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Preface

Hie development c f  new and renewable sources o f energy bas become 

a matter o f p r io r ity  in many countries a l l  over the world. In particu lar, 

increased attention has been paid to the development o f  micro, mini and 

sm all-scale hydro power generation units which could under certain  c i r ­

cumstances appropriately contribute to industria l and economic develop­

ment o f  rural and remote areas.

In places where lim ited  hydro power is  ava ilab le , mini hydro power 

generation units (MHG) constitute a read ily  accessible source o f renewable 

energy. They use proven technologies that in  many cases need only adap­

ta tion , require lim ited  investment and obviate excessive transmission 

costs.

As part o f  i t s  programme o f Action in  Appropriate Industria l Techno­

logy, OUTDO has been a c tiv e ly  involved in promotion o f  MHG development 

and application in  developing countries. I t  has organized three pro jects  

rela ted  to  th is  subject:

1. Group Study Tour to the Peop le 's  Republic o f China in the 

F ield  o f  Medium and Small-Scale Hydro-Power Plants,

14 Hay -  2 June 1979,

2. Seminar-Workshop on the Exchange o f  Experiences and Technology 

Transfer on Mini Hydro E le c tr ic  Generation Units, Kathmandu, 

Nepal. 10-14 September 1979, and

3* Second Seminar-Workshop/Study Tour in the Development and 

Application o f  Technology fo r  Mini Hydro—Power Generation,

17 October -  2 November at Hangzhou, P.H. China, and 

3-7 November 1980 at Manila, Rep. Ph ilippines.

The Seminar-Workshop in Nepal, recommended that UNIDO encourage 

the preparation o f  manuals providing gu idelines fo r  the development o f 

mini hydro-power generation units in developing countries.

As a f i r s t  step, i t  was considered useful to prepare a manual on 

MHG fo r  the guidance o f decision-makers in  th is  f ie ld ,  at central or 

regional government le v e l or at the planning and pro ject implementation 

le ve ls . The manual is  intended as a working too l to help decision-making
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on the establishment c f  small and mini hydro power stations and the 

formulation o f comprehensive and coherent p o lic ie s  and programme fo r  

th is  purpose.

The preparation o f th is  Manual was made possible by the financia l 

support o f  the Swedish International Development Agency (SIDA).

The Manual was prepared by CLADE, under the general leadership 

o f Mr. G. Rodriguez E lizarraras, Executive Secretary o f OLADE, through a 

group o f i t s  experts, Mr. C.A. Hernandez, Mr* L.E. Machado and Mr. L.A. 

Suarez with Mr. Efaril116 Inaacochea, Head, Regional Programme on Small 

Hydro Power Stations, as the technical co-ordinator. The Manual also 

benefited from inputs provided by Mr. Guo Ruizhang, Chief Efagineer, 

Bureau o f Water Conservancy, Shanghai, and Mr. Thovild Persson, VAST, 

Sweden.

I t  is  hoped that the Manual w i l l  serve as a practica l and useful 

reference fo r  those involved in  working in  the Mini Hydro Generation 

Power F ie ld . I t  should, however, be considered as a f i r s t  volume to 

be updated and expanded in  the future to  enhance i t s  usefulness. Any 

constructive suggestions or proposals in  th is  regard are welcome.
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I .  XÜTMOlAÎC'iiUXl

It  is  intended that th is m»nnAi w i l l  he a working too l for decision 

makers at d ifferent leve ls . Since the potential main users o f the manual 

wi l l  not necessarily have a specialized engineering background, the tech­

n ica l elements have been restricted  to descriptive aspects and elementary 

concepts, with more emphasis being given to questions o f mini-hydro power 

generation (MEG) development, po licy , planning and programming than to the 

engineering and technological requirements and p o ten tia lit ie s , instructional 

organization and train ing.

It  should be also mentioned that in th is manual, specific  approaches 

and, in seme cases, alternative solutions are proposed. However, the opti­

mum solutions may vary fo r every aspect o f MHG development considerably from 

country to country as a resu lt o f differences in socio-economic systems, 

p o lit ic a l organization, le v e l o f development, history and culture. The 

specific  conditions o f each country o r  region must therefore be taken 

into account when the recommendations contained in the manual are being 

applied.

The comprises eight chapters. The f i r s t  four chapters contain

general information including defin ition  and c lass ification  o f MHG un its, 

advantages and lim itation o f MHG in solving energy and industria l develop­

ment problems in rural and remote areas and at the country le v e l, and a 

comparison o f MHG with other alternative energy systems.

As regards the c lass ifica tion  o f MHG, i t  should be noted that at the 

time o f w riting there is  no united and generally accepted c la ss ifica tion  

o f MHG units. D ifferent organizations and countries have d ifferent  

approaches. For th is reason, some systems o f MHG c lassifications are pre­

sented in Chapter 2, including the system proposed at the UNIDO Seminar- 

Workshop on the Exchange o f Experiences and Technology Transfer on M ini- 

Hydro E lectric Generation Units, lO-lfc September 1979, Kathmandu, Nepal.

Chapter 5 presents an analysis and methodology o f MHG development, 

starting from the assessment o f possible applications in a certain area 

and the evaluation o f resources and demand to providing' decision-makers 

with useful information on the operation and maintenance o f MHG units.
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/**1» #••••>+«»•«• Cv u a y  w^ a  y  ,~m » w*aa y v c i V V.UUdW4 t/UWC _wuc COi c  Ox tuc moautil aad suggest

a methodology fo r  considering the p o s s ib il it ie s  o f  MHG development in  a 

certa in  area and id en tify  a number o f  aspects which should be taken into 

consideration before a f in a l decision is  made.

Chapter 7 is  addressed to  those persons who are responsible fo r  

organizing p^d supervising p ro jects and discusses the development o f  speci­

f i c  MHG pro jects .

Annex A contains b ib liograph ica l references o f  use to  those who 

wish to  go into the subject more thoroughly, pa rticu la rly  i t s  techn ica l 

aspects.

Annex B contains basic MHG calcu lations which may be o f  in te res t to  

those who have a basic engineering tra in in g .

Although the approach to  the problem and the recommendations con­

tained in  the manual are mainly applicable to  MHG o f  less  than 1,000 kVT, 

they can also be used fo r  the higher power ranges provided that the lim ited  

application o f  some concepts, p a rticu la r ly  technology questions, are 

c le a r ly  borne in  mind.

The manua l w i l l  have achieved one o f  i t s  ob jectives  i f  i t  has succeeded 

in making i t  c lear that a mini hydro power station  ~s more than Just a 

sm all-scale model o f a la rge  hydro-e lectric  plant.
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2. DEFINITICN MD GLAS SU-1!  CATION

A Mini Hydro Power Station (MHG) is  an in s ta lla t ion  where hydraulic 

power is  used to  generate small quantities o f e le c t r ic i t y  hy means o f one 

or more turbine-generator units or groups.
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The amount o f  power that can be generated (measured in k ilow atts ) is  

ecmaJ. “to ’fcha.'fc 1 ablft i_n +Ha ua+ »?» a f+ o j al ioul ^^ £ct  *t«s 2.CSS6C cf* cif*!.-

ciency in  each successive component o f the MHG, and is  proportional to  the 

product o f  the net head and the flow .

GROSS HEAD: D ifference in  le v e l from the upper surface o f the water

at the highest usable point to  the lower le v e l o f i t s  

use by the turbine. MEASUREMENT: METRES.

RET HEAD: Equivalent to  the gross head less the hydraulic losses

in  the d iffe ren t elements conveying the water to  the 

turbine. MEASUREMENT: METRES.

PLOW: Quantity o f water (volume) per unit o f  time. UNITS:

CUBIC METRES PER SECOND.

MHG can be c la s s if ie d  according to  various c r it e r ia  and i t  is  

considered advisable not to  propose any one system, not only because o f 

the arb itrary elements that enter into every c la s s if ic a t io n  but also 

because the sp ec ific  characteristics  and degree o f  development o f  each 

country may better be served by d iffe ren t c la ss ific a tio n s .

The systems given below are in  the nature o f gu idelines that co.ild 

be taken into account in  defin ing c r i t e r ia  fo r  sp ec ific  countries or 

regions.

a) According to  power and head.

We propose two schemes:
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Country or Organization
1

Micro HG 
(kW)

Mini HG 
(kW)

—
SHG
(kW)

UNIDO

Kathmandu
Seminar up to  100 100- 1,000

Hangzho u-Xani 1 a 
Seminar up to  100 101- 2,000 2, 001- 10,000

China by the unit

by the in s ta lled  
capacity

up to  6 , COO 

up to  12,000

Philippines up to  5,000

Peru 5-50 51-500 500- 5,000

Homania 5- 5,000

Thailand* up to  1,000

Turkey* 0-100 101- 1,0 0 0 i ,o o i- 5 ,c o o

USA un to  20,000

Sweden 100- 1,50 0

Preparatory committee fo r  
the UN Conference on New 
and Renewable Sources o f 
Energy (Panel on hydro­
power)

up to  1,000 1 , 001- 10,000

* )  C lass ified  not so c lear



SYSTEM PROPOSED BT OLADE FOR THE LATIN AMERICA« RECION AND m t  CARIBBEAn

POWEK RANGE 
(kW)

HEAD
(m etres)

LOW MEDIUM HIGH

Hicro hydro-power 
stations

Mini hydro power 

Small hydro power

up to 50 

5 0 - 5 0 0  

500- 5,000

less  than
15

less  than 
20

less  thar.
25

15-50

20-100

more than 
50

more than 
ICO

more than 
130

HOTES:

ît e  low, medium and high heads correspond approximately to the employ­

ment o f Axial, Francis or Michell—Banki, and Pelton turbines, res­

pectively.

"Small hydro e lectric  power stations" also covers a l l  plants with 

outputs o f less than 5»000 kW.

The upper and lower head and output lim its  adopted fo r  any c la s s i f i ­

cation are ind ica tive  only and should not he r ig id ly  applied.

For very small outputs, genera lly  less than 5 kW., anc. where the 

water resources and characteris tics  o f the country ju s t i fy  i t ,  the use o f 

water wheels, pa rticu la rly  fo r  d irect mechanical power, is  also possib le.

b ) According to  intake

-  run o f r iv e r  ( la t e r a l  intake from a main watercourse);

-  with reservo ir or dam.

c )  According to  i t s  regu lation

-  adjustable flow  (con tro l o f  the flow  at the turbine in take) -  

th is  may be e ith er manual or automatic;

-  constant load, whether because o f the actual nature o f the 

load or through d issipation  o f the excess energy.

d) According to  i t s  links to  the grid

-  iso la ted  plants;
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— plants conncected tc  small e le c tr ic a l grids ;

— plants connected tu major ¿ona l or national networks.

e ) According to  technological conception

TLis is  an in d ica tive  c la s s if ic a t io n  based on the nature o f  the main 

technological components o f the p lant.

-  plants with conventional technology. Bus means qu a lity  c i v i l  

engineering works fo r  the intake, canal and forebays; s i l t  basin 

at the intake, s tee l p ip ing, expensive electro-mechanical equip­

ment constructed to  s t r ic t  material and manufacturing c r it e r ia ,  

fu l ly  instrumented switchboards.

-  plants using non-conventional technology. Often use intakes from 

ex is tin g  ir r ig a t io n  canals which are improved, the forebay in­

s ta lled  in  ? in e on the canal and incorporating the s i l t  basin, 

electro-mechanical equipment designed and constructed with tech­

nologies appropriate to  the country's le v e l  o f  industria l deve­

lopment and the a v a ila b il it y  o f  lo ca l m ateria ls, standardized 

equipment, modular switchboards with minimum instrumentation.
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FIGURE 3 GENERAL DIAGRAM OF INTAKE
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FIGURE GENERAL DIAGRAM OP A T IP I CAL FOREBAT
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FIGURE 5 IMPULSE WEB ETES

PELTOF TURBINE

tilCHELL BANKI TURBINES



- Ih -

FIGURE 6 REACTION TURBINES
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FIGURE T TYPICAL POWER HOUSE
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3. ADVANTAGES AND LIMITATIONS OF MEG

One o f the main elements in any p o lic y  fo r  developing MHG as 

sources o f energy is  how to  make the most o f th e ir  sp ec ific  advan­

tages and overcome th e ir  lim ita tion s . Below are given some o f the 

outstanding ch aracteris tics  in  th is  respect, although they should 

not he taken as absolute.

ADVANTAGES LIMITATIONS

-  Solution to  problems o f growing 
and d i f f ic u lt ie s  in  the supply 
o f fu e l, p a rticu la r ly  in  rural 
and iso la ted  areas.

-  Helps to  promote socio-economic 
and cu ltu ral development in  the 
rural environment.

-  Technologies ava ilab le  that only 
require adaptation to  sp ec ific  
conditions and in  order to  re­
duce costs.

-  Low operating costs.
-  Cheap and simple maintenance.
-  Long service l i f e .
-  L i t t le  or no environmental 

impact; b e tter control o f the 
hydraulic system.

-  Can be compatible with the use 
o f the water fo r  other purposes 
( ir r ig a t io n ,  drinking water, etc . 
thereby improving investment.

-  High unit investment cost per 
in s ta lled  kW.

-  High cost o f  studies in  re la tion  
to  overa ll investments.

-  U tiliza t io n  dependent upon the 
a v a ila b il it y  o f hydraulic re­
sources near the points o f  demand.

-  I t  is  necessary to  solve possib le 
contradictions in  the p r io r it ie s  
o f  use o f water, p a rticu la r ly  fo r  
ir r ig a t io n .

-  Power production may be a ffec ted  
by m eteorological and seasonal 
conditions.

-  Continuity o f operation depends 
on the technological characteris­
t ic s  o f the in s ta lla tion s , on an 
adequate economic productive basis 
fo r  the use o f the power generated

) and on adequate in s titu tion a l 
arrangements fo r  administration, 
operation and maintenance.

The sp e c ific  advantages o f MHG open up enormous p o s s ib il it ie s  

o f  application . Their disadvantages may be grouped under two funda­

mental problems: the investment required per in s ta lled  kW and the

prospects fo r  the continued operation o f the plants in s ta lled .

Figure No. 8 shows in  schematic form the causes o f these problems 

and outlines some o f the solutions which can be considered when 

drawing up development p o lic ie s .
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4. COMPARISON WITH ALTERNATIVE SYSTEMS

It  is  not proposed in  th is  chapter to determine the absolute 

advantages o f  one or other power system, but rather to  estab lish  in 

qu a lita tive  form, without proposing methodologies fo r  quantitative 

analysis, the main elements and c r i t e r ia  fo r  comparing the a lte r ­

natives.

Often when making comparative analyses o f  MHG and other a lte r ­

native systems certa in  disadvantages, rea l or supposed, o f  the MHG 

are assumed a p r io r i  and tne economic evaluations o f  a ltern a tives  

are frequently d istorted  by over-conservative ind ices.

I t  is  not claimed that MHG are the "b est" solu tion , only that 

there are appropriate solutions fo r  each case, which are determined 

by making a comparative analysis o f  the various a ltern a tives .

4.1. EXTENSION OF AN EXISTING GRIS

The question o f whether to  in s ta ll an MHG or extend an ex is tin g  

g r id  (KEG) i s  mainly one o f economic comparison, p a rticu la r ly  as 

regards the investment required. The fo llow ing are some o f ^ e  

elements which must h* taken into consideration in  such a comparative 

analysis:

1
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M.H.G. E. E. G.

CIVIL WOffiCS CIVIL WORKS

(intake, conduction system, forebay, ( Sub-staticn, switching area)

penstock, power hous'i, accessories,

e t c . ) TRANSFORMING

ELECTRO-MECHANICAL EQUIPMENT From high to  median tension

(Turbine, regulator, generator, (transformers, switchboard, e tc . )

switchboard, e t c . )

TRANSFORMING TRANSMISSION AND DISTRIBUTION LINE

To medium tension; not always Medium tension from the sub-station

necessary (Transformer) to  the point o f  consumption, voltage

TRANSMISSION AND DISTRIBUTION LINE reduction fo r  d istribu tion  and

From the machine room to  the point consumption

o f consumption; small distance (low

or medium tension, voltage reduction

fo r  d istribu tion  and consumption)

1

nie advantages o f one or other a lternative  are given by the 

characteristics  o f the application , i . e .  the greater or lesser 

importance or magnitude o f a given parameter determines the com­

parative advantages o f in s ta llin g  MHG or extending an ex is tin g  

network EEG.
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CCKPARATT «ci ADuANIAi/.ci

PARAMETER GREATES IMPORTANCE 
OR MAC2IITÜDE OP 

PARAMETRE

-  Distance from point o f con­

sumption to  ex is tin g  network

-  Distance from point o f  con­

sumption to  s ite  o f

water o fftake ) power-related, 

fa c to r )

-  Quantity o f  energy to  be 

provided

-  Load fa c to r

-  Importance o f r e l ia b i l i t y  o f 

supply

-  Uneven te rra in

-  A v a ila b il ity  o f small-scale 

economically harnessable hydro­

power resources

-  A v a ila b il ity  o f  energy

-  Prospects o f  community 

partic ipa tion

MHC

EEC

EEG

MHG

EEG

MEG

MHG

EEG

MEG

LESSER IMPORTANCE 
OR MAGNITUDE OP

PARAMETER

EEG

MHG

MEG

EEG

MHG

EEG

EEG

MEG

EEG

COMBINING MEG AND EEG

I t  is  possible to  combine MEG and EEG in  situations such as:

-  In countries with abundant small-scale hydraulic resources, densely popu­

la ted  and h igh ly e le c t r i f ie d .

-  P o s s ib ility  o f using ir r ig a t io n  and water control dams fo r  power purposes 

in  placed near the grid  where demand fo r  e le c t r ic i t y  in  the proximity o f 

the dam is  only small.

-  Countries over-dependent on imported fo s s i l  fu els  fo r  generating e lec­

t r i c i t y  and with abundant sm all-scale hydro power resources ava ilab le .

-  Progressive development o f  e le c tr i f ic a t io n  in  several rural lo c a l it ie s ,  

beginning with the in s ta lla tion  o f  an MHG ana la te r  supplemented by EEG 

when ju s t if ie d  by the growth in  demand.



21

4.2. THEHXAL UNI IS

D iesel engines -  or fo r  smaller needs, gasoline engines (OTTO 

cyc le ) -  are usually used fo r  generating e le c t r ic it y .

These were tra d it io n a lly  the main a lte rn a tive  to  MHG and th e ir  very 

widespread use was due to :

-  Low cost o f fu e l and lubricants 

• Low cost o f acqu isition

-  Ease o f in s ta lla t ion

-  S im p lic ity  o f operation

With the ending o f  power systems based on the low cost o f 

hydrocarbons, these units in  many cases cease to  be a va lid  a lte r ­

native way o f  providing power in  rural areas. Also small scale 

steam power stations operating ranking cyc le  can be employed to 

generate e le c t r ic it y ,  frequently u t i l iz in g  waste combustable 

m aterials or even coal when i t  is  e a s ily  ava ilab le  and cheap, 

such as in  coal mines.



- 22

ADVANTAGES AND DISADVANTAGES OF THERMAL UNITS AS COMPARED WITH MHG

ADVANTAGES DISADVANTAGES

-  Smaller investments High and increasing' cost o f

-  Ease o f  in s ta lla tion fu els  and lubricants.

-  S im plic ity  o f operation - Expensive to  maintain and repair.

-  Fewer studies needed fo r  th e ir - Need more h igh ly s k ille d  main—

in s ta lla t io n tenance and repair s ta f f .

• Require imported and d i f f ic u lt  

to  obtain spare parts.

• L i t t le  prospect o f  developing 

lo ca l production o f  motors.

- Short serv ice l i f e  ( 'y-Q years).

Contribute to  environmental 

po llu tion -

— Help to  increase demand fo r  o i l .

Economic comparisons o f -the two a lternatives  -  Thermal Units or MHG -  

are frequently d istorted  by the fact that in  some countries the prices o f 

o i l  and i t s  d eriva tives  are subsidized. In such cases the micro-economic 

analysis must be corrected by macro-economic factors  derived from the true 

cost o f the fu e ls .

At the present time the main cases in  which the employment o f small 

thermal units is  appropriate are as fo llow s:

— As emergency or reserve units.

-  In iso la ted  areas where there are no e a s ily  harnessable hydraulical 

resources and the extension o f transmission lin es  is  not ju s t if ie d .
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4.3 OTHER RBfEWABLE SOURCES OP MERCY

Die various renewable sources o f energy o f fe r  va lid  a lterna tive  

power supplies fo r  rural development. However, in most cases they are 

not substitutes fo r  MHG, e ith er because o f  the terminal form o f the 

energy supplied (d ire c t mechanical energy or source o f heat) or, even 

i f  they can produce e le c tr ic  power, th e ir  uses can usually be ju s t if ie d  

economically only fo r  very small power loads.

The advantages o f  MHG over other renewable sources o f energy may 

be summarized as fo llow s:

-  Easy adaptation fo r  producing e le c tr ic  power.

-  Lower unit costs o f investment per unit o f 

useful energy.

-  Mature and proven technology.

As regards the sp ec ific  characteristics  o f the main a lterna tive  

sources o f energy, the fo llow ing may be said:

a) D irect so lar energy

Its  main f ie ld  o f application in  the countries o f the th ird  world 

is  fo r  heating and drying needs.

As regards i t s  passive use, i t s  ro le  is  p a rticu la rly  important in 

environmental heating through appropriate architectural designs.

Solar energy can be harnessed fo r  the d irect oroduction o f e le c t r ic i t y  

through the use o f  thermal units operating with the Rankine steam cycle , 

which involve very high in i t ia l  investment costs and very low e ffic ien cy . 

Photovoltaic c e l ls  are also used fo r  the d irect conversion o f so lar radia­

tion  into e le c tr ic a l energy, but in  the th ird  world th e ir  u t il iz a t io n  is  

only ju s t if ie d  fo r  the production o f energy needed in small quantities 

and fo r  highly specia lized  applications as they do not yet constitute a 

cheap source o f energy.
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b) Wind power

Although wind power is  mainly used fo r  pumping water from the sub­

s o i l ,  i t  has many other applications as w e ll and there is  even a commer­

c ia l production o f windmills fo r  the generation o f e le c t r ic ity »

In general they provide an a ltern a tive  to  MHG fo r  the under 10 kW 

power range.

c) Bioenergy

Biogas production has great advantages, not only as a source o f 

energy but also in  regard to  i t s  capacity fo r  the production o f f e r t i l i z e r s  

and i t s  p os itive  impact on health and the environment.

I t s  main uses as a source o f  power are in  the form o f heat fo r  

ligh tin g , cooking and the l ik e .  I t  can also be used to  fu e l properly -  

adapted combustion engines, a use fo r  which i t  is  also com petitive with 

MHG in  the lower power ranges.

Also p y ro lis is  processes and alcohol can be in te res tin g  sources o f 

bioenergy to  operate small thermal units.

d) Geothermal energy

Where the resource is  ava ilab le  geothermal energy can also be em­

ployed to  generate e le c t r ic i t y ,  however, th is  is  most frequently applied 

in  medium or large power stations, even though i t  i s  also possib le to 

u t i l i z e  geothermal energy fo r  small units.
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5- DEVELOHGST OP XHG

5.1. POSSIBILITIES OP APPUCATICir

Before carrying' out sp ec ific  projects to promote the development o f 

XHG in  a given country, i t  i s  necessary to  determine, at least q u a lita t iv e ly  

or with a few quantitative elements, the nature and magnitude c f  the problems 

to  be solved by using MHG, to  ascertain, ten ta tiv e ly , the existence o f  

sm all-scale hydraulic resources and to  have an o ve r-a ll assessment o f  national 

capacities in  order to  in it ia te  th e ir  development.
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A fte r  analysing energy needs, the a v a ila b il it y  o f  hydro power resources 

and the national capacities, a p o licy  decision must be taken as to  whether 

the implementation o f MEG should be encouraged or not, in  which connexion 

the fo llow ing  should be borne in  mind:

— I t  should re ly  on such information as is  ava ilab le  and not wait fo r  

the preparation o f ad hoc studies; consequently, the decision w i l l  

be based on fundamentally qu a lita tive  elements and on very appro­

ximate quantitative elements. Together with the process o f  planning 

the development o f  MHG, studies must be carried  out to  define the 

scope o f a development progranme, as w ell as any possible corrections 

o f  the p o lic y  which has been adopted.

— I t  should be borne in  mind that there may be t e r r i t o r ia l  d istin ctions 

w ithin a country concerning the development o f MHG, depending on the 

a v a i la b i l i t y  o f hydraulic resources and the energy needs which have 

to  be met.

— The p o lic y  decision should be taken with due regard fo r  the time and 

context o f  development p r io r it ie s  in  re la tion  to  other energy sources.

— A p o lic y  fo r  the development o f MHG is  absolutely dependent on such 

factors  as the a v a ila b il ity  o f  hydraulic resources and energy needs. 

National capacities are factors which can fa c i l i t a t e  or impede the 

development o f MHG in  a country, but they are not absolute factors , 

since they can be changed.

— lhe development o f  MHG ca lls  fo r  in tegrated actions on various fron ts, 

as is  pointed out in  the tab le  o f national capacities  and summarized 

in  Figure 9 •

The p o lic y  decision to  develop MHG should be the basis fo r  the formu­

la tion  o f  a strategy o f development and sp ec ific  p o lic ie s , the elements 

o f  which are analysed in  the fo llow in g  section o f  th is  chapter.
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FOR THE DEVELOPMENT OP MHG



5.2. OfiGASIZATIGS OP FLAMING AND PROGRAMMING

Once i t  has been decided to  develop MEG in  the country, i t  is  necessary 

to  define the fo llow ing:

a ) The responsible governmental sector (m in istry, State secreta ria t,

State in s titu tion , e t c . ) .  In general, i t  w i l l  be found within the scope 

o f the m inistry or State secretaria t responsible fo r  energy a ffa ir s .

b) The body responsible fo r  planning, d irec tin g  and/or co-ordinating the 

development o f MEG may be:

-  The centred planning organ.

-  The planning o f f ic e  o f the competent m inistry or State secre ta ria t.

-  The planning department o f  an enterprise or in s titu te  responsible 

fo r  energy development.

Within the body responsible fo r  planning, a unit or section should be 

established which w i l l  be s p e c if ic a lly  in  charge o f developing MHG separate 

from the unit or section dealing with la rger  hydro power sources. The 

functions o f MHG sections or units can be as fo llow s:

-  To propose development p o lic ie s  and strategy.

-  To formulate development plans.

-  To formulate period ic programmes fo r  implementation 

(stud ies on c i v i l  engineering works and financing).

-  To co-ordinate and supervise the units responsible fo r  

the programmes fo r  evaluating resources and demand, 

carrying out c i v i l  construction works, and operations 

o f plants.

-  To act as an advisory body fo r  MHG development.

-  Co-ordination with in s titu tion s  and enterprises res­

ponsible fo r  financing, technological development, pro­

duction o f equipment and tra in ing .

-  Defining t a r i f f s  or the c r i t e r ia  fo r  estab lish ing them.
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The compulsory or in d ica tive  character o f the plan w il l  depend on the 

country’ s social-economic system, i t s  p o l it ic a l  organization and on whether 

there is  a greater or lesser partic ipa tion  o f the public or the priva te 

sector in  the various parts o f  the implementation o f the plan.

Figure 10 g ives  a diagram o f re la tions in  the process o f planning 

the development o f MHG, forming a part o f the o ve r-a ll diagram in  Figure 

9.

As complementary a c t iv i t ie s ,  the unit in  charge o f  planning w i l l  be 

able to perform the fo llow in g  functions:

-  Keeping records o f lo c a l i t ie s  without e le c t r ic i t y  and a catalogue 

o f su itable hydraulic resources, prepared by the body responsible 

fo r  evaluating resources and demand.

-  A lternating requests fo r  financing and actions taken by the lo ca l 

population and deciding whether they can be incorporated in  the 

implementation programmes.

-  General negotiations concerning the la rge-sca le  purchase o f  equip­

ment.

-  Co-ordination with communal in s titu tion s  and organizations which can 

promote the development o f MHG in th e ir  lo c a l it ie s .

-  Suggesting needs fo r  technologica l development to  the competent 

in stitu tion s  and evaluating the use o f non-conventional technologies.

-  Suggesting in s titu tion a l schemes fo r  the construction and operation 

o f MHG.

-  Co-ordinating in ternational technical co-operation.

The f i r s t  thing to  be done in  a country where systematic p ro jects  to  

develop MHG are being undertaken is  to  prepare a "short-term plan" with a 

view to  carrying out certa in  concrete p ro jects while a "development plan" 

is  being drawn up which w il l  requjuu studies on the evaluation o f  energy 

needs, the a v a ila b il it y  o f resources and the establishment o f p r io r it ie s ,  

and which w il l  also have to  promote a c t iv it ie s  in  various f ie ld s  connected 

with technology, the production o f equipment, tra in in g  and financing.
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On the basis o f the short-term plan, a one or two-year implementation 

programme w il l  he drawn up. o f which the fo llow ing aspects should, he con­

sidered:

-  Termination o f uncompleted works.

-  Abandoned works (power stations where c i v i l  engineering 

work has been begun, having acquired equipment which 

has not been in s ta lled , e t c . ) .

-  Relocation o f  ex is tin g  equipment in  abandoned plants.

-  Id en tified  needs (new p ro jects , or pro jects having 

stud ies).

-  Existence o f c i v i l  engineering works which may reduce 

costs ( ir r ig a t io n  canals, dams, e t c . )  and which can 

shorten times fo r  implementation.

-  In s ta lla tion  o f p i lo t  plants to  evaluate technological 

a lternatives  and capacities fo r  implementation.

The development o f  the short-term plan and i t s  respective programmes 

o ffe rs  the fo llow in g  advantages:

-  I t  makes i t  possib le to  in it ia te  MEG development p ro jects without 

in vo lv ing any delay due to  the need to  prepare a coherent, over­

a l l  plan; on the other hand, i t  provides su ffic ien t time fo r  drawing 

up the development plan.

-  I t  makes i t  possib le to  acquire experience which can be used fo r  

the development plan.

-  I t  makes i t  possib le to  develop mature p ro jects .

-  I t  helps to  demonstrate the MHG.

-  I t  stimulates the development o f  communal se lf-h e lp  p ro jects .



Simultaneously with the preparation and implementation o f the short­

term plan and the programme fo r  i t s  implementation, the planning unit w il l  

have to  begin to  prepare the "MHG Development Plan", which c a lls  fo r  a series  

o f prelim inary studies and evaluations that w il l  constitu te the ob jec tive  

basis o f the plan.

WOTia uro mmmcra restia m wauun rg  pu»

Iden tification  o f popolo*od gad ioolotod contro« and 

micro- w f iom  vfcieii aro in nood of onorfir dooolopnont- 

(atndy an n atod  to , or contracted with, tha Ouït fo r 

the Cosinoti«« o f lacon ic«« and Sanand).

Boalu tloo o f roaoareoa hydrefraptio had ne n d  aatcr- 

•hada ( f i r s t  approzisotloa) and appresine!« «valuation 

o f  pot an tia lly  oxpleitaUo roponrcaa in  aroma domo to  

ioo lctod  populated cantroo and aiero-rociono (  aooood 

approximation) j  itndlao aaztromtad to  tho Onit fo r tha 

evaluation o f laaonreto and Ttaninri or eortroctod fo r 

aotaido.

Inraattory o f  oziatine TO , «valuation o f  th o ir  evaditi cat 

and operational aituation.

M in a ta  o f  p o ts t la l it ia a  and financial aoareon. 

»valuation o f a va lla ti« tocfanolecr and proopacta fa r ita  

d o o o lu p a t, adaptation or aoqniaitiaa.

»valuation o f potantla litioa fo r repp ljin » oqnipoaat and 

n o ta r ia li o f  aitbsr aotioaol or import ad o r lf in .  Potan- 

t la l  iadaotrla l capaciti am fo r  aqnipaont aamfacturin*. 

evaluation o f tha ava ila lia  tzparts fo r  atadiaa and 

«çlnaariin.
Saaraary o f  laoootnaat and operatili» coot lndlcaa. 

»valuation o f tba laatltntional aituation md o f «sporta 

to  eonatrast a 'd  oporato SHE; p ota ib ilitiaa  o f  0orameli 

participât lac».
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"Re p lan  must lik ew ise  take due account o f  s p e c if ic  p o l ic ie s  which 

can provide the framework f o r  a development s tra tegy . F o llow in g  are  some 

suggestions f o r  p o l ic ie s  and t h e i r  p o s s ib le  c h a ra c te r is t ic s , which w i l l  

have to  be adapted to  the conditions o f  each country.

POLICT OF K>«*L BHBT -  Ino f»«— le  «d—d m ío . 
nywnnrcr.  prodoctlce by «••**» o f « « t o -

b lite in * rural lndoatriaa.

-  Im lq M a t  o f « o r iT -  
producís^ « c t l r l t io « .

-  IaproTin« liTiB< eonditiona.

-  laaltb , c a lla r «, r»craatice.

-  Pa^ lac  «atar.
-  falti-parpcaa « * •  o f  da»«.

-  Sm lopaast o f  aaall rural 

a la c tr íc lty  crida.

-  IstorceBMJúca of MCE with 

BOtloBal ortxork» or i » « * -  

lu|»B t o f  iaolatad la co litio s .

u s tn o n o su . iílIC T  -  PoaiiíoB in tha ocetaxt o f 

rural daualopMBt.

.  PartlapatlcB o f « l o c t r i f l -  

eotioB ted io« er «starp riM « 

and e c u ir i l  particípaticn; 

o rgn iu t lo a a l and antra- 

pr«B«urial formo; (airad 

municipal aatarprlo««, p r i-  

n t ,  «»»oparadiaaa).

-  S ittr lte tien  o f iaatitutienal 

ru tpaaalttlitiaa «aonc tba 

ourioaa ao tir itia a  o f ME 

daaalopMBt.

C<*551DCfI® FDilCT -  Gradual iaplauoirtation ala ai
at tba futura larca -«001«  c<*- 

■traction o f KEG.

•  IrrtanaiT« aaa of local » « ta ­

r i  ala and latear.

-  Oo* o f B»-eoBT«Btic nal coe- 

«troe*.ion tachniquaa and 

notarial.

FJUK1IC POUCT -  Sonic proportioaa fo r uaalfD-
M it  o f r«aourcaa fo r  KBC.

-  Financiad c r ite r io ) neo- 

recovarabí* invmotaante and 

oparatioe financad bjr ta r if fa .

•  Xvaluation of connanal contri -  

tetiono of latear and aatariala.

-  Saja o f  obtolnlnc «ZtOniAl

fi&lAOiCfa

SQJlfWtTT POUCT -  Original o f auppliesj prlorítjr

fo r  BOtlonoi SUpplleSa

•  Preactlng th* developm«Tt 

o f dooestlc production*.

•  Adaptlng preject engineering 

work to  n&tional supplies o f 

equipaont and «a ter ía la .

- (fclAllt/ Snd CrltOriO for 
«oeeptanoe. Prospectiva# of 

et snd ardí xnt 1 on.

-  Letomlning «quipaent compo­

nen! ■ to  obtAlaod froo

daaeetlc industrial production 

«nd to  ko lorportoda

ЯСШОЬОСТ РОИСТ -  Promoting the development and

adaptation o f technologies 

relating to  equipment and 

•a t«r ia ls .

-  Determining channels for 

t r e s fe r r in g  developed teefc- 

nclogy to  industry.

•  Promoting the devolopewnt o f 

bod copvwnticaal construction 

technologies.

-  DotoralDing channels far d is­

t r i c t in g  construction toco* 

oologies to  project « i t s  тЛ 

nnarmltioa.

•  Determining tfcat equipment 

w ill bo dewloped with local 

technologies and what w ill 

require acquisition o f fo r o i^  

technologies.

-  ©st• ruining what о ed it ion s  

aro unacceptable fo r contracts 

fo r tho acquisition o f tech­

nology.

UUf? POLICT -  To Bake energy avmilabls to  tbs

Inhabitant» o f remote aroas with 

fow economic resource*.

-  To snauro tbs oporatioaal c«v- 

tinu ity o f ПВО through funds 

derived fren ta r i f fa .

-  lae ic  proportionality o f na­

tional t a r i f f  systems; subsidies.

-  to pronots tbs national use o f 

o l«c tr ie  energy.

-  To pronots tbo uas o f o loctric  

•nortf fo r production purposes«

ВШЖНС PCLICT -  To train professional and tech­

nical cadres fo r  research,, pro* 

j#ct studios eid engineering, 

constrection, sad operation of 

KEG.

0РПЛТ10Ж A5S -  L^uipntnt tecbaolocr to bu

KiXETSTiECS PCLICT esployed rust take into octa l-

deration ostfu l l i f e ,  simplified 

preventive aaintenanes, ain iaiss 

aaintaaane« requireasms, oass 

o f aaiat«&aaee and repairs, do- 

■eatio aaiufscturin^ o f conponsats, 

stocks of spare parts, etc.

-  To organise regional aaintsaanco 
squads.

-  Training operators o f rural origin 

in preventive naintonanoa.

-  Establiah shop fa c l l i t i * *  for 

repairs aid reconstruction of 

equipment *

-  To proaot« the participation of 

looal population in the aaln- 

tsaanne in the c iv i l  structure.



FIGURE 10 PLANNING UNIT FOR THE DEVELOPMENT OF MHG

________ * ______
O rgan izationa l 
d e f in it io n  fo r  
implementing 
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Studies  
an „ Works 
Implementa­
tion  Unit

1r

Short-term  
action  p lan

Short-term
development
programmes

I
(0 )

INSTITUTIONAL ORGANIZATION OF THE PLANNING UNIT

>
STRATEGY AND POLICY FORMULATION

I
(B )  From/to the Unit fo r  the 

*  Eva luation  o f  Resources *  
and Demand

____________*_____
MHG development 
plan

(G )

(H)

(F )

From/to the Financing  
Unit * —

From/to the Technolog ica l 
Development Unit « —

From/to the Equipment 
Production  Unit * --------------

♦

______ __________ * _ _ _

C o-crd in ation  or  
d ire c t io n  o f  
implementation  
o f  p lan

3 — -----------------

(B )  From/to the T ra in in g  Unit ♦

P e riod i c programmes 
fo r  the implementa­
t io n  o f  MHG

(B )  From the Unit fo r  the
-----  Eva luation  o f  Resources

and Demand

C o-o rd ination  with  
ru r a l  development 
programmes and 
organ ization s o f  
comraunical p a r t i ­
c ip ation

I ;
(E ) .

From/to the Rural 
Development Unit

To the Studies

( I )
To the
Operations
Unit

(G )
To the Studies and 
Works Implementation  
Unit

( a)

To the Studies and 
Works Implementation  
Unit

(C )

From/to the Financing  
Unit
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5.3. OVER-ALL EVALUATION OP RESOURCES AND DEMAND

This is  one o f the principa l elements to consider when promoting the 

construction o f HHG in a country, as i t  is  the main frame o f reference fo r  

drawing up development plans and implementation programmes.

(2HIBAL CONSIDERATIONS FOR THE OVER-ALL EVALUATION OP RESOURCES AND DEMAND 

FOR XHC

-  The o v e r -a ll evaluations are d irected  toward the study o f the demand 

and resources fo r  m icro-regions and basins and do not go into the 

studies o f  sp ec ific  pro jects  in d e ta il.

-  When considering the development o f  MHO in  micro—regions or iso la ted  

lo c a l i t ie s ,  i t  must not be forgotten  that the o ve r-a ll evaluation o f 

demand and resources fo r  energy are c lo se ly  connected, in  geographic 

tezms, because o f  the lim ita tions o f  the distance over which low and 

mediua-tension current can be transmitted.

-  When attempting to connect MHG to  ex is tin g  networks, the geographical 

lin k  should be established between the area where the hydraulic re­

sources are found, and the transmission lin es  to  which i t  is  plained 

to  connect with.

I t  is  very important to  distinguish between the o ve r-a ll evaluation o f 

sources and demand and evaluations which are made fo r  studying sp ec ific  

p ro jects .
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DISTINCTIONS BETWEEN CVER-ALL EVALUATION AND EVALUATIONS FOR 

SPECIFIC PROJECTS

OVER—ALL

-  Is  needed, fo r  the formulation 

o f MEG development plans and 

programmes.

-  Study o f the o ve r-a ll energy 

needs o f a micro—region cr 

propulation groups in a speci­

f i c  area.

-  Study o f exp lo itab le  resources 

in  a basin or dip, with a 

prelim inary l i s t  o f  sp ec ific  

p ro jects .

-  General, extensive and multi­

d isc ip lin a ry  studies to  evaluate 

resources, including:

Hydrology

Ecology

Geology

Geotechnics

A v a ila b il ity  o f aggregates

-  I5ie evaluation o f the o ve r-a ll 

demand in an area must be in tegra l 

and s ta t is t ic a l in nature.

SPECIFIC

Is  needed fo r  studies o f  in d i­

vidual p ro jects .

Study o f  the energy needs c f  a 

lo c a l it y  or population group which 

i t  is  hoped to  serve' with sp ec ific  

pro jects

Study o f the resources fo r  a 

sp ec ific  p ro ject.

Detailed studies o f a p ro ject, 

reduced to  an absolute minimum in  

order not to  increase pre-investment 

costs:

-  Water gauging ( f lo w  measurements)

-  Geotechnics (punctual and appro-

ximat e )

-  Topography

The evaluation o f demand must be 

based on a deta iled  in vestiga tion  o f 

the lo c a l it ie s  connected with the 

p ro je c t.
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Section 7*1* re fers  to  the evaluation needs fo r  sp ec ific  p ro jects .

Depending on the lo ca l conditions in  each country, the over-a ll 

evaluation o f resources and demand should be made by an ad hoc technical 

unit, which should be responsible to  the unit in  charge o f  MHG planning; 

a lte rn a tive ly , these functions can be entrusted to  some in s titu tion  which 

spec ia lizes  in  evaluating natural resources or in  hydrology. Consideration 

could also be given to  having these functions carried  out by a spec ia lized  

unit o f  some firm  engaged in  e le c tr ic a l development.

I f  there are any lim ita tion s  with respect to  the in s titu tion a l organi­

zation fo r  the o v e r-a ll evaluation, consideration might be given to  h irin g  

spec ia lized  advisers under the supervision o f the planning un it.

The unit in  charge o f the o ve r-a ll evaluations w i l l  have the fo llow in g  

main functions:

JOTCTHSrS OP THE UNIT FOR THE OVER-ALL EVALUATE OH 

OF RESOURCES AND DEMAND

-  Id en tify in g  and evaluating e d s tin g  MHO.

-  Assigning p r io r it ie s  to  the areas to  be evaluated in  co-ordination 

with the Planning Unit.

-  Carrying out evaluation studies o f basins, sub-basins and water 

sheds by d irect methods or mathematical models.

-  Evaluating energy development needs and poten tia l in  rural areas.

-  Id en tify in g  sp ec ific  MHG projects and suggesting p r io r it ie s  fo r  

th e ir  development.

4



aeioir is  a typical rxov chart oi the activities o f over—a l l  evaluation:
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The outlines suggested fo r  evaluating resources and demand should not be 

applied mechanically in  any country whatsoever, since there are special condi­

tions in  every case which c a l l  fo r  an individual approach based on:

The characteris tics  and d istribu tion  o f  small scale 

hydraulic resources.

The re la t iv e  importance o f  MS! in  rural development.

Ihe existence o f  in s titu tion s , s ta t is t ic s , studies and 

technical cadres fo r  carrying out evaluation a c t iv it ie s .

Sobs characteristics activities for over-all evaluation must have, are 

dsscribed below.

a) Inventory o f  e x is t in g  WHS

This consists o f  id en tify in g  ex is tin g  and projected p lants.

I t  is  recommended that specia l evaluation forms should be prepared in  order 

to  record the fo llow ing  data:

-  Data concerning the location .

-  hydrological data and an appraisal o f  the basin«

-  Basic spec ifica tions o f the power station  and i t s  main equipment 

(cap ac ities , head, flow , type o f turbines, piping, generators, e t c . ) .

-  State o f  preservation ( f o r  ex is tin g  p lan ts ).

-  Data concerning service and the population supplied, including 

characteristics  o f  demand ard types o f  consumption.

The inventory constitu tes a useful too l fo r  organizing plans and pro grannies, 

both when evaluating the state o f development o f the MEG and when determining 

short-term a c t iv it ie s  fo r  re-adapting, re loca tin g  and continuing p ro jects , as 

w ell as fo r  detaining the country's own reference indices.

This inventory can be used fo r  studying other ex is tin g  energy sources, 

espec ia lly  with regard to  the extension o f ex is tin g  e le c tr ic a l network* and 

thermal power stations which have been in s ta lled .



One example o f  possib le evaluation forms fo r  recording data on MHG units 

is  shown in Figure 11.

Figure 11 For« fo r  MEG Units Data Sheet

lame o f the MGH Units: 

Locations
(1 ) h )  1 O ) Location

( 1 ) Define according to  po litica l-ad m in is tra tive  devis ion  o f  the country.

BASH SUB-BASH WASBSHBD

Capacity Area (km^) Minimum-Dai I t  
Flow ( nr/sec)

Maximum-Flood 
Flow (mV®8®)

M ulti-year 
Average Flow 
(a V s e c )

(2 )  A lte rn a tive ly  ind ica tin g  basin or sub-basin data.

Status o f  the MHG Unit: Existing

Condition o f  the XGH Gbits Good 

Status o f the Hetworkas E xisting 

Condition o f the letworks: Good

Under construction Projected

Bad In -operative

Under construction Projected

Bad In -ooerative

Power in s ta lled  or t .  »  in s ta lled  (kW) (3 )s  

Maximum Dee and Foreseen (kW)s 

Annual Efaergy Mean (kWh):

Kind o f Turbine:

Design Flow (a^/aec)s 

Cross head (a )  (4 )s

(3 ) In generator terminals

( 4 ) D ifference between upper le v e l o f  water in  the forebay and the lower le v e l 

o f head u t il iz a t io n  in  the turbine.
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Productive a c t iv it ie s  using e le c tr ic  energy (D e ta iled : carpentry, bakery,

brick-asking, e t c . )

OBSBtTAHOBS:

(b ) Id en tify in g  and c la ss ify in g  basins and sub-basins

This is  a preliminary approximation based on o ffice  work on geographic and or 

topographical maps and on existing hydrographic evaluations.

I t  includes the approximate determination o f the hydrographic and physical 

parameters o f tbe country's basins and sub-basins, e ith er  on the basis o f mea­

surement a and studies which have been carried  out o f  by inference with mathematical 

models.

This study may be extended to the systems of watersheds belonging co a sub­

basin by establishing correlation parameters when determining run-offs.



This study w i l l  lead to  the need fo r  preparing hydrological studies fo r  

sp ec ific  'basins and sub-basins, where the hydrological data c a ll  fo r  greater 

r e l ia b i l i t y .

I t  is  necessary to  draw up c r i t e r ia  fo r  geographic corre la tion  with 

respect to the micro—regions and iso la ted  lo c a l i t ie s  which are id e n t if ie d .

c )  Id en tify in g  micro—regions and iso la ted  lo c a l it ie s

This is  a prelim inary approximation fo r  determining energy needs, based 

mainly on ex is t in g  s ta t is t ic a l data which can be obtained from censuses and 

regional studies.

Suitably designed f i l e s  should be prepared in  which to  record the prin­

c ipa l data concerning micro-regions and rural lo c a l i t ie s  with respect to  th e ir  

population, produtive a c t iv it ie s  and production, communication routes, a va il ar- 

b i l i t y  o f supplies, approximate energy' requirements, e tc . Data fo r  th is  pre­

lim inary evaluation should be re s tr ic ted  to  an absolute minimum.

In the process o f  grouping lo c a l i t ie s  in  m icro-regions, the fo llow in g  

factors should be taken in to  account:

- U2 -

Physical proxim ity.

Communications.

P o l it ic a l  and adm inistrative d iv is ion  o f  the country. 

Location with respect to  sub-basins and hydrographic 

water shed.

Economic and socia l links

Considering that the ava ilab le  s ta t is t ic a l information w il l  frequently 

not be up to  date and w i l l  not contain certa in  elements o f information, i t  

is  necessary tc  prepare mathematical models o f population growth (o r  d ec lin e ) 

and corre la tion  indices fo r  determing quantita tive parameters, which should 

be checked by f ie ld  sampling.

Ihe prepared f i l e s  should be kept permanently up to  date, not only with 

regard to  time but also with regard to  the accuracy o f the information.

(One example o f possib le forms fo r  c o lle c t in g  data concerning micro-regions 

and rural lo c a l i t ie s  is  shown in  Figure 12 )•
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d ) P r io r it ie s  to be given to  areas or micro-regions in  making the 

o ve r-a ll evaluation

The information obtained during the three previous stages w i l l  provide the 

basic elements fc r  assigning p r io r it ie s  to  the areas where the studies fo r  the 

o ve r-a ll evaluation w i l l  be carried  out, inasmuch as i t  w i l l  hardly be possible 

or ju s t if ia b le  to  evaluate the en tire  t e r r ito r y  o f a country simultaneously, 

because o f the fo llow ing:

-  The cost and the lim ita tions o f the availab le finan c ia l resources.

-  The minor s ign ificance o f certa in  areas fo r  the development o f XHG 

because o f  th e ir  hydro-energy poten tia l or population density.

-  The lim itations regarding human resources and in s titu tion a l experts 

to  carry out the over—a l l  evaluation.

This work consists o f  estab lish ing p r io r it ie s  among areas in  order to  

prepare a small-ccale evaluation o f the hydraulic resources in  the sub-basins 

and hydrographic water shed o f  the area and an o ve r-a ll evaluation o f the needs 

and energy demand o f the lo c a l i t ie s  situated in  i t ;  in  other words, p r io r it ie s  

w i l l  be assigned in  order to determine those areas which w i l l  require more 

deta iled  evaluation studies because o f th e ir  b e tte r  p o s s ib il it ie s  fo r  the 

development o f XHG, as shown by the prelim inary studies fo r  id en tify in g  basins 

and populations.

Figure 12 Form fo r  Tata fo r  the Id en tific a tio n  o f Iso la ted  Centers and 

Xicro-Regiona

Same o f  Population Center: 

Location Data:

(1 ) (1 ) (1 ) . _

(1 ) According to the po litica l-adm in is tra tive  d iv is ion  o f the country.
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DIMMI)

Population 1 2 ! Pep. Density ( inhab/km )

Ho. o f abandoned poten tia ls

Domestic Com ercia l Industria l Others

WATER SHED TO WHICH IT  BELONGS

AREA (km2) MmMUK DAILY 

FLOW (m2/sec)

MAXIMUM FLOOD 

FLOW (m3/sec)

AHBTJAL OH MULTI-TEAR 

AVERAGE FLOW (raVsec)

SPECIFICATI OH ALTERNATIVES

FALL UTILIZABLE FOR MHG (m )(2 )

A lternative
1

A lternative
2

A lternative
3

A lternative
4

FLOW UTILIZABLE FOR MHG (m^/sec]

IS3TALU3LE POKES POH KEG 011115
_____________ÍÜÜ___________________

(2 ) Measured from the intake le v e l up to  the minimum u t il iz a b le  le v e l in the 

discharge.

STATUS OF SERVICE

Availab le e le c tr ic  serv ice : 7es Ho

Kind: fydrau lic  Thermal Transmission from la rger E.S.

Quality o f Service: Good Bad Fair

Tear o f in s ta lla t io n  or interconnexion:

Level o f  sub-transmission tension (kW):

Condition o f Networks: Good Bad________ Fair_______________________
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hydraulic Generation: Exiting' Under construction Projected

Condition o f MSG Unit: Good Bad In—operative

In sta lled  Power (icW): Max. Demand: Energy (kW):

Available bead (a ) :

U tiliza b le  flow (m^/sec):

Distance from ¿BPS to  population center (km):

Bote: In case severa l units e x is t ,  ind icate the characteris tics  o f each.

Thermal Generation: Existing Under construction Projected

Condition: Good Bad In-operative

In sta lled  Power (kW): Maximum Demand(ktf): Ihergy(kW):

Bo. o f Groups: Poten tia l o f  each: Kind o f Equip.:

R ie l Used: E ffic ien cy  (kWh/gal.):

Generation from other E lec. System ••

Existing Under construction Projected

Line capacity(kW): Length(km):

Power o f Largest E .S.(kH ): Total annual Ekiergy(kWh):

Maximum Demand (kW):

Type: Hydraulic:

Thermal R ie l Used

Mixed

HOADS STSTEX

Hoad: Asphalted Paved 

Transit a b il ity  (m os./yr.):

Unpaved

Distance from other population centers: Center Distance(km)
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IRRIGATION

Number: E x is t in g  B ): Pro jected ( ?;s

Ir r ig a tio n Status (E  or P)
2

Irr iga ted  Area (km ) Plow (m^/sec)

ECONOMIC ACTIVITIES:

Livestock (  head): (Swine) (Sv j«p ) (C a tt le ) (O thers) (D e ta il)

Agriculture (Area fanned): (by types o f  c rop s -d e ta il.)

Mining: (Type o f minerals, reserves, amount exp lo ited ):

Agro-industry (TJypea and production cap ac itie s ):

Other industries and handicrafts (D e ta il ) :

In order to  determine these p r io r it ie s ,  i t  i s  necessary to  estab lish  

weighted evaluation c r i t e r ia  which most be co-ordinated with the Planning U nit. 

The fo llow ing  parameters can be considered, however, th e ir  weight* and values 

should be established in  connection with the p r io r it ie s  defined by the national 

development plena and government p o lic ie s .

PAHAMETEBS TOR ASSIGNING PRIORI TIBS TO AREA* TOR THE OVffl-ALL EVALUATION 

OP RESOURCES AND NEEDS

The population which can be served.

- The existence o f hydraulic resources.

— The existence o f  favourable conditions fo r  constructing XHG, 

in  so fa r  as can be determined from the prelim inary studies.

— The area 's p o s s ib il it ie s  fo r  economic development and 

use o f  energy fo r  productive purposes.

fo r  the

The physical interconnexion between lo c a l it ie s  in  the 

and with other regions (road network).

area

- P o s s ib il it ie s  o f interconnexion with la rge r  systems.

- Other energy a ltern a tives

— P o s s ib il it ie s  o f multiple-purpose development.
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Some o f the above-mentioned c r it e r ia  would hardly come under consideration 

in determining p r io r it ie s ,  because o f the lim ited  information provided by the 

preliminary id en tifica tion  studies and inventories.

Ib is  stage s t i l l  does not constitute an adequate basis fo r  the "development 

plan" and the "MHG implementation programmes" derived from i t ,  but i t  is  c e rta in ly  

useful fo r  formulating the "short-term plan", e sp ec ia lly  in  those cases where 

p o s s ib ilit ie s  fo r  p ro jects with special advantages have been s p e c if ic a lly  iden­

t i f ie d .

e ) Over—a l l  evaluation o f  resources in  each area

Ihe o ver-a ll evaluation w i l l  focus on tbe sub-basins and watersheds which 

o f fe r  the.best p o s s ib il it ie s  and are c lo s e ly  connected with the lo c a l it ie s  which 

are potentia l users; consequently, i t  w i l l  have to be made p a ra lle l to and together 

with the evaluation study o f  demand and needs re ferred  to  below.

is  was mentioned before, the o ve r-a ll evaluation studies o f the resources 

o f each area and each sub-basin which have to  be analysed may include studies 

o f hydrology, ecology, geology, gecmorphology, geotechnics and the a v a ila b il ity  

o f aggregates, the possib le scope o f which is  described in  the fo llow ing parar- 

graphs. However, i t  should be repeated that although these evaluations w il l  

make i t  possible to  id e n t ify  sp ec ific  p ro jects , they should not be made fo r  each 

and every p ro ject, in order to  avoid excessive pre—investment costs fo r  the 

individual p ro jects . Moreover, the depth and exact d e ta il o f the evaluation 

w il l  depend on i t s  hydro-energy poten tia l and energy requirements, which in 

many cases can be lim ited  to  qu a lita tive  or approximate evaluations.

( l )  Hydrology

Purpose -  to estimate the flows which can be used fo r  mini power stations, 

by generally determining the minimum flows, i . e .  flows where there is  an 85-95 

per cent p robab ility  that they w il l  be exceeded on a monthly basis.

Methodological aspects — The minimum flow  is  genera lly  ascertained on 

the basis o f flow/duration curves, although they are o ften  hard to  determine by 

direct methods, since in many cases no hydrometric records are available and 

i t  is  necessary to  resort to  ind irect methods by determining and applying index 

values.
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I t  is  also possible to  estab lish  c r it e r ia  o f constant sim ilitude between 

the sub-basins and the main basins which w i l l  help to genera lize the information 

that is  most l ik e ly  ava ilab le  fo r  the larger basins, e sp ec ia lly  fo r  the p rec i-  

pitation/duration and flow/duration curves.

The availab le pluviometric information (p re c ip ita t io n  measurements) should 

be supplemented by preparing' regression equations o f ex is tin g  data; moreover, the 

hydrometric information which is  generally ava ilab le  should be used by applying 

in terpo l t io n  c r i t e r ia  to  supplement the flow  records, hydrological models can 

also be used when there are ro  representative hydrologica l series  in  the sub­

basins by simulating ru n -o ff series fo r  the drainage area in  question. One 

in terestin g  model which would require some adaptation fo r  p ractica l use is  the 

Norwegian SHFS system in  which the transfer through each sub-basin is  simulated 

by a system o f tasks.

In the f in a l analysis, the monthly minimum flow  or that which is  exceeded 

95 per cent o f the time, assuming the predominant use o f  "run o f  r iv e r "  mini 

hydro power sta tions, can be defined as a percentage o f  the average multi-annual

flow . I t  is  possib le to  draw up equations estab lish ing a re la tion  between the
3 2annual average flow  or the annual average hydraulic capacity (nr/S/fcn ) (a lso  

known as discharge modulus) and the corresponding drainage area o f  the basin, 

which, together with the duration curves which have been ascertained d ir e c t ly , 

makes i t  possible to  define lin ea r expressions fo r  ca lcu la tin g  the minimum 

monthly flows.

Daily flows may vary considerably, since d a ily  minimum values are gene­

r a l ly  lower than monthly values. However, they cannot be very accurately pre­

d icted , which would lead to  an apparently insoluble problem, considering that 

in the case o f  "run o f r iv e r "  mini hydro stations there is  p racticad ly  no storage. 

In sp ite  o f th is  d i f f ic u lt y ,  the problem may be irre leva n t, inasmuch ais the 

occurence o f d a ily  minimum flows which aze less  than the monthly ones would a ffe c t  

the operation o f the plants only temporarily.

Id ea lly , i t  would be desirable to  have estimates fo r  a minimum period o f 

three years, concerning the watercourse from which water would be obtained, 

although th is  is  only practicad fo r  groups o f p ro jects  in  a given ba^in and not 

fo r  a sp ec ific  mini hydro power station.



Relevant information supplied, by the lo ca l population can also help, 

i f  properly in terpreted , to evaluate h is to r ic a l flows, espec ia lly  with regard 

to floods. Maximum flows supply a useful reference point fo r  planning c i v i l  

engineering works, esp ec ia lly  with regard to th e ir  protection .

(2 ) Ecology

Purpose -  To describe the environment in  which f lo r a  and fauna w il l  develop 

in  order to  determine i t s  e f fe c t  on pro ject ch aracteris tics , bu ilding types, and 

m aterials, and equipment to be used; i t s  e f fe c ts  on prospects fo r  conservation 

and, on the other hand, the e f fe c t  o f estab lish ing mini hydro power stations 

on the ecology o f  the basin or sub-basin.

Methodological aspects — For the reasons pointed out above, th is  kind o f 

study is  only su itab le fo r  evaluating basins and not fo r  evaluating sp ec ific  

p ro jects ; in  the le t t e r  case, what is  needed are merely general comments on the 

eco log ica l aspects.

This w i l l  cover the fo llow ing aspects:

-  Climate

-  B io log ica l zones

-  S o ils  (from the point o f view o f human use)

-  Vegetation

-  Fauna

-  Bodies o f water and aquatic b io logy.

(3 ) Geology

Purpose -  To determine the basic characteris tics  and composition o f the 

s o il  and sub-soil o f the basin in order to  estab lish  some general guidelines 

fo r  construction, mainly with regard to  structural and seismic aspects.

Methodological aspects -  I t  is  advisable to  undertake studies which apply 

to  basins and sub-basins rather than to  sp ec ific  pro jects . The most relevant 

aspects o f such studies are the fo llow ing:

-  L ithology (g eo lo g ica l formations, using stratigraph ica l 

methods)
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-  Structural geology ( fa u lts ,  determining d irections o f 

volcanic a c t iv ity )

-  Seismology (records, p rob ab ility  o f earthquakes and 

th e ir  magnitude).

( 4 ) Geomorphology

Purpose -  To study the conformation o f the surface o f the te rra in  and 

evaluate i t  with a view to  determining, in  pa rticu la r, the accumulation and 

deposit c f  sediment in  the watercourses, while considering i t s  eroding e ffe c ts  

on equipment and the consequent need fo r  su itab le planning fo r  s i l t  basins and 

se lec tin g  m aterials fo r  the turbines (m ainly rotors and in jec tion  systems).

I t  is  also help fu l in  making a fin a l se lection  o f  the s ite  in  order to  avoid 

possible land s lid es  and erosion.

Methodological aspects -  The id en tific a t io n  o f structures on the basis 

o f geomorphological maps, mainly with respect to  scarps, slopes and va lle y  

bottoms (r iv e rb ed s ); can be applied to  the o v e r -a ll study o f  basins and sub­

basins.

( 5 ) Geotechnics

Purpose — The study o f s o ils  with respect to  th e ir  ch a racteris tics , mecha­

n ica l properties, s ta b i l i t y  and water tab le , mainly in  order to  help plan the 

construction o f  hydraulic works.

Methodological aspects -  The application  o f geotechnical studies to  basins 

and sub-basins is  lim ited , due to the enormous d iv e rs ity  o f  individual va ria tion s ; 

in  th is  case, th ere fore , i t  w il l  be lim ited  to  d escrip tive  aspects based on geo­

lo g ic a l studies.

A geotechnical study i s  p a rticu la r ly  relevant fo r  the study o f  s o ils  in  pos­

s ib le  sp ec ific  locations fo r  c i v i l  engineering works, in  order to  help to  se lect 

f in a l locations and to  define desigu requirements.

The extent o f i t s  use depends on the s ize  o f  the in d iv  m a l p ro jec t, both 

with respect to study costs and the risks inherent in the construction work i t s e l f .  

In the case o f mini hydro power stations, geotechnical studies should genera lly
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be reduced to a minimum, depending on qu a lita tive  judgements, mainly by excava­

tions and d r i l l in g s , an approximate estimate o f the hearing capacity o f  the s o il 

and an estimate o f sa fe ty  factors fo r  designing the intake, forebay, seme supports 

fo r  the p ip ing and anchoring the main equipment.

(6 ) A v a ila b il ity  o f aggregates

Purpose -  To in vestiga te  the a v a ila b il it y  o f su itable m aterials fo r  aggregates 

(stone, grave l, sand, e t c . ) ,  an important factor in reducing the costs o f works 

and construction processes.

Methodological aspects -  A d iffe ren tia ted  study o f the existence and charac­

t e r is t ic s  o f the p rincipa l kinds o f  materials needed (granular m aterial, riprap 

m aterial, quarried m aterial, sand, grave l, e t c . ) .

f ) Q ver-*n  evaluation o f energy needs and economic demands in  each area

As was pointed oat in  the preceding section, th is  study should be combined 

with an evaluation o f the hydro power resources o f the area in question in  order 

to ensure i t s  relerance and the subsequent formulation o f sp ec ific  MSS p ro jects .

Ib is  stage ca lls  fo r  a d eta iled  study o f the data obtained from a prelim inary 

id en tif ic a t io n  o f micro-regions and iso la ted  areas through f ie ld  evaluation sur­

veys, which, however, should be kept at a general and s ta t is t ic a l le v e l when 

describing the characteris tics  o f each lo c a lity .

I t  is  necessary to  keep an extensive data f i l e  fo r  each lo c a l i t y  and to 

prepare card indexes fo r  micro—regions or groups o f lo c a lit ie s  which can be in te­

grated in to  a small g rid .

The social-economic analysis o f  each lo c a l it y  can cover the points described 

below. However, i t  should be borne in  mind that th is  analysis can be more lim ited  

and that some elements can be l e f t  fo r  consideration in  studies o f  sp ec ific  pro­

je c ts  or e lse  simply disregarded.

SCOPE OP THE SOCIAL-SECNCMIC ANALYSIS OP LOCALITIES

POPULATION Number, s ize  o f fam ilies , breakdown by a c t iv it ie s ,

income, cu ltural le v e ls , e tc . T yp ifica tion  o f the 

possible le v e ls  o f sa tis fy in g  energy needs. H istorica l
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information about growth (o r  stagnation ); m igrations. 

Forecasts o f  growth (estim ates ), forecast o f r is e  in

th e  i n d i c e s  o£ ëx ië rg jÿ  üôcu.S ( ë â 't x ü iâ 't ê â } «

SCQirCMIC ACTIVITES Description o f  ex is tin g  productive and supporting

a c t iv i t ie s ;  economic impact. Poten tia l o f the area. 

Id en tify in g  pro jects  in energy-consuming a c t iv it ie s .

TRASSPOET AHD 
COQCüSICATIOïrS

Requirements fo r  pro ject implementation: time lim its .

Transport systems (personnel and goods); highways, 

posta l system, telecommunications, etc .

SERVICES Drinking water, drainage, energy supplies; trade.

EDUCATION Schools and cu ltu ra l a c t iv it ie s ;  educational needs and

th e ir  sp ec ific  energy requirements.

PHYSICAL DESCRIPTION 
OF THE LOCALITY

Geographic loca tion , distance, physical description  

(s t r e e ts , distances, types o f  construction, e t c . ) .

The social-economic analysis should provide the basic data fo r  each lo c a lity ,  

so that the requirements and po ten tia l fo r  e le c t r ic i t y  consumption, and the required 

in s ta lled  capacity can be determined by using ind ices.

In th is  stage o f o ve r-a ll evaluation, i t  is  possib le to  determine only appro­

ximate requirements o f in s ta lled  capacity on the basis o f ind ices, which w i l l  be 

necessary fo r  formulating sp e c if ic  p ro jec ts .

In addition, prelim inary evaluations o f energy consumption can be made fo r  

various kinds o f  consumption:

-  Eousehole

-  Public ligh t in g

-  Economically productive a c t iv it ie s

-  Miscellaneous (h ea lth , education, cu lture; soc ia l, 

p o l it ic a l  and re lig iou s  a c t iv it ie s ,  e t c . ) .

I t  is  also possible to estimate approximate periods o f d a ily  use fo r  each 

category and i t s  seasonal va ria tions. Die proposed additional analysis provides 

the necessary data to determine required in s ta lled  capacity and demand at the pre- 

fe a s ib lity  le v e l fo r  studies o f sp ec ific  p ro jects .



Because o f the in ter-action  between a lternative  MEG projects which can be 

defined from the o ve r-a ll evaluation o f resources, together with the evaluation 

o f needs and demand in  a l l  the lo c a lit ie s  o f an area, i t  is  possib le to deter­

mine and define in  approximate terms those series o f  p ro jects  which can meet 

the basic energy needs o f  the population at minimum cost. For th is  purpose i t  

is  necessary to consider the fo llow ing factors:

________ CCffSIDERATiqffS FOE rDIBTIFHffG MEG PBCJBCTS_________________________________

-  Ihe point to  which i t  is  economically ju s t i f ia b le  to  organize 

groups o f lo c a l it ie s  to  form an a l l  intei^-connected medium-tension 

grids , depending on th e ir  extension and the topographic ch aracteris tics  

or the area.

-  To se lect those pro jects  o f r e la t iv e ly  grea ter capacity which can 

economically replace several less smaller ones.

-  According to  the topography and characteristics  o f  the s it e ,  to  

se lect the type o f power stations with regards to  head; high heads 

being more convenient, as they involve smaller investments and ensure 

greater economy o f  water, although they are subject to more wear-and 

tea r and the greater w ater-leve l losses resource decreases the avai­

la b i l i t y  o f water fo r  other purposes at higher le v e ls .

-  To take account o f increased requirements o f  in s ta lled  capacity, 

e ith er  by over-designing the in sta lla tion s  or a llow ing fo r  enlarge­

ment •

-  To anticipate construction problems when defin ing p ro jects .

-  To ascertain a lte rn a tive  solutions and p ro jec ts .

-  The above-procedure should be supported by f ie ld  evaluation.

g) Identifying 3-pecific rrojests

I t  should be pointed cut that the ob jective in th is  stage is  to  t r y  to 

define the universe o f  p ro jects  which could meet the basic energy needs o f the 

area in question by try in g  to  optimize combinations, but the aim is  not to  es­

tab lish  p r io r it ie s  fo r  implementation, which is  a part o f  the next stage.
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h) Assigning Tprgl-'wTnH.-ry p r io r it ie s  to  projects

Ib is  is  the fundamental hasis fo r  de fin in g  the "development plan" and i t s  

"implementation programmes", which is  the resp on s ib ility  o f  the Planning Unix.

Weighted evaluation c r i t e r ia  must he established in  order to  determine the 

p r io r it ie s ,  while taking due account o f economic, techn ical and soc ia l factors; 

the fo llow ing general factors  are suggested:

FAC TOSS FOB ESTABLISHING Pfil OBI TIES FOB THE IMPLEMENTATION OF PROJECTS

Size and cost, including cost o f transmission lin es .

Population to be serviced ; load factors .

Ehergy used in  productive a c t iv it ie s  including in du stria l production 

in  re la tion  to  energy produced.

A v a ila b il ity  and permanency o f the hydraulic resource.

P o s s ib il it ie s  o f  mutually complementary use in  the case o f  multiple 

pro jects or p o s s ib il it ie s  o f in terference with the use o f  water fo r  

other purposes.

P o s s ib il it ie s  o f  using lo ca l labour and m aterials fo r  construction. 

P o s s ib il it ie s  o f  organized partic ipa tion  on the part o f the community 

by contributing with labour and m aterials.

A v a ila b il ity  o f  access roads and road connexions.

P o s s ib il it ie s  o f  creating lo ca l employment.

P o s s ib il it ie s  o f  continu ity o f serv ice, se lf- fin an c in g  o f  operation 

and community support.

P o s s ib il it ie s  o f  supplying equipment, p re ferab ly  o f  national orig in . 

Ehgineering requirements and problems involved in  the p ro ject.

Table l  i l lu s tra te s  some a c t iv it ie s  which can be developed in  iso lated  

lo c a l it ie s  and also shows the approximate requirements o f in s ta lled  capacities
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Table__ 1

Identification of productive activ ities in isolated loca lities  and the rural 

area, which could u tiliz e  the energy generated by the SHPS.

a c t iv it ie s  installed power for

CONSUMPTION (leW)

Carpentry shops 5 -  15
Bakeries 2 -  5

Artesanal activ ities 1 - 2

Small saw-mills 15 -  30

Sugar can mill 1 0 - 2 0

Grain m ill 3 - 2 0

Weaving 0.5 -  6

Coffee beneficiaries 5 -  30

Qiarries 6 - 3 0

Ice-making 6 - 6 0

Irrigation pump 2-100

Brick-making 1 -  5
Lodging (20 guests) 2 -  5

Restaurant 1 - 2

Vegetable canning 5 -  20

Dairy products (butter, cheese) 2 - 1 0

Milk-processera (cooling and pre-evaporation) 5 - 2 0

Silos 3 -  5
Electrical and mechanical workshops (repairs) 5 -  15
Gasoline pumps 0.5 -  5
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With, th is  evaluation, i t  w i l l  he possible to  prepare l is t s  o f  projects 

in  order o f  p r io r ity  which can be used fo r  planning and programming a c t iv i t ie s ,  

although th is  w i l l  not autom atically ensure that these projects w il l  be included 

in  the programmes, since the Planning Unit w i l l  have tc  estab lish  other series  

o f p r io r it ie s  with respect to questions o f regional development, rural indu stria l 

development and sectora l p o lic ie s .



FIGURE 13 UNIT FOR ТНК EVALUATION OF RESOURCES AND DEMAND

(D) To the Training Unit
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5.4. PRE-INVESTSCENT STODIES

In th is  chapter we shall he mainly concerned with pre-investment 

studies fo r  sp ec ific  p ro jec t, on the basis that studies re la t in g  to 

over—a l l  analysis o f  resources and demand have been dealt with in  Chapter 

5 . 3 . ,  although the d iv id ing  lin e  is  not always easy to draw, since studies 

fo r  sp ec ific  pro jects  may be re la ted  to  the process o f id en tify in g  pro jects  

and estab lish ing p r io r it ie s .

S pecific  pro ject studies serve two basic purposes:

-  Technical and economic ju s t if ic a t io n ;

-  Guidelines fo r  the p r o je c t s  execution.

I t  may be said that pre—investment studies constitute one o f the 

fundamental d ifferences  betwen NHG and la rger-s ize  plants,, and fo r  th is  

reason preparing studies o ften  poses the fo llow ing problems:

COMMONEST PROBLEMS IN MEG STODIES

— High study costs, o ften  amounting tn between 30 and ^0 per cent 

o f  to ta l investments.

— Formal terms o f reference not always adequate to the p ro je c t ’ s 

needs.

-  Over-abundant information, processing o f  data o f l i t t l e  s ign i­

ficance lack o f  relevant fa c ts ; lack o f corre la tion  between 

the study and the r e a l i t ie s  o f the p ro ject.

-  Limited p ractica l value fo r  determining investments required 

or fo r  guiding plant construction.

Hie above drawbacks can be attribu ted to the fo llow ing causes:

REASONS

— U ncritica l transfer o f  terms o f reference coranonly used fo r  

large hydro-electric  p ro jects .

-  Routine d iv is ion  o f studies in to  successive phases ( pre—fe a s ib i l i t y ,  

f e a s ib i l i t y  and deta iled  engineering) without taking account the 

aim o f the particu lar study.
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-  Formalistic demands and excessive data requirements made by 

financing in s titu tion s .

-  Lack o f d e fin it ion  o f targets enabling proportions to  be esta­

blished between study costs and to ta l project investment.

-  Lack o f comprehensive studies on resources and demand by basins 

and micro-regions respective ly .

-  Limited amount o f d irect information and excessive processing 

o f in ferred  or estimated data.

-  Lack o f technical and economic manuals on pro ject development.

-  Lim itations in  consultancy systems and in  the capacity o f  public 

in stitu tion s  to  carry out studies.

-  L it t le  consideration o f technological a lte rn a tives .

-  L i t t le  consideration given to the prospects fo r  partic ipa tion  

by the lo ca l population in  the p ro jec t.

I t  is  important that ta rgets  be set at the Planning Unit stage regarding 

the maximum cost o f studies as a percentage o f the to ta l investments and 

according to  the s ize  o f the power sta tion . These ta rgets  should obviously 

be set fo r  each country as part o f an approximate ca lcu lation  o f the cost o f 

the components o f the studies and the establishment o f th e ir  scope. I t  should 

not be forgotten  that the studies are a rough guide fo r  future operations and 

a means o f p rotecting the p ro je c t 's  to ta l investments; they should consequently 

be kept within reasonable proportions to  prevent th e ir  becoming a h igh-risk 

investment in  themselves which could s ig n ific a n tly  increase to ta l investment 

or even lead to  the absurd s itu a tion  where th e ir  cost could seriously  a ffe c t 

the p ro je c t 's  fe a s ib i l i t y .

D efin ite  targets must be set fo r  each country fo r  the maximum cost o f 

pre—investment studies with respect to to ta l investments in  an MHG, which 

in turn w i l l  define the studies ' scope. In Chapter 7*6 on costs, there is  

a reference curve based on the fo llow ing tab le , showing that the percentage 

cost o f studies fo r  smaller power values ought to increase within reasonable 

lim its .
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POKES 15 KILOWATTS %  MAXIMUM FEHCHTTAGE OP TOTAL COST
TO BE ALLOCATED TO STUDIES

10 15

100 11

1,000 8

The scope of the studies is  c lose ly  related to the proportion desired  

between th e ir costs and to ta l investment and to where the project stands in MHG 

development p lanning, in  other words, whether or not comprehensive information 

on basins and areas fo r  groups of projects is  availab le  -  and depending on how 

thorough the studies were which determined the specifications o f the projects  

iden tified  in  the ove r-a ll evaluations referred to in  5*3«

Bearing these considerations in  mind, we shall o ffe r  in  the follow ing  

paragraphs some general guidelines fo r  preparing pre-investment studies fo r  

the three conventional phases o f p re -fe a s ib ility , fe a s ib i l it y  and detailed  

engineering.

a ) Pre-feaaibility/Beconnaiasance Study

In the case o f MGH i t  is  desirable to establish  minimum requirements 

at th is leve l, and the notion o f "p re -fe a s ib ility  study" could be replaced 

by the concept o f a "reconnaissance study", implying something of more 

restricted  scope*

On the other hand, i t  is  useihl to ensure in th is phase that the data 

needed to sett le  the investment question are ava ilab le , so that, i f  possible, 

the preparation o f a  fe a s ib i l it y  study w ill not be essen tia l.

The degree o f approximation to a p re -fe a s ib i lity  study w il l  d i f fe r  

depending on whether the project in question is  or is  not independent o f  

the planning and over-a ll evaluation process, as i s  show in the follow ing  

tabular summary:
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CHARACTERISTICS OP PHE-FEASIBILITY STUDIES ACCORDING TO 

HOW THEY AH£ BELATED TO PLANNING AND OVER-ALL EVALUATION

PROJECTS WHICH PORK PART OP THE 

PLAN AND OVER-ALL EVALUATION OP 

RESOURCES AND DEMAND

-  Die decision to carry out studies 

has been taken at the planning 

stage and was based on o ve r-a ll 

evaluations made; i t  remains fo r  

the p r e - fe a s ib il ity  study to 

analyse a lternatives , define plant 

spec ifica tions, determine the 

scope o f p ro ject engineering and 

assess i t s  fe a s ib i l i t y  prospects.

-  Die o ve r-a ll evaluation can 

contain adequate data on hydro­

logy, the assessment o f  resources, 

energy demand and in s ta lled  

capacity requirements, so that i t  

only remains to assess th is  data 

in a f ie ld  study, to make some 

water guaging ( flow  measurement) 

measurements and to  supplement 

information or g ive  more d e ta ils .

INDEPENDENT PROJECTS OUTSIDE THE 

CONTEXT OP OVER-ALL EVALUATIONS 

AND PLANS

-  I f  the pro ject looks promising 

in  a prelim inary survey, the 

p r e - fe a s ib il it y  study can have 

the scope o f the projects planned; 

i f  not, i t  should give alterna­

t iv e s  and approximations as to  

th e ir  spec ifica tions and invest­

ment requirements, and assess the 

d e s ira b il ity  o f  going on with the 

studies.

-  Evaluation o f resources and 

analysis o f  demand f a l l  within 

the scope o f the study.

Also o f importance w il l  be the s ize  o f the p ro ject, which w il l  deter­

mine the scope o f the p r e - fe a s ib il it y  study in  proportion to the estimated 

investment requirements, and other factors  . ‘e la tin g  to the p ro jec t 's  s ize , 

as can be seen in the fo llow ing tab le , in which power stations are tenta­

t iv e ly  separated in to two power ranges:
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иэпж НЫВ ШШЗ (LS3S TEa  100 п )

-  Cboekia/ vat*r П т  и1в< Indireot 
nttoli darla/ abort perioda
md (m n lld it «lid tba 
balp of qoalitatlra m »»n i«i.

-  Тагу 11 altad tepofnpblcal «ш i»j i,
or tba of tbaaa; tba
aaa of ertiaan aotbeda tar larallia/ 
faUa.

-  flaoal ааач wct o f tba atnctaia 
o f tba tam il for oenstraeflen
perpoeo*.

- Orar-dlaonaianind a i largar eafrty 
■ar/lna tafcLn/ lelo aoeoaat (reatar 
aaBartalstj faators.

- lera coBaideratloa of tba oaa of 
aab-eoatnstloaal tachaolo/les 
toadla/ to reducá eoata, atas if  
/1гав oar/tca concomía/ reliability 
and aaralca Ufa aoat Ъа aacrlflcad.

ПСН П РОЛЕ TILO S  (O T IT IS  ТНИ
OS 100 KM)

-  ChacJdn/ flo ra  tbrau/h aaaaanaasta 

takaa orar loe/ parlada or

tba aaa o f  a la ila r lt jr  aodala.

-  Detailed topo/rmhioal raí  га/a o f  

tba aeat ralaeant axaaa (iiitaka , 

chamal, forebay, f a l l ,  penar beoaa, 

t a i l  race), careful detem inla/ o f 

t ic  baad and layout o f  a peoatock.

-  ip  p i T il/  feotocb&lcal aatbeda to  

check tba c h a r t a r ia tlca  o f the 

terra in  In  areaa «hare the ealn 

oeaatraotloa aorfc la  to taka placa.

-  Laaa orar-diaoaaloBla/ and acre 

radacad aa fo tj aar/ina la  elan o f 

aera thorough atailaa aad the 

/reatar inraat — it inralrad.

-  Laaa ceealdaratloa o f  noa- 

oearaatloaal tachaolo/laa агав 

thoo/h la  аавг caaaa they *111 be 

relaraut within th la power rec fa .

These recommendations should o f course be regarded as trends, fo r  

the scope o f each individual project must be decided in the ligh t o f the 

ob jective characteristics  o f that pro ject.



Checklist of pre—feas ib ility  study of MHG

1. Summary -  a synoptic review Ql* ëULX ^lie csScubiol f*XXlu.XX1̂ 3 Cf* CCICil

2. Project background and h istory

(a )  Project sponsors)

(b ) Project h istory

( c )  Cost o f studies and/or investigations already performed

3. Market and plant capacity

( a) Load demand and market

I t s  past growth, the estimated future growth, the connexion with

the grid .

(b ) Sales forecast and marketing

( i )  Competition with other energy resources 

( i i }  Estimated annual sales revenues from power supply

( c )  Power estimation

( i )  Hydrologic study

( i i )  Firm power

( i i i )  Secondary power

( i v )  Waste water

(d ) Determination o f in s ta lled  capacity

4. Location and s ite  (includ ing, i f  appropriate, the geo log ica l study, and

estimate o f the cost o f land and the cost o f storage reimbursement)

5. Project engineering

(a )  Prelin inary determination o f scope o f MHG project

(b ) Technologies) and equipment

( i )  Hough estimate o f costs o f lo ca l and fore ign  technology

( i i )  Rough layout o f proposed equipment and power-house.

Turbine, generator, gate and va lve, au x ilia ry  equipment, e tc .

( i i i )  Rough estimate o f investment o f equipment.

( c )  C iv i l  engineering works

( i )  Rough layout o f instake, conveyance structure and powerhouse

( i i )  Rough estimate o f investment cost o f c i v i l  engineering works 

( loca l/ fo re ign )

6. Plant organization and overhead cost



7. Manpower

(a )  Estimated manpower requirement broken down in to major 

categories o f  s k il ls

(b ) Estimated annual manpower costs

8. Implementation scheduling

(a )  Main construction method and implementation time schedule

(b ) Estimate implementation costs

9« Financial and economic evaluation

(a )  Total investment costs

(b ) Project financing

( i )  Proposed cap ita l structure and proposed financing 

( lo ca l/ fo re ign )

( i i )  In terest

( c )  Production Cost

(d )  Financial evaluation based on above estimation value 

( i )  P ay -o ff period

( i i )  Simple rate o f  return

( i i i ) Break-even point

( i v )  In ternal rate o f return

(e )  National economic evaluation 

( i )  Prelim inary tests

( i i )  Approximate cost-benefit analysis, using estimated 

weights and shadow p rice  (fo re ig n  exchange, labour, 

c a p ita l)

( i i i )  Economic industria l d eve rs ifica tion

( i v )  Estimate o f employment-creation e ffe c t

( v )  Estimate o f foreign  exchange savings

b) F ea s ib ility

I t  is  desirab le that the p r e - fe a s ib il it y  or reconnaissance studies 

fo r  MHO cover the elements needed to  take a decision on investments, with 

a view to  cu tting out fe a s ib i l i t y  studies and proceeding d ir e c t ly  to pro ject 

engineering studies.

However, fe a s ib i l i t y  studies are desirab le fo r  p ro jects presenting 

doubtful situations on th e ir  technical and economic aspects, or whenever
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a lternatives have to  be compared and as long as the scale o f the project 

seems to  c a ll  fo r  i t .

c ) D eta il engineering

This should cover the fo llow ing general aspects:

SCOPS OF DETAIL ENGINEENTNO

-  Supplementary topographic d e ta ils .

-  Supplementary geotechnical study (when the 3cale o f the 

pro ject seems to  c a ll  fo r  i t ) .

-  Final spec ifica tions o f the p ro jec t.

-  Detailed design o f  each c i v i l  engineering item and 

spec ifica tions o f m aterials.

-  F inal spec ifica tions o f electromechanical and au x ilia ry  

equipment; quotations, evaluation o f  a lternatives and 

proposed purchases.

-  E le c tr ica l design o f  transmission lin es  and in s ta lla tion s .

-  Recommendations fo r  construction, in s ta lla tion  and start-up.

-  Implementation schedules and work programme.

In the absence o f  fe a s ib i l i t y  studies, the engineering study should 

include a supplementary financ ia l economic analysis dealing with the 

fo llow ing points:

FINANCIAL AND ECONOMIC SUPPLEMENT TO ENGINEERING STUDIES

-  Investment and financing.

-  Schedule o f  payments.

-  Personnel requirements.

-  Operating and amortization costs.

-  Consideration o f t a r i f f  schemes.

-  Analysis o f  s e n s it iv ity  o f  investments.

-  Organizational aspects o f construction and operation.
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The scope and depth o f the engineering studies w i l l  also depend on 

the scale o f the proposed invest meats; the main features can be c la s s if ie d  

as fo llow s:

CHARACTERISTICS OP 3IGIHEERI3JG STUDIES ACCORDING TO SIZE OP MHG

LOWER POWER RAHGES HIGHER POWER ¡LARGER

(I£SS TEAS 100 KW) (GREATER TEAS ICO KW)

-  Less study o f d e ta il in  design, 

d e ta ils  to  be supplemented as 

work proceeds.

-  More study o f  d e ta il in  design.

-  Larger sa fety  factors  fo r  design. — Smaller sa fe ty  factors  fo r  design.

-  Proportionately greater use o f -  Proportionately le sse r  use o f

lo ca l m aterials. lo ca l m aterials.

-  Drawings commensurate with capa- — Drawings commensurate with capa—

b i l i t i e s  o f a construction foreman. b i l i t i e s  o f a c i v i l  engineer.

-  Considerations o f p r ice  and -  Considerations o f r e l ia b i l i t y

s im p lic ity  w i l l  be major items and service l i f e  w i l l  be major

in  the f in a l se lection  o f  equipment. items in  the f in a l se lection  o f

equipment.

-  More extended use o f unconventional -  More extended use o f conventional

technologies. technologies.

-  More use o f semi-standard designs. -  More use o f  " ta y lo r  made” designs.

Standard equipment, including turbines, should be sp ec ified  and selected 

fo r  a l l  MHG stations.

Pre-investment studies o f  p ro jects  can be organized in  various ways:

Projects and engineering section o f an E le c t r ic ity  Board or 

undertaking responsible fo r  implementing MHG.

-  Specialized hydro project in s titu tion  or agency.

-  Independent consultants and experts.

The choice w i l l  depend on a country's p o lic ie s , soc ia l and economic 

system, and technical c a p a b ilit ie s .
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I t  is  usually help fu l i f  the E le c tr ic ity  3oard or enterprise acting 

as executive agent fo r  the MHG programme has a pro jects and engineering 

section capable o f making the necessary pre-investment studies and o f 

sub-contracting and over-seeing studies, when i t s  own pro ject development 

ca p ab ilit ies  are overloaded.

Contracting good consultants is  often  d i f f ic u lt  and the supervising 

agency needs a high le v e l o f technical capab ility  in  order to be able to  

define the scope o f  the studies c le a r ly , evaluate costs and check on the 

qu a lity  o f the study contents. The common mistake o f developing studies 

which contain l i t t l e  substance and a mass o f irre levan t information should 

be avoided.

I t  is  also frequent that some financia l in s titu tion s  estab lish  such 

requ is ites regarding consultants' qu a lifica tion s  and the scope o f studies, 

that pre-investment costs tend to be very high and the studies contain 

formal elements which fo r  the most part are useless fo r  pro ject evaluation 

and implementation.



FIGURE 1>* UNIT FOR IMPLEMENTATION OF STUDIES AND WORKS

From
training
unit

l A) From planning unit

To equipment pro­
duction unit

unit

To resources and To operations unit
demand evaluation



5-5. FEïMCEIG

Biis section w il l  deal with the general problems o f financing invest­

ments fo r  MHG, with the emphasis on aspects l ik e ly  to reduce investment cr 

i t s  financia l and foreign  currency requirements.

000(02? PSOBLEXS nr MEG FWASCmG

-  Heavy investment per in s ta lled  kW.

-  Substantial fore ign  currency requirements.

-  High study costs and irrelevancy o f  studies to  

operation and implementation o f p ro ject.

-  Individual pro jects are on too small a scale to  be 

in teres tin g  fin a n c ia lly  and are expensive to  administer 

and to  evaluate fin an c ia lly .

-  L i t t le  experience o f  systems fo r  financing groups o f 

p ro jects .

-  D if f ic u lt ie s  o f including national engineering in 

pre-investmoit studies.

-  Unsatisfactory schemes fo r  financing national supplies.

-  Underestimating poten tia l community contributions o f 

manpower and m aterials.

-  Lack o f  MHG financing p o lic ie s .

-  Inadequate economic capab ility  o f communities.

-  Misconceptions o f "rural e le c t r i f ic a t io n "  based cn 

spontaneous development o f  productive a c t iv it ie s  

requ iring energy.

To dead with the above-mentioned typ ica l problems, the recommendations 

given in  the fo llow ing tab le are worth bearing in  mind when schemes are 

being devised; many o f them w il l  be commented on in some d e ta il in  th is  

section.
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GENERAL GUIDELINES FOR IMPROVING FINANCING PROSPECTS OF MEG

-  Reduce investment and fore ign  currency requirements lay means 

o f non-conventional technologies, standardization, national 

production o f  equipment and loca l m aterials, community pa rti­

cipation  in  construction works.

-  Increase relevance and reduce cost o f pre-investment studies 

by o v e r-a ll assessments o f resources and demand by zones and 

basins, preparation o f gu idelines fo r  formulation o f projects 

and design handbooks, e tc .

-  Finance groups o f re la ted  p ro jects .

-  Increase community partic ipa tion  in  the bu ild ing and operation 

o f  plants.

-  Increase the share o f  national engineering in  pro jects by 

strengthening the engineering ca p a b ilit ie s  o f the in stitu tions 

responsible fo r  implementing MEG p ro jects  and g iv in g  preference 

to su itab le domestic consultants over fo re ign  consultants.

-  Develop systems fo r  financing national supplies.

-  Stimulate community partic ipa tion  in  p ro ject implementation

by emphasizing th is  fa c to r  in  the study o f  p r io r it ie s ,  developing 

appropriate systems fo r  the fin an c ia l evaluation o f community 

contributions and the requirements fo r  techn ical assistance.

-  Determine a national MEG financing p o licy .

-  Promote the p a ra lle l development o f  energy in tensive productive 

a c t iv it ie s .

-  Develop guidelines on the rational use o f energy.

Special attention  should be paid to  reducing investment needs including 

pre-investment studies, and to  reducing fore ign  currency requirements.
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GENERAL GUIDELINES FOR REDUCING IFTESTMENT COSTS AITO 

FOREIGN CURSaìCT REQUIREMENTS

-  Over-all evaluation o f demand and resources should he broken 

down by zones and basins, thus reducing the costs o f individual 

studies and achieving economies o f  scale in the m u lti-d isc ip linary  

study o f areas possib ly involving a number o f p ro jects .

-  Wherever possib le, proceed d ir e c t ly  from p r e - fe a s ib il it y  studies 

to  d e ta il engineering studies.

-  Sim plify terms o f reference o f studies and prepare guidelines fo r  

th e ir  elaboration.

-  Prepare manuals/handbooks on design.

-  Consider using non-con vent ional technologies and the in tensive use 

o f loca l materials righ t from the pre-investment study phases.

-  Cfee dom estically produced equipment and m aterials and, i f  possib le, 

nationally  developed or adapted technologies not subject to roya lty  

payments or large numbers o f  imported parts.

-  Use standard items o f equipment; consider cheaper and s h o r te r - life  

a lternatives fo r  low-power in s ta lla t ion s .

-  Semi-standardization o f c i v i l  engineering worics.

-  The use o f national engineering in  pro jects  helps to 3ave fore ign  

currency, reduce r e la t iv e  costs and improve adaptation to actual 

conditions in  the country.

-  Community partic ipa tion  helps to  reduce apparent investment and 

therefore requires less domestic financing.

To promote the development o f MHG pro jects , appropriate p o lic ie s  must 

be defined, such as se ttin g  up an MHG development fund which can be adminis­

tered by a government-financed agency or by the e le c t r ic i t y  board or in s t i­

tu tion  concerned.
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MHG financing should be organized along the fo llow ing lin es : 

a ) International cred it lin es

A c lea r  d is tin c tion  is  necessary between untied cred it lin e s , such 

as some international finance agencies can provide, and t ied  cred it lin es  

from financ ia l in stitu tion s  in  countries wishing to  promote th e ir  equip­

ment and engineering sales v ia  fin an c ia l promotion.

Tied cred its  are sa tis fa c to ry  provided that the elements concerned 

are not produced dom estically and a fte r  analysis o f th e ir  technical 

characteris tics , p ric in g  and financia l conditions has 3hown them to be 

the best option. The temptations c f  " s o f t ” financing often  lead to the 

purchase o f equipment which is  too expensive or inadequate.

Specific  cred it lin es  defin ing some financing conditions should be 

negotiated in order that the financing o f groups o f projects may be 

negotiated subsequently.

The c r it e r ia  and terms o f reference fo r  studies should be r e a l is t ic ,  

and preferab ly be made known by the publication o f guidelines fo r  project 

preparation and assessment.
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"b) National credit lines

uly "te fincncs cLcm ss"tica lly  p a r o d i 5ivnn]_

of equipment and materials.

They can be arranged with agencies concerned with industrial promotion 

financing.

Credit lines for site development and works can be arranged with agencies 

concerned with rural promotion financing.

c) Contributions from national budgets or electricity- 

development undertakings.

In the light of the development plans and their annual implementation 

programmes of MHG, resources could be allocated under given proportions to 

the credits obtainable.

Some of the investment finance can be in grant form.

A proportion of the profits of e lectric ity  "lost fund" boards can be 

used for financing MHG development.

d) Contributions from t he community

This should be determined during the studies phase.

The community contribution should be regarded as part of the total 

investment and therefore needs to be assessed properly.

Community contributions usually consist of unskilled building labour, 

materials (mainly aggregates for the c iv il engineering works) and services 

(loca l carting, local transportation, storage, site, security, e tc .).

Where investments are financed on a basis of partial repayments, 

financing would be of the nature of a revolving fund.
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However, irrespective  o f the scheme o f  investment repayment and even 

in the case o f  outright grants, p ro jects  must earn at least enough to  cover 

operation and maintenance costs, otherwise the plant may be brought to * 

s tan d s till by the f i r s t  operating problem to arise or + o have i t s  in s ta lla ­

tions threatened by eventual damage- Also, i t  would be d i f f ic u l t  to devise 

a scheme in  which permanently non-recoverable contributions went hand in 

hand with sustained growth o f HHG.

The proportions o f financing to  come from c red its , budget contributions 

and community contributions should be defined in  th e ir  general terms. Seme 

countries adopted a method in which the investment is  d ivided in to  three 

roughly equal parts, the f i r s t  to be financed by c red its , the second by 

budget contributions and the th ird  by community contributions.

Investment recovery c r i t e r ia  must also be considered in  finance po licy  

in  the ligh t o f t a r i f f  p o s s ib il it ie s  and the aims o f  rural e le c t r ic i t y  

development. Three typ ica l cases w i l l  now be given, but intermediate solu­

tions are possib le.

e) Outright grants

There is  no question o f recovering investments; budget contributions 

and. financing are a matter fo r  the State or the e le c t r ic i t y  development 

board and the t a r i f f  systems merely cover operation and maintenance costs.

This system can be used to develop MHG in areas where incomes are very 

low, but because o f i t s  lim ited  financia l ca p a b ilit ie s , only r e la t iv e ly  few 

MKGs could be b u ilt .

f )  Pa rtia l grant

In th is case the budget contributions and community contributions are 

often regarded as part o f the grant and the loans obtained are to  be paid 

v ia  appropriate t a r i f f  arrangements.

g) Total recovery o f investment

Though ideal fin an c ia lly , i t  usually proves to  be impossible fo r  a

rural e le c t r ic i t y  development since i t  g rea tly  hampers implementation
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a given period.,

Schemes of this type can be used fer MKG installed mainly to serve 

profitable productive activities, such as mining, agro-industry and so on.

FIGUBE 15 FINANCING UHIT

(A ) From planning unit

f
(A )  To planning unit
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5.6. CONSTRUCTION AND START-UP

Our discussion w i l l  deal mainly with the problems and methods o f 

construction as they re la te  to  such aspects as excavation work, c i v i l  

engineering, the in s ta lla t ion  o f  electromechanical systems and equipment, 

and the actual starting-up o f the plant.

Of a l l  the various types o f  a lterna tive  sources o f energy, MHG pose 

the most exacting construction requirements because o f the r e la t iv e ly  

large scale o f the building operations and the considerable s ize  o f the 

in s ta lla tion s .

Die construction processes w i l l  vary according to :

-  Die planned in s ta lled  power;

-  Die nature o f the te rra in ;

-  Die location  o f the s ite ;

-  Die mode in which the plant is  to  be used

(independently or inter-connected);

-  Die a v a ila b il it y  and sk illed  le v e l o f labour;

-  Die construction technology;

-  Die ease o f access and transport;

-  The technological soph istication  o f the equipment;

-  Die climate;

-  Particu lar factors in  the case o f multi-purpose p ro jects .

The construction process may be represented, in  s im p lified  terms, 

by the flow ing flowchart, whose elements are analysed in  the discussion 

th erea fter.
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a) Revision of studies and inspection

The office responsible for carry ing out the project (th is  office may 

be a part of the electricity  board of enterprise) must firs t  of a ll define 

the «ureas of responsibility for the management and supervision of the 

project.

The next step w ill be a revision of the studies and a site inspection 

concentrating on characteristics, specifications, and construction guidelines.

Ike tash of revision may be entrusted to independent professionals or 

consultants i f  sufficient trained personnel of this kind are not available 

or when a project is  designed for direct implementation under the auspices 

of a municipal government or private firm.

b) Acquisition of basic ecuiument

Considering the p o s s ib il ity  o f problems with d e liv e ry  schedules, 

arrangements 3hould be made fo r  the acqu isition  o f  the equipment as soon 

as the rev is ion  o f the studies has been concluded. In  some cases, these 

arrangements may be begun as early  as the engineering study stage.

The heading "basic equipment" normally covers such items as the 

turbines, speed regulators, generators, main valves, electrical control 

panels, and transformers. It  may also include e lectric »! materials and 

pressure tubing, together with the related accessories.

c )  Co -o rd ination  with the f in an c in g  unit

This co-ordination is required in order to determine the modalities 

and time-tables of the release of funds for the various stages scheduled 

in the Project Construction Programme. At tht community level, this co­

ordination may also be tied in with co-ordination of disbursements and 

community contributions. In addition, the procurement of the equipment 

must be co-ordinated with the financing unit.
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d) Co-ordination o f community support

Specific  areas o f possible co-operation must be id en tified  as ea rly  

as the study and implementation-decision stage. Co-ordination is  required, 

p r io r  to  the commencement o f construction, in  order to produce some sort 

o f formad agreement with "the community covering, among other things, the 

fo llow ing points:

-  Manpower: types and number o f  man-hours fo r  each phase o f

construction; supervisory resp on s ib ilit ie s ;

M aterials: (g en era lly  inert f i l l e r  materials such as stone

and sand, wood fo r  formwork, e t c . ) ;  quantities, location , e tc .;

-  Services: (transport, storage and warehousing o f  m aterials,

personnel transport fa c i l i t i e s ,  provision fo r  security , e t c . ) ;  

d e fin it io n  o f resp on s ib ilit ie s .

Depending on the type o f soc ia l organization and the trad ition s  o f the 

country, such agreements w i l l  be concluded with the most representative 

authorities capable o f m obilizing the support required. These au thorities 

may be community leaders, the senior o f f i c ia ls  o f  co-operative organizations, 

or the members o f  the municipal government. I t  is  also essen tia l to  make 

certain  that these agreements are brought to  the attention o f  the lo ca l 

c it izen s  and are supported by them.

e ) Construction programme

Hie construction programme must be drawn up in harmony with the actions 

referred  to in  the preceding sections.

The characteristics of the construction 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 execu­

tion, this uncertainty being the result principally cf the tentative nature 

of the studies, the logistic problems inherent in any project which involves 

only a minimum of administrative apparatus, and the d ifficu ltire3  that fre ­

quently arise, with respect to organization and adherence to progress sche­

dules, in activities in which there is an element cf relatively voluntary 

community participation.
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QUESTIONS TO HE CONSIDERED IN PROJECT CONSTRUCTION PROGRAMMES

Excessively deta iled  programmes should be avoided, and 

programmes should be lim ited  to  a discussion o f the 

principa l elements only.

The planning should include su ffic ien t la titu de  fo r  

unforeseen developments, p a rticu la r ly  with regard to design 

m odifications, supplies, and work to  be performed by the 

community.

Preference should be given to the use o f lo g ica l systems 

fo r  the progress tim e-tables as a means o f  c le a r ly  defin ing 

the " c r i t ic a l  paths", but with only the principal events 

considered.

In programming the work to be performed by the loca l com unity, 

consideration should be given to  the p o s s ib il ity  o f  in terference 

with other a c t iv it ie s  requ iring the attention  o f the inhabitants, 

p a rticu la r ly  during the planting and harvest seasons.

Arrangements should be made fo r  technical support to meet 

requirements aris in g  out o f unforeseen design changes, 

p a rticu la r ly  with respect to c i v i l  engineering.

In planning fo r  the transport o f m aterials and equipment from 

outside the area, consideration should be given to  possib le 

problems o f access, e sp ec ia lly  during the rainy season.

The modes by which materials are to  be hauled should be the 

subject o f advance planning, p a rticu la r ly  when draught animals 

are to be used.

A ll work-related resp on s ib ilit ie s  must be set fo rth  in the 

programme.

f )  Personnel recruitment and organization of community support

T'-e basic construction team may be organized along the following lines

-  One supervisor (generally an engineer, who may be in charge 

of more than one project);

Cne site construction foreman;

-  Skilled ’workers (masons, carpenters, etc .);

-  Unskilled workers.
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The supervisor engineer normally reports to the o f f ic e  responsible 

fo r  the implementation o f the p ro ject.

The construction foreman is  frequently a contractor in charge o f 

his own crew o f sk illed  workers; the unskilled work force is  provided 

by the loca l community. In situations o f th is  kind, provision must be 

made fo r  the prevention o f any co n flic ts  o f resp on s ib ility  between the 

contractor and the community.

In organizing conmunity support, sp ec ific  personnel should be 

assigned to  the construction manager.

The in s ta lla t io n  phase w i l l  require a supervisory engineer (mecha­

n ica l or e le c t r ic a l )  at the head o f a team which might consist o f:

-  One mechanic/fitter;

-  One in s ta lla tion  e le c tr ic ia n ;

-  Assistants

The technical in s ta lla tion  team w i l l ,  in  many cases, be provided by 

the pro ject implementation o f f ic e .  The assistants may be drawn from the 

poten tia l loca l operators o f the plant.

Obviously, these recommendations regarding the composition o f  the 

construction crews are intended as guidelines only and are subject to con- 

siderabl« m odification depending on the s ize  and particu lar features o f the 

p ro ject. The general aim should be to keep the technical team to the ind is­

pensable minimum, considering th«.t i t  is  a major cost fa c to r, p a rticu la r ly  

in the case o f  small plants o f less  than 5° kW output.

I t  is  essen tia l to  remember that the presence in the community, during 

the execution o f the p ro ject, o f sk illed  technicians and workers may give 

r ise  to unusual socio-economic situations. The e f fe c t  o f these situations 

may be b en e fic ia l, by providing an opportunity fo r  soc ia l and cu ltural 

exchanges, but i t  may also be negative i f  the outside personnel f a i l  to 

adapt themselves to  loca l customs or i f ,  by th e ir  behaviour, they create 

problems.
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In order tc fac ilita te  the participâticr. cf local communities in 

tne project, consideration should ce given tc the formation cf work groupa 

or brigades, encouraged to fu l f i l  assigned plan objectives.

g) 5xcavaticn

Higher cr lower levels of mechanization w ill be employed, depending 

cn the structure and socio-economic development of the country and on the 

size and characteristics of the project. In the case cf MHG, frequent 

intensive use cf local manpower with lev; levels of mechanization is pre­

ferred. Cn the ether hand, it is  important to avoid underestimating the 

value of the community effort simply because it  is  not included in the 

cash budget, since a frequent error is  to fa i l  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 this come the intake and the surge chamber with the s i lt  basin and 

fin a lly  the power house and the penstock support structure.

h) Construction

The c iv il engineering works pose greater requirements with respect to 

skilled labour, which may be supplemented through community efforts in the 

form of assistants and personnel engaged in hauling the materials. As a 

means cf broadening community participation, consideration should be given 

to the possibility  of training local personnel, particularly as masons.

The timely transport of materials is  one of the most important factors 

in avoiding excessive costs and delays in scheduling.

Depending on the conditions in the country and the nature of the 

terrain, the use of locally  available draught animals may be of great im­

portance. In instances when these animals are used, it  is  necessary to 

arrange for the preparation of appropriate paths and to plan carefully  

the movement of the leads so as to avoid interference.

The safety of the personnel requires that consideration be given to 

their sk ill levels and experience, and that there be no scrimping on the 

use of the materials and equipment needed to ensure this safety.
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Since the engineering plans are to be supplemented or corrected 

during the actual work on the project, the experience o f the construction 

foreman is  a c r it ic a l  factor. In the case of modifications which depend 

mainly on the terra in  or on existing structures, the views of the local 

inhabitants may be very useful.

i )  Insta llation  o f equipment and e lec trica l systems

The in sta lla tion  o f the equipment normally requires sk illed  and 

trained personnel. Nevertheless, an e ffo rt  should be made to involve in  

th is work any local inhabitants who appear potentia lly  capable o f being 

trained as operators, in  order that they may become fam iliar with the 

equipment and the in sta lla tion .

The safety and security o f the e lec tric a l systems is  a matter o f major 

importance fo r  the continuing good operation o f the plant and the protection  

of it s  operating personnel. It  must be assumed that the plant i t s e l f  w il l  

not be inspected or repaired with any great frequency.

j )  Start-un and acceptance t r ia ls

In this stage, which is  one o f transition  to normal plant operation, 

the follow ing points must be kept in mind: •

•  The acceptance t r ia ls  must be standardized in documentary 

form according to plant type and size.

-  The actual start-up o f the plant must be care fu lly  planned, 

wita duties and responsib ilities  c lea r ly  assigned and safety  

aspects provided fo r. The emergency procedures must be c lear  

and well understood by a l l  those taking part in the t r ia ls .

-  I s  part o f  the start-up operation, the indigenous operators 

designated to be responsible fo r plant operation must be 

evaluated and th e ir competence c e rt ified .

-  It is  desirable that the suppliers of the main equipment be 

present at the start-up of the plant.
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5.7. OPERATIC® AHD MAUTTEBAHCE

In the four preceding sections our analysis has been ch ie fly  concerned 

with MHG implementation from the point o f view o f the comprehensive evalua­

tion  o f  resources and demand, pre-investment studies, financing, construction 

and start-up, and in d ire c t ly  with operation and maintenance.

In th is  section , a number o f  considerations are discussed regarding the 

next phase in  the establishment o f  the MHG, namely i t s  use and on-going 

operation. This phase is ,  o f course, o f d ec is ive  importance, since even 

pro jects which have been e f f ic ie n t ly  managed throughout th e ir  implementation 

may f a i l  unless organizational schemes and operating m odalities are established 

which guarantee the optimal u t il iz a t io n  o f  invested cap ita l.

PRETEST PROBLEMS IB MHG OPERATION AHD MAHTTEHAHCE

-  Unsuitable adm inistrative, organ izational, and financia l 

arrangements.

-  In su ffic ien t lia is o n  between the plant management and the loca l 

community and i t s  organizations.

-  Limited ca p a b ilit ie s  fo r  plant management and operation in  

rural communities.

-  Operating and maintenance costs d isproportionately high in  

re la tion  to the energy produced.

-  Excessive bureaucracy in + ne cen tra lized  management o f small 

p lants.

-  The high cost and problems o f socia l adaptation associated 

with operators brought in  from outside the community.

-  The frequently inadequate s k i l l  le v e ls  o f lo c a lly  recruited 

operators.

-  Excessively high t a r i f f  rates, in h ib it in g  development in rural 

areas.

-  Rates too low to  cover the costs o f operation and maintenance.

-  Absence o f technical support fo r  maintenance and repa ir.

-  Inadequate component standardization and lack o f spare parts.

Per se , the problems o f MHG operation and maintenance are simple, 

as described in greater d e ta il in  Chapter 7- The ch ie f d i f f ic u lt ie s  are 

in s titu tion a l in nature and have to do with the running and management o f
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the plants as well as with the o rig in  and technical background o f the 

operators and maintenance personnel.

Amnng the various adm inistrative arrangements that may be adopted 

fo r  MEG management, three typ ica l ones are discussed below.

a) D irect 3ub-ordination to  a state or regional e le c tr ic  

power authority

id  vantages

-  The p o s s ib ility  o f  cen tra liz in g  actions o f greater technical 

complexity and o f taking advantage o f  the economies o f scale 

inherent in  the o ve r-a ll management o f groups o f  plants.

-  High s k i l l  le ve ls  an the part o f the personnel.

-  Solid financia l and technical backing.

Disadvantages

-  Each plant is  by i t s e l f  too small in  the context o f  a large 

organization, with the resu lt that, because o f the extended 

decisionnnaking channels, i t  may be neglected.

-  High operating costs as a consequence o f high general ex­

penses (overhead), operator and maintenance costs.

-  lhe remoteness o f the authority, and thus o f  the plant, 

from the loca l community and i t s  problems.

-  Problems in  reconciling the needs o f  water fo r  ir r ig a t io n  

and generation.

Difficu lties in mobilizing community support for maintenance 

work at the 3ite.

b) A Community Energy Enterprise, possib ly in  the form o f  a 

municipal en terprise, co-operative or other kind o f association

Advantages

-  A c t iv it ie s  centralized  at a le v e l fa c i l i t a t in g  serv ice-re la ted  

decision-making.

-  Greater ease in m obilizing community support fo r  maintenance work.
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-  The resolu tion , w ithin the community, o f c o n flic ts  o f  in terest 

regarding the use o f the water.

-  Lower operating costs.

Disadvantages

-  L i t t le  experience and know-how in  business management.

-  Problems in  c o lle c t in g  e le c t r ic i t y  b i l l s  and in the usa 

o f  fin an c ia l reserves fo r  replacement and maintenance 

(which may occasionally be improperly d iverted  to other 

purposes).

-  The p o s s ib il ity  o f  fa u lty  maintenance.

-  Poor opportunities fo r  economies o f seals.

c ) Private Power Enterprise

Thi3 arrangement, even in countries with a market economy, runs into 

problems when applied to pub lic-serv ice MHO in  rural areas, since genera lly  

speaking, these plants are not regarded as investment opportunities o ffe r in g  

an adequate p ro fit  margin, but as too ls  fo r  the promotion o f development.

Hoimally, the best prospects fo r  th is  a ltern a tive  are provided by inde­

pendent producers who require energy fo r  th e ir  production a c t iv it ie s  (a g ro - 

industries, sawmills, mines, e t c . )  and can s e l l  any surplus power to  nearby 

communities.

The se lection  o f the appropriate adm inistrative arrangement w i l l  depend 

on the socio-economic structure o f the country, the extent to which such 

plants have been developed there, the capacity and nature o f  the e le c tr ic  

power enterprises, the s ize  and remoteness o f  the plants, and f in a l ly  the 

trad ition s , work experience, and managerial s k il ls  o f the community.

Without advocating any one particu lar scheme, i t  is  often possible 

to  adopt a combined model in vo lv ing a communal, municipal, or co-operative

enterprise in  association with the state e le c tr ic  power authority.
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rrmnatt. s o m m o  ICS 1 XH2XI U1CLTIJO l  CtKKOUÌ D T U m S

i l  issociAKci n i i  j i n x . jc  m a  u m n ir r

-------------------------------------------------------------------------------------- -

-  «ta rp ila « ia i « t  ap in «scordane« with t i «  centri bullona 
ani« t »  ita  «stsbLlabaagt. A a  n i  a* o f t i «  « «npowar, «s ta ris i«, 

aad mrrietm aoployed baine r«««rd«d aa tha con tribu ti» af tha 

liM imlty.

-  Aa « t s r t . ls a  haa a Board o f Diraderà «assistine o f a rapraaan- 
tstira of tha alactrie poaar anthority and of tha rspraaaotstlm 
arpnisntiena or associativo bodisa of tba looal com nity  std/or 

locai aaaioipal «ut ho r i t i « « .

-  A a  astarprisa* v i l i  anplor tba s ia la »  nsabar o f paraoBoal raqoirad 

for ita  op era ti» « i t i  a a i « «  to cosarla« four basic raqsiraaantat 
tba adaiaistratioa of fbads, tha eollaotioa of b ilia , tha oparatioa 

o f tha plaat, aad praaaatiaa aalntananea, whoraby tba eoa bar o f 

aaployaas aay rary accordine to tha oiaa o f tha plaat o d  tba «xtant 
to ohi eh ita  aqoipaant ia  aotoaatad. i t  « a l l  pianta, with m output 

o f Issa than 100 sV, tha total s ta ff aay caoaiat o f ooa or tao 
opandora to ba slso raapooaihlo for adaiaistrstisa tasta md oallaotloas 

ia  additioa to thair dntias in tha arsa o f oparatioa « d  pratnntira 
aalataoaaea. i t  lar|«r pianta wblch aarrica a « a l l  s y s t « ,  tiara aay 

»d lt lo n s lly  ba so adaiaiatrater « i  a b ill eollaotor,

-  la  far aa posai bis, «11 tha paraaoaal of tba astarprin ahould 
ba reemltad f r a  tha locai ooaaoaity and traiaad by tha stata 

or rapi oliai alactrie posar artborlty.

-  A a  alaotrio posar aatbority s i l i  train tha operatine parsenaal 

o f tha plant in prosanti« saintaaaaea, and s i l i  prosida tachnical 

sapport, in tha a sant thara ia a naad for rapalr, in tha fo n  o f 
■flyine aalntaaaaaa brifadaa" set up to wrsles freopa of pianta 

st tha melensi l a « l .

-  Aa SMnmity antarpriaa s i l i  collect and adninistar tha fonda rsisad 
throneh b illine, and « i l i  saintsin a nsorsa to finanoa rapairs and 

ra p la e ««ta  aad, i f  paasibla, tha phyaieal axpanaion of tha plant, 

ia a d d it i»  to eon rin « nomai operatine cesta and s ta ff aalsriaa 

« d  s«e«s.

-  A a  ocanaalty antarpriaa « i l i  ba rasponsibla for aonrln« thst 

thau fuoda ara uà ad ooly for tha purpoaas «stabliahad in relation 
to tha daswlopoant of tho locai power «yataa. Aa stata or ragionai 

alaotrio penar aitbority w ill ba raaponaibla for auparsialne and 
«aditine tha aaaaeaaaat of thaaa fluida.

-  A a  ooanuaity antarpriaa and tha stato or meionsl aloctrio power 
«th o r ity  w ill daflna tba toma of thair eo-oparation In an afraoaant 
or oeotraot.

-  Direct in s « «ts «t  coniributtano by tha alaotrio power authorlty and 
tha eoaaonity w ill not ba ratarnad nor w ill thay «am pro fit. Tha 

flnaaoine raealsad under tha fora o f Ioana aay ba aithar aaaanad by 
tha alaotrio p « « r  authorlty or ala« rat uro ad la  « o la  or in part 
by tha ooamnlty antarpriaa wlth tha oparatioa of tha p l « t .
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FIGURE 16 OPERATIONS UNIT

( A} Froa the Planning I 
I

Survey o f operating i 
capabilities j

_ i ____
Start-up

From the 
Training
Unit



- 8*

5-3. HEQCJIiiDCESTS Iff THE AREA OP HdJLflff 3ES0UHCES AHD TEAETIffG

The successful carrying out o f  MUG plans, progranmes, and pro jects 

requires as a necessary condition to  promote tra in in g  including aspects 

re la ted  to  non-conventional technologies applied to  pre-investment studies, 

c i v i l  engineering design and construction and electromechanical equipment ,

and repair and maintenance.

STEPS TO BE FOLLOWED Iff OBGAfflZUTG TEE COOBSES

— Infrastructure survey o f tra in in g  establishments.

-  Securing o f the funds fo r  the financing o f  the course.

— Establishment o f a p ilo t  tra in in g  programme on the subject 

o f the development o f water resources, with particu lar 

reference to  rural areas.

-  Establishment o f progranmes to  provide specia lized  

tra in in g  in  MHC.

I t  would be advisable to  carry out a survey o f the ca p a b ilit ie s  o f 

the country with respect to centres o f  higher education, research in s t i­

tutes and specia l schools fo r  the tra in in g  o f  intermediate—le v e l technicians.

Is  an in i t ia l  step, i t  would be w ell to  establish a p ilo t  technology 

tra in ing  programme on the development o f water resources in  rural areas.

On the basis o f the experience gained with th is  programme, a decision  could 

be reached as to the p o s s ib ility  o f organizing a specia lized  course in MHG.

I t  would be best i f  developing countries began by organizing exchanges 

o f experience among themselves before seeking to supplement th is information 

from outside sources.



- 90 -

Hie various types o f engineering tra in ing  courses are discussed below: 

TYPES OP MHO COURSES FOR EEGUiEERS

-  Training courses.

-  Undergraduate regular courses in the f ie ld  o f 

non-conventio.nal technology.

-  Specia lized  post-graduate courses.

lhe tra in ing  courses, which are o f short duration, are designed to 

provide current information on a l l  phases o f  KHG design and in s ta lla t io n  

fo r  engineers whose a c t iv it ie s  aire rela ted  to  MHG development in  th e ir  

various phases o f execution.

A vary important fa c to r  is  the need to  improve the standard curricu la  

o f  the engineering departments o f U n ivers ities  and In stitu tes  o f  Technology 

by including in  tnem courses on KHG and applicable non-conventionai tech­

nologies.

Post-graduate courses as such w il l  be conducted at a more advanced 

th eo re tica l le v e l and may, in p rinc ip le , extend over an en tire  academic 

year.

I t  is  recommended that engineering courses be designed with the 

fo llow in g  points in  mind:

CHARACTERISTICS OF COURSES FOR ENGINEERS

-  The courses must be designed to  consolidate the advances 

already achieved in the country.

-  The courses w il l  be organized fo r  a l l  areas o f spec ia liza tion  

and w i l l  be graded d if fe r e n t ly  according to  area. The emphasis

w i l l  be on the preparation o f monograph studies by in te r-d isc ip lin a ry  

groups.

-  The courses w i l l  cover the areas o f c i v i l ,  e le c tr ic a l,  and mechanical 

and industria l engineering, economic administration, and operations 

research.
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The fo llow ing are the recommended c r i t e r ia  to guide the preparation 

o f  the courses fo r  intermediate—le v e l technical personnel:

CHARACTERISTICS OP CCUSSES FOR HTTSBCEDIATE-LEVEL TTEHRICIARS

-  Theoretical aspects w i l l  be considered within tha same programme 

fo r  engineers and as a part o f  in-plant tra in in g .

-  I t  is  reconmended that a "planx fo r  tra in ing”  be established fo r  

the tra in in g  o f  techn ical personnel and sk illed  workers. Experi­

mentation in  the usa o f  non-conventionsl technologies might also 

be conducted at such plants.

-  The courses w il l  cover c i v i l  construction, electro-mechanical 

equipment, and administration, a l l  prim arily  from the technical 

standpoint.

-  I t  is  very important to  undertake the tra in in g  o f  mechanics

and maintenance e lec tr ic ian s  through the establishment o f tra in ing  

units in  the major repairshops.

The basic ob jective  o f these courses is  to  help to narrow the 

ex istin g  gap between the number o f people with higher education, where 

there has been a re la t iv e  advance, and the shortage c f  interm ediate- 

le v e l technicians, which is  a general phenomenon in developi ng countries.

With respect to  tra in in g  o f  MHG operators, here the preference should 

be given to in s titu tion a lized  arrangements .designed to  tra in  operators from 

rural areas. I t  has been concluded, on the basis c f  a certa in  amount o f 

experience, that the f i r s t  part o f these courses should be carried  out at 

the "school p lant" and continued at ex is tin g  MHG plants.

The f i r s t  part should be o f  a th eoretica l and p ractica l nature, in 

keeping with the educational le v e l o f the operators. I  the case o f 

rural operators, i t  should be expected that they w i l l  have completed at 

least th e ir  primary education. The course would run three months and 

cover the fo llow ing subjects:
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SUBJECTS ГО BE C0VE23) Ш XEG OFSHATOHS* COUBSES

-  Ваале sciences ( fundamentals o f mathematics, physics, 

and chem istry).

-  Basic operating p rincip les o f  an XEG and i t s  equipment.

-  XHG operation and the in terpretation  o f operating manuals.

-  Preventive maintenance p rincip les and methods fo r  XEG.

-  Maintenance and repa ir o f building structures and 

inst a l la i  ions.

-  Maintenance and minor repairs o f mechanical equipment.

-  Maintenance and minor repairs o f e le c tr ic a l equipment.

-  Mechanical and e le c t r ic a l "trouble shooting".

-  Id en tifica tion  o f  mechanical and e le c tr ic a l malfunctions.

-  Fundamentals o f  techn ical drawings und diagram reading.

-  Fundamentals o f e le c tr ic a l in s ta lla tion s .

-  Ihe reading o f instruments.

-  Bench work mechanics ( f i t t in g s ) .

-  Safety in  operation.

-  Fundamentals o f administration and bookkeeping.

Bie second part would be essen tia lly  o f a p ra c tica l nature and wot id  

consist o f a two-month period o f  operator tra in in g  at an ex is t in g  XEG 

under the supervision and instructions o f a sk illed  operator.
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njnmFICATICH' CP MAlPCWEB fl3QCJI3EHE2TC5 PCB SACS STAGS
«■a trr iron oociTrv'fnW  0*1 IIU V  A >l»^> «

A.

3.

G.

D.

2.

P.

Planning and ?r igramning

-  Engineers

-  Economists and socia l sc ien tis ts  

Global Evaluations o f Resources and Demands

-  C iv il  engineers

-  Hydrologists

-  Geological engineers

-  Geomorphologists

-  Ecologists

-  E lec tr ica l engineers

-  Mechanical engineers

-  Ehergy economists

-  Social sc ien tis ts  

Topographers

-  Hydrometry sp ec ia lis ts

-  Draughtsmen

-  Engineering assistants 

Studies o f Specific  Projects

-  C iv il engineers ( mainly structural engineers, supported 

by spec ia lis ts  in hydraulic engineering)

-  Mechanical engineers

-  E lec tr ica l engineers

-  Topographers

-  Technical draughtsmen

-  Engineering assistants

-  Test inspectors 

Construction

-  C iv il engineers

-  E lec tr ica l engineers

-  Mechanical engineers

-  Topographers

-  Draughtsmen

-  Building inspectors

-  E lectrica l technicians 

Operation and Maintenance

-  Electromechanical engineers

-  Mechanics and e lectric ian s

Each, country mu3+ determine i t s  manpower requirements fo r  technology 
development and production o f equipment and materials in accordance with 

the nature o f the programmes and a c t iv it ie s  i t  intends to implement.
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This statement o f  manpower requirements represents an id ea l s ituation . 

In actual p ractice , countries may begin th e ir  programmes with, fewer human 

resources, since i t  may be expected that as the work proceeds they w il l  

be able to find  solutions to  th e ir  temporary d e fic ien c ies  in  qu a lified  

personnel.

Figure i f  contains the flowchart fo r  the tra in in g  un it.
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FIGURE IT TRAINING UNIT

To the Rural To the Equipment
Development Production Unit

Unit

To the Studies  
and Works 

Imp1ement at i  on 
Unit

To the Resources To the
and Demand Operations Unit

Evaluation Unit



As indicated in the preceding sections, the decision-making process 

involved in  the "building o f MEG must he o f  a comprehensive nature, fo r  

the reason that a number o f d iffe ren t factors  need to be considered.

A3 may be seen in Figure 13, th is  process begins with a prelim inary 

assessment o f the prospects fo r  these sta tions. This phase must include 

a study covering the problems to  be solved, the ava ilab le  water resources, 

and the country’ s capacity to  undertake a p ro ject or p ro jects in  th is  area 

within the context o f it3  national development planning, s p e c if ic a lly  in  

the area o f energy development. Follow ing the completion o f th is  prelim inary 

study, a p o l it ic a l  decision must be made an to whether to  mount the neces­

sary e f fo r t  to  build these fa c i l i t i e s .

I f  i t  is  decided to  move forward in th is  d irec tion  as part o f the 

national development p o licy , the next step is  to  estab lish  an organizational 

framework fo r  planning and programming and to devise procedures fo r  the 

evaluation o f resources and demand at the basin and sub—basin le v e l to 

serve as a basis fo r  the formulation both o f  a short-term development plan 

perm itting the immediate implementation o f sp ec ific  pro jects and o f a more 

long range plan envisaging the build ing o f  MHG on a large scale. In  paral­

l e l  with th is  process, p o lic ie s  must be defined and actions taken in the 

areas o f financing, the development o f human resources (tra in in g ),  com­

munity partic ipa tion , and technological development. This f in a l aspect 

is  c r i t ic a l  to the determination o f gu idelines regarding the tran s fer o f 

technology and the promotion o f domestic equipment production.

I t  is  within the context o f these plans and p o lic ie s  that the under­

taking o f sp ec ific  pro jects  should be approached. The f i r s t  stage in 

th is  connexion consists o f  the p r e - fe a s ib i l i t y  ( survey) study, where re­

quired. A p r e - fe a s ib il ity  study should be considered only in  doubtful 

situations requ iring th is kind o f prelim inary analysis, the fact being 

that in many cases i t  may he eliminated a ltogether in  favour o f moving 

immediately to the deta iled  engineering 3tudy, which w il l  then merely 

include a supplementary economic and financia l analysis.

5-9. STHTEESIS OP TH2 MHG BUILDETG FH0C2SS (PLAHHIHG THSCUGH CCMPLSTICir)
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The nert phase o f the project is  concerned with the actual
’- . . ' i  j : - -  *..£» x  u *» — i  * .«»x  _ _  x u * »  » — „ x  » n  *.x j ¿ x — - ___- ____—  x  __j
w ujlxvxx « ^  u i  y i o u b  gffcfci uu q  xxk»a w ^ x x a w x u x i  v jx  x  w o  c v {u x j i a c u w <  ; u i i u m : ' 4

by the start-up o f the f a c i l i t y  ( f o r  d e ta ils  see sections ^.S ana 7-d ).

¿’in a ily , there is  the task o f establish ing the p lan t's  operating 

procedures, which also include the areas o f maintenance and administration. 

The essen tia l work o f th is  3tage is  described in sections 5*7 and 7«5*
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ó. DE?¿LOBLEST OP TECHNOLOGICAL CAPABILITIES

6 . 1 . ASSE3SÍ2 IT OP TECHNOLOGICAL CAPABILITIES

Tte technological development of a country should be started ••rich an 

inventory of its human resources and industrial potential. In the case of 

technological development for the construction and equipping cf an MUG, 

the inventory should have as a point of reference identification of human 

resources and also of the production of the equipment and materials as shewn 

in the following two tables-

As regards the materials or equipment not produced in the country, the 

possib ility  of developing technology for the production of such equipment 

or acquiring foreign technology, provided the national or regional market 

ju stifies  doing so, should be considered. Otherwise, the alternative w ill 

be to import the material or equipment.



IDESTIFICATICII OP rHOEUCTICff OP MATERIALS
Atm m̂TTT-â r̂ Tm rrcrm tst mm■T-H u " 1 ‘ A WVMV ><■ t M«M

A. Materials for c iv il engineering work

-  Granular materials; clay and s i lt .
-  Cement.
-  Steel construction bars.
-  Pressure pipes for penstocks (stee l, PTC, polyethylene, 

asbestos-cement).
-  Gate ana butterfly valves.
-  Grates and gates.
-  Wood.
-  Steel cables
-  3ricks.
-  Tiles.
-  Nails.
-  Explosives.
-  Galvanized wire mesh.
-  Bolts, nutst washers and screws of various types.

B. Production of equipment and tools for c iv il engineering works

-  Pick-axes.
-  Spades.
-  Wheelbarrows.
-  Motor pxunp3 .
-  Concrete mixers.

C. Production of electro-mechanical materials

-  Copper and alloys.
-  Structural steel.
-  Stainless steel.
-  Shafts.
-  Bearings.
-  Electrical conductors.
-  Posts and accessories.
-  Electrical materials.

D. Production of electro-mechanical equipment

-  Hjydraulic turbines.
-  Speed regulators.
-  E lectricity generators.
-  Measuring instruments (voltmeters, ammeters, power factor meters, 

frequency meters, kilowatt meters and energy meters, manometers).
-  Mechanical transmission systems (gears, belts and couplings).
-  Measurement and high-tension power transformers.

E. Industries

-  Casting.
-  Metalworking and engineering.
-  Precision engineering.
-  Electrical engineering and allied  industries.
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6.2» SQŒEHŒST

a) Manufacturing capacity

Cnee the materials and equipment for MEG produced in the country have 

been identified, an analysis must be carried out to determine the advisabili 

of producing the equipment not being manufactured. Seme of the requirements 

which should be taken into account for the production of MEG equipment are 

given below.

HEQOTHEHKTTS PCS THE PHDDUCTK3T OP MEG EQGIH4EJ7T

-  Mequate technical information for production is  required. There 

are the following alternative sources of technology.

-  Research by the manufacturer himself;

-  Research by centres and institutes in the country;

-  Purchase of technology from foreign manufacturers 

and research cantres.

-  In order to supplement the requirements in respect of production 

of equipment, emphasis should be placed on these items which are 

of a size and type making them appropriate to the productive 

infrastructure of the individual country.

-  Ths use and adaptation of materials of domestic or regional origin 

should be maximized.

-  The equipment produced should be standardized.

-  Production lines associated with those for related equipment should 

he set up, since exclusive production of equipment for MHG is not 

justified  owing to small-market size.

-  The production of 3pare parts, mainly those subject to wear, should 

be contemplated, and a permanent 3tock of such parts maintained.
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FIGURE 19 EQUIPMENT PRODUCTION UNIT

From the 
training uni'

From tiie vorks 
execution unit

( D) (G)

(21) To the training unit



ALLIED INDUSTRIES ?CR THE PRODUCTION CP SGiS MEG EQUIPMENT AND MATERIALS

EQJIPMHNT OR MATERIAL ALLIED INDUSTRY

PRESSURE PIPES FOR PHJSTOCXS PAC TORIES MANUFACTURING PIPES HEOSS 

MARKET IS DETERMINED BY DOMESTIC 

INDUSTRY RATHER THAN MEG.

HYDRAULIC TURBINES AND SPEED 

REGULATORS

METATJinRjrTTJft Aim IWOfVKEHTTNt trrrm— 

PRISES, FACTORIES MANUFACTURING 

CENTRIFUGAL PUMPS, VALVES, VACUUM 

EQUIPMENT, FANS, MIXERS AND FOUNDRY 

SHOPS.

ELEC TSIC ITT GENERATORS FACTORIES PRODUCING ALTERNATORS FOP. 

THERMAL ELECTRICITY GENERATION WITS 

FACTORIES PRODUCING ELECTRIC MOTORS.

TRANSFORMERS, ELECTRICAL 

MATERIALS AND ACCESSORIES
ELECTRO-MECHANICAL MACHIN ARY 

INDUSTRIES.

b) Development and adaptation of technology

Technological research and development can be one of the basic tools for  

promoting and sustaining programmes fo r the construction of MHG in individual 

countries, since the technologies involved are mature, and only adaptation 

and innovation processes of a nan-conventional nature, permitting adjustment 

to the specific conditions of the individual country, are required.

Since it  is  not possible to establish a single organizational pattern 

for the development and adaptation of technologies which would be applicable 

in a ll third world countries, owing to the great diversity of existing situa­

tions in respect of research activities, programmes for the construction of 

MHG and industrial development, only a few general recommendations and alter­

native organizational patterns are presented in the next table, for the guidance 

of those countries which are interested in promoting their programmes for the 

development and adaptation of technology in respect of MHG.



-  icu -

In the MEG national development plans cf each country, the deve-cpmeni 

and adaptation of technologies for equipment ’.-fill have to be locked upon 

as cart of the planning, and for this purpose it  w ill be necessary -o 

determine specific policies, general objectives and the resources to he 

allocated.

ш ж ю ю ш  гсз ¿зыдхгдс fetxaiaio ?ca тнх зетослот m  
ш и п а  c» агаямдет гс* жав

-  fttm  th» ata«« a t  profraaa« datareinatiea. there tost ha a wall-defined 

flnm rtnc preapeet м  a t t  «vnid tha frustration o f  raaoarch projects, 

owin« aherta«« o f ftands«

-  la  order го м М ш  c o iiag t adniaietratlea o f the ргостаам, there aast 

Ъа oparational fo U o «4 p аа rafsrds resalta, tina required fe r  execution 

a i  u tilisa tion  o f funde.

-  Frcm the in it ia l  п ц !  o f the pro «ram a, tha fern and eharectariatiea o f

m a lta ,  asy involve disaeaiaatlcn and/or tra ta fa r  o f technol0*7 ,

aaat he c lea rly  defined (saa f i ja ra  6 .2 ).

-  1  variety o f institu tional c r ite r ia  ta r Ьа adaptad fo r  .и n p a w  ijrple— 

aastatlaa, i* ich  за, tafea placa through anlveveltiaa, reataren in stitu te*, 

industrial aetarpriaae and/or e lec tr iflca s ioa  boards.

-  lo raa lly , tha prefraaea w ill  ba executed threats reemxch Ня— or Let *i— 

related group« o f pro Jacta. Sach o f  thasa require a b r ie f b it c ita r 

■pacific fotsolaxica prior tc  in itia tion .

-  The procrasa aar be divided into tM  type« o f a c tiv ity » aspacta r e in in g  

to C iv il aacicaariSf worn acd ica ta lla tiosa ; аарасга relating to deaigi 

and p redaction o f equipara* and nstartala.

-  2acc project «nould cava a well-defined execution «equence. ? ifo re  Ó.J 

shows a typical 3«thodolo«7.

-  Ola programe sxemtlon  taaa need cot cacaeaarilp ccaaiat o f  "experta".

Only oaa cr tao experienced profaaaioaala aro raqui rad, and the reasuder 

за/ be 7*o »g  profaaaioaala with a geed acadanic background.

-  Guidelines «tumid ba established fo r  tha preparation, at each stage o f 

tha project, o f daeusanx« a d  rvporta, wnleh aneuld ra fla ct p os itiv « and 

negative aapaets and fa llara  а и  u  Jo «crura ccstln a ity  aad tha aocuaai- 

la tioa  o f  ioouladc* useful fo r  tha programe, thus avoiding a aituatios o f  

dependency os tba presence o f sack ladivldcal azaeotar.

-  Au ing programe elocution, the axaeuting «fancy aoat aa let a le  close con­

tact batucan tba iadaatry and tha antarprlsa raspanaiUa fo r  a la e tr lf lca -  

tio s , la  order to  anaiera raaolts with practical application.

-  31 aaaaination o f m e l t s  cay tako placa throogh caanala and/or brochures 

la  tha casa o f in sta lla tlca  aad const motion o f c iv i l  engineering wonet.

-  In the eaaa o f equipeant, rasalta say ba traosfarrvd to Industry la otdar 

to praaota tha Industrial production o f rseb equipara*, tha enterprise 

bain« provldad with a l l  technical Information required.

-  The development acd adaptation o f  technologr aa regards equipaont should pa 

fecuaad ca development o f non-ccn vent ich il technologies, taking aa a point 

o f  reference tha Induct r ia l capacity o f  each country.
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FIGURE 20 TECHNOLOGY DEVELOPMENT UNIT

( A) From tie planning unit

(G ) CD ) (F )
To the studies To the training unit To the equipment
and works production unit
execution unit
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FIGURE 21 TYPICAL SEQUENCE IN THE EXECUTION 0? À 
SPECIFIC TECHNOLOGICAL RESEARCH PROJECT FOR 

MBG EQOIBCENT

Gathering and supplementing of 
specific technical information

Methodology o f functional design

Methodology of mechanical design

Prototype production

Prototype testing 
(laboratory and pilot plant)

Final standardization and 

detailed design, of series of sizes,

Miodel design j 
and testing

Equipment selection methodology



PI CUSE 22 STACES К  THE FOSPULATIСЯ OP AI МНС
TEEHSOUXÎICAL 32SEAHCH PBDJECT
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c) Acquisition of tatrhiinlngr

Depending on the level of development c f each count 1 7  as regards capa­

city to geterate usable technologies, project-execution possib ilities and 

prospects for the implementation of production of equipment, it w ill be 

necessary to acquire a greater or lesser amount of technology from other 
countries.

The various means of acquiring knowledge which can be used in production, 

ranging from technical assistance and the provision of information to the 

purchase cf technological packages to set up production lines, including 

detailed plans and instructions for manufacturing, assembly ard technical 

services, can be looked upon as purchases of technology.

Most countries have their own legislation regulating the acquisition of 

technology, and it  is  therefore impossible to lay down specific guidelines on 

the matter, but general recornnendations can be made regarding the acquisition 

of technology for manufacturing MEG equipment.

As regards MHG, the acquisition of technology relates primarily to the 

electro-mechanical equipment and accessories.

Seme considerations and recommendations which should be borne in mind 

in connexion with the acquisition of technology are given below:

— With a view to achieving technological development in keeping with
1

the characteristics and industrial capacity of a country, it  is  advisable 

to limit the acquisition of technology to those cases in which the develop­

ment of technology is.not considered to be of interest, or when research 

work does not afford prospects for the application of results in periods 

of time shorter than those required for achievement of the same results 

by industry.

-  The acquisition of technologies should take place through a pro­

cess of selection of alternatives and should be limited to those parts in 

respect of which the level of technological development attained makes 

possible fu ll production, in keeping with the priorities laid down for 

national technological development. The acquisition of technology should 

be organized in such a way that it  constitutes a real contribution to this
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development in  that i t  permits the assim ilation  o f knowledge by national 

technicians* .Disguised cotnnerciai elements o f  acqu isition  o f technology 

anri technical assistance, aimed only at the granting o f exclusive licenses 

under the appearance o f  b ila te ra l assistance programmes, must also be 

avoided.

-  The acquisition of technology w ill be justified  when the complexity 

of the equipment or of some of its  parts surpasses the development capa­

city of the country. Acquisition should be confined to those elements 

which are necessary and cannot be designed and/or manufactured in the 

country without foreign assistance. He strict ions making it  necessary to 

import parts which could be loca lly  produced should be avoided and, on the 

contrary, the local manufacture of components and use of materials available  

in the country should be promoted.

-  The fu llest and most careful analysis possible should be made of 

alternatives prior +o any process of transfer of technology. Inclusion 

of the largest possible number of alternatives under the same terms of 

reference should -be ensured, and evaluation c rite ria  should be laid  down 

prior to the analysis. Technologies appropriate to the industrial and 

technological level of development of the country, using mainly local raw 

materials and labour, should be given favourable consideration.

-  Contracts for the purchase of technology should be concluded with 

fixed periods of duration, at the end of which, the obligation to pay 

royalties ceases, and the royalties should be fixed only on the basis of a 

percentage of 3ales, avoiding the inclusion of minimum—payment obligations. 

Restrictions with regard to the scope o f the market for products should al3o 

be avoided, and obligations to purchase raw materials from a given supplier 

3hould not be accepted, thus preserving the freedom to purchase on the 

market i f  more favourable terms can be obtained.

-  In order to improve national enterprises’ negotiating capacity 

in respect of the acquisition of technology, it  i3 important that clear 

policies should be defined with respect to the acquisition of technology 

and that legislation should tend to limit the imposition of restrictive  

clauses by suppliers and technology.



Import of equipment

I f  the sp ec ific  characteris tics  o f  a country as regards i t s  indu stria l 

p o lic ie s  or production capab ility  are such, that the lo ca l manufacture o f 

some types or s izes o f equipment is  net ju s t if ie d , these items .-mist be 

imported. In these cases, personnel trained in the analysis and se lection  

o f a lternatives and the technical equipment required fo r  carrying out ac­

ceptance tes tin g  are necessary. Cie support which can be extended in th is  

f ie ld  by in stitu tion s  engaging in technological research is  important.

In purchasing equipment, the fo llow ing technical considerations must 

be taken into account:

-  The cap ab ility  fo r  the manufacture and repa ir o f components 

and spare parts in  the country;

-  Characteristics o f maintenance and operation appropriate to 

the conditions o f use;

-  A b ility  to withstand' situations aris ing out o f  errors o f 

operation;

-  Ease o f assembly and disassembly o f parts and accessories.

In addition to the requirements in  respect o f fu lfilm ent o f technical 

sp ec ifica tion s , guarantees, costs and d e live ry  date f  r  equipment, suppliers 

o f equipment should be asked fo r  the fo llow ing:

-  General drawing o f equipment;

-  Information on the raate-riuLs used in  the main components 

o f the equipment which are subject to repair;

-  L is ts  o f  spare parts;

-  Instructions fo r  assembly, disassembly and repa ir;

-  Technical assistance fo r  the tra in ing o f lo ca l personnel 

responsible fo r  the maintenance and repair o f  equipment.

For bidding or tendering fo r  the acquisition o f electro-mechanical 

equipment fo r  MHG pro jects , i t  is  important that the fo llow ing technical 

data should be provided:

-  Usable head;

-  Maximum generating power at the contacts o f 

the generator;
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-  Generating frequency;

-  Generating vo ltage;

-  Snvironmental conditions under which, the equipment operates.

The suppliers of the main pieces of equipment snculd also be asked 

to provide the following technical data:

-  Type of turbine and its  specifications;

-  Efficiency curves of the turbine operating under different 

load conditions;

-  Type o f 3peed regulator and its  specifications;

-  Characteristic curves of operation of the regulator;

-  Type of mechanical transmission or direct coupling between 

turbine and generator;

-  Specifications of the control panel or switchboard, including 

ranges and accuracy of the instruments integrated into it .

When bidding or tendering is  carried out, it  is  recommended that a 

lis t  of possible suppliers should have been identified in advance. These 

should be asked to provide information on:

-  Reliability  and efficiency of their equipment;

-  Cost indexes;

-  Credit fa c ilit ie s ;

-  Expected i fe  terra of eijuipment;

-  Fulfillment of delivery dates;

-  Ease o f adaptation of equipment to local industry 

for the manufacture o f spare parts.

6.3. DEVELOPMENT AND ADAPTATION OP TECHNOLOGIES FOR CONSTRUCTION

In this connexion, it  is  essential to stress the need for research 

both on methods of construction as such and on the use of non-conventional 

materials. The research must be linked with investment projects by means 
of pilot plants.

Although the design and construction of c iv il engineering works are 

largely determined by the nature of the site , the possib ility  of preparing 

manuals envisaging standardization or 3emi-standardization of c iv il 

engineering works must be investigated.
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Furthermore, i t  i3 very important to organize research relating' xo 

the production o f  pre—fabricated elements fo r  c i v i l  engineering worts.

The in stitu tion s  carrying out research on materials and various elements 

fo r  MHG, should co-ordinate th e ir  a c t iv it ie s  with the units engaged in engi­

neering a c t iv it ie s  in  the f ie ld ,  which may be carry ing out research in xhe 

context o f investment programmes during and a fte r  construction.

Hie research concerning materials should be oriented towards estab lish­

ment o f th e ir  hydraulic and mechanical properties.

In general, there are two technological a lternatives  as regards c i v i l  

engineering works, namely, a conventional one based on the use o f concrete, 

re in forc ing  s te e l and structural s te e l as w e ll as considering separately 

the structures conforming to a MEG, and another which involves a minimum 

u t il iz a t io n  o f these materials and endeavours to in tegrate structures (such 

as constructing the s i l t  basin end forebay in  a s ing le  structure), and 

u t i l iz e  ex is tin g  in frastructure (such as ex is tin g  ir r ig a t io n  canals). As 

regards methods o f construction, mention can be made o f the ones based 

mainly on intensive use o f labour ( in  the optimum case, with partic ipa tion  

o f the community), the ones based on intensive use c f  machinery and mixed 

cases.

I t  would be very advisable to promote or support surveys to  increase 

taowledge o f ex is tin g  production capacities o f m aterials so as to  be able 

to develop th e ir  supply.

Construction technologies should he disseminated by means o f manuals 

fo r  the design and execution o f works.

6.4. CHECK LIST OF TECHNOLOGICAL ALTERNATIVES

Hie technological a lternatives most su itable fo r  each country cannot 

he r ig id ly  stated because the conditions c a llin g  fo r  the establishment o f 

programmes fo r  the development and adaptation o f technology fo r  IÎHG w il l  

also vary, as w i l l  conditions re la tin g  to  geography, hydraulics, labour, 

a v a ila b il ity  o f sk illed  manpower, appropriate financing, e tc ., a l l  o f  which 

have a bearing on determination o f technological a lternatives .



Taking into account the above coramenxs, a se lection  o f  possible areas 

o f in terest fo r  technological development is  presented below.

a) Construction

The various materials which can be used in  the c i v i l  engineering works 

fo r  MHG are analysed, oelow. I t  is  important to stress that, in  the centexx 

o f non-convenxional technologies, the fo llow ing is  taken into account: 

use and improvement o f  ex is tin g  intakes and ir r ig a t io n  canals; fere  bay 

in sta lled  " in - lin e ”  with the canal and including the s i l t  basin; penstock 

conduit in  non-metallic m aterials, dams o f artisanal construction, reduction 

to a minimum o f the use o f cos tly  materials such as concrete, and use o f 

non-conventional m aterials such as ferro  cement, s o i l  cement, e tc .

It  is  advisable to spec ify  materials taking inxo consideration the 

applicable national standards, and when these are not ava ilab le , use appro­

priate foreign  standards and norms. I t  is  important to promote the deve­

lopment o f national standards fo r  the main materials employed in MEG, in 

order to ensure the d ra ftin g  o f adequate spec ifica tion? and a good quality  

control.



TECHNOLOGICAL ALTERNATIVES IN RESPECT OF MATERIALS

MATERIAL USE ADVANTAGES DISADVANTAGES

Clay and s i lt Dams or core va ils High degree of impermeability Possib ility  of fracturing

Granular Dams or core calls Low degree of impermeability Better performance under external stress
materials

Wood Dams, penstocks, power 
house, gates

Low price Short l i f e

Gabions Dams, canals, 
protection of Blopes

Low coat; easily adapted to 

the site

Permeable during the in it ia l period

Concrete Dams, canals and ancho— 

i rage8 , core walls, fore­
bay, power house

Durability; resistance to high 

compression

High cost; poor performance in torrent, 

works p
V/l

1

Ferro-cement Linings, s i lt  basin, 
forebay

Low coat; high general resistance Low resistance to concent rated and 

pearoing loads, exacting construction

S o il- Linings, dams Low cost Poor durability , low resistance
cement

PVC Penstock Low coat, light weight, rapid 

installation , easy adaptation to 

p ro file , low head losses

Relative fra g ility ; it is  convenient to 

bury themj low resistance to solar 

radiation

Polyethylene Penstock Continuous lengths, withstands 

considerable deformation, ease of 

transport und installation ; good 

resistance to impact and solur 

radiation

Joints require special steel couplings 

which are exacting to in sta ll; high 

head losses

j



MATERIAL USE ADVANTAGES DISADVANTAGES

Aabestos- 

cement

Penstook Lower coat than in  the case o f 

PVC; good adaptation to  the 

p r o f i le  o f the f a l l ;  no 

expansion jo in ts  required; 

reduced head losses

R ela tiv  iy  heavy and fr a g i le ,  bo  that 

i t  is  advisable to  bury them



b) Equipment

The l i s t  below describes the principa l items o f equipment used fi 

MHG, together with a number o f  recommendations fo r  the development o f 

technology research pro jects .
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HTDHAULIC GEgBSAlTBS

1
TIMS ,Bir* * »VJĈn MrtLi unwn>*i. > ̂  1 1 n»»

FSLTQIT -  This is a tangential-flcw action turbine consisting
i

of one or mere nozzles and a runner carrying a j 

certain number of buckets. |

-  The range of application of peiten turbines is | 

limited to low specific speeds. Operating with

high heads and reduced flows, this turbine can give 

an efficiency o f approximately 35 per cent.

-  Its manufacture requires an industrial plant 

equipped to perform operations of casting, welding, 

cutting and basic machining (turning, planning, and 

d r illin g ). The runner and nozzles are normally 

produced by casting.

MICESLL-BALKI -  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.

-  This turbine's range of application lie s  between 

that of the double-nozzle Pelton and she high-speed 

Francis turbine, in situations involving medium 

heads and moderate flows. This turbine can operate 

with efficiencies in the order of 30 per cent and 

generate up to 1,CC0 kW of power.

-  Because of its  particular geometry, the Michell-Banki 

can be easily produced and i3 regarded as a low

cost turbine.

-  I t 3 manufacture requires an industrial plant 

equipped to perform welding, cutting, and basic 

machining operations (turning, planing and d r il l in g ).  

This turbine can be produced using welded parts.



TTPi GLJEBAL CHARACTERISTICS

valuC13 — “Die use of this turbine is  restricted to median’ 

specific speeds and, like the Michell-Banki type, 

to medium heads and moderate flows. Its efficiency 

lie s  between 53 and JO per cent.

-  Its manufacture requires an indusxrial plane with 

the necessary equipment for casting, welding, 

cutting, and machining.

AXIAL-TYPE - This is  an axial-flow  reaction turbine, whose speed 

control system is incorporated in the runner in 

the particular case of Kaplan Turbines. Its area 

of application is  limited to fa ir ly  high specific 

speeds. Operating with very lew heads and large 

flows, it is  capable of achieving efficiencies of 

about JO per cent.

-  Its manufacture requires an industrial plant set 

up for casting, welding, and cutting, and equipped 

with the usual basic machine-tools.
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TIPS GETEBAL CHA2AC T5BIS TICS

ET.3C TSIC AL-2L2E T20TIC -  This regu lator consists c f  an e lec tron ic  device

(w ith  flow  con tro l) designed to detect variations in the speed c f  the 

turbine on the basis o f the varia tions in  gene­

ra tin g  frequency that accompany a change in  lead, 

and an e le c tr ic  motor which drives a mechanism 

opening or c los in g  the tu rb ine 's  flew  regulation 

valve in  e ith er d irection .

-  As the e lectron ic  unit is  the sane in  a l l  cases

27E5GT-DISSTPATIC5 TTFE

and does not depend on the power, th is  regu lator 

is  inexpensive to manufacture, the e le c tr ic  meter 

being the principa l variab le cost fa c to r .

-  I t 3 manufacture requires an indu stria l piano spe­

c ia l iz in g  in  e le c tr ic a l and mechanical work and 

with i t s  own electron ics shop.

-  This regu lator consists o f  an e lectron ic  device

( e le c tr ic a l-e le c tro n ic ) designed to detect variations ir. the speed c f  the 

turbine on the basis o f the varia tions in  gene­

ra tin g  frequency that accompanies a change in  load 

and a system o f e le c tr ic a l res id en ces  that in­

crease or reduce f ic t i t io u s  loads to maintain 

constant load on the turbine.

-  The e lectron ic  devise is  sim ilar to the one re­

quired fo r  the e le c tr ic -e le c trcn ic  regu lator with 

p os it ive  water control.

-  Its  manufacture requires an industria l plant with 

an e lectron ics  shop.
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TIPS G3J5BAL CEA2ACTESISTICS

CLSC-MECHiSICAL -  This '<riwri o f  regu lator consists o f a speed 

sens itive  element, usually in  the form o f a 

cen trifu ga l pendulum, a force d istribu tion  element 

incorporating a pressurized o i l  d istribu tion  vaive 

and a servomotor, a compensation and reversing 

system designed to s ta b iliz e  the ve lo c ity  o f the 

group, a gear or s lid in g  vane pump, and a number

o f actuating devices to control the flow -regu lation  

valve o f the turbine.

-  Tie cost o f manufacturing th is  regu lator” is ,  

comparatively speaking, higher than the cost o f the 

e lec tro -e lec tron ic  regu lator, and i t s  production 

requires an industria l plant equipped to perform 

welding, cu tting and precision  machine-tool 

operations.
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TYPE (IMWAJ. CHARACTERISTICS

ALTEETATCdS -  These are generators whose design incorporated a 

voltage regu lator and rein forced c o ils  capable o f 

withstanding turbine runaway sceeas.

-  For economic reasons, the use o f  two- or fou r- 

pole a lternators is  recommended fo r  MEG.

-  Manufacture requires an electrom echanical plant 

with basic machine toc l3  and equipment fo r  the 

winding o f c o i ls ,  welding, and cu tting.

ODUC TICS’ GUiEBATOHS — These are induction motors operating as generators 

e ith e r independently or in  p a ra lle l with an 

a lternator.

— Their fab rica tion  requires no more than the adapta­

tion  o f  ex is tin g  e le c t r ic a l motors and can be under­

taken at the manufacturing plant i t s e l f .
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7. APPS0ACB3S TO SPECIFIC PS0J3ST5

7.1. SPECIFIC ASSESSMENT CF DUiAnD AND ILESCuECES 

a ) Demand

An important point to remember is  that the demand estimated in 

the planning phase w i l l  be used fo r  the sp ec ific  projects phase.

Demand is  assessed in  the ligh t o f lo ca l and regional conditions. 

The poten tia l e le c t r ic i t y  demand is  calculated and a global estimate o f 

future demand growth is  prepared by estab lish ing a planning target to 

be achieved in  a time equal to the estimated time required fo r  a grid  

supply.

These analyses require f ie ld  investigations and processing c f  the 

data discovered.

ACTIVITIES RS5JJI2ED F02 SPECIFIC DSIAHD ASSESSMENT

Id en tifica tion  c f the major development complex o f the tone. 

Id en tifica tion  o f area o f influence c f development complex. 

Inventory o f socio-economic a c t iv it ie s ;

Id en tifica tion  o f possible future growth factors in the zone. 

Analysis o f data y ie lded  by f ie ld  work and other sources.

Sequence o f  phases in demand estimation might proceed in accordance 

with the fo llow ing block schematic diagram:
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b) Resources

Resources are estimated on the basis o f analysing ex is tin g  cartographic, 

geo log ica l, gectnorphologicai, hydrological and econolcgicai data, supplemented 

by f ie ld  surveys, headwater surveys and topographic surveys.

Possible headwaters are id en tified  from information supplied by the 

loca l population. Headwaters near -  i . e .  within approximately 15 km -  

settlements in  the basins under study are researched and th e ir  discharges 

surveyed.

The ava ilab le head is  determined by simple topographic methods. A 

pocket a ltim eter is  sa tis fac to ry  fo r  high fa l l s .  A precis ion  a ltim eter 

should be used fo r  low fa l ls .  In both cases a s p ir it  le v e l can be used 

as w ell.

7.2. SELECTION OP TECHNOLOGY FOR THE DEVELOPMENT AND DESIGN OP MEG SYSTEMS 

GENERAL DESIGN CRITERIA

a) Only intake works

CRITERIA FOR SITING INTAKE WORKS

Look fo r  maximum narrowing o f stream channel in order to minimize 

sp illw ay length and, therefore, excavations and structural work. 

Look fo r  s ite  i '»ccordance with sediment conditions.

Search fo r  best foundation fo r  structure, preferabljr on rock out­

croppings to ensure s ta b il ity ,

Choose minimum length o f conduit in contact with maximum waters in 

order to reduce amounts o f reinforced concrete.
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b) Conduit system

DESIST CRITERIA FOR CONDUIT SYSTEM

Suitable design cn clan tc  minimize excavations.

Minimum water flow  rate o f l.G  m/s tc  avoid sedimentation. 

Duct cross-section  close to optimum hydraulic value.

Check on seepage to determine whether duct walls base 

need lin in g . As a rule c f  thumb, lined ducts cost tw ice as 

much as unlined.

c ) S ilt  basin -  surare chamber

CRITERIA FOR DESIGNING SILT 3ASUT AND SURGE CHAMBER

Check capacity to  ensure appropriate supply to penstock, 

absorption and damping c f  o sc illa tion s  a ris in g  frcm opening 

and clos ing o f  in le t  valves due to  variations in  turbine 

loading, and control o f water le v e l at penstock in le t .

The design dimentions o f the s i l t  basin should be determined in 

the light o f the peiaissable 3ize o f the particles that can' be 

allowed to enter the turbine, and the characteristics o f the solids 

in  the water.

The depth o f the s i l t  basin should be such as to  preclude d is­

turbances due to  r is in g  and descending flows caused by temperature 

changes.



d ) Penstock

c a ira g A  for phtstdcz d esist

7arious materials are su itable.

7ariou3 types and sizes can be used in combination to achieve 

optimum solutions.

The fo llow ing shows the various m aterials which can be used under 

d iffe ren t heads ( in  metres).

2KCT?0£C3D

PLASTIC ______________________________________ _

CSMEfTT ASBESTOS _____________________________________ _

PTC ______________________________________

POLTTEE3E _______________________________________

TIMBER ------------------------------------------------

In order to withstand the maximum perm issible water hammer fo r  power 

stations, the rated pressure o f the tubing should be something l ik e  30 

per cent more than the gross drop. Water hammer surging can be con­

tro lle d  by appropriate c los ing tim ing o f  the con tro lle r .

Building costs, which increase with diameter as w ell ar 

with ground conditions, should be balanced against tubing 

pressure drop, which reduces output. Thi3 comparison w il l  

help to  determine the optimum diameter.

Anchorages should be designed fo r  sa fety  factors  baaed on 

overturning, s lid in g  and bearing capacity. The tubing should 

also be studied fo r  three d iffe ren t kinds o f load -  dynamic 

pressure load on tubing, s ta tic  pressure load on tubing and 

load on empty tubing. I t  i3  also advisable to  design a f i l t e r  

to  extend along the whole length o f the penstock to drain 

possible seepages.

5Cra ICCm

STEEL

malleable t y v
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e ) Powerhouse

DESIGN CRITERIA FOR PnwrarTons'g

-  Eie area to be bu ilt on depends upon plant requirements, on head, water 

flow and number o f  un its. I f  enough funds are ava ilab le , a res iden tia l 

area can be provided fo r  the operator. A water supply system with f i l t e r  

bed p u rifica tion  and a sewage system with septic tank can be provided.

-  Drains and/or some other system should be provided around the power­

house perimeter to  in tercept surface water and keep down the le v e l o f 

the water tab le .

DESIGN CRITSBIA £Ofi TRANEMISSION LINE

7-3. BUILDING METHODS

The various possible methods fo r  build ing the elements which make up an 

MHG w il l  now be considered.
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íb rb u V  n  

Gaoarster la »*
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•ach aad bearla« la  «la * that kalt tn u >  

alaslea 1« «aad fer hl(h «peed* a«* 

«earla « fe r  le » epaada. I f  tka turbias 
•d  «aaeruter koth n a  « !  tka aaaa apead, 

a lira e t oeuplln« la  «aad.

Oaoerater Capaoitp -  th « «sserstlaa a lta * « «в* fraquaeey «re 
•alaciad wlth rafañosa te « e l  eeaatrp*« 

•la etrlea l «t«adord» fer (•e re tlo a .

-  The aost appropria« dad o f (•• tu to r 
ahoold ba «a l«et«d  «ceerdlaclp, «a 

ind ie»*«* la  Chapttr 4 of thla banal.

-  A («aarater e f tha rapulrad eapadltp md 

«••ra tin a  fr«qn«**T «a* «e lt* («  «beald 
ba ldKrtlfled la  tha eeaM tcl«! e<t«> 
I 4 1 H . 1 м г  la  alad that «••ru tar eeat 
la laaaraalr prapartlesal la Ita apead.
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PROCESS OF EQUIPMENT SELECTION FOR MKG

*  Hie se lection  process can also be started from the turbine.

J
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7-5* OPERATION, MAINTENANCE, AND REPAIR

Operational characteristics  depend, mainly on:

-  l i e  s ize o f the plant;

-  The type o f serv ice;

-  l i e  le v e l o f control automation;

-  The r e l ia b i l i t y  o f  the equipment;

-  The in stitu tion a l structure o f  the e le c tr ic  power system.

Assuming an MHG having a low le v e l o f  automation, lim ited  to  the v e lo c ity  

and voltage regulators and the sa fe ty  systems, and designed to  operate only a 

certa in  number o f  hours a day, a s in g le  operator might be a l l  that i f  required. 

For a continuously operating MhG, on the other hand, two operators working in  

sh ifts  would be needed.

2hese operators must be able to perform th e ir  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 fo llow ing areas:

-  Fundamentals o f industria l e le c tr ic a l systems;

-  Bench mact ining;

-  Welding;

-  Administration;

-  Operational sequences.

Maintenance and repa ir operations may be d istribu ted  as fo llow s:

ACTIVITY RESPONSIBILITY

-  Preventive maintenance o f  equipment Operator

-  Preventive maintenance and general repairs to Operator with community support

the c iv i l  engineering structures.

-  General equipment repairs. "F ly ing maintenance squads" o f 

the e le c tr ic  u t i l i t y  and/or the

operator.

-  Major equipment repairs Specia lized workshops or the

manufacturers
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s lu ice gates, piping, and conduits are extremely important. The frequency 

o f the inspections varies according to c lim atic conditions.

-  During flood  periods d a ily  inspections oust be carried  out with a view to 

detecting threatening conditions caused by r is in g  waters or s lid e s . Such 

threatening situations may include: erosion o f supporting p i l la r s ,  unusual 

loads on the ducts at or along the-riverbed, the accumulation o f  waste m aterial 

at the grids or gates o f  the d iversion dams, unacceptable erosion below the 

d iversion  dans, or abnormal down channel water le v e ls .

-  Flooding may be more o f a problem at low-head in s ta lla tion s  than at high-head 

plants fo r  the reason that i t  may damage the dam and the generating units.

-  S lide may damage the canals and ducts, in  some instances f i l l i n g  them with 

debris and causing overflows and abnormally high sediment leads on the turbines.

-  The inspections made during periods o f  emergency must be carried  out by expe­

rienced personnel who are fam ilia r with the operation o f  the f a c i l i t y .

-  The dam must be inspected annually in  order to make certa in  o f the in te g r ity  o f 

the dam i t s e l f  and o f  i t s  abutments.

-  Any structural fissu res or leakage through the dam or i t s  abutments must ce 

the subject o f  frequent and carefu l inspection fo r  the purpose o f detecting 

possible changes.

-  Permanent bench marks must be made on the dam during construction fo r  use in 

performing measurements designed to  record the beginnings o f any possible 

slippage or movement •

-  Piezometers must be in s ta lled  in  the foundation o f the dam, and th e ir  readings 

must be checked at least once a month fo r  the purpose o f detecting  any sudden, 

changes in  pressure below the dam.
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-  The machinery and valves must be regu larly  serviced so as to  ensure 

•that -they w i l l  operate properly and r e l ia b ly  when required.

•  A ll gates and valves must be operated through th e ir fu l l  range o f 

trave l at least once a month.

-  In the case o f small plants, defective valves and gates may be replaced, 

with the defective parts taken to a central workshop fo r  repair. This 

may also be done in  the case o f turbines, regulators, generators, and 

transformers when they are small enough.

-  In both high and low-head projects, the valves and gates must be te s t -  

operated at least once a month to ensure that they w il l  perform re lia b ly  

when required. I f  there are a number o f gates, they should preferably  

be o f identical design, and consideration should he given to the acqui­

sition  o f a replacement gate to be used in  the event o f damage caused

by flo a tin g  debris o r wear.

-  Generators must be inspected every s ix  months and disconnected once a 

year fo r  preventive maintenance.

-  The turbines oust be disconnected and inspected every year fo r  fau lts .

-  The control panels must be inspected every four mouths ana disconnected 

every year fo r  preventive maintenance.

-  The busbars, esp ec ia lly  th e ir  connexions, must be inspected every four

mouths. '

-  Ike tr.-i-?for?ners oust be inspected every s ix  months and disconnected 

every year fo r  preventive maintenance.

-  Ike c ircu it.' must be inspected every s ix  months and must be checked fo r  

fau lts  at the time o f  the annual maintenance.

-  Ike substations must be p e r io d ica lly  (e v e ry  three months) checked fo r  

short c ircu its .

7 .6 . COSTS

In  th is  se c t io n , a  number o f  q u a n t ita t iv e  g u id e lin e s  are  d iscussed  which 

may be u3ed to  estim ate the costs o f  an MHG fo r  purposes o f p lann ing and rough 

c a lc u la t io n  on ly . Ike  fa c t  i s  that r e l i a b le  cost p red ic tio n s  fo r  s p e c i f ic  pro­

je c ts  on the b a s is  o f  o v e r -a l l  in d ic a to rs  are not p o s s ib le ,  since each in d iv id u a l  

case req u ire s  a d e ta ile d  cost an a ly s is  ta k in g  in to  account the p r o je c t 's  p a r t i -  

cu la r fe a tu re s .



The graphs presented below ind icate unit costs fo r  the to ta l MEG investment 

as well as fo r  the three principa l investment components: pre-investment studies,

equipment, and c i v i l  engineering» As the curves in  these graphs are based cn 

ava ilab le  information pertain ing to various Latin American countries, i t  is  re­

commended that the o f f ic e  responsible fo r  MEG planning in each country should 

adapt them to  th e ir  own actual in-country conditions. This can be dene in  at 

least an approximate way by experimentally determining certain  correction  factors 

fo r  use with the graphs presented below.

a) Dhit costs o f  the to ta l MEG investment

Figure 23 shows the to ta l unit costs fo r  an MEG in  do lla rs  per k i lo ­

watt o f  in s ta lled  power fo r  d iffe ren t power ratings (output) and heads. The 

tab le  below outlines the elements and hypotheses considered in  the preparation 

o f th is  graph.
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ASPECTS CCITSIDESID HT THE PHEPAEATICH' OP FIGUEE 23

-  The data processed were dram from 35 projects in  three Latin American 

countries, the corre la tion  factors with respect to the graph being in 

the order o f 70 per cent.

-  The lower curves, fo r  the ncn-ccnventicnal technology option, were 

p lo tted  by adding the costs o f the studies to those o f the equipment 

and the c i v i l  engineering works (assuming dom estically manufactured 

equipment).

-  The costs are based on I 98O p rices , whereby the data used were adjusted 

according to the indices given in  Figure 2h, which is  a very rougn ind ica tor 

o f  the variations in  times employed in  th is  manual. For sp ec ific  cases,

i t  is  advisable to study the variations fo r  each equipment component and 

the c i v i l  work costs according to  the particu lar conditions given fo r  each 

country.

-  The curves presented are o f  only r e la t iv e  s ta t is t ic a l value, since in  the 

case o f  sp ec ific  p ro jects one must expect s ign ifican t variations from one 

country to another.

-  The valuations from country to country may be due to  the fo llow ing  fa c to rs :

A v a ila b ility  and cost o f labour;

A v a ila b ility  and cost o f m aterials;

Equipment purchase and fre igh t costs;

Engineering costs;

Geographical conditions and problems o f access;

D ollar exchange rates;

Currency market conditions and controls;

Variations in  cost indicators over time.

-  Variations with respect to  each sp ec ific  project are due to :

Distances and access conditions;

Physical conditions (geo logy, hydrology, geomorphology, s o il

mechanics, ecology, e t c . ) ;

S ign ifican t d ifferences  in the scale o f the c i v i l  construction.

-  The graph refers to stations having only one electromechanical unit.

-  The d e fin it ion  o f high, medium, and low head3 is  taken from the power 

and head c la s s ific a t io n  o f the Latin American Energy Organization, which 

appears on page 7 «
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GCliCLUSIClTS TO 3E DHAKS 5SCM THE TOTAL UT7SSTM3I? COST C'JSTiS

MHG ccst3 nay vary between SUS l,CCO and 5*CCC per in sta lled  kW.

Unit costs rise  rap id ly  as power ratings decrease.

Plants operating low beads are nore costly  than those with high

heads.

The use of non-conventional technology fo r the c iv i l  construction and 

of domestically produced equipment and technology makes fc r  lower 'unit 

costs than conventional technology and imported equipment. This ad'van­

tage tend3 to become less  s ign ifican t as the power r ises .
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b ) Unit co3t3 of pre-investment s tu d ie s

As pointed out in section 5 *-*i study costs are frequently i io r rc p c r -  

ticnate iy  high in  terms of the to ta l investment. For th is  reason, it  is  

advisable to set lim its to study cost3 as a percentage of the to ta l cost o f  

the project.

For purposes o f guidance, Figure 25 shcv.'s a proposed graph of maximum 

desirable  3 tudy cosi3 as a function o f plant output. In actual practice, it 

i3 recommended that each country plan these costs as part of i t s  MUG policy  

and in accordance with the minimum depth and coverage of the studies themselves.
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FIGURE 25 STUDY COSTS AS A MAXIMUM RECOMMENDED PERCENTAGE OF 
TOTAL PROJECT COST, AS A FUNCTION OF MEG OUTPUT

c ) Unit costa o f electromechanical equipment

Figures 26 and 27 indicate the unit costs o f electromechanical 

equipment in  the case, respective ly , c f  equipment imported from manufacturers 

in developed countries and equipment manufactured dom estically nsdug tech­

nologies developed or adapted in the country and not subject to the payment 

o f roya lties .

ITEMS INCLUDED IN THE ELECTSCMECHANICAL EQUIPMENT

-  Turbine

-  Velocity  regu lator

-  Generator

-  E lec tr ica l control panel and instrumentation

-  In s ta lla tion  (excluding anchoring systems)



ASPECTS CCUSIDE3ED El THE P3EPABATTCH CP FIGUHES 26 and 27

-  The data used in preparing Figure 20 were taken from 25 cases, 

the curves having a corre lation  fac to r o f 97 per cent.

-  The data used in preparing Figure 27 were taken from 10 cases, 

with the equipment manufactured in a s ingle Latin American 

country. The curves were p lotted  on the oasis o f  Figure 26, 

the corre la tion  fac to r being lower ‘ .nan in that figu re .

-  The costs are given in  I 98O do lla rs  and are based on an 

adjustment o f  the values given in  Figure 2b.

-  Variations from country to country may be due to :

Freight and insurance 

Import duties 

Taxes

Local transport

Laws designed to promote industria l development 

Exchange rates

Currency market conditions and controls 

Variations in  cost indicators over time

-  Variations from one particu lar project to another may be due to :

Conditions o f access and loca l fre igh t charges 

In s ta lla tion  costs

-  Im p lic it in the equipment cost3 i 3 the se lection  o f the optimum 

turbine type according to the head and power o f the station
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A number o f general conclusions may be drawn from Figures 2b and 27 

fo r  guidance in the se lection  o f equipment.

CCUCLUSICliS TC EE BHAKT TEE TUTT-COST CURVES FCR 2L3GTSCtSCEAIÎICAL SQUIPdiT

The unit costs o f the electrcmechanical equipment fo r  an MHG may 

vary between JUS 3CC and 3,CCC per in s ta lled  kW o f povrer.

Unit costs r is e  rap id ly  fo r  the lower power ratings.

Unit costs increase sharply as the head decreases ( in  the 

proportion o f 3:1 fo r  heads o f 5 2nd 200 a, resp ec tive ly ). 

Generally speakirf, domestically manufactured equipment and 

domestic technology may be priced at one-half the cost o f 

equivalent imported equipment and technology.

d ) Unit costs o f c i v i l  construction

Figure 28 showB the unit cost ind icators fo r  the c i v i l  works 

associated with an MHG p ro ject. As we shall see la te r  on, the diagram i 3 

intended fo r  reference use only.

ITSE  INCLUDED UEDER CIVIL WOEES

-  Dams and intake

-  Canal

-  Forebay

-  S i l t  basin

-  Penstock and anchoring

-  Accessories (ga tes , g r id s : e t c . )

-  Machine room (power house) and equipment support systems

-  Sun-off canal

I t  should be noted that these cost elements do not include the power 

transmission and d istribu tion  systems. In the tab le below some o f the 

factors involved in  p lo ttin g  the c i v i l  construction cost curves are discusses:



ASPECTS CG2TSIDIHED IS TffE PHEPAHATTCB OP FIGUBE 28

The CUrVS3, which are uoaed uu u.at a, fu r c.'j aiuiuieit eu p ¿tu j  6Ct 3 

having1 a corre la tion  fa c to r  o f about 60 per cent, r e f le c t  the 

approximate corre la tion  o f the d iffe ren ce  in  to ta l unit costs 

less  the costs o f studies and equipment.

-  The varia tions from one sp ec ific  case to another are very wide. 

•  The corre la tions fo r  conventional technologies rest on the

assumption that the technological conditions o f the project 

are as described in  Chapter Tvo (po in t "e ” , page 8 ) .

-  The corre la tions fo r  non-conventional technologies rest on 

the assumption that the p ro je c t 's  technologica l conditions 

are as described in  the preceding section .

-  The costs are given in  I960 d o lla rs .

-  Variations from country to country may be due to r

Costs and a v a ila b il ity  o f construction m aterials;

Labour costs;

Geographical conditions and problems o f access.

-  Variations from pro ject to p ro ject may be due tor

The physical characteris tics  o f the project 

(geo logy, geomorphology, hydrology, 3 o il mechanics, 

canal length, topography, aggregate m aterials, e t c . ) ;  

Building methods;

Depth o f the engineering studies;

Experience in design engineering.
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FIGURE 2o MHG CIVIL CONSTRUCTION COSTS PER INSTALLED KILOWATT

Figure 28 suggests a number o f  general conclusions regarding the 

lim its  o f application o f the graph i t s e l f  and the trends revealed in  i t .

CONCLUSIONS TO BE DRAWN 5SOM THE CIVIL WORKS UNIT-COST CURVES

-  The curves are designed to provide only an approximate estimation, 

fo r  use during the planning stage. For each individual p ro ject, 

sa tis fac to ry  approximation requires physical surveys at the actual 

work s ite .

-  The unit costs o f c i v i l  works may vary between $US 450 and 1,3C0 

per in sta lled  k ilow att.

-  Unit costs increase as the power decreases, but not as rap id ly  as 

fo r  the electromechanical equipment.

-  The unit costs o f c i v i l  works increase as the head increases, in a 

relationship that is  thus the inverse (and also less marked) o f that 

which ex ists between unit equipment costs and head.

-  A ll other factors being equal, the use o f non-conventional tec.Iur.oiogie3 

i 3 less costly  than the use o f  conventioral technologies, th is  advan­

tage being greater fo r  the lower power ratings.
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a. LETSHKATICTAL co- opshatict*

The principa l p o s s ib il it ie s  fo r  in ternational co-operation in  the 

MHG f ie ld  l i e  in the areas o f technology, training', studies, and con­

struction . Co-operative p ro jects  nay be undertaken at the world, re­

g ional, sub-regional, or simply the b ila te ra l le v e l.

As used here, the term "in ternational co-operation" extends to a l l  

types o f  in ternational re la tions  which are designed to  pursue the mutual 

advantages o f  the co-operating parties  and which are the subject o f 

in ternational agreements.

In ternational co-operation is  based on the fo llow ing  p rin c ip les :

-  Hespect fo r  the sovereignty o f the parties;

-  Equality o f righ ts fo r  a l l  parties ;

-  Ihs voluntary pa rtic ipa tion  o f a l l  parties ;

-  Mutual assistance;

-  Reciprocal benefits .

3.1 CTTEHH'ATICN'AL CRGAUISATICTS OPSRATDTG AT TEE WORLD LEVEL

The fo llow ing are some o f the organisations that are in  a position  

to  provide support in  the development o f MEG.

* This chapter is  intended to be updated and expanded in  the next ed ition  
subject to the co lle c tion  o f more deta iled  information on a c t iv it ie s  o f the 
organizations mentioned in th is  manual.
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orgarizaticr AREA OP ACTI7ITT

United Rations Development 

Programne ( UNDP)

Financing o f  development plans, 

programmes, and pro jects.

United Rations Educational, Co-operation in s c ie n t if ic  and

S c ie n t if ic  and Cultural educational development programmes.

Organization (URESCO)

World M eteorological Organization 

(WHO)

Co-operation in  m eteorological and 

hydrological programmes on behalf 

o f development p ro jects .

International Labour Co-operation in  tra in ing  programmes

Organisation (ILO ) fo r  m iddle-level technicians and 

sk illed  workers.

United Rations Industrial Co-operaticn in industria l develop-

Development Organization (URIDO) ment programmes; currently engaged 

in promotion o f MHG programmes and 

implementing a number o f pro jects 

in developing countries.

International Bank, fo r Financing o f development pro jects ;

Reconstruction and Development 

(IBHD); World Bank

grants short- or medium-term loans j  

at in terest to  both the Governments !

o f the member States and to oublic 1
1

and private in s titu tion s , provided j  

they have the backing o f the Govern- ! 

ment o f the country in question.

Organization o f Petroleum 

Exporting Countries (OPEC);

Financial assistance fo r  development 

pro jects , p a rticu la r ly  in  the area o f

OPEC Fund fo r  International a lternative  energy sources and on

Development behalf o f  the countries most seriously 

a ffected  by the petroleum price 

structure; currently financing an ; 

MHG programme.



Problems which ari3e ia  re la tions with in ternational organizations and

methods fo r  overcoming them:

problems REMEDIAL ACTION

Poor se lection  o f experts Request, by the national organizations, o f , 

a more extensive l i s t  o f experts; provision 

o f adequate and s u ff ic ie n t ly  d eta iled  in fe rs  

mation to the in ternational organization.

Failure to take fu l l Formulation o f a d eta iled  plan specify ing

advantage o f  the the a c t iv it ie s  the in s titu tion  wishes to

expert's  s k il ls have carried  out, with th is  plan to  be 

completed s u ff ic ie n t ly  in  advance o f the 

expert's  a r r iv a l; assignment o f  a counter­

part (o r  counterparts) s u ff ic ie n t ly  compe­

tent to  work with the expert.

As part o f  th e ir  e f fo r t  to  promote the use o f XEG, the in ternational orga­

n izations must lend th e ir  support to the establishment o f lo ca l in frastructures 

in such areas as planning, studies, design, operation and maintenance, administra­

tion , financing, and technologica l development.

As a general ru le, contacts with these organizations should be handled 

through th e ir  resident representatives in the individual countries.

Among the in ternational banking in stitu tions with worldwide operations, 

mention should he made, in  addition to the I3HD, o f the Export-Import 3ank 

(EXBIBANK) and the In ternational Finance Corporation.

8.2 REGIONAL AND SUBREGIONAL CO-OPERATION

Ib is  form o f co-operation may involve the areas o f studies and construction 

and can be undertaken by a group consisting o f more than three countries. In 

p rinc ip le , the term "reg ion a l" re fe rs  to organizations operating on a continental 

or subcontinental basis, while "subregional" re fers  to  groups o f countries within 

a less extensive geographical zone.



ORGANIZATION AREA OP ACTIVITY

Organisation o f  American 

States (OAS)

Advisory serv ices , consultation, and 

support fo r  economic development 

p ro jec ts .

Common African and 

Mauritian Organization 

(OCAJC)

Afro—Asian Organization fo r  

Rural Reconstruction

East A frican Coanon Services 

Organization

Trade, financing, and studies o f  soc ia l 

problems.

Organization o f  Central American 

States (OCAS)

Seeks solutions to  coanon problems and 

promotes economic, so c ia l, and cu ltu ra l 

development through concerted co­

operative action.

Organization o f  A frican  Unity (OAU) Has a Commission fo r  S c ie n t if ic  and 

Technical Research.

Latin American Energy 

Organization (OLADE)

Is  conducting a reg ion a l- le v e l MHG 

programme.

Special mention should be made o f OLADE’ s work in promoting, co-ordinating, 

and advising on MHG p ro jec ts  and programmes, as w e ll as i t s  a c t iv it ie s  in other 

energy areas.

I t  is  extremely important that a l l  the supporting organizations carry out 

th e ir  work within a framework o f co-ord ination , promotion, and consultation, in 

order that they may contribute to the strengthening or establishment o f the 

necessary in frastructu re in the various countries.



- 150 -

Among the reg iona l hanks, the fo llow in g  in  pa rticu la r s igh t he mentioned:

BANK PURPOSES

African Development Bank I t s  purpose is  to  contribute to  the 
economic development and soc ia l 
progress o f i t s  members. I t  has 
estab lished an A frican Development 
Fund.

Asian Development Bank ( ADB) Unlike the A frican  Development Bank, 
th is  bank has ex tra -reg iona l sub­
scribers  in addition to  those from 
w ithin the Asian region . I t  grants 
loans fo r  in frastructu re investments.

Central American Bank fo r  
Economic In tegra tion  (CABEl)

The p r in c ip a l financing in s t itu t io n  
fo r  the Central American In tegra tion  
Programme and the main lending 
in s t itu t io n  fo r  regional economic 
development.

Inter-American Development 
Bank (IBB )

IDB*s purpose is  to  promote the 
development o f  the member countries, 
in d iv id u a lly  and c o l le c t iv e ly ,  through 
the financing o f  development and 
techn ica l-assistance p ro jec ts ; cu rren tly  
studying the financing o f  MHG p ro jec ts  
in  severa l countries.

8.3 BILATERIAL CO-OPERATION

In the case o f  b ila te ra l techn ical co-operation , p a rticu la r  care and 

attention  must he given to  how the ob jec tives  and scope o f  the progranme are 

defined, in  order to  avoid hidden forms o f technology sales governed by commer­

c ia l ob jec tiv es . Where th is  is  unavoidable, the n ego tia tin g  terms with respect 

to the purchase o f  the technology must he e x p lic it  and c lea r ; moreover, the 

conditions o f  the agreement must he favourable and mus+ not in vo lve , under 

the guise o f an assistance programme, the granting o f any exclusive r igh ts . 

S im ila rly , in  a l l  cases o f in ternational techn ica l assistance, the means by 

which the know-how in  question is  to  he e f f e c t iv e ly  assim ilated hy the rec ip ien t 

party must he c le a r ly  3et forth . I t  i s  o f v i t a l  importance that the counterpart 

rece iv ing  the assistance he p e r fe c t ly  c lea r  as to  the ob jec tives  and that a 

work programme he prepared in  advance. Ihe counterpart’ s q u a lifica tion s  must 

he su ffic ien t to  enable him to  assim ilate e f fe c t iv e ly  the knowledge being 

transferred.
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developing countries may request b ila te ra l assistance through th e ir  

diplomatic missions or ccnmercial attachés.

As a general ru le, i t  is  to  be recommended that, in  order to dead both 

with MHG projects and with other matters o f  technology and co-operation, 

the developing countries should create a government o f f ic e  fo r  foreign  tech­

n ica l assistance to be responsible fo r  co-ordinating in ternational co-operation 

in the country and advising the organizations a ffected  on how to make the best 

possible use o f th is  assistance.

3.4 BCB-GOVEBHMHÏTAL OflGéBIZATIQSS

According to the d e fin it io n  used by the United Bâtions, non-gcvemmental 

organizations are in ternational organizations which have not been established 

on the basi3 o f  agreements between Governments.

The United Bâtions Economic and Social Council has devised procedures 

governing consu ltative co-operation fo r  a number o f non-governmental organi­

zations o f in teres t to the Council.

In 1975 there were 2,pC0 non-governmental organizations, a number of 

which were active  in the area o f science and technology. The Bcn-Governmentai 

Organizations Section o f the Department o f Public Information o f the United 

Bâtions Secretariat is  responsible fo r  co-operation with these bodies. I t  

also convenes the Conference o f  Bon-Govemmental Organizations, which has it3  

headquarters at Geneva and functi as the permanent organ o f the non-govern­

mental consu ltative organizations.

For the purpose o f ascertain ing which o f  these organizations are engaged 

in MHG p r o g r a m m e s , they may also be contacted through the information services 

o f the various countries at th e ir  diplomatic or consular missions or th e ir  

information centres abroad.

Bon-governmental organizations may su ffe r  from lim itations in the fo llow ing 

areas: financing, constitu tional or p o licy  res tr ic tion s  on a c t iv it ie s ,  lack

o f acceptance by certa in  Governments, etc .

À
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ANNEX 3

3ASIC CALCULATIONS

This annex illu s tra te s  the steps involved in  preparing a mini-hydro­

e le c tr ic  power plant p ro ject, using as an example the I o- jcW p ilo t  plant 

project at O h ra jillo , Peru.

I t  should he noted that th is project was carried  out fo r  research 

purposes that an ex is tin g  ir r ig a t io n  channel was used in  the design o f 

the plant.

A flowchart ind icating more or less  typ ica l steps that might be ex­

pected in a given project is  presented on the fo llow ing page.
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Survey study

Detenni nation o f current e le c t r ic i t y  

demand fo r  ten—year p ro jection

Start-up



The procedure described below was followed in  designing the p ro jec t.

Demand study

The community to be supplied with e le c t r ic  power had a population o f 

595 inhabitants and a growth rate that could be considered zero, since 

according to s ta t is t ic s  there had been no population increase in recent years 

as a resu lt o f migration to  the c ity .

The town had a bakery which obtained i t s  required e le c tr ic  power from a 

head-engine—p owe red generating un it. There was also a small da iry  plant which 

had i t s  0«  s im ila r power supply. I t  should be noted that the town in  ques­

tion  lacked any s treet or house ligh tin g .

In order to  determine what kind o f  power would be required from the 

future hydraulic power plant, the fo llow in g  factors were considered:

-  The power consumption by the bakery occurred between 3sC0 and 7:C0 a.m. 

in the morning;

-  The power consumption by the da iry  enterprise occured only between 

3:C0 a.m. and £:C0 p.m.;

-  House ligh t in g  was to  be provided only during "he period from 6:C0 

to 10:C0 p.m.;

-  Street lig h t in g  was to  be provided only between 6:C0 and 10:C0 p.m.

On the basis o f  these factors i t  was ascertained that the generating 

p lan t’ s maximum load would be determined by the street house ligh tin g .

This consumption was calculated using a figu re  o f  25 watts per inhabitant, 

y ie ld in g  an approximate required power o f  16 kW (p rov is ion  was made fo r  the 

* 's i b i l i t y  o f further expansion to permit a higher in s ta lled  capacity per 

inhabitant).

Re sources study

In the case o f th is  project a canal was already ava ilab le , which 

followed a course near the town and was used fo r  ir r ig a t io n . This canal 

draws i t s  water from the Chilion R iver, whose minimum annual discharge is

1.2 m^/aec.



The water fo r  the canal is  obtained through an intake which is  cleared 

and otherwise maintained every year, a fte r  the high water, by the town res i­

dents as a conmunixy a c t iv ity .

The f i r s t  sxsp was to locate a f a l l ,  which was subsequently le v e lle d  

using topographic techniques. Cn the basis o f the head determination ( 56.5 m) 

and the required generator power (1 6  kVi), the water flow  was established 

anri simultaneously the optimum diameter fo r  the penstock was selected . With 

the 3-ince PTC pipe selected, the resu lt was a net head o f 55*3 m and a 

maximum discharge o f  0.043 m^/sec., derived from the fo llow ing  formula:

Da _________

*  9.¿07 '*] Hn

where

P is  the generating power (16 kW); 

is  the net head ( 55*3 a ) ;

^ is  the to ta l e ff ic ien cy  o f the plant (6 2  per cen t), selected from the 

tab le below.

Cnee the discharge had been determined, a hydraulic analysis was 

carried  out in  order xo determine whether the capacity o f the canal was 

su ffic ien t to supply the plant and provide fo r  ir r ig a t io n  at the same time. 

This study made i t  possible to id e n t ify  certa in  c r i t ic a l  zones where the 

canal had to be widened.

TOTAL EFFICIENCY OF MUTC-PCWTa PLANTS {%)

Turbine type

Power (kW) Pelton Michell-Banki Francis Axial

Up to 50 58-65 54-62 59-65 58-66

5 0 -5 0 0 65-69 62-65 66-70 66-70

500- 5 ,0 0 0 69-73 65* 70-74 70-74

*  The Michell-Banki turbine operates to  a maximum power o f 1,CC0 kW.

The above figures take in to  account generator e ff ic ien cy , which is  

low in  the case o f the lower power ratings.



S ite  se lection  and design o f the c i v i l  structures

The ex is tin g  intake Had to  be improved so as to make i t  possib le to 

regulate the admission o f water in to  the ir r ig a t io n  canal.

The c r i t ic a l  zones o f  the canal were rein forced and widened in order 

to provide the necessary capacity.

A forebay was b u ilt , which simultaneously functioned as a s i l t  basin 

Awrf provided a way o f  returning the overflow  to  the ir r ig a t io n  canal.

An appropriately anchored PVC penstock was designed. Although the 

recommended procedure is  to  bury a lin e  o f th is  kind, the pipe in  question 

was in s ta lled  above ground so as to  make i t  possible to te s t i t  fo r  p e r fo r ­

mance and weather-resistance, and also to  te s t a number o f  p ro tective  coating 

m aterials.

Selection  o f  equipment

(a ) Selection  o f the generator

The guiding assumption was the need fo r  16 kii generation output. Cn 

th is  basis, the spec ifica tion s  ca lled  fo r  a 2C-k7A a lternator with a power 

fa c to r  o f 0.8, generation vo ltage o f  220 V, and generation frequency o f 60 

Hz. This generator s a t is fied  the maximum power requirement. The ro ta tion  

speed o f the a lternator was 1800 rpm. As a research a lte rn a tive , an asyn­

chronous generator was also in s ta lled , with a bank o f condensors to permit 

independent operation.

(b ) Selection  o f turbines

Since i t  was designed to operate as a p ilo t  p lan t, one o f the aims o f 

the O b ra jillo  project was to study and develop a technology fo r  low -spec ific  

speed turbines. 'Hie sp ec ific  speeds o f  various turbine types are 3hown in 

the fo llow ing tab le .
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SELSC TICS' OP T0B3I5ES ACCORDING TO THE SPECIFIC SPEEDS

Thrbine type S Hmax admissibles

Single-nozzle Pelton

Two or multi-mozzle Pelton

Xichell-Banki

Slow Pranci3

Normal Francis

Past Francis

Propeller and Kaplan turbines

10 to 29 3 to 9 1800 to  400

29 to  59 9 to  18 400 to 350

29 to  220 9 to 68 200 to 30

59 to 124 18 to 38 350 to  150

124 to 220 38 to 63 150 to 80

220 to 440 68 to  135 SO to  20

342 to  980 105 to  300 35 to 5

There are two expressions fo r  the ca lcu la tion  o f the sp ec ific  speed. 

The f i r s t  depends on the e ff ic ie n c y  o f the turbine and is  w ritten  in  the 

form:

where*

P is  the net power, in  hp;

is  the net head, in  m;

3 is  the speed, in rpm.

The second expression fo r  sp ec ific  speed makes i t  possible to arrive, 

at efficiency-independent sim ilitude c r i t e r ia  and is  w ritten  as:

With an eye to  low sp ec ific  speed, i t  was decided fo r  th is  pro ject to 

use Pelton and Michell-Banki turbines, which were to operate under the same 

head and flow  conditions.

In order to  ensure that, while operating under these conditions, the 

turbines would perform within th e ir  customary sp ec ific  rpm range, i t  was 

necessary to determine su itable runner diameters to  make possible an optimal 

rotating speed fo r  the turbine.

where:

Q is  the flow , in m^/sec



In the cas« o f  the Michell-Banki turbine:

5 39-35

Dext

where:

3 is  the ro ta tin g  speed o f the turbine, in  rpm;

Hq is  the net e f fe c t iv e  head, in  a;

D . is  the external diameter o f the runner, in  m. ext ’

For the Pelt on turbine:

D
P

where:

13 is  the diameter o f the Felton runner, in a.
P

Runner diameters o f  2C0 on fo r  the Michel 1-Banki and 6CC am fo r  the 

Pelton turbine were adopted, making i t  necessary to  use a mechanical bel 

transmission system between the turbine and the a lternator.

Design o f the mower house

For th is  p ro ject, an ex is tin g  m ill, large enough to accommodate the 

equipment and carry out research, was used as the power house.
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W

kW

MW

kWh.

kWh/gal

.•a / s/km

mV sec

mos/yr

inhab/ka^

gal

hr

a

ka

LIST OF STMBOLS AND ABBREVIATIONS

Wait

Kilowatt

Megawatt

Kilowatt hour

Kilowatt hour per gallon

Cubic meter per second per square kilcmet

Cubic meter per second

Months per year

Inhabitants per square kilometer

Gallon

Hour

Meter

Kilometer

m h j
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