of the 
c:quipment and the institutional structure of the 
electric power system. 

Assuming an MHG wirh a low level of 
automation. limited to the vehicity and vohage 
regulators and the safety systems. and designed to 
operate only a certain number of hours a day. a 
single operator might be all that is required. For a 
continuously operating MHG. on the other hand, 
two operators working in shifts would be needed. 
The operators must be able to perform their 
duties with competence and to handle tasks 
involving preventive maintenance and minor 
emergency repairs. 

An MHG operator must have at least basic 
knowledge in the following areas: fundamentals of 
industrial electrical systems, bench machining. 
welding. administration and operarional sequences. 



!\.taintenance and repair operations may be 
distributed as follows: 

... frttnt1 

Prt\Cntt\e maintenan-.:e llf 

equipment 

Prc\enti'c: maintenance: 
and general repair' Ill the 
cl\il engineering >tructuro 

General equipmc:n1 repair> 

~lajor equipment repair> 

Rnpon>ih1lu1 

Operator 

Operator \Ollh communit~ 
>Upp•.> rt 

··Aymg maintenance 
'quads.. ,,f the: electric 
utilit~ or the: operator 

Specialized "'orbhops or 
the manufacturers 

R1·comm1•nJariunJ concerning ci,·i/ 1.-orkl 

I. The channels. diversion dams. spillways. con
trol sluice gates. piping. and conduits should be 
regularly inspected. The frequency of the inspec
tions. which are extremely important. varies 
according to climatic conditions. 

2. During flood periods. daily inspections should 
be carried out with a view 10 detecting threatening 
conditions caused by rising waters or slides. Such 
threatening situations may include: erosion of 
supporting pillars. unusual loads on the ducts at 
or along the river bed. the accumulation of waste 
material at the grids or gates of the diversion 
dams. unacceptable erosion below the di\·ersion 
dams. or abnormal down-channel waler levels. 
Flooding may be more of a problem at low-head 
installations than at high-head plants because it 
may damage the dam and the generating units. 
Slides may damage the canals and ducts. in some 
instances filling them with debris and causing 
overflows and abnormally high sediment loads 
on the turbines. 

3. The inspections made during periods of 
emergency should be carried out by experienced 
personnel who arc familiar with the operatio11 of 
the facility. 

4. The dam should be inspected annually in 
order to make certain of the intc~rity of the dam 
itself and of its abutments. 

5. Any structural tissues or leakage through the 
dam or its abutments should be the subject of 
frequent and careful inspection for the purpose of 
detecting possible changes. 

6. Permanent bench-marks should be made on 
the dam during construction for use in performihg 
measurements designed to record the beginnings 
of any possible slippage or movemerit. 

7. Pie10mc1crs should be installed in the founda
tion <>f the dam and their readings checked at 
least once a month for the purpose of detecting 
any sudden changes in pressure below the dam. 

__________ ,_lm_1_-i._,_J'_:._"roi. ,., ,r11tto1h 

RecommenJarwn• con,·erning e!t·umm,·ch11nical 
<'qu1pmt·nt 

I. The machinery· and \ahe" should be regularly 
seniced so as to ensure that they .... 11 1>perate 
properly and reliably when re4u1red. 

2. All gates and \ahes should ix operated 
through their full range of tra\el at lea"! once a 
month. In the case of small plant". ddecti\e 
\·ah·cs and gates may be replaced and the ddecti\e 
parts taken to a central "'orkshop for repair. The 
same may be done in the case of turbines. 
regulators. generators. and tran,formers ., hen 
they ar;: small enough. 

3. In both high- and 1011.-head projects. the \ah es 
and gates should be test·operated at lea"! once a 
month to ensure that t~ey 11.1ll perform reliably 
when required. If there are a number of gate". 
they· should preferably be of identical de"ign. arid 
consideration should be gi\en to the ac4uisition 
of a replacement gate to be used in the e\Cnt of 
damage caused by lloating debn" or 11.ear. 

4. Generators should be inspected e\ery "i' 
months and disconnected once a year for pre
\·enti\·e maintenance. 

5. The turbines snould be disconnected and 
inspected each year for faults. 

6. The control panels should be inspected e\ery 
four months and disconnected c'ery year for 
preventi\·e maintenance. 

7. The bus bars. especially their conncctwns. 
should be inspected every four month,. 

8. The transformers must be in,pccted every 'i' 
months and disconnected Clery year for pre,enti\C~ 
maintenance. 

9. The circuits mus! be inspected C\cry si\ 
months and checked for faults at the time of the 
annual maintenance. 

10. The substations must be periodically (even 
three months) checked for short circuit,. 

F. Costs 

This section deals with a number of 4uar.tita
tive guidelines which may be used to es11mate the 
costs of an MHG for purposes of planning and 
rough calculation. The fact is that reliable '"'t 
predictions for specific projects on the basis of 
overall indicators are not possible. since each 
individual case requires a detailed cost analysis 
taking into account the particular features of the 
project. 

Figures 26-31 show unit costs for total M HG 
investment and for the three principal investment 
components: pre-investment studies. equipment 
and civil engin~ering. As the figures are based (ln 
information relating to various Latin American 



. .fpprooclu1 to J.Pt«Ifi< pn1rc11 

Unit cost 
(dollars per tW) 

5.000 

4.000 

3.000 

2.000 

1.000 
10 

Index 

150 

100 

50 

1980 1916 

~-· 

-
50 500 1.000 

1970 1r;15 llllO 



151----

10 
9 
B 
7 

!O 

Unit cost 
(dollars per kW) 

4,000 

3,000 

2.000 

1 000 

500 

400 

300 

10 

50 

Head (ml 5 

10 

20 

40 
60 
BO 

100 
150 
200 

100 

0utpUt lkWI 

100 

Output (kWI 

Flprr 19. l!nll cos! of Imported electromecha•ical eqaip-nl 

500 1.000 

500 1.000 



Unit cost 
(dollars per kW) 

3.000 

2.000 

1,000 

500 

400 

5 

15 

30 

60 

100 
150 
200 

Head (ml 

300 '--~~~~~~~~~~--,..--~~~~.----~·~~~~~~~~~---,..--~~~-, 

10 

Unit cost 
(dollars per kW) 

2.000 

1,000 

500 

10 

50 100 

Output (kWI 

500 

Fillurt JO. l' nil cosl or doawslicall~ maaufactaml ~uipmrnl aad ltth110IOI!~ 

50 100 

Output lkWI 

Fi1ure JI. Unil cost or MHG cMI coastruclioa 

~ 
Coe= p0.315 

-----,----
500 

Unit coJ/J of total MHG inn.'Jtmen1 

1.000 

.... _ 
1,000 

countries, it is recommended that offices respon
sible for MHG planning should adapt them to 
conditions existing in their own countries. That 
can be done in at least an .ipproximate way by 
experimentally determining certain correction 
factors for use with the graphs presented in the 
figures. 

Figure 26 shows the total unit costs for an 
MHG plant in dollars per kilowall of installed 
power for differer:.: power ratings (output) and 
heads. The elements and hypotheses considered in 
the preparation of the graph are outlined below. 
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The folllrn ing conclusions may be drawn 
from the total in\'estment co't cunes: 

I. M HG costs may \'ary between S 1.000 and 
55.000 per installed kilowatt: 

, Unit costs rise rapidly as po"er ratings 
decrease: 

3. Plants operating \\ith low heads are more 
co•!ly than those with high heatis: 

4. The use of non-con\'entional technology for 
the ci\ ii construction and of domestically pro
duced e1.1uipment and techl'ology makes for lower 
unit costs than com entional technology and 
imported e1.1uipment. This ad\'antage tends to 
become less significant as the po\\er rises. 

Facton consiclat•d in the pr<•paration of figur<' !IS 

I. The data processed were drawn from 35 pro
jects in three Latin American countries. the 
correlation factors with respect to the graph being 
in the order of 70 per cent. 

2. The lower cur\'es. for the nun-conventional 
technology option. were plotted by adding the 
costs of the studies to those of the equipment and 
the civil engineering \\orks. assuming domestically 
manufactured equipment. 

3. The costs are based on 19110 prices. and the 
data used were adjusted according to the indices 
gi\en in figure 27. which is a \'ery rough indicator 
of the time variations in MHG investment costs 
described in this Manual. For specific cases. it is 
ad\'isable to study th~ \'ariallons for each equip
ment component and the civil work costs according 
to the particular conditions given for each country. 

4. The curves presented arc of only relative 
statistical \'alue. since in the case of specific 
projects one must expect significant variations 
from one country to another. 

5. The \'ariations from country to country may 
be due to 1he follo\\ing factors: availability and 
cost of labour and materials: equipment purchases 
and freight costs. engineering costs: geographical 
conditions and problems of access: doliar ex
change rates: currency market conditions and 
contn,is: anci variations in cost indicators over 
time. 

6. Variatiom with respect to each specific pro
ject 21re due to: distances and access conditions: 
physical conditions (geology, hydrology. geo
morphology, soil mechanics, ecology etc.): and 
significant differences in the scale of the civil 
construction. 

7. The graph in figure 26 refers to stations 
having only one electromechanical unit. 

\f1nt~lr1 dropm1 c·r \l'1tlrut\ 

I<. The definition of high. medium. and lo\\ 
heads is taken 'rum the power and head classifica
tion of OLADE presented in chapter I. 

Cnit co.Ifs ofpn:-ini·e.11ment .'1udtn 

As pointed out in chapter Ill. section D. 
study costs are fr~quently disproportionately high 
in terms of the total in\'estment. It is therefore 
ad\·isable to set limits tu study costs as a 
percentage of the total cost of the project. 

For purposes of guidance. figure 2X shows a 
proposed graph of maximum desirable study costs 
as a function of plant output. In actual practice. it 
is recommended that each coun•-: .,ian such costs 
as part of its MHG policy ::..11d m accordance with 
the min:mum depth and co\'erage of the studies 
themseh·es. 

Unit cosu of electromechanical <'quipm<·nt 

Figures 29 and 30 indicate the unit costs 
of electromechanical equipment in the cases 
of respecti\e equipment imported from manu
facturers in developed countries and equipment 
manufactured domestically using technologies 
developed or adapted in the country and not 
subject to the payment of royalties. The electr,>
mechanical equipment includes the folio\\ ing items: 
turbines. velocity regulators. generators. electrical 
control panels and instrumentation. and installa
tions (excluding anchoring systems). 

The following points should be noted in 
connection with figures 29 and 30. 

(a) The data used in preparing figure 29 
were based on 25 cases. the cur\'es ha\'ing a 
correlation factor of 97 per cent: 

(b) The data used in preparing figure 30 
were based on 10 cases. with the equipment 
manufactured in a single Latin American country. 
The curves were plotted on the basis of figure 29. 
the correlation factor being lower than in that 
figure: 

(c) The costs are given in 1980 dollars and 
arr- based on an adjustment of the values given in 
figure 27; 

(d) Variations from country 10 country may 
be due to: freight and insurance. import duties, 
taxes, local transport. laws designed to promote 
industrial development. exchange rates, currency 
market conditions and controls, and variations in 
cost indicators over time: 

(e) Varia1.ions from one particular project 
to another may be the result of conditions of 
access and local freight charges, and of installation 
costs: 



Ui lmplicu in the equipmenl cosls is the 
selec1ion of 1h~ oplimum turbi,e type according 
10 1he head and power of 1he station. 

A number of general conclusions. including 
1hose listed below. may be drawn from figures '29 
and 30 for guidance in the selection of equipment. 

I. The unit costs of the electromechanical 
equipment for an MHG plan1 may \"ary oetween 
S300 and 53.000 per installed kW of power. 

2. Unit costs rise rapidly for 1he lower power 
ratings. 

3. Unil costs increase sharply as the head 
decreases (in the proportion of 3: I for heads of 
5 m and 200 m. respecti\"ely). 

4. Generally speaking. domestically m:mufac
turcd equipment and domestic 1echnology may be 
priced at one-half the cost of cqui\"alent imported 
equipment and technology. 

{'nit ClHls of" cirif construction 

Figure 31 shows the unit cost indicators for 
the ci\"il works associated with an MHG project. 
The diagram is intended for reference use only. 
The following items arc included under civil 
·'llorks: dams and intakes. canals. forebays. silt 
basins. penstock~ and anchorings. accessories 
(gates. grids etc.). machine rooms (powerhouse) 
and equipment support sys1ems. and run-off 
canals. 

It should be no1ed that the abo\"e-mentioncd 
cosl clements do not include 1he power 1rans
m1ssion and distribu1ion systems. Some of lhe 
factors involved in plotting the civil construction 
cost curves are outlined below. 

I. The curve;;. which are based on data for 
25 simulated projects having a correlation factor 
of about 60 per cent. reflect the approximate 
correlation projecls of rhe difference in total uni1 
costs less 1he costs of studies and equipment. 

2. The variations from one specific case to 
another are very wide. 

3. The correlations for com·emional technologies 
rest on the assumption that the technological 
conditions of the project arc as described in 
chapter I (guideline 5). 

4. The correlations for non-conventional 1ech
nologies rest on the assumption that the techno
logical conditions of the project arc as described 
in the preceding section. 

5. The costs are given in 1980 dollars. 

6. Variations from coun1ry 10 country may be 
due to: cosls and av;;i.ilabiiity of construction 
materials; labour costs: and geographical condi
tions and problems of access. 

7. Varia1ions from project to project ma) be due 
to: the physical characteristics of the project 
(geology. geomorphology. hydrology. soil mecha
nic~ canal length. topographv. aggregate materials 
etc.): ::iuilding methods: depth of the engineering 
studies; and experience in design engineerirg. 

Figure 31 suggests a number of general 
conclusions. in particular those listed belo11.. 
concerning the limits of application of the graph 
itself and the trends revealed in it. 

I. The curves arc designed to pr0\1de onl) an 
approximate estimate. for use during the planning 
stage. For each indi,·idual j)rojecr. a satisfactory 
approximation requires physical sur\"ey~ at the 
actual work site. 

2. The unit costs of ci\"il works ma) vary 
between S450 and Sl.800 per installed kilo11.att. 

3. Unit costs increase as the power decreases. 
but not as rapidly as for the electromechanical 
equipment. 

4. The unit costs of civil works increase as the 
head increases. i;; ;;. relationship that is 1hus the 
inverse of. and also less marked than. that which 
exists between unit equipment costs and head. 

5. All other factors being equal. the use of non
convcntional technologies is less costly than the 
use of conventional technologies. this advantage 
being greater for the lower power ratings. 



VI. International Co-operation1 

The !Jrincipal possibilit;es for international 
co-operation in the MHG field lie in the areas of 
technology. training. studies an'.J construction. 
Co-operative proiects may be undertaken at the 
world. regiona~. -_.'iregional. or simply the bilateral 
level. 

The term "international c:o-operatiGn" ex
tends to all types of international relations which 
are designed to pursue the mutual advantages of 
tht. co-operatin!' parties and which are the subject 
of international agreements. It is based on the 
following principles: respect for the sovereignty of 
the parties: equality of rights for all parties: the 
volun<ary participation of all parties: mutual 
assistance: and reciprocal benefit~. 

A. International organizations operatin~ 
at the world level 

The follow;ng are some fo the organization' 
that are in a position to provide support in the 
de·;elopment of MHG. 

Organi:a1ion 

International Rank for Re
C<•nstruction and O(!\elop· 
men. (!BRO): WtHld Bank 

International Labour Or
ganisation (ILO) 

Organi1ation of Petro
leum Exporting Countries 
!OPEC): OPEC Fund for 
International Develop
ment 

Art•a of acrin11 

Financin!! of development 
projects: grants short- ,,r 
medium-term loans at 
intere,, to both the 
Governments of the mem
ber countries and to publrc 
and private in:aitutions. 
provided the) have the 
backing of the Govern
ment of the countr' in 
question 

Co-operation in training 
prograMmcs lor middle
levcl technicians and 
s~ill~d workers 

Financial assistance for 
development projects. par
ticularly in the area of 
ahernative energ) sources 
and on behalf of the 
countries most seriously 

'Th" ch•pt:r" intended tn be upd.ied and c.pand<d 1n 
rh< n<xt tdrtron. subj•CI '" rh< collection of more d<rarled 
1nforma1ion on ac1ivities of the orp.nizat10ns mrnuoned 1n 
rhis Manual. 
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United Na1ion> Dc\·el,1p
ment Programme(C!'iDPI 

affectcj b) the petroleum 
price stru~ture: currentlv 
financing an MHG pro
gramme 

Financing of de,elopment 
plans. programme' and 
proJeCh 

Ur.ited Nations Edu.:a- Co-operation m 'crcntrlic 
tional. Scientific and and educatronal dt\clnp-
Cultural Organi1a1ion ment programme' 
!UNESCO) 

United Nation' lndu,tnal 
De,·elopment Organi1a
ticn (U!'lil::>01 

World Meteoroltlgical Or
gani1ation (WMO) 

Ct>-.iperation m rndu,tnal 
de' elopment programme': 
current!) engaged in prn
m<>tron of \!HG pro
gramme' and implement
'"g a number (lf ~roJCCh 
in de\elopmg Ctlunme-

Co-opcratllln in metcoro
l<'!Zical and h'drologrcal 
pwgramme' on behalf of 
de' elopment pro1ecl\ 

Some of the problems which arise in relation' 
with internation::I organizations anrl the method' 
for overcoming them are outlined below. 

Prohlem> 

Poor 'election of e\pert' 

Rt'medwl ac11on 

Reque't. h) 1he nau.rnal 
organ11almn~. of a more 
exten'i'e Ji,t tlf expert'; 
prtn i'ron llf adeQuale and 
,ufficientl\ dctaokd rnfor
matron to the internalltl
nal organ11ation 

Failure to take full ad,·an- Formulation of a detailed 
tage of the e>pen·, ,kill' plan 'pec1f)rng. ,uffi

cientl) in ad,ance nf rhc 
e\pert"s arrival. the ac1i' i
:res the in,titulion ";,hes 
to have earned out: a"ign
men1 of gn,ernment co
operation per,onnel ,uffi
cientl) qualified to work 
"ith 1he expert 

As part of their effort to promote the use of 
MHG. the international organizations must lend 
their s•Jpport to the establishment of !c:al infra
structure in such areas as planning, studies. 
design, operation and maintenance. administra
tion. financing and technological dev~lopment. As 



l'lttrna11ona1 ro-optrar1on 

a general rule. contacts with international organi
zations should be handled through their resident 
representatives in the individual countries. 

Among the international banking institutions 
with wo!ld-wide operations. mention shou:d be 
made. in addition to the IBRD. of the faport
lmport Bank (EXIMBANK) and the International 
Finance Corporation. 

B. Regional and subregional co-operation 

Regional and subregional co-operation may 
involve studies and construction activities. and 
may be .mdertaken by a group of three or more 
countries. In principi the term .. regional .. refers 
to organizations operating on a continental or 
subcontinental basis. while ··subregional .. refers 
to groups of countries within a less extensive 
geographical zone. 

Organr;:acion 

Afro-Asian Organization 
for Rural Reconstruction 

Common African and 
Mauritian Organization 

East African Common 
Services Organization 

Latin ,\ merican Energy 
Organization (OLADE) 

Organization of African 
Unity 

Organization of American 
States 

Organization of Central 
American States 

Art·a of acm·in 

Trade. financing. and 
studies of social problem' 

Is conducting a regional
level MHG programme 

Has a Commission for 
Scientific and Technical 
Research 

Advisorv services. consul
tation. ·and support for 
economic development 
projects 

Seeks solution •o common 
problems and promotes 
economic. social and cul
tural development thr. •ugh 
concerted co-oi;,;;;.tive 
action 

Special mention should be made of OLADE 
work in promoting. co-ordinating, and advising 
on MHG projects and programmes, and of its 
activities in other energy areas. 

It is extremely important that all the support
ing organizations carry out their work within a 
framework of co-ordination, promotion and con
sultation, so that they may contribute to the 
strengthening or establishment of the necessary 
infrastructure in the various countries. 

Among the regional banks, the following m 
particular could he mentioned: 

Bank 

African De' clopment 
Bank 

Asian Dnclopment Bank 

Central American Bank 
for Economic Integration 

Inter-American De,elop
mcnt Bani.. (IDB> 

Purp1Hn 

(t, purpose i' to C<lntri
bute to the economic de
' elopment and ">e1al pro
gress ,,-~ it' members. It 
has established an African 
[)e,·elopment Fund 

Unlike the African De
\elopment Bank. this bani: 
has "tra-regional sub
scribers in addition to 
those from "'ithin the 
Asian region. It grants 
loans for infrastructure 
investments 

It is the principal financing 
institution for the Ce.1tral 
American Integration Pro
gramme and the main 
lending institution for 
regional econ<>mic de
\elopment 

The purpose of IDB is to 
promote the Je,clopment 
of the member ;ountries. 
indi' iduall~ and collec-
1ivel: .. through the finan
ciniz of development and 
technical assi<tance pro
jects. It is currentl~ stud~
ing the financing of MHG 
project' in SC\eral coun
trie' 

C. Bilateral co-operation 

In the case of bilateral technical co-operation. 
particular care and attention must be given to 
how the objectives and scope of the programme 
are defined, in order to avoid hidden forms of 
technology sales governed by commercial objec
tives. Where this is unavoidable. the negotiating 
terms with respect to the purchase of the tech
nology must be expltcit and clear. Moreover. the 
conditions of the agreement must be favourable 
and not involve, under the guise of an assistance 
programme, the granting of any exclusive rights. 
Similarly, in all cases of international technical 
assistance, the means by which the know-how in 
question is to b<. effectively assimilated b:; the 
recipient party must be clearly set forth. It is of 
vital importance that the governmrnt co-operating 
personnel receiving the assistance be perfectly 
clear as to the obejctives and that a work 
programme be prepared in advance. Their qualifi
cations must be sufficient to enable them to 
assimilate effc:ctivcly tt:e knowledge being trans
ferred. 



D::veloping countrie' ma\ request bilateral 
assistance through their diplomatic missions or 
commercial attaches. As a general rule. it is tn be 
recommended that. in order to deal bo•h with 
M HG projects and with other matto:rs ,f tech
nolog~ and co-operation. the developing' ·::'.'rries 
should create a government office: for foreign 
technical 1ssistance to be ~esponsible for co
ordinating inte~national co-operation in the 
counlry ~,d advising :he organi1.ations affected 
on how to make the best pmsible use of such 
assistar.ce. 

D. Non-governmental organizations 

According to the definitwn used b~ the: 
United Natillns. non-gO\ernme:ital organi1ations 
are international organi1ations which have not 
been established on th>! basi' of agreements 
between Governr.v·nts. The United 1'ations Eco
nomic and So~ial Council has de-.·ised procedures 
g11\erning consultative co-operation for a numher 

of non-g<>n:rnmental organi1ations of interes: to 
the Council. 

In 1975 there were 2.500 non-gO\emmental 
organi1ations. a number of which were ac.!i\e in 
the <ir::a of science and ;echnology. The '.'Ion
Governmental Organizations Section oi the 
Department of Public lnforrration of the United 
Natiom Secretariat is responsible for co-operntion 
"ith those bodies. It ":so convenes the Conference 
of Non-Government<i Organizations. which has 
its headquar•ers at Ge. e\a and functions as the 
permanent •->rgan of the non-governmental con
sultati\e organizations. 

For the purpose of ascertaining whi\.h d the 
organi1ations are engaged in MHG prol!,nmmes. 
thn mav also be contacted through the mforma
tio~ sc:r~·ices of ;he 'arious countries in their 
diplomatic or consular mission' or their informa
tion centres abroad. 

!"on-governmental •.Ht_.- .. ;tations ma~ suffer 
from limitations in the following areas: financing. 
cPnstitutional or policy restrictions on acti\ities. 
lack cf acceptance by certain Ge·. :-rnmer.b etc 



Annex 

BASIC C..\LCl'LATIO!'iS 

This an:ie' de-cribes the steps invtihed in preparing 
a mini-hydrtielectric pnwer plant projecr. using as an 
e\ample the lt>-kW pilnt plant project at Obrajillo. 
Peru. It should b•. nnted that the project ,.;;s carried 
nut for re,earch purposes and that an nisting irrigati<•n 
channel "a' u":d in the design of the plant. 

The 1~p1cal stages inn1hed in project e\•cution are 

reflected in figure 32. 

Surwy study ] 

O.termiMtion of 
cu'""t electricity de....00 
for ten-ye., projection 

"--'tof 
hydr111lic resources 

Prepl~1tion ov site 
and en9i.-ring studies 

No 

(intake, caMI, silt t:min, 
foreb9y, pens lock, powerhou•) 
and studies on 
alterruotive building technologies 

Selection of alternative 
for equipment 

Design of tr1nsm1tlion 
and di1trib11icn line 

Civil works and inmlletion J 
I 

st ... t-up 

Canctl the project 
or 1'8define its 1eope 

Fi11ure 32. ~quenc• no,. char1 for a .,.cific project 

The procedure de,cribed belo" "as foll,1wed in 

de,igning the prnject 

A. Demand study 

The cnmmunit~ tn he supplied with ekctnc ptiwer 
had a population ,,f 595 inhabitants and a grow th rate 
that could be considered 1ern. since according to 
statistics •here had been no population increase in 
recent years as a res uh of migration to the city. The 
i<>w n had a baker~ which obtained ii- re4uire<! .lcctnc 
power frnm a head-engine-powered generating unit. 
There was al'" a small dairy plant which had 11' own 
similar pi,wer 'upply. It shnuld be noted that the rnwn 
in 4uestion lacked an~ street or hnu'e lighting. 

In tirder In determine what kind of power "ould 
be re4uired from the future hydraulic pnwer plant. the 
fnllnwing faci-_·rs were considered: 

(11) Ptrner consumptwn by the baker\ occurred 
between 3 a.m. and 7 a.m.: 

fh) Ptiwer consumptwn b' the da1r- enterprise 
,1ccurred between X a.m. and f> p.m.: 

(I") Ho us~ lighting was to be p; "' 1ded onl\ 
during the period frnm (> p.m. to IO p.m.: 

(d) Street lighting .,.a, t,, be prm1ded nnl; between 

t> p.m. and IO p.m 

On the basis of the ab<l\C·mentioned factors it .,.a, 
ascertained that the ma,imum load of the generating 
plant would be determined by the street and house 
lighting. Consumption ... as calculated using a figure of 
25 W per inhabitant. \ielding an appro\imate required 
power of 16 kW. Pro\isi.1n \.\as made for the possibility 
of further e.pansion to oermn a higher insta!led 

capacit\ per inhabitant. 

B. Resources ~tudy 

In the case of this 1Jr<>1ect a Ci!nal which followed a 
course near the town and was useil for irrigation was 
already available. The canal draws Its water from the 
Chillon River. the minimum annual discharge of which 
is 1.2 m'/s. The water for the canal is obtained tliruugh 
an intake which is cleared and otherwise maintained 
every year. after the high water. by the town residents 
as a community acuvity. 

The first step was to locate a fall, which was 
subsequentl, levelled using topographic 1echn1qu 0 s. On 
the basis of ti" head determination (56.5 ml and the 
required generator power ( 16kW1. the water flow was 
established and \lmultaneously the opumum diameter 
for th~ penstoc'< wa' selected. With the 20-cm (h-in) 

7.1 



PVC pipe sde"ed. the result was a net head of 55.3 m 
and a ma,imum discharge of 0.041' m'/s. deri,ed from 
the following formula: 

p 
Maximum discharge = -----

9.!!07 I/ Hn 

"'here: Pis the generating power ( 16 kW) 
H

0 
is the net he.i.d (55.3 ml 

11 is the total efficienc) of ;he plant ( 62 per 
cent). selected from table 7 below. 

TABLE 7. TOTAL EFFIC'lE~C"Y OF Ml'.'I-HYDRO
POWER PLA~TS 

lurhm1·/1f't· 

/',.uc·r -~----------

1J.H1 /'t·/:ron \lhhdl·HclnA1 JraffO\ -41111/ 

l"p l<J 50 5X-1>5 5-l-1>~ 5'1-M 5~-N> 

50-51~) 115-1>'1 h~-1>5 N>-70 hl>-'ll 

51Ml-5 IMMl (\9 .. ~.1 (l5..r 70- °'4 .,,,_ 7-l 

"ThC' M11.:hcll-Bank1 1urhrne 11p:ratC"' 1,1 ;a m.n1mum P''"'t'.'r ,,f 
1.001 ~ \\ 

Once the discharge had been determined. z 
hydraulic anal)·sis was carried out in order to determine 
"'hether the capacity of the canal was sufficient to 
>upply the plant and provide for irrigation at the same 
time. The study made it possible to identif) certain 
critical 10nes where the canal had to be widened. 

The figures in the table take into account generator 
efficienc). "'hich is lov. for the lowe1 power rating~. 

C Site sele::tion and desilln of civil structures 

The existing intake had lo be impro,ed so a' to 
make it possible to regulale the admission of water into 
the irrigation canal. The critical zones of the canal were 
reinforcea and widened in order to provide the necessar) 
capacity. A forebay was built. which simultaneousl) 
functioned as a silt basin and provided .I. way of 
returning the overflow lo the irrigation canal. An 
appropriately anchored PVC penstock was designed. 
Al•hough the recommended rrocedure :s to bury a line 
of this lcind. the pipe in question was installed above 
grour1d so as to make it possible to test 11 for 
performance and weather-resistance. and als<l to le't a 
number of protective coating materials. 

D. Selection of equipment 

Se/ec1ion of 1he f(enerator 

The guiding assumption was the need for 16 kW 
generation output. On that basis. the specifications 
called for a 20 kVA alternator with a power fac,or of 
0.8. generation voltage of 220 V, and generation fre
quency of 60 Hz. The generator satisfied the maximum 
power requirement. The rotation speed of the alternator 
was l ,ROO rev/min. As a research alternative. an 
asynchronous generator was also installed. with a bank 
of condenson to permit independent operation. 

Sdec1;'.,;1 of 1urbin<'< 

Since it "'a' designed to operate a> a pil<H plant. 
one of the aims of the Obrajillo rroiecl "'a' to study 
and develop a technology for turbine' of 1,,,. ,pccific 
,peed. The specifi;;: speed' of vanous turbine t)pc' uc 
shown ;n table ~-

1 ABLE x Sll.l-C"TIOS 01 P:RBi-.;f \ ·\CCOR1>1-.;c, fll 
SPFC"IHC: SPl:U>S 

lurf'l,,fl' tir·· '· ,., ''-.:.i1 
---- ---·--- --- -- -- --

Smglc-n,ll/I.: PcltPn 111-~9 1 .. 9 I MMl--llMl 

I \o\tl or muiu-nn11lc PdtHn 2-.j-59 '/. J, -llr11-J5H 

\lichcll-BJnk1 ~q-~~11 9-1'' 21Ml-M) 

Slo" Frano' 59-1 ~.; I ~-.l;-. l:fifl-1511 

'.''-uirmal Frano' 1~..s.<::~11 _l~.f,~ I 'ti-XII 

f·a,t f'ram:1' ~21l-.UO 1''-1." "il)-211 

Pr.>pdkr Jn<I Kaplan 
curb1'1e' 1~2-~Xll Ill'· 11Ml ·'5-5 

There arc t\!oo e\pre"ton' f..r the calculati11n of the 
specific speed. The first depend> on the cffi.:1enn ,,f the 
turbine and i' written m the form: 

where P" the net po..,er in hp t 1 hp~ 750 Wl !1 0 l' 

the net head in m. and.., t' the speed m re,/n11n. 

The 'econd e'pre>Si,m for 'pecific ':>Ced make' it 
po"1blc lo arri\e at cfficienc)·independent "mi11tude 
criteria and i' written a': 

... here Q is the no ... in m •;,, 

With a vie"' to lo"' 'reciftc speed. it "'a' decided 
for thts project to use Pelton and Michell-Banki 
turbines. which were to operate under the same head 
and flow conditions. In order hl ensure that the 
turbines "''mid perform "'ithtn their customar~ specific 
r.p.m. range while operating under these condition'. it 
was nece"ary to determine 'uttable runner diameter' "' 
make possible an optimal rntaung speed for the 
turbinr. 

In the case of the Michell-Bank1 turbine: 

39.K5 I H 0 
N= ----· o,,, 

where Drn is the external diameter of the runner in m 

For the Pelton turbine: 

.1l!.OO I H n 
N ~ -----'-' 

Dr 

where Dr is the diameter of the Peltnn runner in m. 



Runner diam.:tcrs of 200 mm for the Michcll
Banki J.nd 600 mm for the Pelton turbine were 
adopted. making it necessary to use a mechanical belt 
transmission system between the turbine and the 
alternator. 

Fe: this project. an existing mill large enough to 
accom.nodatc the equipment and carry out research 
"'·as used as the powerhouse. 
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