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Preface

The development of new and renawable sources of energy has become
a matier of prioriiy in many countries all over the world. In particular,
increased atiention has been paid to the develomment of micro, mini and
small=-scale hydro powér generation units which could under certain cipe
cumstances appropriately contribute to industrial and economic develop-

ment of rural and remote areas.

ln places where limited hydro power is available, mini bhydro power
generation units (MHG) constitute a readilyv accessible source of renewable
energy. They use proven technologies that in many cases need only adap=-
tation, require limited investment and obviate excessive transmission

costE.

As part of its programme of Action in Appropriate Industrial Tecnno-
logy, UNIDO has been actively involved in promotion of MHG development
and application in developing countries. It has organized three nprojects
related to this Bubject:

l. Group Study Tour to the People's Republic of China in the
Field of Medium and Small-Scale Hydro-Power Plants,
14 Nay = 2 June 1979,

2. Seminar-Aorkshop on the Exchange of Experiences and Technology
Transfer on Mini Hydro Electric Generation Units, Kathmandu,
.Nepal, 10=14 September 1979, and

3. Second Seminar—Workshop/Study Tour in the Development and
Application of Technology for Mini Hydro-Power Generatien,
17 October - 2 November at Hangzhou, P.R. China, and
3«7 November 1380 at Manila, Rep. Philippines.

The Seminar-Workshop in Nepal, recommended that UNIDO encourage
the preparatior of marmals providing guidelines for the development cof

mini hydro-power genepation units in developing countries.
g

As 2 first step, it was considered useful to prepare 2 manual con

MHG for the gpidance of decision-makers in this field, at central cr
regional government level ar at the planning and project implementation
levels. The manual is intended as s working tool ic help decision-making
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on the establishment of small and mini hydro power stations and the
formulation of comprehensive and conereni policies and programme fer

this purpose.

The preparation of this Manual was made possible by the financial
support of the Swedish International Development Agency (SIDA).

The Manual was prepared by OLADE, under the general leadership
of Mr. G. Redriguez Elizarraras, Executive Secretary of OLADE, through a N
group of its experts, Mr. C.A. Hernandez, Mr. L.E. Machado and Mr. L.A.
Suarez with Mr. Enrique Indacochea, 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 Engineer,
Bureau of Water Conservancy, Shanghai, and Mr. Thovild Persson, VAST,
Sweden.

It is hoped that the Manual will serve as a practical and useful
reference for those involved in working in the Mini Hydro Generation
Power Field. I{ should, however, be considered as a first volume to
be updated and expanded in the future to enhance its usefulness. Any
constructive suggestions or proposals in this regard are welcome.
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INTRODUCTION

It is intended thet this manuel will be e workinc tool for decision
makers g8t different levels. Sinee the potentiel mein users o0 the meausl
vill not necessarily heve & specielized engineering background, the tech-
nicel elements heve been restricted to descriptive aspeuvts and elementery
concepts, with more emphasis being given to questions of mini-hvdro power
genereation (MBG) develomment, poliey, plenning end progremming than +o the
engineering and technological requirements and poteptielities, instructionel
organizatior and training.

It should be also mentioned that in this manuel, specific epproaches
and, in some cases, alternstive sclutions ere proposed. However, the opti-
mm solutions may vary for every espect of MHG develomment considerebly from
country tc country as & result of differences ir socio~economic systems,
political organizetion, level of development, history and culture. The
specific conditions of each country or region must therefore be taken
inte account when the recommendations conteined in the manuel are being
applied.

The manual comprises eight chepters. The first four chapters contein.
generel informetion inecluding derini‘_tiun and clessification of MHAGC umits,
advantages and limitation of MHG in solving energy end industrial develop-
ment problems in rural and remote areas and at the country level, and s
comparison of MHG with other alternstive energy systems.

As regards the classification of MHG, it should be noted that st the
time of writing there is no united and generally accepted clessification
of MHG units. Different organizations end countries heve different
epproeches, For this resson, some systems of MHG clessifications are pre-
sented in Chapter 2, including the system proposed &t the URIDO Seminer-
Workshop on the Exchenge of Experiences and Technology Transfer on Mini-
Hydro Electric Generstion Units, 10-1k September 1979, Ksthmandu, FNepel.

Chepter 5 presents &n anelysis and methodology of MHG develorment,
sterting from the assessment of possible epplicetions in & certein eree
end the evalustion of resources and demand to providing decision-mekers
with useful information or the operation and meintenance of MHEG units.




Chapter 5 and chapter 6 constitute the core of the manual and supgest
a methodology for considering the possibilities of MHG development in a
certain ares and identify a number of aspects which should be taken into
consideration berore a final decision is made.

Chapter T is addressed to those persons who are responsible for
organizing and supervising projects and discusses the development of speci-
fic MHG projects.

Annex A contains bibliographical references of use to those who
wish to go into the subject more thoroughly, particularly its technical
aspects.

Annex B contains basic MHG calculations which may be of interest to
those who have a basic engineering training.

Although the approach to the problem and the reconmendations con-
tained in the manual are mainly applicable to MHC of less than 1,000 kW,
they can also te used for the higher pover ranges provided that the limited
application of scme concepts, particularly technology questions, are
clearly borne in mind. -

The manual will have achieved cne of its objectives if it has succeeded
in making it clear that a mini hydro power station is more than just a
small-scale model of a large hydro-electric plant.



2. DEFINITION AND CLASSIFICATION

4 Mini Hydro Power Station (MHG) is an installation where hydraulic
power it used to generate small quantities of eleciricity by means of one

or more :urbine=generztor units or groups.

NATF COMROEEXTS OF NEO

CEEX LIST DECRIPTION

X 4 strecturs built acroer the mair watercocurse
ix ordar to stors and/or yaime the lewvel ef the
water. In NEC it is usually uaed tc raaoe the
wxter lewval and is of simple conrtyuction.
MATIRIALS: econcrets, sarth, rock, wood, plagiic
saterisls (or combinations).

IFTALE MOEKS 4 styuctuve to facilitate the entry cf water te
the conduii systss. Nay or may not b mulmerged.
For KBG it msy be of permanent or ariiss: con~

stmctios.
MTERILLS: eonoress, mmsonry, rubble (amtisan
senstyuction).
COUIT CORDUCTIOE The wster 45 taken fror: the imtake tc the ferebay
SIBTA by sesns ©f & canal or twmnsl. Por MEDL, irrige~

tim omals agy be waed.
COESIRUSTION: lined or wnlinad.

FORERLY Mrocture wiick facilitmten the axtry of the wmter
4¢ tha peustook.
RATEXILLS: somnrete, lememix (?) oedcrets,
ashestetepenant, ferrosoonent.

KRIr uMsn A systen for prewenting solié particles fres
emtaring the peostock (1o protect the turiime).
Ray be imxtalled oz part of the intaks works or
the forebay (depmmiing er flouw, serruin, mcterial
- of vaich ghamme) is semstructed).

SPEED RESULLATGR 4 sarvo-peshaniss which keepr ths turbise revole
ving st & oonstant epesd and comsaguently saimtaims
the electrical energy generstsd &t & conmtant
fregquency. TIPS
KSEAXICAL: alsest never used.

OIL NECRIKICAL: the mtamdard emsz.

RestremR setrenic witk flov regulstisn.
Kectre=Rlsctyenic with ssargr dispersion.
Asermative!

Rasmal eoatrol.

SEEXLTOR &n aleotrical machine that ooonwverts the
sschanical eDergy inte alactrioal emerpr;
2TrES:

AITENIATOR:  (synehronows genersior) -
the mert freguently wsed iz NHS.
ASTCIRICUS CEEERATOR: (imductien metor).




TUAFIFODAT Reotrical equipsent varying tke voltage
. wikich ezables energy ¢o bs :trmeported over
distasces economically.

ELIC{RO=NECRAYICAL Main valwe (gate or butterfly). Tarbine~
ACIRSIRIES femerator tranmuismion by direct coupling or
by traammienicn systems ( Vebeii, chain or geara).
Hydraalic instrumentstiocn (asmcmeters). lLighting
canductars.

MFIAISSICY LTI In MG low md sedium voltages are used %o
trenanit the slectrical ensrgy from ths plamt
%® ths point of comsumption.

CIVIL IECINEERING Scremns (for cantrolling salids), gstes,
ACCESSORIFES srillways, etc.
SCRCE AR A stricture for compenssting overpressure.

Jot oftem used in NEG, dapanding on tbc head,
laagth of paustock, velogity of vster in the

peastock, asteriale of which penssock is sada
aul time neudad ta close the sain valwe. Ray
Zora part of it forsbay.

PEESTOX Pressurs pipe for coaveying the water from
the forebay to ths turbine.

POMER EOCSE Stresture in which the gemarstore and other
sleotresasehanical aquipsest are housed.

SALY RACE Struoture which returns the vetsr from the
powsr house either to dowmstream of tie river
from which it wvas takem of to s neighbouring basis.

NEBINE A hydrealic mesor that conwverts the easrgy of
the water (hesd, or drop, amd low) into
aschanjcal etargy. kpes ~11
T g freswlet impules turikine used far

high heads; low cost.

KICER-3AKKI: orose={low impulss turbine usod
for asdium hesis; low cost, low
sfficiamny.

TRANCIS: rsacticm turbine (operstes filled
with wvater) used for ssdius heads;
high sost, hish efficiency.

ATTAL: Remstica turbins ( varismts: Xaplam
with sdjustable blades, fired blade
propelisr=typs, tubuiar-type, tulb=
typs, etc.) used for low heads.

Altemnstive

YATEI VEEZL: ©not a turbine. Low cowt, low
officisncy. Articam construction
possible. Slow, cparstes with mmall
hoasis.
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Tne amoun: of power that can be generzied (measurec in kilowatts) is
equal to that aveilable in the waier afier zliowing fer <he losses of effi-
ciency in each successive componem: cf the MHG, and is proportionzl <o the

product of the nei head and ¢he flow.

GROSS EEAD: Difference in level from the upper surfaze of the water
at the highest usable point tc the lower level of its
use by the turbine. MEASUREMENT: METRES,

NET HEAD: Egu.velent to the gross head less the hydraulic losses
in the different elementes conveying the weier to the
turbine. MEASUREMENT: METIRES.

FLOW: Quaniity of water (volume) per tnit of time. UNITS:
CUEIC METRES PER SECOND.

MHG can Pe classified according %o variows criteriz and it is
considered advisable not to propose any one system, not conly because of
the arbitrary elements that én‘ter into every classification but also
because the Bpecific characteristics and degree of developmemt of each
country may better be served by different classifications.

The syste.ms given below are in the nature of guidelines that could
be taken into account in defining criteria for specific countries or
Tegions.

a) According to power and head.

We prorose two schemes:




Country or Organization Micro HG Mini HG SHG
(kW) (kW) (kW)
‘s‘i;’:zd“ up to 100 100~1,000
UNIDo
§:$“°“"“m13 up to 100 101-2,000 | 2,001-10,000
China by the wnit up %o 6,000
by the installed up to 12,000
capacity
Philippines up to 5,000
Peru 5=50 51=500 500~5, 000
Romania 5-5,000
Thailand* up to 1,000
Turkey* 0=100 101=-1,000 1,001=5,000
Usa up to 20,000
Sweden 100-1 , 500
Preparatory committee for
the UN Conference on New
and Henewable Sources of up to 1,000 1,001-10,000
Energy (Panel on Hydro-
power)

#) Classified not so clear.




SYSTEM PROPOSED BY OLADE FOR THE LATIN AMERICAN REGION AND THE CARIBBEAN

POWER RANGE HELD
(kW) (metree)
LOW MEDTIUNM HIGE
icro bhydro-power
ations wp to 50 less than| 15~50 |more than
15 50
i hydro power 50 - 500 less than| 20-100 { more thani
20 100
mall hydro power 500-5, 000 less than ' more than
25 . 130
NCOTES:
- The low, medium and high heads correspond approximately to the employ-
ment of Axial, Prancis or Michell-Banki, and Pelton turbines, res-
pectively.

- "Small hydro electric power stations" also covers all plants with
outputs of less than 5,000 kW. '

The upper and lower head and output iimits adopted for any classifi=-
cation are indicative only and should not be rigidly applied.

For very small outputs, generally less than 5 kW., and where the
water resources and characteristics of the country justify it, the use of
water wheels, particularly for direct mechanical power, is also possible.

b) According +o intake
= rm of river (lateral intake from a main watercourse);
= with reservoir or dam.

¢} According to its regulation
- adjustable flow (comtrol of ithe flow at the turbine imtake) -
this may be either manual or antoma.t;c“
= constant load, whether because of the actual nature of the
load or through dissipation of the excess energy.

d) According to ite links %o the grid
= isolated plants;




e)
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plants conncected to small electrical grids;

plants connected to major zonal or national networks.

According 4o technological conception
This is an indicative classification based on the nature of the main
tecinological components of the plamt.

plants with conventional technology. This means quality civil
engineering works for the intake, canal and forebays; silt basin
at the intake, steel piping, expensive electro-mechanical equip-
ment constructed to strict material and manufacturing criteria,
fully instrumented switchboards.

plants using non=conventional technology. Often use intakes from
existing irrigation canals which are improved, the forebay in-
stalled in line on the canal and incorperating the silt basin,
electro-mechanical equipment designed and constructed with tech-
nelogies appropriate to the country's level of industrial deve-
lopment and the availability of local materials, standardized
equipment, modular switchboards with minimum instyrumentation.




FISURE 1 SCEEMATIC DIAGRANMS OF MIKI EYDRC POWER STAMIONS (MHG)
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FIGURE 3 GENERAL DIAGRANM OF INTAKE
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FISURE & GENERAL DIAGRAM OF 4 TYPICA.I; POREBAY
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FIGURE 6
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FIGUFE T TVYFICAL POWER HOUSE
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ADVANTAGES AND LIMITATIONS OF MHG

One of the main elements in any policy for developing MEG as

gsources of energy is how to make the most of their specific advane

tages and overcome their limitaticns.

Below are given some of the

outstanding characteristics in this respect, although they should

not be takem as absolute.

ADVANTAGES

LIMITATICNS

Solution to problems of growing
and difficulties in the supply
of fuel, particularly in rural
and isolated areas.

Belps to promote socio-economic
and cultural development in the
rural environment.

Technologies available that only
require adaptation to specific
conditions and in order to ree
duce costs.

Low operating costs.

Cheap and simpls maintenance.,”
Long service life.

Little or.no envirocrmental
impact; better control of the
hydranlic system.

Can be compatible with the use
of the water for other purposes
(irrigation, drinking water, etc.
thereby improving investment.

High unit investment cost per
installed kW.

High cost of studies in relation
10 overall investments.
Utilization dependent upon the
availability of hydraulic re-
sources near the points of demand.
It is necessary to sclve possible
contradictions in the priorities
of use of water, particularly for
irrigation.’

Power production may be affected
by meteorclogical and seasonal
conditions.

Continuity of operation depends
on the technological characteris-
tics of the installations, an an
adequate economic productive baeis
for the use of the power generated
and on adequate institutional
arrangements for administration,
cperation and maintenance.

The gpecific advantages of MHG open up enormous possibilities

of applieation.

Their disadvantages may be grouped under two funda-

mental problems: <the investment required per installed kW and the
prospects for the continued operation of the plants installed.

Figure Ro. &8

ghows in achematic form the causes of these problems

and outlines some of the solutions which can be considered when

drewing up development policies.
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COMPARISON WITH ALTERNATIVE SYSTEMS

It is not proposed in this chapter to determine the absolute
advantages of one or octher power sys:em, but rather to establish in
qualitative form, without proposing methodologies for quantitative
analysis, the main elements and critzria for comparing the alter-
natives.

Often when making comparative analyses of MHC and cther alter—-
native systems certain disadvantages, real or supposed, of the MHUG
are assumed a priori and the economic evaluations of alternatives
are frequently distorted by cver-conservative indices.

It is not claimed that MHG are the "best™ solution, only that
there are appropriate solutions for each case, which are determined
by making a comparative analysis of the various alternatives.

EXTENSION OF AN EXISTING GRID

The question of whether to install an MHG or extend an existing
grid (EEG) is mainly one of economic comparison, particularly as
regards the investment required. The following are some of the

elements which must be taken into consideration in such a comparative
analysis:




MI H. G.

E.E.G.

CIVIL WORKS

(intake, conduction system, forebay,
penstock, pcwer house, accesscries,
etc. )

ELECTRO-MECHANICAL EQUIPMENT

( Turbine, regulator, generator,
switchboard, etc.)

TRANSFORMING

To medium tension; not always
necessary (Transformer)
TRANSMISSION AND DISTRIBUTICON LINE
From the machine room to the point
of consumption; small distance (low
or medium tension, voltage reduction
for distribution and consumption)

CIVIL WORKS

(Sub=station, switching area)

TRANSFORMING
From high to mediur tension

(transformers, switcaboard, etc.)

TRANSMISSION AND DISTRIBUTION LINE
Medium vtension from the sub-station
to the point of consumption, voltage
reduction for distribution and

consumption

The advantages of one or other alternmative are given by the
characteristics of the application, i.e. the greater or lesser

importance or magnitude of a given parameter determines the come
parative advantages of installing MHGC or extending an existing

network EEG.
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COMPARATIVE ADVANTAGE

GREATER IMPORTANCE  LESSER IMPORTANCE
PARAMETER OR NAGKITUDE OF OR MAGKITUDE OF
PARAMETER PARAMETER

- Distance from point of con= MHG EEGC
sumption to existing metwork '
= Digtance from point of con=- EEG MHG
sumption to site of
water offiake )power-related

factor)
Quantity of energy to be EEG 4 MHG
provided
= Load factor MHG EEG
-~ Importance of reliability of EEG ) MHG
supply
= Uneven terrain MHG EEG
= Availability of small=-scale MHG EEG

economically harnessable hydro=
power resources

« Availability of energy EEG MHG
= Prospects of community MHG EEG
participstion

COMBINING MHG AND EEG
It is posaible tc combine MHGC and EEG in situations such ass

- In countries with abundant smallescale hydreulic resources, densely popu=
lated and highly electrified.
= Possibility of using irrigation and water control dams for power purposes

in placed near the grid where demand for electricity in the proximity of
the dam is only small.

= . Countrivs over—dependent on imported fossil fuels for gemerating elec-
tricity and with abundant small-scale hydro power resources availabdle.

- Progressive development of electrification :.n several rural locaiities,
beginning with the installation of an MHG and later supplemented by EEG
when justified by the growth in demand.
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4.2. THERMAL UNITS

Diesel engines - or for smaller needs, gasoline engines (0OTIO
cycle) = are usually used for generating eleciricity.

These were traditionally the main altermative to MHG and their very
widespread use was due to:

= Low cost of fuel and lubricants
= Low cost of acquisition

- Ease of installation

= Simplicity of operatiocu

With the ending of power systems based on the low cost of
hydrocarbons, these units in many cases cease to be a valid alter-
native way of providing power in rural areas. Also small scale
stean power stations cperating ranking cycle can be employed to
generste electricity, frequently utilizing waste combustable
materials or even coal when it is easily available and chLeap,
such as in cocal mines.
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ADVANTAGES ARD DISADVARTAGES OF THERMAL UNITS AS COMPARED WITE MHG

ADVANTAGES DISADVANTAGES
= Smaller invesiments ~ High and increasing cost of
~ BEase of installation fuels and lubricants,
= Simplicity of operation - Expensive to maintain and repair,
= Fewer studies needed for their « Need more highly skilled maine
installation tenance and repair staff.

= Require imported and difficult
t0 obtain spare parts.

- Little prospect of developing

_ local production of motors:

= Short service life (5-8 years)

= Contribute to environmental
pollution.

= Help to increase demand for oil.

Econamic ccmparisons of the two alternatives « Thermal Units or MHG -
are frequently distorted by the fact that in some countries the prices of
0il and its derivatives are subsidized. In such cases the micro-—economic
analysis must be corrected by macro—economic factors derived from the true
cost of the fuels.

At the present time the main cases in which the employment of small
thermal units is appropriate are as follows:

= As emergency or reserve units.
« In isolated areas where there are no easily harmessable hydraulical
resources and the extensicn of transmission lines is not justified.
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4.3 OTHER RENEWABLE SOURCES OF ENERGY

The various renewable sources of energy offer walid alternative
power supplies for rural development. However, in most cases they are
not substitutes for MHG, either because of the terminal form of the
energy supplied (direct mechanical energy or source of heat) or, even

- if they can produce eleciric power, their uses can usually be Justified

economically only for very small power loads.

The advantages of MHG over other renewable sources of energy may

be summarized as follows:

- Easy adaptation for producing electric power.

- lower unit costs of invesimemrt per unit of
useful energy.

= Mature and proven technoclogy.

As regards the specific characteristics of the main aliernative
sources of energy, the following may be said:

a) Direct solar energy

Its mein field of application in the countries of the third world
N is for heating and drying needs.

As regards its passive use, its rcle is particularly important in
environmental heating through appropriate architectural designs.

Solar energy can be hammessed for the direct production of electricity
through the use of thermal units operating with the Rankine steam cycle,
which inveolve very high inmitial investment costs and very low efficiency.

Photovoltaic cells are also used for <he direct conversion of sclar radia-
ticn into elecirical energy, but in the third world their utilization is
only justified for the production of energy needed in small quantities
and for highly specialized applications as they do not yet constitute a

theap scurce of energy.




b) Wind power

Although wind power is mainly used for pumping water from the sub-
soil, it has many other applications as well and there is even a2 commer-
cial production of windmills for the gemeration of electricity.

In general they provide an alternative to MHGC for the under 10 kW
power range. ‘

¢) Bioenergy

Biogas production has great advantages, not only as a source of
energy but also in regard to its capacity for the production of fertilizers
and its positive impact on health and the environment.

Its main uses as a source of power are in the form of heat for
lighting, cocking and the like. It can also be used to fuel properly -
adapted combustion enp'.nes', a use for which it is also competitive with
MHG in the lower power ranges.

Also pyrolisis processes and alcohel can be interesting sources of
bioenergy to operate small thermal units.

d) Geothermal energy

Whers the rescurce is available geothermal energy can also he em=
ployed to generate electricity, however, this is most frequently applied
in medium or large power stations, evem though it is also possible to
utilize geocthermal energy for small units.
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5. DEVELOPMENT OF MHG

5.1. POSSIBILITIES OF APPLICATICK

Before carrying ocut specific projects to promote the development of
NEG in e given countcy, it is necessery to determine, at least qualitatively
or with a few quantitative elements, the nature and magnitude of the problems
to0 be solved by using MHG, to ascertain, tentatively, the existence of
. small=scale hydraulic resources and to have an over-all assessment of nhational
capacities in order to initiate their development.

PROBLINS 0 XX SCLYED WITX MG

PECBLIX OR D ELENENTE FOR ARALYSIS

% FROVIIE RNERIY FOR THE RURAL
BYDODT, TECLUDING SMALL 7
IXBUSTETES DSVELOPRENT " sitwations orders of magnituds of
the prodlea
Asernatives
For what purposs?
- % iwprowe living conditions
- %o dewniop fare industry
- %o devalep small industirics
{fertilisere, samills, stc.)
- JYor mining dewelopment
%o dewelep haadicrafts
- Por irrigstion ond drainage
by pumping
- Buoation and eulture
hlltl_

Sitwntion with ragurd to tie wse of

tharmal gromps for gumarsting power,
e of pritrolom darivatives for
sssitiag, lighting or hasting.
Hhe eewntry'es situation with regurd
to the preduction and importation
of hydreosrbenn; ordars of sagni~
suda, prospects apd limitations in
sepisoing then.

PEEILIG OR KEED EINENTS FOR ANALYSIS
Sransporting bydrosarbons tc rural
areas.
Iaplications of wsing thermal -
oquipaent {cost, useful life,
supplying fusl, maintensmcs md
repaire, etc.).
Eresion of soil.
Eydraulie control.
Deforestation.
Peliwtsen.
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ASCERTADIING THE EXISTENCE OF SMALL-SCALE FIDRO PONER POTEXTIAL

WEE CiF K& USED FOR NHO

POTEXTIAL

ELDMENTE FOR ANALYSIS

AVAILABILI?Y CPF KIXEO
FONER RESCURCIS

LOCATION OF EXIRO RESOURCES
X RELATION 70 IBDMAND

ACCESSIBILITY OF
AVAILABLE RESCURCIS

POSSIEILITIIS oF
NULZIPLE UsE

Qualitative assessmext of:

a) Precipitations and bydrology { flow)

b) Terrain (asads)

o) Geological and qualitativa geo~
unhlod.ni characteristics of
tha territory.

Estimate (if possihle) of the order

of sagaitude of the potential.

Analymis by areas or regions.

It sheuld be borns in nind that for
isolsted MED or thomse which are & part
of small grids, use of hydrc power
shsuld be close to the losation of
demand. Potexmtial abould be estimsted
in arvus which are closs to the demand,
szmept for NEGC wbich are imtseroomnected
with larger grids.

« Cesmmication

e Osographic accidents
= Cliaste

= Jsalthinsss

e Irrigmiionr, wes of existing
wgteTvays.

= Use of eximting dams.

= Hultiple projects (irrigation
and emergy).

RATINUN UTILIZATICN OF RATIONAL CAPACITIES POR DEVELOPING MNO

CAPACITIES

ELDEFTS FOR AXALYSIS

OTER=ALL EVALUATION OF
RESOURCES AXD IERAXD

PITPARATION OF PEE-
IEVESTOINY STUDIES

INSTITOTIONIL OEQANTZATION

CPERATIN 4D XAINTEXIECE

BAUN Xrsouxcrs
TEMOLCY

SUPPLYING ZQUIPGEYT

Orgenisstion, ssperiencs

Institutions, studies which hawe been
sarried ewt, orgunisation.

Institutiona, asdvisers ablea to prepare
projests and dewelop amgineering;
exnori enan.

Awailability, Zinancial institutions,
external sources.

Elesirical exserprises md their
aotivities in rural amas. Mumicipal
ad cowepavutive enterprises. Private
prodatera, cemwunal participation;
traditions and experience.

Experienca, small comtrartors, cone
trecting firms, emterprises; seterials.
Organissiion of operstion and sain=
tenamoe.

Awveilability at all levels. .
Awvailakility, cepacities for deve-
lopeent and adapration, informstion.
Ixperience in acgquiring technologies.
Existing or potamtial produstion,
_imperts, infamstien.
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After analysing energy needs, the availability of hydrc power rescurces
and the national capacities, a policy decision must be taken as tc whether
+he implementation of MHG should be encouraged or not, in which connexion
the following should be borme in mind:

- It should rely on such information as is available and not wait fer
the preparation of ad hoc studies; consequently, the decision will
be based on fundamentally gualitative elements and on very appro—

ximate quantitative elements. Together with the process of planning
the developmemt of MHG, studies must be carried out to define the
scope of a development programme, as well as any possible corrections
of the policy which has been adopted.

- It should be borme in mind that there may be territorial distinetions
within a couniry concerning the development of MHG, depending on the
availability of hydranlic resources and the energy needs which have
o be met.

- The policy decision should be taken with due regard for the time and
context of development priorities in relation to other emergy sources.

- A policy for the development of MHG is absolutely dependent on such
factors as the availability of hydraunlic resources and energy needs.
Naticnal capacities are factors which can facilitate or impede the
development of MHG in a country, but they are not absolute factors,
since they can be changed.

- The development of MEZG calls for integrated actions on various fromts,
- as ic pointed out in the table of naticnal capacities and sumparized
in Figure 9.

- The policy decision to develop MHG should be the basis for the formu-
lation of a sirategy of development and specific pblicies, the elements
of which are analysed in the following section of this chapter.




(M) a—p, PLANNING UNIT , (1)
(B) (F) (D) (a) 3
(4) " |BUNIT FOR THE EVALUATION OF > (1) C) FINANCING UNIT
t { —® RESOURCES AND DEMAND
(ll)‘——qn)rmmmc UNIT < )
|
i “ (a)
ERURAL
DEVELOPMEN'T
UNIT (1)
[} (4) v
S | a) N
F) BQUIPMENT STUDIES AND WORKS CHNOLOGICAL DEVELOPMENT
¢ > UNIT
(H)e—» PRODUCTION IMPLEMENTATION UNIT
UNIT
(p) (4) (F) %)
1):
> OPERATION
UNIT
Fig. 9 BASIC RELATIONSHIP DIAGRAM OF VARIOUS SCHEMATIC UNITS TO BE CONSIDERED

FOR THE DEVELOPMENT OF MHO

—_—
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5.2. ORGANIZAIION OF PLANNING AND PROGRAMMING

Once it hac been decided to develop MEG in the cowntry, it is necessary
to define the following:
a) The recponsible governmental sector (ministry, State secretariat,
Staete imstitution, etc.). In generzl, it will be found within the scope

of the ministry or State secretariat responsible for energy affairs.

) The body respomsible for planning, directing and/or co-ordinating the
development of MHG may be:
- The central planning organ.
= The planning office of the competent ministry or State secretariat.
= The planning department of an enterprise or institute responsible
for energy development.

Within the body responsible for plamning, a unit or section should be
established which will be specifically in charge of developing MHEG separate
from the unit or section dealing with larger hydro power sources. The
- functions of MHG sections or units can be as follows:

=« To propose development policies and strategy.

« To formulate development plans.

= Tp formulate periodic prcgrammes for implementation
(studies on civil engineering works and financing).

« To co=ordinate and supervise the units responsible for
the programmes for evaluating rescurces and demand,
carrying out civil construction works, and operations
of plants.

= To act as an advisory body for MHG development.

= Co-ordination with institutions and enterprises res-
ponsible for financing, technological development, pro-
duction of equipment and training.

= Defining tariffs or the criteria for establishing them.
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Tre compulsory or indicative character of the plan will depend on the
country's social-economic system, its political organization and on whether
there is a greater or lesser participation of the public or the private
sector in the various parts of the implementation of the plan.

Figure 10 gives a diagram of relations in the process of planning
the development of MHG, forming a part of the over—all diagram in Figure
2.

As complementary activities, the unit in charge of planning will be
able to perform the following functionss:

= Keeping records of localities without electricity and a catalogue
of suitable hydraulic resourges, prepared by the body responsible
for evaluating resources and demand. .

« Alternating requests for financing and actions taken by the local
population and deciding whether they can be incorporated in the
implementation programmes.

-~ General negotiations concerning the large—scale purchase of equip=
ment. .

= Co=ordination with communal institutions and organizations which can
promote the development of MHG in their localities.

- Suggesting needs for technological development to the competent
ingtitutions and ewvaluating the use of non=conventiocnal technologies.

= Suggesting institutional schemes for the construction and operation
of MHG.

= Co-ordinzting international technical co-operation.

The first thing to be done in a country where systematic projects to
develop MHG are being undertaken is to prepare a "short-term plan" with &
view to carrying out certain concrete projects while a "development plan"
iz being drawn up which will require studies on the evaluation of energy
needs, the availability of resources and the establisbment of priorities,
and which will also have to promote activities in various fields commected

with tecnnology, the productiocn of equipment, training and financing.
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On the basis of the short=term plan, a one or two=year implementation
programme will be drawn up, of which the following aspects should be con=-
sidered:

-~ Termination of uncompleted works.

= Abandoned works (power stations where civil engineering
work has been begun, having acquired equipment which
has not been installed, etc.).

- BRelocetion of existing equipment in abandoned plants.

- Identified needs (new projects, or 'pro_Jects having
studies).

- Existence of civil engineering works which may reduce
costs (irrigation canals, dams, etc.) and which can
shorten times for implementation.

- Installation of pilot plants to esvaluate technological
alternatives and capacities for implementation.

The development of the short—term pian aud its respective programmes
offers the following advantages:

- It makes it possible tr initiate MHG development projects without
involving any delay due (o the need to prepare a coherent, over—
all plan; on the other hand, it provides sufficient time for drawing
up the davelopment plan.

« It makes it possible to acquire experience which can be used for

. the development plan.

- It makes it possible to develop mature projects.

= It helps to demonstrate the MHG.

= It stimulates the development of communal self=help projects.
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Simultaneously with the preparation and implementation of the shorte
term plan and the programme for its implementation, the planning unit will
have to begin to prepare the "MHG Development Plan", which calls for a series
of preliminary studies and evaluations that will constitute the objective
bagis of the plan.

SKIDIES AND FVALUATICNS FEADED 70 MOSMULLTE THE PLAN

ldensificetion of pepulated and isolated cantres snd
aicro-regions which are ia need of ensrgy develcwent.
(Stwdy emtrusted to, or contracted with, the Unit for
ths Ewvalustion of Rcsources and Demand).

Bwalustion of resources by hydreyrsphic basins ead veter—
shedn {rirst apprexisstion) and spprozisste evaluation
of potemtially sxploitable rescurves in areas clsss to
isclmted poyulated cantres mod aicre-regions (Gecend
spprarisaticn); studies sstrusted to tha Unit for tha
Evalwstion of Basources and Demaxd or cantrastad for
outmids.

Invemtory of existing NEC, evalusticn of thair cendition
and operstional aitustien.

Batinste of potantialities and {inancial acurces.
Dwlustion of available technology amd prospects for ite
devalopmant, sdaptaiion or acguisitien.

Bwnluation of pateatialities for supplying equipment sod
sstorials of eithar maticual or imported origin. Potes~
tial industrial capasities for squipmesnt masmfacturing.
Bwvalumtion of the svailsble exparts for mudics and
enginsering.

Sumary of investeant and opersting cost indices.
Bwaluation of the institutienal situetion mad of sxparts
40 semmtruct end operste NG pessibilities of comwmal
participation.




- 33 -

The plan must likewime take due account of specific policies which

can provide ihe framework for a development strategy. Following are some

suggestions for policies and their possible char teristics, which will

have to be adapted to the conditions of each country.

COIBTATCTION POLICT

Increase in added walws of
produciion by mesns of esta-
blishing rural industries.
Developaent of energyr-
producing activities.

Improving living conditions.
Eealth, cultur:, recrestiom.
PFamping water.

Multiepurpose use of dams.
Developmant of mmall reral
alectricity grida.
Intercomnexion of with
ssticnal petworks or dewe—
lopment of imclated localities.
Position in the comtaxt of
rural development.
Participation of slectrifi=
cation bodies or enterprises
and comsunal participation;
ergmnisstional and entre=
prensurial forme; (mized
awmicipal spterprises, pri-
wate So=cperstivea).
Matriwetien of institutiomal
respensibilitics ameng the
warious activitiss of WEG
dewlopasnt .

Gradual implesemtotion aimed
st the future large=ccals oom=
struoticn of NEG.

Intemxive use of losal aste~
zials and lsdour.

Oos of Rm=comventiomil oone
wtyuction techniquas and
metorial.

Sesit prepertisEa for asaige-
st of ressuress for HiG.
Finmmsing criteria) see-
yeoowerable investasemts and
operaticn finanted by tariffa.
Dwaluation of comsmmal eamtrie
eticns of labour and aaterials.
Uaga of shtaining ertersal
riesasing.

Original of supplien; priority
for aatiensl twpplice.

- Pramoting the developmet

of demeetic productions.
Adapting project engiaecring
work to mstional supplies of
squipsanmt and asterials.
Qaality md eriteria for
sooeptance. Prospectives of
standa-diggticn.

Duteruining equipment sempo-
nante 48 e sMtainst frum

CFERATION AXD
NAINTEIAECE FOLICY

Preacting the dewvalopemnt and
sdsptation of technologies
relating to equipsent and
materials.

Determining chsonels fer
transferring develope: teche
Bology to industry.

Promoting the dewelopment of
BoB~GoBventicnal comstrection
seainslogies.

Deteruining chamals for dise
triduting construction tech-
sologies te project wmits and
communities.

Dsterxining what equipmemt

will be deweloped with local
technologies and whst will
sequire soquisitise of foreign
sachnolegien.

Deternining what seaditions

ero wassceptahle for semtrests
for the scquimition af teche
nology.

v make amergy available to the
inbabitmte of ramste avress with
fov stononic reseurses.

%o ensure the spersticmal can~
tinuity of WHG through funds
darived frem tariffs.

Jazic proportiomality of me-
tional tariff eystems; submidies.
Te promcte the pational wee of
slectric energy.

%e promcte the wee of electric
energy for produstiwe purpeses.
%o train professiomal and tech-
nical cadres for research, pro=
Ject wtudies snd enginseving,
constrection, and eparution of
NRG. .
Equipment technolegy tc be
enployed gust take into oonsi-
darstion usaful life, simplified
preventive saintensnoe, minimise
ssintensncs Tequireeemts, sase
of maintenmnos md vepairs, do-
mestic mmmufacturing of cowponamts,
stocks of spare parts, eic.
%o orgsniss regicoal maimtensnos
aguads.
Truining opsrators of rwral origin
in prevemiive saintensscs.
Establiah abop facilities for
repairs md reosostruction of
oquipmeTt .
%o premots the participstiom of

_dsual populstion i the muine




FIGURE 10 PLANNING UNIT FOR THE DEVELOPMENT OF MHG
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5.3. OVER--ALL EVALUATION OF RESOURCES AND DEMAND
This is one of the principal elements 4o consider when promoting the

construction of MHG in a country, as it is the main frame of reference for
drawing up development plans and implementatior programmes.

GENERAL CONSIDERATICNS FOR TEE OVER-ALL EVALUATICK OF RESOURCES AND DEMAND
FOR MHG

= The over-all evaluaiions are directed toward the study of ihe demand
énd resources for micro-regions and basins and do not go into the
studies of specific projects in detzil.

« When considering the development of MHG in micro-regions or isclated
localities, it must nct be forgotten that the over-all evaluation of
demand and resources for energy are closely connected, in geographic
+erms, because of the limitations of the distance over which low and
medium=tension current can be transmitted.

= When attemptirg to connect MHG to existing networks, the geographical
link should be egtablished between the area where +¢he hydraulic re-

" sources are found, and the transmission lines to which it is planned
to comnect wWith.

It is very important to distinguish between the over-all evaluation of
sources and demand and evaluations which are made for studying specific
projects.
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DISTINCTIONS BETWEEN OVER-ALL EVALUATION AND EVALUATIONS FOR

SPECIFIC PROJECTS

OVER~-ALL

= Is needed for the formulation
of MHG development plans and
programmes.

needs of a micro=region or

= Study of exploitable resources
in a basin or dip, with a
preliminary list of specific
projects.

= General, extensive and milti-
disciplinary studies to evaluate
resources, including:
Hydrology
Ecology

Geology
Gectechnics
Availability of aggregates

= The evaluation of the over-all
demand in an area must be integral
and statistical in nature.

= Study of the overwall energy -

SPECIFIC

Is needed for studies of indi-
vidual projects.

Study of the energy needs of a

locality or population group which
-+

(1

i o serve with specific
projects *
Study of the resources for a

gpecific project.

Detailed studies of a project,
reduced to an absolute minimum in
order not to increase pre-invesiment
costs:

-~ Water gauging (flow measurements)

- Geotechnics (punctual and appro-

ximate)

- Topography
The evaluation of demand must be
based on a detailed investigation of
the localities cormected with the
project.
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Section T7.l. refers to the evaluation needs for specific procjec<s.

Depending on the lozal conditions in each country, the over-all
evaluation of resources and demand should be made by an ad hoc technical
unit, which should be responsible to the unit in charge of MHG planning;
alternatively, these functions can be entrusted to some instituvtion which
specializes in evaluating natural resources or in hydrology. Consideration
could alsoc be given to0 having these funciions carried out by a specialized
unit of some firm engaged in electrical development.

If there are any limitations with respect to the institutional organi-
zation for the over-=all evaluation, consideration might be given to hiring
specialized advisers under the supervision of the plamning unit.

The unit in charge of t+he over-=all evaluations will have the following
main functions:

FUNCTIONS OF THE UNIT FOR THE OVER-ALL EVALUATION
OF RESOURCES AND DEMAND )

= ldentifying and evalwating existing MHG.

- Assigning priorities to the areas to be evalusted in co—ordination
with the Plamning Unit.

= Carrying out evaluation studies of basins, sub=basins and water
sheds by direct methods or mathematical models.

= Evalusting energy development needs and potentiel in rural areas.

- Idemtifying specific MHG projects and suggesting priorities for
their development.
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Below is & typical flow chert of the activities of overeall evaluation:

IDENTIFYING AKD
INVENTORY OF IDENTIFYING MICRO-REGIONS
EXTSTING MHG AND ISOLATED LOCALITIES CLASS G BASIES
- AND SUB-BASINS )
L 4 . -

PRIORITIES FOR ARZAS FOR MAKING AN
OVER-ALL EVALUATION

. |

OVER~ALL EVALUATION OF
WEEDS AND DEMANDS
IN EACE AREA

OVER-ALL EVALUATION OF
RESQURCES IN EACH AREA

IDENTIFYING
SPECIFIC
PROJECTS

l

PRELIMINARY
» FPRIORITIES
FOR" PROJECTS




The outlines suggested for evaluating resources and demand should not be
applied mechanically in ary country whatsoever, since there are special condi=~
+ions in every c¢case which call for an individual apprcach based on:

- The characterietics and distribution of =mall scale
hydraulic resources.

- The relative importance of MHC in rural development.

- The existence of inetitutions, statistics, studies and
technical cadres for carrying out evaluation activities.

Some characteristice activities for over-all evaluation must have, are
described below.

a) Invemtory of existing MHG

This consists of identifying existing and projected plants.

It is reccmmended that special evaluation forms should be prepared in order
to record the following datas

- Dgta concerning the location.

- Bydrological dgta and an appraisal of the basin.

- Bamic specifications of the power station and its mair eguipment
(capacities, head, flow, type of turbines, piping, generators, etc.).

- State of preservation (for existing plants).

- Data concerning service and the population supplied, including
characteristics of demand and types of comsumption.

The inventory constitutes a useful tool for organizing plans and programmes,
both when evalusting the state of development of the MEG and when determining
short=term activities for re-adapting, relocating and continuing projects, as
well as for determing the country's own reference indices.

Thie inventory can be used for studying other existing energy sources,
especially with regard to the extemsion of existing electrical networks and
thermel power statioms whichk have been installed.
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Cne example of possible evaluation forms for recording data on MHC units.
is shown in Figure 11.

Figure 11 Form for MHG Units Data Sheet

Name of the MGH Units:

(1) (1) (1) Location
Locations

(1) Define according to political-administrative devision of the country.

[BASIK SUB-BASIN WATERSHED
2)

Capacity Area (km Mmim3D3i1 Man'.mum3F1aod Multi=year
Flow (m°/ secg Flow (m”/sec) Average Flow

(m”/sec)

(2) Altermetively indicating basin or sub-basin data.

Status of the MHG Unit: Existing  Under construction Projected
Condition of the MGH Unit: Good Bad In-operative
Status of the Networks: Existing Under construction Projected
Condition of the Networks: Good Bad In-cperstive

Power installed or to be installed (kW) (3):
Maximum Demand Foreseen (kWW):

Annual Energy Mean {kWh): -
Kind of Turbines
Design Flow (m3/sec)= -
Gross head (m) (4):

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

of head utilization in the turbine.
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Population Served:

Number of Consumers:

Use of electric emerzy (%)

Public Household Commercial Industrial Irrigation Mining Others
Ligating

Others (Explain):

Productive activities using electric energy (Detailed: carpentry, bakery,
.brick-making, etc.)

OBSERVATIORS:

(b) Identifying and claseifying basine and sub=basins

This is a preliminary approximation based on office work on geographic and or
topographical maps and on existing hydrographic evalugtions.

It includes the approximate determination of the hydrographic and physical
parameters of the country's basins and sub-basing, either on the basis of mea=
surements and studies which have been carried out of by inference with mathematical
models-

Thie study may be extended to the systems of watersheds belonging to a sub=

V basin by establishine correlation parameters when determining run—offs.
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This study will lead to the need for preparing hydrological studies for
specific basins and sub=basins, where the hydrological data call for grester
reliability.

I+ is necessary to draw up ciiteria for geographic correlation with
respect to the micro-regions and isolated localities which are identified.

¢) Identifying micro-regions and isoclated localities

This is a preliminary approximation for determining enmergy needs, based
mainly on existing statistical data which can be obtained from censuses and
regional studies.

Suitably designed files should be prepared in which tc record the prin-
cipal data concerning micro-regions and rural localities with respect to their
populaition, produtive activities and production, communication routes, availa-
bility of supplies, approximate energy requirements, etc. Data for this pre-
liminary evaluation should be restricted to an absolute minimum.

In the process of grouping localities in microeregions, the following
factors should be taken into account: :

- Physical proximity.

- Communications.

- Political and administrative division of the country.

- Location with respect to sub=basine and hydrographic
vwater shed.

~- Economic and social linka

Coneidering that the available statistical information will frequently
not be up to date and will not contain certain elements of information, it
is necessary to prepare mathematical modals of -population growth (or decline)
and correlatiocn indices for determing quamtitative parameters, which should
be checked by field sampling. )

The prepared files should be kept permanently up to date, not only with
regard to time but also with regard to the accuracy of the information.
. (Ome example of possible forms for collecting data concerming micro—regions
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d) Prioritiess to be given tc areas or micro-regions in making the
over—ell evaluation

The information obtained during the three previous stages will provide the
basic elements for assigning priorities t{o the areas where ihe studieé for the
over-=all evaluation will be carried oui, inasmuch as it will hardly be possiblz
or justifiable to evaluate the entire territory of a country simultaneocusly,
becsuse of the following:

- The cost and the limitations of the available financial resocurces.

- The minor significance of certain areas for the development of MEG

because of their hydro-energy potentia; or population deasity.

- The limitations regarding human resourées and institutional experts

to carry out the over-all ewvaluation.

T™is work consists of establishing priorities among areas in order to
prepare a small-scale evaluation of the hydraulic resources in the snb-basins
and hydrographic water shed of the area and an over-all evaluation of the needs
and energy demand of the localities situated in it; in other words, priorities
will be assigned in order to determine those areas which will require more
detailed evaluation studies because of their better possibilities for the
development of MHG, as shown by the preliminary studies for identifying basins
and populations.

Figure 12 Form for Data for the Idemtification of Isolated Centers and
Nicro-nee' ons

Name of Population Center:

Location Datas

(1) (1) (1)

(1) According to the politicaleadministrative division of ithe country.
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DEMAED
{Population Pop. Density (inhab/in®)
No. of abandoned potentials
Domestic Commercial _ Industrial Others
WATER SHED TO WHICH IT BELONGS .
AREA (hnz) KININUM DAILY NAXIMUM FLOOD ARNUAL OR MULTI-YELR

FLOW (mz/sec) FLOW (m3jaec) AVERACE PLOW Lmi/secL

SPECIFICATION ALTERNATIVES

Alternative| Alternative| Alternative|dlternative
1 2 3 4
FALL UTILIZABLE FOR MHG (m)(2)
FLOW UTILIZABLE FOR MHG (m>/sec)
INSTALLABLE POWER FOR MHG UNITS
(kW)

(2) Measured from the intake level up to the minimum utilizable level in the

diacharge.
STATUS OF SERVICE . )
Available elactric service: Yes No
[Kind: BHydraulice Thermal Transmission from larger E.S.
Quality of Service: Good Bad Fair

Tear of installation or intercomnexion:
Lavel of sub-transmismion temsion (kW):

ICondition of Networks: Good Bad Fair

i
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Bydraulic Generation: Exiting Under construction Projected
Condition of MHG Unit: Good Bad In-operative
Installed Power (kW): Max. Demand: Energy (kW):

Available kzad (m):
Utilizable flow (m>/sec):

Digtance from SEPS to population center (km):

Note: 1In case several units exist, indicate the characteristice of each.

Thermal Generstion: Existing Under construction Projected
Condition: Good Bad In=operative

Ingtalled Power (;:w): - Maximum Demand{kW): Energy(kW):
No. of Groups: Potential of each: Kind of Equip.:

Fuel Used: Efficiency (kWh/gal.):

| Generation from cther Elec. System:

Existing Under construction Projected

Line capacity(kW): Length(km)s:
Power of Largest E.S.(k¥W): Total annual Energy{kWh):
Naximum Demand (kW):
Type: Hydranlic:

Thermal Puel Used

Mixed
ROADS SYSTEX
Rosd: Asphalted Paved Unpaved
Teangitability (mos./vr. ):
Distance from other population centers: Center Distance(lkm)
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IRRIGATICN
HNumber: Exigting(E): Projected(P):
Irrigation tatus (E or P) Irrigated Area (km2) Flow (m3/sec)

ECONCMIC ACTIVITIES:

Livestock ( head): (Swine) (Sheep) (Cattle) (Others) (Detail)

Agriculture (Area farmed): (by types of crops=detail.)

Miring: (Type of minerals, reserves, amount exploited):

Agro-industry (Types and production capacities):
Other industries and handicrafts (Detail):

In order to determine these priorities, it is necessary to establish
veighted evaluation criteria which must be co=ordinated with the Flamming Unit.
The following parameters can be considered, however, their weights and values
should be established in connection with the priorities defined by the natiocnal
development plans and gevermment policies.

PARAMETERS FOR ASSIGNING FRIORITIES TO AREAS FOR THE OVER-ALL EVALUATIOR
OF RESOURCES AND WEEDS

- The population which can be served.

- The existence of hyidiraunlic resources.

- The existence of favourable conditions for constructing MHG,
in so far as can be determined from the preliminary studies.

- The area's possibilities for economic development and for the
use of energy for productive purposes.

- The physical interconnexion between localities in the area
and with other regions (road network).

- Posgibilities of inierconnexion with larger systenms.

- Other energy alternmatives

- Possibilities of multiple=purpose development.
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Some of the above-mertioned criteria would hardly come under consideration
in determining priorities, because of the limited information provided by the
preliminary identification studies and inventories.

Tnic stage still does not constitute an adequate basis for the "development
plan" and the "MHG implemenialion programmes" derived from it, but it is certainly
useful for formulating the "short-term plan”, especially in those casec where
posgibilities for projects with special advantages have been specifically iden-
tified.

e) Over—all evaluation of resocurces in each area

The over-all evaluation will focus an the sub-basine and watersheds which
offer the best possibilities and are closely connected with the localities which
are potential users; consequently, it will have 1o be made parallel to and together
with the evaluation study of demani and needs referred to below.

- As was mentioned before, the over-all evaluation studies of the resources
of each area and sach sub=basin which have i10 be analysed may include studies
of hydrology, ecology, geclogy, ge=cmorphology, gectechnics and the availability
of aggrega.toé, the possible scope of which is described in the following para-
graphs. However, it should be repeated that although these evaluations will
_make it possible to identify specific projects, they should aot be made for each
and every project, in order to avoid excessive pre-invesiment costs for the
individual projects. Moreover, the depth and exact detail of the evaluation
will depend on its hydro=energy potential and energy requirements, which in
many cases can be limited to qualitative or spproximate evaluations.

(1) Hydrology

Purpocse = to estimate the flows which can be used for inini power stations,
by generally determining the minimum flows, i.e. flows where there is an 85-95
per cent probability that they will be exceeded on a monthly basis.

Methodological aspects - The minimum flow is generally ascertained on
the basis of flow/duration curves, although they are often hard to determime by
direct methods, Eince in many cases no bydrometric records are available and
it is necessary to resort to indirect methods by determining and applying index
values.
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It is also poasible to establish criteria of comstant similitude between
the sub=basing andi the main basins which will help to generalize the information
that is most likely available for the larger basins, especially for the preci-
pitation/duration and flow/duraticn curves.

The available pluviometric information (precipitation measurements) should
be supplemented by prenaring regression equations of existing ;ia.ta.; moreover, the
hydrometric information which is generally available should be used by applying
interpolation criteria to supplement the flow records. Hydrological models can
also be used when there are no represeniative hrdrological series in the sub-
basing by simulating run-off series for the driainage area in question. One
interesting model which would require scme adaptation faor practical use is the
Norwegian SNFS system in which ths transfer through eack sub~basin is simulated
by a system of tanks.

In the final analysis, the monthly minimum flow or that which is exceeded
95 per cent of the time, assuming the predominant use of "run of river" mini
hydro power stations, can be defined as a percentage of the average cmlti-anmual
flow. It is possible to draw up equations establishing a relation betwean the
anmial average flow or the annual average hydraulic capacity (m3/S/IQn2) (also
known as discharge modulus) and “he corresponding drainage area of the basinm,
which, together with the durstion curves which have been ascertained directly,
makes it possible to define linear expressions for calculating the minimuh
monthly flows.

Daily flows may vary considerably, fince daily minimum values are gene-
rally lower than monthly values. However, they cannot be very accurately pre-
dicted, which would lead to an apparently insoluble problem, considering that
in the case of "run of river" mini hydro stations there is practically no storage. -
In spite of this difficulty, the problem may be irrelevant, inasmuch as the
occurence of daily minimum flows which are less than the monthly ones would affect R
the operation of the plants only temporarily.

Ideally, it would be desirable to have estimates for a minimum period of
three years, concerning the watercourse from which water would be obtained,
although this is only practical for groups of projects in a given basin and not

for a specific mini hydrc power station.
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Relevant information supplied by the local population can also help,
if properly interpreted, to evaluate historical flows, especially with regard
to floods. Maximum flows supply a useful reference point for planning eivil
engineering works, especially with regard to their protection.

(2) Ecology

Purpose - To describe the envircnment in which flora and faunz will dewvelop
in order io determine its effect on project characteristics, building types, and
materials, and egquipment to be used; its effects on prospects for conservation
and, on the other hand, the effect of establighing mini hydro power statioms
on the ecology of the basin or sub=basin.

Methodological aspects = For the reasoms pointed cut above, this kind of
study ie only suitable for evaluating basins and not for evaluating specific
projects; in the letter case, what is needed are merely general comments on the
scological aspects.

Thig will cover the following aspects:
- Climate
- Biological zones
- Scils (from the point of wiew of human use)
- Vegetation
- Fauna
- Bodins of water and aguatic biology.

(3) Geology
Purposs = To determine the basic characteristice and composition of the

Boil and sub=goil of the basin in order to establish some general guidelines
for comstruction, mainly with regard to strnctural and seismic aspects.

Nethedological aspects = It is advisable to undertake studies which apply
t0 basins and sub-basins reather than to specific projects. The most relevant
aapects of such studies are the following:

- ithology (geological formations, using stratigraphical
methods)
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- Structural geology (faults, determining directions of
volcanic activity)

- Seismology (records, probability of earthquakes and
their magnitude).

(4) Geomorphology

Purpose = To study the conformation of the surface of the terrain and
evaluate it with a view to determining, in particular, tie accumulation and
deposit of sediment in the watercourses, while considering its eroding effects
on equipment and the consequent need for suitable plamning for silt basins and
selecting materials for the turbines (mainly rotors and injection systems).

It is also helpful in making a final selection of the site in order to aweid
possible land slides and erosion.

Methodological aspects = The identification of structures on the basis
of gecmorphological maps, mainly with respect to scarps, slopes and valley
bottome (riverbeds); can be applied to the over-all study of basins and sub-
hasins. :

(5) Geofechnics

Purpose = The study of soils with respect to their charscteristics, mecha-
nical properties, stability and water table, mainly in order tc help plan the
construction of hydraulic works.

Methodological aspects = The application of geotechnical studies to basins
and sub=basins is limited, due to the enormous diversity of individual variaticms;
in this cass, therefore, it will be limited to descriptive aspects based on geo-
logical studies.

A geotechnical study is particularly relevant for the study of soils in pose-
sible specific locatioms for civil engineering works, in order to help to select
2inal locations and to define design requirements.

The extent of its use depends on the size of the individual project, both
with »espect to study costs and the risks inhereni in the comstruction work itself.
In the case of mini hydro power stations, gectechnical studies should generally
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be reduced to a minimum, depending on qualitative judgementis, mainly by excava-
4ions and drillings, an approximate estimate of the bearing capacity of the soil
and an estimate of safety factors for designing the intake, forebay, some supporis
for the piping and anchoring the main equipment.

(6) Availability of aggregates

Purpose = To investigate the availability of suitable materials for aggregates
(stone, gravel, sand, etc.), an important factor in reducing the costs of works
and construction processes.

Methodological aspects - A differemtiated study of the existence and charac-
teristice of the principal kinds of materials needed (granular material, riprap
material, quarried material, sand, gravel, etc. ).

f) Over-all evelustion of energy needs and econcmic demands in each arees

As was pointed out in the preceding section, this study should be combined
with an evaluation of the hydro power resources of the area in question in order
t0 ensure its relevance and the subsequent formmlation of specific MHG projects.

This stage calls for a detailed study of the data obtained from a preliminary
identification of micro-regioms and isolated areas through field evaluation sur-
veys, which, however, should be kept at a general and statistical level when
describing the characteristics of each locality.

I+ ie mecessary to keep an extemsive data file for each locality and to
prepare card indexes for micro-regions or groups of localities which can be .inte-
grated into a small grid.

'.!.he' social-economic analysis of each locality can cover the points described
below. However, it should be borme in mind that this analysis can be more limited
and that some elements can be left for consideration in studies of specific pro-
Jects or else simply disregarded.

SCOPE OF THE SOCIAL~ECONONIC ANALYSIS OF IOCALITIES

POPULATIOR Fumber, size of families, breakdown by activities,
income, cultural levels, etc. Typification of the
possible levels of satisfying energy needs. Historical




- 52 -

information about growth (or s%ignaticn); migraticns.

Forecasts of growth (estimates), forecast of rise in
the indices of energy needs (estimates).

ECQNOMIC ACTIVITES Description of existing productive and supporting
activities; economic impact. Potential of the area.

Identifying projects in energy-consuming activities.

Requirements for project implementation: <time limits.

TRANSPORT AND Transport systems ( perscnnel and goods); highways, -
COMMUNICATICNS postal system, telecommunications, etc.

SERVICES Drinking water, drainage, energy supplies; trade.

EDUCATICH Schools and cnl't;u.ral activities; educational needs and

their specific energy requirements.

PHYSICAL DESCRIPTION Geographic location, distance, physical description

OF THE LOCALITY (streets, distances, types of comstruction, etc.).

Te social-econcmic amalysis should provide the basic data for each locality,
80 that the requirements and potential for electricity consumption and the required
installed capacity can be determined by using indices.

In this stage of over-all evaluation, it is possible tc determine only appro-
ximate requirements of installed capacity on the basis of indices, which will be
nacessary for formulating specific projects.

In addition, preliminary evaluations of energy consumption can be made for
various kinds of consumption:

- Househole

-  Public lighting

- Economically productive activities

=  Miscellanecus (health, education, culture; social,

political and religious activities, etc.).

I+ is also possible o0 estimate approximate periods of daily use for each
category and its seasonal variationa. The proposed additicnal analyais provides
the necessary data to determine required installed capacity and demand at the pre-
feagiblity level for studies of specific prcjects.
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g£) Identifving specific rrojects

Because of the inter-action between alternative MHG projects which can be
defined from the over-all evaluation of rescurces, together with the evaluation
of needs and demand in all the localities of an area, it is possible to deter-
mine and define in approximate terms {hose series of projects which can meet
the bagic energy needs of the population at minimum cost. For this purpose it
is necessary to consider the following factors:

CONSIDERATIONS FOR IDENTIFYING MHG PROJECTS

- The point to which it is economically justifiable to organize
groups of localities to form small inter—connec*ed medium-tension
grids, depending on their extemsion and the topographic characteristics
or the area.

- To eelect those projects of relatively greater capacity which can
eccnomically replace several less smaller ones.

- According to the topography and characteristics of the site, to
select the type of power mtations with regards to heai; high heads
being more convenient, as they involve smaller investments and emsure
greaier economy of water, although they are subject to more wear-and
tear and the greater water=level losses resource decreases thé avai-
lability of water for other purposes at higher leveis. ‘

- To take acoount of increased requirements of inztalled capacity,

either by over-designing the installations or allowing for enlarge~
ment.

- To anticipate construction problems when defining projects.
- To ascertain asltermative solutions and projects.

- The above-procedure should be supported by field evaluation.

It should be pointed out that the objective in this stage is to try to
define the universe of projects which could meet the basic energy needs of the
area in question by trying to optimize combinations, but the aim is not to es=-
tablish priorities for implementation, which is a part of the next stage.
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k)  Assicning vreliminary priorities to projects

Thig is the fundamental basis for defining the "development plan™ and its
"implementation programmes", which is the responsibility of the Planning Unit.

Weighted evaluation criteria must be established in order to determine the
priorities, while taking due account of economic, technical and social factors;
the following general factors are suggested:

FACTORS FOR ESTABLISHING PRIORITIES FOR THE IMPLEMENTATION OF PROJECTS )

- Size and cost, including cost of transmission lines.

- Population to be serviced; load factors.

- Energy used in productive activities including industrial productien
in relation to energy produced.

- Availability and permanency of the hydraulic resource.

- Possibilities of mutually complementary use in the case of multiple
projects cr possibilities of interference with the use of water for
other purposes.

- Posaibilities of using local labour and materials for comstruction.

- Ponibilitie's of organized participation on the part of the community
by contributing with labour and materials.

- Availability of access roads and road connexions.

- Posgibilities of creating local employment.

- Posgibilities of continuity of service, self-financing of operation
and community support.

- Posmsibilities of supplying equipment, preferably of national origin.

- Engineering requirements and problems involved in the project.

Table 1 illustrates some activities which can be developed in isolated
localities and also shows the approxrimate requirements of installed capacities.
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Taple

Identification of productive activities in isolated localities and the rural

area, which could utilize the energy generated by tne SHPS.

ACTIVITIES

Carpentry shops

Bakeries

Artesmnal activities

Small saw-mills

Sugar can mill

Grain mill

Weaving

Coffee beneficiaries

Qarries

Ice-making

Irrigation pump

Bricke-making

Lodging (20 guests)

Restaurant

Vegetable canning

" Dairy products (butter, cheese)
Milk-procsssers (cooling and pre-evaporaticn)
Silos

Flectrical and mechanical workshops (repairs)
Gasoline pumps

INSTALLED POWER FOR
CONSUMPTION (kW)
5=15
2=-5
1 =2
15 = 30
10 = 20
3-20

0.5 = 6
5- 30
6 - 30
6 - 60
2 - 100

5=15
0.5=5
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Witk this evaluation, it will be possible %o prepare lists of projects
in order of priority which can be used for plamming and programming activities,
although this will not automatically ensure that these projects will be included
in the programmes, Bince the Planning Unit will have to establish other series

of pricrities with respect to questions of regional dewvelopment, rural industrial
development and sectoral policies.
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FIGURE 13 UNIT FOR THE EVALUATION OF RESOURCES AND DEMAND
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5.4. PRE-INVESTMENT STUDIES

In tkis chapter we shall be mainly concerned with pre-investment
studies for specific project, on the basis that studies relating to
over—-all analysis of rescurces and demand have been dealt with in Chapter
5.3., although the dividing line is not always easy to draw, since studies
for specific projects may be related to the process of identifying projects
and establishing priorities.

Specific project studies serve two basic purposes: -
- Technical and economic justification;
- Guidelines for the project's executian.

It may be said that pre-invesiment studies constitute one of the
fundamental differences betwen MHG and larger-size planta, and for this
reascn preparing studies often poses the following problems:

COMNONEST PROBLEMS IN NHG STUDIES

~ High study costs, often amounting to between 30 and 50 per cent
of total investments. '

« Pormal terms of reference not always adequate tc the project's
needs.

= Over-abundart information, processing of data of little signi-
ficance and lack of relevant facts; lack of correlation between
the study and the realities of the project.

= Limited practical value for determining investments required
or for guiding plant constructien.

The above drawbacks can be attributed to the following causes:

BEASQONS

- Uncritical transfer of terms of refersence commonly used for
large hydro=electiric projects.

= BHoutine division ¢f studies into successive phases (pre-feasibility,
feasibility and detailed engineering) without taking account the
aim of the particular study.
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= Formalistic demands and excessive data requirements made by
{inancing institutions.

= Lack of definition of targets enabling proportions {0 be esta-
blished between study costs and total project investment.

= Lack of compichensive studies on resources mnd demand by basins
and micro-regione respectively.

- Limited amount of direct information and excessive processing
of inferred or estimated data.

= Lack of technical and eccnomic manuals on project development.

= Limitations in ccmsultancy systems and in the capacity of public
institutions to carry out studies.

= Little consideration of .technological alternatives.

= Little consideration given to the prospects for participation
by the local population in the project.

It is important that targets be set at the Planning Unit stage regarding
the maximm cost of studies as a percentage of the total investments and
according to the size of the power station. Tnese targets should obviocusly
be mset for each country as part of an approximate calculation of the cost of
the components of the studies and the establishment of their scope. It should
not be forgotten that the studies are a rough guide for future operatioms and
a2 means of protecting the project's total investments; they should comsequently
be kept within reasonszble proportions to prevent their becoming a aigh-risk
investment in tkemselves which could significantly increase total investment
or even lead to the absurd situation where their cost could seriously affect
the project's feasibility.

Definite targets must be set for each country for the maximum cost of
pre=investmant studies with respect to total investments in an MHG, which
in turn will define the ‘studies' scope. In Chapter 7.6 on costs, there is
a reference curve based on the following table, showing that the percentage
cost of studies for smaller power values ought to increase within reascnable
limits.
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POWER IN KILOWATTS % MAXIMUM PERCENTAGE OF TOTAL COST
TO BEE ALLOCATED TO STUDIES
i0 15
100 11
1,000 8

The Bcope of the studies is closely related to the proportion desired
between their costs and total investment and to where the project stands in MHG
development planning, in other words, whether or not comprehensive information
or basins and areas for groups of projects is available - and depending on how
thorough the studies were which determined the specifications of the projects
identified in the over-all evaluations ref.-.mt:i to in 5.3.

Bearing these considerations in mind, we shall offer in the following
paragraphs some general guidelines for preparing pre-investment studies for
the three conventional phases of pre—~feasibility, feasibility and detailed
engineering.

a) Pre-feasibility/Reconnaissance Study

In the came of MGH it is desirable to establish minimum requirements
at this level, and the notion of "pre-~feasibility study" could be replaced
by the concept of a "reconnaissance study", implying something of more
restricted scope.

Cm the other hand, it is useful to ensure in this phase that the data
needed to settle the investment question are available, mo that, if posaidble,
the preparation of a feasibility study will not be essential.

The degree of approximation to a pre—feagibility study will differ
depending on whether the project in question is or is not independent of
the planning and over-all evaluation process, as is shown in the following
tabular summary:
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CHARACTERISTICS OF PRE-FEASIEILITY STUDIES ACCORDING TO

HOW THEY ARE RELATED TO PLANNING AND OVER-ALL EVALUATION

PROJECTS WHICH FORK PART OF THE
PLAF ARD OVER-ALL EVALUALTION OF
RESOURCES LND DEMAED

The decision o carry ocut studies
has been taken at the planning
stage and was based on over-all
evalugtions made; it remains for
the pre~feasibility study to
apalyse altermatives, define plant
specifications, deteymine the
scope of project engineering and
asseps its feasibility prospects.

The o'vez—a.ll evaluation can
contain adequate data on kydroe
logy, the assessment of resources,
energy demand and installed
capacity requirements, so that it
cnly rexaing to assess this data
in a field study, to make some
water guaging (flow mniument)
measurexents and to supplement
information or give more details.

INDEFPERDERT PROJECTS OUTSIDE THE
CONTEXT OF OVER-ALL EVALUATIONS
AND PLANS

If the project looks promising

in & preliminary survey, the
pre-feasibility study can have
the Bcope of the projects plamned;
if not, it should give alterna-
tives and approximations as to
their specifications gnd invest=
ment requirements, and assess the
degirability of going on with the
studies.

Evaluation of resources and
analysis of demand fall within
the scope of the study.

Also of importance will be the size of the project, which will deter—
mine the scope of the pre-feasibility study in proportion to the estimated
investment requirements, and other factors relating to the project's wmize,
as can be meen in the following table, in which power stations are tenta-
“ively separated into two power ranges:




CRALCIERISTICS OF PRE-FEASIBILITY STUDIES

ACCORDING 70 S1ZX OF NEG

LOWER FOMER VALUTS (LESS TEA¥ 100 XV¥)

« Chosking water flews uging indirect
setheis during shart pericds
wod generalising with the
halp of qualitative assessmants.

« Very limited topogrsphical surveys,
or tha elixizaties of these; the
wey of srtinsm setheds for lewelling
Salls.

= Visual asesssment of the Strusture
of the terfain for soastruotism
puIpsses.

« Over-dissssicaing ssd larger safety
sargins taking imto sswsumt grestsy
wamartaiaty fectors.

- Nere somsidaraticu of the wse of
mu=seaventicoal teshnolegien
sending to reducs sosts, evam if
given sargiss csoserning reliakility
ad service 1ifs sust W sacrifiosd.

EITEER POWIR VALULS (CREATIR THAN

100 £M)

Chetking flews threggh measurusents
taken over laag pericds eor
1he use of similarity scdels.

Dotailed tepegraphicsl murveys of
the west relewast areas (imtaks,
chammzl, farubay, fall, pouST BGEss,
tall vase); ocareful determining of
.m hosd and laysut of a pamstesk.

Applying geetscimical setheds to
chock the charamisristiss o the
4orraic in areas whers the main
smstrectien Wik is to take plade.

lLess owmr=diamsioning unl were
seduced safety sargine in view of
meve thareugh studies mxd the
goeuter inverminewt inmwvolved.

less sensiderstion of nome
convintisnal tacimolegies svan
though in mammy cange they wili be
relevamt within this power remge.

These recommendations should of course be regarded as tirends, for
the scope of each individual project must be decided in the light of the
objective characteristics of that project.
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Checklist of pre=feagibilitv studv of MH_E

Summary - a8 synoptic review of zll the essential ‘findings of each paragraphs.

Project background and history

(a) Project sponsor(s})

(b) Project history

(e) Cost of studies and/or investigations already performed

Market and plant capacity
(a) Load demand and market
Its past growth, the estimated future growth, ihe connexion with
the .grid.
(b) Sales forecast and marketing
(i) Competition with other energy resources
(ii) BEstimated anmial sales revenues from power supply
(c) Power astimation
(i) EHydrologic study
(ii) Firm power
(4ii) Secondary power
(iv) Waste water
(d) Determination of installed capacity

Location snd site (including, if appropriate, the geological study, and
estimate of the cost of land and the cost of storage reimbursement)

. Project engineering

(a) Prelininary determination of scope of MHG project
(b) Technology(s) and equipment
(i) Rough estimstie of costs of local and foreign technology
(ii) Rough layocut of proposed equipment and power-house.
Turbine, generstor, gate and valve, auxiliary equipment, etc.
(iii) Rough estimaie of investment of equipment.
(¢) Civil engineering works
(i) Bough layout of instake, conveyance structure andi powerhouse
(ii) BRough estimaste of investment cost of civil engineering works
(local/foreign)

Flant organization and overhead cost
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7. Manpower
(a) Estimated manpower requirement broken down into major
categories of skills )
(b) Estimated annual manpower costs

8. Implementation scheduling
(a) Main construction method and implementaticn time schedule .
(t) Estimate implemertation costs

9. Financial and economic evaluation
(a) Total investment costs
(b) Project financing
(i) Proposed capital structure and proposed financing
(local/foreign)
(ii) Interest
(¢) Production Cost
(d) Pinancial evaluation based on above estimation value
(i) Pay=off period
(ii) Simple rate of return
(iii) Bresk-even point
(iv) 1Intermal rate of retum
(e) ENational eccnomic evaluation
(i) Preliminary tests
(ii) Approximate cost-benefit analysis, using estimated
weights and shadow price (foreign exchange, labour,
capital) '
(iii) Economic industrial deversification
(iv) Bstimate of employment-creation effect
(v) Estimate of foreign exchange savings

b) Feasibility

It is desirable that the pre-feagibility or reconnaissance studies
for MHG cover the elements needed %o take a decision on investments, with

a view to cutting out feasibility studies and proceeding directly to project
engineering studies.

However, feasibility studies are desirable for projects presenting

__doubtful situations on their technical and economic aspects, or whenever ..
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alternatives have tc be compared and as long ac the scale of the project
seeme to call for it.

c) Detail engineerinz

™is should cover the following general aspecis:

SCOPE OF DETAIL ERGINEERING

~ Supplemeniary topographic details.

= Supplementary geotechnical study (when the scale of the
project seems to call for it).

- Final specifications of the project.

= Detailed design of each civil engineering item and
specifications of materials.

« Final specifications of electromechanical and suriliary
equipment; quotations, evaluation of alternetives and
proposed purchases.

- Electrical design of transmission lines and installations.

« Recommendaticns for comstruction, installation and starteup.

~ Implementation schedules end work programme.

In the absence of feasibility studies, the engineering study should
include » supplementary financial eccnomic amalysis dealing with the

following points:

FINANCIAL ARD ECONOMIC SUPPLEMENT TO ENGINEERING STUDIES

= Investment and financing.

= Schedule of payments.

= Personnel requirements.

= Operating and amortization costs.
= Consideration of tariff schemes.

= Analysis of sensitivity of investments.
= Organizational sspects of construction and operation.
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The scope and depth of the engineering studies will also depend on
+he scale of the proposed invesiments; the main features can be classified

as follows:

CHARACTERISTICS OF ENGINEERING STUDIES ACCORDING TO SIZE OF MHG

LOWER POWER RANGES HIGHER POWER RANGER .
(LESS THAN 100 EW) (CREATER THAN 100 XW)

= Less study of detail in design, More study of detail in designm.
details to be mupplemented as

work proceeds.

« Larger safety factors for design. = Smaller safety factors for design.
= Proportionately greater use of = Proportionately lesser use of
local materials. . local materials.
= Drawings commensurate with capa- = Drawings commensurate with capa-
bilities of a construction foreman. bilities of a civil engineer.
- Considerations of price and « Consideratione of reliability
gimplicity will be major items and service life will bs major
in the final selection of equipment. items in the final selection of
' equipment. .
« More extended use of unconventional | -~ More extended use of conventional
technologies. technologies.

= More use of semie-gtandard designs. - More use of "taylor made" designsa.

Standard equipment, including turbines, should be specified and selected
for all MHG stations.

Pre-investment studies of projects can be organized in wvarious ways:

- Projects and engineering section of an Electricity Board or
underiaking respensible for implementing MHG.

- Specialized hydro project imstitution or agency.

- Independent consuliants and experts.

The choice will depend on a country's policies, social and economic
system, and technical capabilities.
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I+ is usually helpful if the Electricity Boerd or enterprise acting
as executive agent for the MHC programme has a projecis and engineering
pection capable of making ihe necessary pre-invesiment studies and of
sub=contracting and cver-seeing studies, when its own project development

capabilities are overloaded.

Contracting good consultants is ofien difficult and the supervising
agency needs a high level of itechnical capability in order to be able to
define the scope of the studies clearly, evaluate coste and check on the
quality of the study contents. The common mistake of developing studies
which contain little substance and & mass of irrelevant imformation shounld

be zveoided.

It is also frequent that some financial institutions establish such
requisites regarding consultants' qualifications and the scope of studies,
that pre-investiment costs tend to be very high and the studies ccntain

formal elements which for the most part are useless for project evaluation
and implementation.




FIGURE 14 UNIT FOR IMPLEMENTATION OF STUDIES AND WORKS

t4) From planning unit

Schedule of capabilities for studies and works

4— ( F)

K ]

From equipment production
wit

i

i

T

Determination of needs for

Determination of needs for

Determination of equipment
and materials requirements

carrying out studies and
vorks

carrying out vorks

Capability o
of carrying out
project

studies

From :
training (D)'“'ﬂ Preparation of
unit gtudies

New

Capability
of implementing
works

(D)

needed

technologies are

No Yes

To
training
wnit
Yes (H) To technological
(H) From techno- development unit
From (D) logical develop-
training ment unit
unit : :
Implementation

Availability
of equipment and
materials

- g9 -

No

To resources and
demand eveluation

unit

™ of works

l

(1)

To operations unit

]
(¥)

To equipment pro;
duction unit



-

- 69 -

5.5. FINANCING
This section will deal with the general problems of financing invest-
ments for MHG, with the emphasics on aspects likely to reduce investment or

its financial and foreign currency requirements.

COMMON PROBLEMS IN MHG FINANCING

= Heavy investment per installed kW.

= Substantial foreign currency requirements.

=« High study costs and irrelevancy of studies tc
operation and implementation of project.

= Individual projects are on too small a scale to be
interesting financially and are expensive to administer
and to evaluate financially.

= Little experience of systems for financing groups of
projects. .

= Difficulties of including national engineering in
pre~investment studies.

= TUneatisfactory schemes for financing national supplies.

« Underestimating potential commnity contributions of
manpower and materials.

= Llack of MHG financing policies.

= Inadequate economic capability of communities.

- Misoonceptions of "rural electrification™ based on
spontaneous development of productive activities
requiring ensrgy.

To deal with the above-mentionmad typical problems, ihe recommsndations
"given in the following table are worth bearing in mind when schemes are
being devised; many of them will be commented on in some detail in this
section,
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GENERAL GUIDELINES FCR IMPROVING FINANCING PROSPECTS OF MHG

= Reduce investment and foreign currency requirements by means
of non-conventional technologies, standardization, national
preduction of equipment and local materials, community parti-
cipation in construction works.

« Increase relevance and reduce cost of pre-investment studies
by over-all assessments of rescurces and demand by zones and
basins, preparation of guidelines for formulation of projects
and design handbooks, eic.

~ Finance groups of related projectis.

= Increase community participation in the building and operation
of plants. »

= Increase the share of national engineering in procjects by
strengthening the engineering capabilities of the institutions
responsible for implamenting MHG projects and giving preference
to suitable domestic conmultants over foreign consultantsa.

« Develop systems for financing national supplies.

- Stimulate community participation in project implementation
by emphasizing this factor in the study of priorities, developing

_ appropriate systems for the financial esvaluation of commnity
contributions and the requirements for technical assistance.

=~ Determine a national MHG financing policy.

= Promote the parallel development of erergy intensive productive
activities.

= Develop guidelines on the rational use of energy.

Special attention should be paid to reducing investment needs including
pre-investment studies, and to reducing foreign currency requirements.
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GENERAL GUIDELINES FOR REDUCING INVESTMENT COSTS AND
FORETIGN CURRENCY REQUISEMENTS

= QOver-=zll evalustion of demand and resources should be broken
down by zones and basins, thus reducing the costs of individual
studies and achieving economies of scale in the multi-disciplinary
study of areas possibly involving a number of preojects.

= Wherever possible, proceed directly from pre-feasibility studies
t0 detail engineering studies.

= Simplify terms of reference of studies and prepare guidelines for
their elaboration.

- Prepare manuzls/handbooks on design.

= Consider using non-conventional technologies and the intensive use
of local materials right from the pre-invesiment study phases.

« Use domestically produced equipment and matericls and, if possible,
nstionally developed or adapted technologies not subject to royalty
payments or large numbers of imported parts. '

= Use standard items of equipment; censider cheaper and shorter-=life
alternatives for low=-power installations.

= Semi~standardization of civil engineering works.

= The use of national engineering in projects helps to save foreign
currency, reduce relative costs and improve adaptation to actual
tonditions in the country.

= Community participation helps to reduce apparent investment and
therefore requires less domestic financing. ‘

To promote the development of MHG projects, appropriate policies must
be defined, such as metting up an NHG development fund which cen be adminie-
tered by a government-financed agency or by the electricity board or insti=-

. "tution concemed.
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NATIONAL CREDIT INTERNATIONAL CREDIT
LINES \ / / =

MHEG DEVELOPMENT

CONTRIBUTIONS FROM / \ COMMUNITY CONTRIBUTIONS

FNATIONAL BUDGET OR (MATERTALS, SERVICES,
ELECTRICITY DEVELOP- MANPOWER)

MENT UNDERTAKINGS

PROJECTS

MHG financing should be organized along the following lines:

a) International credit lines

A clear distinction is necessary between untied credit lines, such
as some international finance agencies can provide, and tied credit lines
from financial institutions in countries wishing to promote their equipw
ment and engineering sales via financial promotion.

Tied credits are satisfactory provided that the elements concerned
are not produced domestically and after analysis of their techmical
characteristics, pricing and financial conditions has shown them to be
the best option. The temptations of “soft" financing often lead to the
purchase of equipment which is too expensive or inadequate.

Specific credit lines defining some financing condiiions should be
negotiated in order that the financing of groups of projects may be
negotiated subsequently.

The sriteria and temms of reference for studies should be realistic,
and preferably be made known by the publication of guidelines for project

preparation and assessmenti.
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b) National credit lines

These should be used mainly to finance domestically produced supplies

of egquipment and materials.

They can be arranged with agencies concerned with industrial promotion

financing.

Credit lines for site develorment and works can be arranged with agencies
concerned with rural promotion finamcing.

c) Contributions from national budgets or electiricity
developmeni undertakings.

»
In the light of the development plans and their annual implementation
programmes of MHG, resources could be allocated under given proportioms to
the credits obtainable.

Some of the investment finance can be in grant form.

4 proportion of the profits of electricity "lost fund" boards can be
used for financing MHG development.

d) Contridutione from the community
Tnis should be determined during the studies phase.

The community conmtribution should be »egarded as part of the total
investment end therefore needs ‘o be assessed properly.

Community contributions usually consist of unskilled building labour,
materials (mainly aggregates for the civil engineering works) and services
(local caxting, local tremsportation, storage, site, security, etc.).

Where investments are financed on z basis of partial repayments,
financing would be of the nature of a revclving fund.
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However, irrespective of the scheme of investment repayment and even
in the case of cutright grants, projects must earn at least enough to cover
operation and maintenance costs, otherwise the plant may be brought tc a
standstill by the first operating problem to arise or to have its instalila-
tions threatened by eventual damage. 4lso, it would be difficult to devise
a scheme in which permanently non-recoverable contributions went hand in
hand with sustained growth of MHG.

The proportions of financing to come from credits, budget comiributions
and community contributions should be defined in their general terms. Seme
countries adopted a method in which the investment is divided into three
roughly equal parts, the first io be financed by credits, the seccnd by
budget contributions and the third by community centributions.

Invesiment recovery criteria must also be considered in finance policy
in the lighf of tariff possibilities and the aims of rural elsctricity
development. Three typical cases will now be given, but intermediate solu-
tions are possible.

e¢) Outright grants

There is no question of recovering investments; budget contributions
and financing are a matter for the State or the electricity development
board and the tariff systems merely cover operation and maintenance costs.

This system can be used to develop MHG in areas where incomes are very
low, but because of its limited financial capabilities, only relatively few
MHGs could be built.
f) Partial gran

In this case the budget contributions and community contributions are
ofien regarded as part of the grant and the loans obtained are to be paid
via appropriate tariff arrangements.

g) Total recovery of investment

Though ideal financially, it usually proves to be impossible for a
rural electricity development since it greatly hampers implementation
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by restriciing it solely 1o cases in which +he likely income from supplying
electricity will cover czpital amortization and loan service tharges cver

z given periocd.

Schemes of this type can be used for MHG instzlled mainly ic serve

profitable produciive activities, such as mining, agro-indusiry and so on.

FIGURE 15 FINANCING UNIT
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5.6. CONSTRUCTION AND START-UP

Our discussion will deal mainly with the problems and methods of
canstruction as they relate to such aspects as excavation work, civil
engineering, the installation of electromechanical systems and equipment,
and the actual starting-up of the plant. '

Cf all the various types of altermative scurces of energy, MHG pose
the most exacting cenmstiruction requirements because of the relatively
large scale of the building operations and the considerable size of the

instullaticns.
The construction processes will vary according tos

- The planned installed power;

- The nature of the terrain;

-~ T™he location of the site; .

= e mode in which the plant is to be used
(independently or inter-connected);

- The availability and skilles level of labour;

- The construction technology;

- The ease of access and transport;

- The technological sophistication of the equipment;

- The climate;

- Particular factors in the case of multi=-purpose projects.

The construction process may be represented, in simplified terms,
by the flowing flowchart, whose elements are analysed in the discussion
thereafter.
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a) Revision of studies and inspection

The office responsible for carrying out the project (this office may
be a part of the electricity board of enterprise) must first of all define
+he areas of responsibility for the management and supervision of the

project.

The next step will be a revision of the studies and a site inspection
concentrating on characteristics, specifications, and constructior guidelines.

The task of revision may be entrusted to independent professionals or
consultants if sufficient trained pérsonnel of this kind are not available
or when a project is designed for direct implementation under the auspices

cf a municipal gevermment or private firm,
t

t) Acguisition of basic ecuipment

Considering the possibility of problems with delivery schedules,
arrangements should be made for the acquisition of the eguipment as soon
as the revision of the studies has been concluded. In some cases, these
arrangements may be begun as early as the engineering study stage.-

. The heading '"basi: equipment" normally covers such items as the
{turbines, speed regulators, gererators, main valves, electrical control
panels, and transformers. It may also include electrical materials and
pressure tubing, together with the related accessories.

c) c i. . .!] I] X > -I

This co-ordination is required in order to determine the modalities
ané time-~tables of the release of funds for the various stages scheduled
in the Project Construction Programme. At the community level, this co=
oréination may a2lso be tied in with co-ordinaticn of disbursements and
community contributions. In additicn, the procurement of the equipment

must be co=ordinated with the financing unit.




-T9 -

¢) Co=ordinatior of comnunity suppert

Specific areas of possible co=operaticn must be identified as early
as +the study andéd implementation=decision stage. Co=ordination is required,
prior to the commencement cf caonsiruciion, in order to produce some sort
of formal agreement witih the communitly covering, among otner things, the

following points:

- Manpower: +types and number of man=hours for each phuse of
construction; supervisory responsibilities;

- Materials: (generally inert filler materizls such as stcne
and sand, wooé for formwork, etc.); guantities, loceticr, eic.;

- Services: (transyort, storage and warehousing cf materiuls,
persannzl transport facilities, provision for security, etc.);

definition cf responsibilities.

Depending on the type of social organization and the tradiiions of the
country, such agreements will be concluded with the most representative
authorities capable of mobilizing the support required. These authorities
may be community leaders, the senior officials of co=-operative organizations,
or the members of the municipal government. It is also essential to make
certain that these agreements are brought to the attention of the local
citizens and are supported by them. '

e) Construction programme

The 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 principzlly of the tentative nature
of the studies, the logistic problems inherent in any project which involves
only 2 minimum of adminisirative apparatus, and the difficultires that fre=-
quently arise, with respect tc organization and adherence io progress sche-
dules, in activities in which there is an element cf relatively volunmiary

community participation.
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QUESTIONS TO EE CONSIDERED IN PROJECT CONSTRUCTICN PROGRAMMES

- Zxcessively detailed programmes should be aveided, and
programmes should be limited tc¢ a discussion of the
principal elements only.

- The plarming should include sufficient latitude for
unforeseen developmenis, particularly with regard to design
modifications, supplies, and work to be performed by the
community. -

- Preference should be given to the use of logical systems
for the progress time=tables as a means of clearly defining
+he "critical paths", but with only the . principal events
considered.

- In prcgraaming the vork 1c be performed by the lecal community,
censideration should be given to the possibility of interference
witl other aciivities requiring the attention of the inhabitants,
surticularly during the planting uand harvest seasons.

- Arrangenents should be made for technical support to neet
requirenents arising out of unforeseen design changes,
particularly with respect to civil engineering.

- In planning for the transport of materials and equipment from
outside the arsa, consideration should be given to possible
problems of access, especially during the rainy season.

- The modes by which materials are to be hauled should ve the
subject of advamce planning, particularly when draught animals
are to be used.

- 411 work-related responsibilities must be set forth in the

programme.

f) Personnel recruitment and organization of community suppcrt -

The basic construction team may be crganized aleng the following lines:

=  Cne supervisor (generally an engineer, whc may be in charge

of more than one project);

- Cne site constructicn foreman;

- Skilled workers (masons, carpenters, etc.);

- Unskilled workers.
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Tne supervisor engineer normally reporis tc the office responsibie

for the implementation of the project.

Tne construction foreman is frequenily 2 contractor in charge of
his ovn crew of skilled workers; the unskilled work force is provided
by the local community. In situations of this kind, provision must be
made for the prevention of any conflicts of responsibility between the
contrattor and the community. )

In organizing community support, specific personnel should be
assigned 1o the construction manager.

The installation phase will require a supervisory engineer (mecha-
nical or electrical) at the head of a team which might consist of:

- One mechanic/fitter;
- One installation electrician;
- Aspistants

The technical installation team will, in many cases, be provided by
the project implementation office. The assistants may be drawn from the '
potential local operators of the plant..

Obviously, these recommendations regarding the compesition of the
construction crews are intended as guidelines only and are sutject to con-
siderable modification depending on the size and particular features ¢f the
project. The gemeral aim should be to keep the technical team to the indis-
pensable minimum, considering that it is 2 major cost factor, particularly
in the case of small plants of less than 50 kW outpui.

It is esgential to remember that the presence in the community, during
the exscution of ithe project, of skilled technicians and workers may give
rise to umusual socio-econcmic situations. The effect of hese situations
may be beneficial, by providing an cpportunity for social and cultural
exchanges, but it may also be negative if the outside personnel fail <o
adapt themselwves to local customs or if, by their behaviour, they create

problems.
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n order to facilitate the participation of local communities in

the project, consideration should be given to the formation of work grours

or brigades, encouraged to fulfil assigned plan objectives.
g)  Excavation

Higher or lower levels of mechanization will be employed, depending
cn the structure and socio=-economic development of the ccuntry and on the
size and characteristics of the project. In the case of MHG, frequent
intensive use c¢f local manpower with lov levels of mechanization is pre-
ferred. On the other hand, it is important to aveid underestimating the
value of the community effort simply because it is not included in the
cash budget, since a frequent error is to fail to provide for a minimum

of mechanization capable of economizing on a2 large mumber of man-hours.

The excavation of the chammel is the major task at this stage.
After this come the intake and the surge chamber with the silt basin and
finally the power house and the penstock support structure.

h) Construction

The civil engineering works pose greater requirements with respect 1o
skilled labour, which may be supplemented through community efforts in the
form of assistanis and perscnnel engaged in hauling the materials, As a
maans of broadening community participation, consideration should be given

to the possibility of training local perscmnel, partienlarly as masons.

The timely transport of materials is one of the most important facters

in zvoiding excessive costs and delays in scheduling.

Depending on the conditions in the country and the nature of the
terrain, the use cof locally aveilable draught animals may be of great im-
crtance. In instances when these animals are used, it is necessary to

arrange Sor the preparation of appropriate paths and to plan carefully

the movement of the loads so as to aveoid interference.

The safety of the perscnnel requires that consideration be given to
their skill levels and experience, and that there be no scrimping on the

use of ithe materials and eguipment 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, ithe experience of the construction
foreman is a critical factor. In the case of wodifications which depend
mainly on the terrain or on existing structures, the views of the local
inhabitants may be very useful.

i) Installation of ecuipment and electrical systems

The installation of the equipment normally requires skilled and
trained personnel. Ievertheless, an effort should be made to0 involve in
this work any local inhsbitants who appear potentially capable of being
trained ae operators, in order that they may become familiar with the
equipment and the installation.

The safety and security of the electrical systems ic a matier of major
importance for the comtimuing good eperstion of the plant and the protection
of its operating personnel. It must be assumed that the plant itself will
not be imspected or repaired with any great frequency.

j) Stert-ur and acceptance trials

In this stage, which is one c¢f traneition to normal plant operationm,
the following points must be kept in mind: '

- The acceptance trials must be standardized in documentary
form according to plant type and size.

- The aztual starteup of the plant mmst be carefully plarmed,
with duties and responsibilities clearly assigned and safety
aspects provided for. The emergency procedures must be clear
and well understood by all those taking part in the trials.

- As part of the start-up operation, the indigenous operators
designated to be responsible for plant operation must be
evalugted and their competence certified.

- I+ is desirable that the suppliers of the main equipment be

present at the start=up of the plant.
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5.7. OPERATION AND MAINTENANCE

In ‘ahe four preceding sections our analysis has been chiefly concerned
with MEG implementation from the point of view of the comprehensive evalua=-
tion of resources and demand, pre-investment studies, financing, construction
and start-up, and indirectly with operation and maintenunce.

In this section, a number of considerations are discussed regarding the
pext phase in the establishment of the NHG, namely its use and en—-going
operation. This phase is, of course, of decisive importamce, since even
projecte which have been efficiently managed throughout their implementation
may fail unless organizational schemes and operating modalities are established
which guarantee the optimal utilization of invested capital.

FREQUENT FROBLEMS IN NEG OPERATION AND MAINTENANCE

- Unsuitable administrative, organizational, and financial
arrangements.

= Insufficient liaison between the plant management and the local
commnity and its organizations.

= Limited capabilities for plant meanagement and operation in

- rural communities. o

= QOperating and maintenance costs disproportionately high in -
relation to the energy produced.

= Exceagive bureaucracy in the centralized management of small
plants.

= The high cost and probleme of social adaptation associated
with operators brought in from ocutside the community.

- The frequently inadequate mkill levels of locally recruited
operators.

= Excessively high tariff rates, inhibiting development in rural
areas.

= HRates %400 low to cover the coste of operation and maintenance.

= Absence of technical support for maintenance and repair.

= Inadequate component standardization and lack of spare parts.

Per se, the problems of MHG operation and maintenance are simple,
as desuribed in greater detail in Chapter 7. The chief difficulties are

___institutional in nature and have to do with the rumning ani management of
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the planmts as well as with the origin and techmica! background of the
operators and raintenance personnel.

Among the various administirative arrangements that may be adopted
for NHC masaagement, three itypical ones are discussed below.

a) Direct sub-ordination to & state or resional electric
» 1‘_ »it
Advantages

- The possibility of centralizing actions of greater technical
complexity and of taking advaniage of the economies of scale
inherent in the over-all management of groups of planis.

- High skill levels on the part of the perscmmel.

- Solid financial and technical backing.

‘ Disadvmta.ges

- Each plant is by itself too small in the context of a large
organization, with the result that, becsuse of the exrtended
decision-making channels, it may be neglected.

- High operating coste as a consequence of high general ex-
penses (overhead), operator and maintensnce costs.

- The remoteness of the authority, and thus of the plant,
from the local commnity and its problems.

- Problems in reconciling the needs of water for irrigation
and generation.

- Difficulties in mobilizing community support for maintenance
work at the gite.

b) A Community Energy Enterprise, possibly in the form of a

municipal enterprise, co-operative or other kind of association

Advantages

- Activities centralized at a level facilitating service-related
decision=-making.
- Greater ease in mobilizing community support for maintenance work.
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- The resolution, within the community, of conflicts of interest
regarding the use of the water.
- Lovwer operating costs.

Disadvantages

- Little experience and know=how in business management.

- Problems in collecting electricity tills and in the use
of financial reserves for replacement and maintenance
(which may occasicnally be improperly diverted to other
purposes).

- The possibility of faulty maintenance.

- Poor opportunities for economies of scale.

¢) Private Power Enterprise

This arrangement, even in countries with & market economy, runs into
problems when applied to publiceservice MHG in rural areas, since generally
speaking, these plants are not regarded as investment opportunities offering
an adequate profit margin, but as :tools for the promotion of development.

Normally, the best prospects for this alternative are provided by inde-
pendent producers who require emergy for their production activities (agro-
industries, sawmills, mines, etc.) and can sell any surplus power to nearby
communities.

The selection of the appropriate administrative arrangement will depend
on the socio—economic structure of the country, the extent to which such
plants have been dewveloped there, the capacity and nature of the electric
power enterprises, the size and remoteness of the plants, and finally the
traditions, work experience, and managerial skills of the community.

Without advecating any one particular scheme, it is often possible
to adopt a combined model involving a2 communal, municipal, or co-operative

enterprise in association with the state electric power authority.
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5.8. REQUIREMENTS IN THE AREA OF RUMAN HESOURCES AND TRAINING
The successful carrying out of MHG plans, programmes, and projects
requires as a necessary condition to promoie training including aspects
related to non-conventicnzl technologies applied tc pre-investment studies,
civil engineering design and comstruction and electromechanical equipment
and repair and maintenance.

STEPS TO BE FOLLOWED IN ORGANIZING THE COURSES

= Infrastructare survey of training establishments.

- Securing of the funds for the financing of the course.

- tablichment of a pilot training programme on the subject
of the development of water rescurces, with particular
reference to rural areas.

= Establishment of programmes t¢ provide specialized
training in MEHG.

It would be advicable tc carry out a survey of the capabilities of
the country with respect to centres of higher education, research insti-
tutes and special schools for the training of intermediate~level techniciams.

As an initial step, it would be well 1o establish a pilot techneclogy
t-aining programme on the development of water resources in rural areas.
On the basis of the experience gained with this programme, 2 decision could
be reached as to the possibility of organizing a specialized course in MHG.

- It would be best if developing countries began by organizin; exchanges
of experience smong themselves before seeking to supplement this information
N from outside sources.
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The various types cof engineering iraining courses are discussed below:

TYPES OF MHG COURSES FOR ENGINEERS

= Training courses.

~ Undergraduate regular courses in the field of
non-conventional technology.

= Specialized post-graduate courses.

The training courses, which are of short duration, are designed to
provide current information on all phases of MHG design and installation
for engineers whose activities are related to MHG development in their
various phases of execution.

A very important factor is the need to improve the ctandard curricula
of the enginesring departments of Universities and Institutes of Technology
by including in them courses on MHG and applicable non-conventional teche-
nologies.

Post=graduate courses as such will be conducted at a more advanced
theoretical level and may, in principle, extend over an entire academic '
year.

It is recommended that engineering courses be designed with the
following points in mind: '

CHARACTERISTICS CF CCURSES FOR ENGINEERS

= The courses must be designed to consolidate the advances
already achieved in the country.

= The courses will be organized for all areas of specialization
and will be graded differemtly according to area. The emphasis
will be on the preparation of monograph studies by inter=disciplinary
groups. ‘

-~ The courses will cover the areas of civil, electrical, and mechanical
and industrial engineering, eccnomic administration, and operations
research.
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The following are the recommended criteria to guide the preparation
of the courses for intermediate~level technical personnel:

CHARACTERISTICS OF COURSES FOR INTEEMEDIATE-LEVEL TECHNICIAKS

= Thecoretical aspects will be considered within the sane programme
for engineers and #s a part of in-plant training.

= It is recommended that a “"plant for training" be established for
the training of technical perscmnel and skilled workers. Experi-
mentation in the use of non-conventional technologies might also
be conducted at such plants.

« The courses will cover civil construction, electro-mechanical
sgquipment, and administration, all primarily from the technical
staxrdpoint.

- It is very important to undertake the training of mechanics
and maintenance electricians through the establishment of training
unite in the major repairshops.

The basic objective of these courses is o help to narrow the
existing gup between the number of people with higher education, where
tkere has been a relative asdvance, and the shortage of intermediate-
level technicians, which is a general phencmenon in developing coumtries.

With respect to training of MHG operators, here the preference should
be given to institutionalized arramngements desigaed to train operators from
rural sreas. It has been concluded, on the basis of a certain amount of
experiunce, that the first part of these courses should be carried out at
the "school plant” and contimued at existing MHG plants.

The first part should be of a theoretical and practical nature, ip
keeping with the educational level of the operators. In the case of
rural operatore, it should be expected that they will have completed at
leas’ their primary education. The course would run three momths and
cover the following subjects:
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SURFECTS 70 HE COVERED IN MHG OFERATORS' COURSES

- Basic sciences (fundamentals of mathematics, physics,
and chemistry).
« DBasic operzting principles of an MHG and its equipment.
= MHG operation and the interpretation of operating manuals.
= Preventive maintenance principles and methods for MHEG.
« Maintenance and repair of tunilding structures ard
installations. *
= Maintenance and minor repairs of mechanical equipment.
= Maintenance and minor repairs of electrical equipment.
= Mechanical and electrical "trouble shooting®.
= Identification of mechanical and electrical malfunctions.
= Fundumentals of technical drawings and diagram reading.
= Fundamentals of electrical installatioms.
= The reading of instruments.
- Bench work mechanics (fittings).
= Safety in operation.
= Fundamentals of administration and bookkeeping.

The second part would be easantially of a practical nature and would
consist of a tuwo~month period of operator training at an existing MHG
under the supervision and instructions of a skilled operator.
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IDENTIFICATION OF MANPOWER REQUIRRMENTS FOR EACH STAGE
OF AN MHG PRQJECT

A,

3.

D.

F.

C.

Planning and Programming

Engineers
BEconomistes and social scientisis

Global Evalusiions of Resources and Demands

Civil engineers
Bydrologists
Geological engineers
Geomorphologistis
Ecologists

Electrical engineers
Mechanical engineers
Energy eccnomists
Social scientists
Topographers
Bydrometry specialists
Draughtsmen
Engineering assistants

‘Studies of Specific Projects
Civil engineers (mainly structural engineers, supported

by specialists in hydraulic engineering)
Neckhanical engineers

Electrical engineers

Topographers

Technical dranghtsmen

Engineering csgistants

Test inspectiors

Construction

Civil engineers
Electrical engineers
Mechanical engineers
Topographers
Draughtsmen

Building inspectors
Electrical technicians

Operation and Maintenance

Electromechanical engineers
Mechanics gnd electricians

Each country must determine its manpower requirements for technology

development and production of equipment and material

g5 in accordance with
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This statement of manpower requirements represents an ideal situation.
In actual practice, countries may begin iieir programmes with fewer human
resources, since it may be expected that as the work proceeds they wili
be able to find solutions to their temporary deficiencies in qualified

personnel.

Figure 17 contains the flowchart for the training unit.
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FIGURE 17 TRAIFING URIT
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5.9. SINTEESIS OF THE MHG BUILDING PROCESS ( FLANNING THROUGH COMPLETION)

As indicated in the preceding sections, the décision-making process
invelved in the building of MHG must be of a comprehensive nature, for
the reason that a number of different factors need to be considered.

As may be seen in Figure 18, <this process begins with a preliminary
assessment cof the prospects for these stations. This phase must include
a study covering ihe problems to be solved, the available water resources,
and the country's capacity to undertake a project or projects in this area
witkhin the context of its national development plamning, specifically in
the area of energy development. Following the completion of this preliminary
study, a political decimion must be made as to whether to mount the neces-
sary effort to build these facilities.

If it is decided to move forward in this direction as part of the
xﬁationa.l development policy, the next step is to establish an organizational
framework for planning aad programming and to device procedures for the
evaluation of resources and demand at the basin and sub-basin lewvel to
serve as a basis for the formulation both of a short-temm development plan
rermitting the immediate implementation of specific pro:jécts and of a more
long range plan envisaging the building of MHG on a large scale. In paral-
lel with this process, policies must be defined and actions taken in the
areas of financing, the development of human resources (training), com=—
munity participation, and technological development. This final aspect
is eritical to the determination of guidelines regarding the transfer of
technology and the promotion of domestic egquipment production.

It is within the comtext of these plans and policies that the under—
taking cf specific projeocts should be approached. The first stage in
this connexion consists of the pre-feasibility ( survey) study, wheve re-
quired. A pre~feagsibility study should be considered only in doubtful
situations requiring this kind of preliminary analysis, the fact being
<that in many cases it ﬁxa.y be eliminated altogether in favour of moving
immediately to the detailed engineering study, which will then merely
include a supplementary economic and financial analysis.
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The next phase of the project is concerned with the actual
building of the plant and the installation cf its egquipment, followed
by the start-up of the facility (for details see sections 5.6 and 7.4).

Finally, there is the task of establishing the plant's operating

procedures, which also include the areas of maintenance and administration.
The essential work of tnis stage is described in sections 5.7 and 7.5.
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DEVELOR(ENT OF TECHNOLOGICAL CAPABILITIES
6.1. ASSESSMENT OF TECHNOLOGICAL CAPABILITIES

The technological develcpment of z country should be started vith an
inventory of its humnan resources and incdustrial pctential. In the case of
technological development for the construction and eguipping of an MHG,
the inventory should have as a point of reference identification cf human

resources and also of the production of the equipment and materizls as shown
in the following two tables.

As regarils the materials or equipment nct produced in ihe country, the
possibility of developing technology for the production of such equipment

‘or acquiring foreign technology, provided the national or regional market

justifies doing Bo, should be considered. Otherwise, the alternative will
be to import the material or equipment.
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IDENTIFICATION OF FRODUCTION OF MATERIALS
AND EQUIPMENT USFD IN MHG

A. HMaterizls for civil engineering work

CGranular materials; clay and silt.

Cement.

Steel construction bars.

Pressure pipes for penstocks (steel, PVC, polyethylene,
asbestos~cement ).

Gate and butterfly valves.

Grates and gates.

Wood. -
Steel cables

Bricks.

Tiles.

Nails.

Explosives.

Galvanized wire mesh.

Bolts, nuts, washers and screws of various types.

B. Production of equipment and tools for civil engineering works

Pick=-axes.
Spades.
Wheelbarrows.
Motor pumps.
Concrete mixers.

c. Production of electro-mechanical materials

Copper and alloys.
Structural steel.
Stainless steel.
Shafts.

Bearings.

Electrical conductoers.
Posts and accessories.
Electrical materials.

D. Production of electro-mechanical sgquipment

Hydraulic turbiznes.
Speed regulators.
Electricity generatcrs. ' .
Measuring instruments (volimeters, ammeters, power factor meters,
frequency meters, kilowatt meters and energy meters, manometers).
Mechanical iransmission systems (gears, belts and couplings).
Measurement and high-tension povier transformers.

B. Industries

Casting.

Metalworking and engineering.

Precision engineering.

Electrical engineering and allied industries.
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{nce the maiterials and equipment for MHG produced in the country have
been identified, an analysis must be carried out to determine the advisability
of producing the equipment not being mamufactured. Some of the requirements
which should be taken intc account for the production of MHC equipment are
given below.

REQUIREMENTS FOR THE PRODUCTION OF MHG EQUIFMENT

- Adeguate tecknical informaztion for production is required. There

are the [ollowing altermative sources of technclogy.

- Research by the manufacturer himsell;

- Research by centres and institutes in the country;

- Purchase of teéhnology from Ioreign mamuifacturers
and research cenires.

- ° In order io supplement the reguirements in respect of production
of equipment, emphasis should be placed on those items which are
of & size and type making them appropriate to the productive
infrastructure of the individual country. '

- The use and adaptation of materials of domestic or regional origin
should be maximized.

- The equipment produced should be standardized.

- Production lines asmociated with those for related equipment should
be met up, since exclusive producticn of egquipment for MHG is not
Justified owing to smalle-market size.

- The production of speare parts, mainly those subject to wear, should
be contemplated, and a permanent stock of such parts maintained.
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To the studies and , Acquisition of
works execution umit technology

“»(21) To the training wit

©) To the works
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LLLIED JIDUSTRIES FCr THE PRODUCTION OF SQGIZ MKEC ZQULIFMENT AD MATERIALS

EQIPIENT OR MATERIAL ALLIED INDUSTRY
PRESSURE PIFES FOR PENSTOCKS FACTORIES MANUFACTURING PIPES VHOSE

B MARKET IS DETERMINED BY DOMESTIC
INDUSTRY RATHER THAN MHG.

HYDRAULIC TURBINES AND SPEED NETAIWORKING AND ENGINEERING ENTER-
REGULATORS PRISES, PACTORIES MANUFACTURING
CENTRIFUGAL PUMPS, VALVES, VACUDM
EQUIPMENT, FANS, MIXERS AND FOUNDRY
SHOPS.

ELECTRICITY GENERATORS FACTORIES PRODUCING ALTEENATORS FOR
THERMAL ELECTRICITY CENERATION UNITS
FACTORIES PRODUCING ELECTRIC MOTORS.

TRANSFORMERS, ELECTRICAL ELECTRO-NECHANICAL M/ CEINARY
MATERTALS AND ACCESSORIES *  INDUSTRIES.

b) _Development snd sdaptation of technology

Teckmological ressarch and development can be one of the basic tools for
promoting and sustaining programmes for the construction of NHG in individual
countries, sinoe the technologies invelved are mature, and only adaptation
and innovation processes of a non-conventional nature, permitting adjustment

- to the specific conditione 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 all 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 yresented in the next table, fcr the guidance

of those countries which are interested in promoting their programmes fcr the
development and adaptation of technology in respect of NEHG.
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In tu.e MHG national develcpment plans of each country, the development
and adaptation of technologies for equijment will have to be lccked upon
as part of the planning, and fcr t+his purpose it will be necessary to
determine specific policies, general objectives and the rescurces to be

allocated.

EICOESDATICSS FOR JRCGARIZIEC PROCRANNES FOE THC DEVROMENT AND
ADAPTATICE OF TECIMOLOGT YOX MEG

= JFroa the miage of pregrams determiniiicn, there Just be a wellodefined
fizancing prespect so as to avoid the frustraticn of ressarch projects.
owing tc shertage of funds.

= In order io schieve correct adminimtraticn of the progrssma, thare must
e operational followsup aa regurds results, time reguired for exsoutien
and utilisstion of fumds.

= Prem the initial stage of the prograsme, the fors and charscteristics of
Tesults, which say inwolwe disssuinaticn amd/or tremsfor of techmology,
must be clearly defined (ses figure 6.2).

= 4 wristy of institutional critaris ssy be adcpted for programmes imple~
smtation, which oay take plase through universities, research institutes,
industrial exterp=ises snd/er elsctrificaticn boards.

= Norually, ths prcgramme vill be exscuted through remearct lines or isterw
related grouss of projects. Each of thess require a briaf but clear
specific formalatien pricr to initistien.

= The programe asy be divided into two typas of artivityr aspects relating
%0 givil engineering vorks and mlnu aspects relsting to design
i preduction of equipsmnt andl msterials.

= Ish project sbould hawe a walladefined exsoution sequemss. Pigura 6.3
shows & typical msthodology.

= Tie programe-azecution tess nsed not necessarily consist of “sxperts®.
Cely cta er two axparienced ;rofessicnals are required, and the ressinder
may be young professicnals with s geed asadenic Seckgreund.

= OQuidelines mheuld be establisasd for the preparetion, st esch stage of
the project, of docuzests and reports, waich shculd roflect positive and
negutive aspects and failures o a8 0 ensure contimmity and the sccumi=
lation of knovledge wseful for the programme, thus swoiding a mitustiom of
depeimcy cn the presanss of sach individual «xesutor.

« During programms execution, mmu—,_-n-unﬁlumm-
a0t between the imduwiry spd the emterprise respmaible for electiifices
tism, in order to ashiswe revzlts with prsctical sppliomtion.

= Disseminstion of results say take plase throwgh semmals emi/or brochures
in the case cf installsticn and constructien of civil enginsaring works.

= 1o the case of equipamt, results ssy bo trsnsfarred to industry in omder
to premote the industrial production =f sueh equipwewt, the enterprise
buing previded with all technical infoymatien reguired.

= s dovelcpuert ozd adaptaticn of tocinolagy as rerards equipment should be
{ cn davel of cnal t logies, taking ss a peoint

of referencs ke inductrial capacity of essh ccuntry.
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FIGURE 2p TECENOLOGY DEVELOPMERT URIT

( 4) From tne plaoning unit

!

“ Inventeory of technoloszes.
constructicn techniques, % () FTom the equipmens Inventory of capabilities

equipment, manufacturing producticn wnit (1aboretories, vorkshops,

and materiels sveilable, etc. :::e:)nrch imstitutions,
{

{ ] |
Y
Determination of requirements in l (F) From the studies and
[

respect of technological development works execution unit

!

Formulation of periodical
technolegical development programmes

Y

Impliementation of laborstories
and pilot plants

y

Development of research:
N - Constructicn methods;
Review > - Design of prototypes;

a - Testing of materials.

Dissepination and
appliceticn of results

| < | ¥

i Technigues for the manufacture
?mt:::.uc:im of equipment, designs and
of MEG materials for their
gl & l manufacture
\ ! Y
©) o) (F)
To +he studies To the training umit To the equipment
and works production wmit

execution umit




FIGURE 21 TYPICAL SEQUENCE IN TEE EXECUTION OF A
SPECIFIC TECENOLCGICAL RESZARCH PROJECT FCR
MEG EQUIPMENT
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specific technical information
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system
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(leboratory and pilot plant)

Revisicon >

Final standardization and
detailed design of smeries of sizes,

i
:

Equipment selection methodology
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FIGUEE 22 STACES IF THE PORNULATION OF &Y KEC
TECHNOLOGICAL HSSEARCE PROVEST

jdewel

Naticnal enesrgy
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development policies
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Transfer of technolegr
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TIEBOLLCICAL AIDEMATIVES POk BQUIMENT USED 1N REC

e

AECCMMENDATIONS FOK TICHNCLNGICAL
DEVELOPALNT

[Extramiic tuztine

FELIOB, MICHELL-
MEXI, PRANCIS,
EAPLAY OR ATIAL
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&) Acguisition of technolozy

Depending on the level of development cf each country as regards capa-
city to geterate usable technologies, project~execution possibilities and
prospects for the implementation of production of equipment, it will be

necessary to acquire a greater or lesser amount of technology from other

countries.
The various means of acquiring knawledge vhich can be used in production,
ranging from techoical assistance and the provision of information to the

purchase of technological packages to set up production lines, including
detailed plans and insiructions for manufacturing, assembly and 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 recommendations can be made regarding the acquisition
of technelogy for mamufacturing MHG equipment. '

4s regards MHG, the acquisition of technology relates primarily to the
electro=mechanical equipment and accessories.

Some 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
the characteristics and industrial capacity of a country, it is advisable
o limit the acquisition of technology to those cases in which the develop-
meut of technology iB not congiderad to be of interast, or when research
work does not afford prospects for the application of results in periocde
of time shorter than those required for achievement of the same results
by indusiry.

= The acquisitien 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

posgitle full productior, in keeping with the pricrities laid down for
naticnal technological development. The acquisition of technology should
be organized in such a way that it constitutes & real contribution to this
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development in that it permits the assimilation of knowledge by national
technicians. Disguised commercial elements of acquisition of technology
and technical assistance, aimed only at the granting of exclusive licenses
under the appearance of bilateral assistance programmes, must also be

avoided.

= The acquisition of technology will be justified when the complexity
of the equipment or of some of its parts surpasses the development capa-
city of the country. JAcquisition should be comnfined to those elements
which are necessary and cannot be designed ani/cr manufactured in the
country without foreign assistance. Restrictions making it necessary to
import parts which could “e locally produced should be avoided and, on the.
contrary, the local mamufacture of components and use of materials available
irn the country should be promoted.

= The fulleat and most careful analysis possible should be made of
alternatives prior to any process of transfer of technology. Inclusion
of the largest possible number of altermatives under the same terms of
reference should be ensured, zud evaluation criteria 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 sales, avoiding the inclusion of minimum=payment obligations.
Restrictions with regard to the scope of the market for products should also
be avoided, and obligations to purchase raw materials from a given supplier
should not be accepted, thus preserving the freedom to purchase on the
market if more favourable terms can be obtained. )

= In order to improve national enterprises' negotiating capacity
in respect of the acquisition of technology, it is 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.




d) Import of eguipment

I1f the specilic characteristics of a country as regards its industrial
policies or production capability are such that the local mamufacture of
some types or sizes of equipment is not justified, these items musi be
imported. In these cases, personnel irained in the analysis and selection
of alternatives and the technical equipment required for carrying out ace
ceptance tesiing are necessary. The support which can be extended in this
field by institutions engaging in technological research is important.

In purchasing equipment, the following technical considerations must
be taken into account:

- The capability for the manufacture and repair of compcnents
and spare parts in the country;
- Characteristics of maintenance and operation appropriate to
the conditions of use;
- Ability to withstand situations arising out of errors of
' operation;
- Ease of assembly and disassembly of parts and accesscries.

In addition to the requirements in respect of fulfilment of technical
specifications, guarantees, costs and delivery date for equipment, suppliers
of equipment should be asked for the following:

- General drawing of equipment;

- Information on the materials used in the main components
of the equipment which are subject to repair;

- lists of spare parts;

- Instructions for assembly, disassembly and repair;

- Technical assistance for the training of local personnel
responsible for the maintenance and repair of equipment.

For bidding or tendering for the acquisition of electro-mechanical
equipment for MHG projects, it is important that the following technical
data should be provided:

- Usable head;
- Naximum generating power at the contacts of
the generstor;
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- Generating frequency;
- Generating voliage;
- Environmental conditions under which the equipment operates.

The suppliers of the main pieces of equipment shéuld 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 of speed regulator and its specifications;

- Characteristic curves of operation of the regulator;

- Type of mechanical itransmiaszion or direct coupling between
turbine and generator;

- Specifications of the control panel or switchboard, including
ranges and accuracy of the instru-ents integrated into it.

¥hen bidding or tendering is carried out, it is recommended that a
list of possible suppliers should have been identified in advance. These
should be asked to provide information on:_" '

- Beliability and efficiency of their equipment;

- Cost indexes;

- Credit facilities;

- Expected life term of equipment;

- Fulfillment of delivery dates;

- Ease of adaptation of equipment to loczl industry
for the manufacture of spare parts. '

6.3. DEVELOPMERT AND ADAPTATION OF TECHNOLOGIES FOR CONSTHUCTION

In this connexion, it is essential to stress the need for resesrch
both on methods of comstruction as such and on the use of non-conventicnal
materials. The research must be linked with investment projects by mesns
of pilot plants.

Although the design and comstruction of civil engineering works are
largely determined by the nature of the site, the possibility of preparing
manuals envisaging standardization or semi-standardization of ecivil
_ engineering works must be investigated. |
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Furthermore, it is very important to organize research relating to
the production of pre-fabricated elements for civil engineering works.

The institutione carrying out research on materials and variocus elements
for MHG, should co-ordinate their activities with the units engaged in engi-
neering activities in the field, which may be carrying out research in the
cantext of investment programmes during and after comstruction.

The research concerning materials should be oriented towards establighe
ment of their bydraulic and mechanical properties.

In general, there are two technological alternatives as regards civil
engineering works, namely, a conventiocnal one based aon the use of concrete,
reinforcing steel and structural steel as well as considering separately
the structures conforming $o a MEG, and ancther which involves a minimum
utilizstion of these materials and endeavours to integrate structures (such
as constructing the silt basin and forebay in a single structure), and
utilize existing infrastructure (such as existing irrigation canals). Ae
regards methods of conetruction, mention can be made.of the cnes based
mainly on intensive use of labour (in the optimum case, with participation
of.the community), the cnes based on intensive use of machinery and mixed
cases.

It would be very advisable to promote or support surveys to increase
knowledge of existing production capacities of materials soc as to be able
to develop their supply.

Construction technologies should be disseminated by means of manuals
for the design and execution of works.

CHECK LIST OF TECENOLOGICAL ALTERNATIVES

The techmological alternmatives most suitable for each country cannct

-be rigidly stated because the conditions calling for the estabiishment of

programmes for the developmant and sdsptation of technology for MHGC will
also vary, as will conditions relating to geogravhy, hydraulics, labour,
availability of skilled manpower, appropriate financing, etc., all of which
have a bearing on determination of technological altermatives.
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Taking intoc account the above comments, a selection of pessible areas
of interest for technological development is presented below.

a) Copstruction

The various materials which can be used in the civil engineering works
for MHG are analysed below. It is important to stress that, in the context
of non-conventional techhologies, the following is taken intc account:
use and improvement of existing intakes and irrigation canals; forebay
inetalled "ineline™ with the canal and including the silt basin; penstock
conduit in non-metallic materials, dams of artisanal construction, reduction
40 a minimum of the use of costly materials such as concrete, and wse of

none-conventional materials such as ferrc cement, soil cement, etc.

It is advisable to specify materials taking into consideration the
applicable naticnal standards, and when these are not available, use appro-
priate foreign standards and norms. It is important to promote the deve-
lopment of national standards for the main materials employed in MHG, in
order to ensure the drafting of adequate mpecifications and a good quality
control.




TECHNOLOGICAL ALTERNATIVES IN RESPECT OF MATERIALS

MATERIAL

USE

ADVANTAGES

DISADVANTAGES

Clay and silt

Granular
materials

Wood

Gabions

Concrete

Ferro-cement
Soil~-

cement

PVC

Polyethylene

Dams or core walls

Dams' or core calls

Dams, penstocks, power
house, gates

Dams, canals,
protection of slopes

Dame, oanals and ancho-
rages, oore walls, fore-

bay, power house

Linings, silt basin,
forebay

Linings, dams

Penstock

Penatock

High degree of impermeability

Low degree of impermeability

Low price

s

Low cost; easily adapted to
the site

Durability; resistance to high

compression

Low cost; high general resistance

Low cost

Low cost, light weight, rapid
installation, easy sdaptation to
profile, low head loases

Continuous lengths, withstands

conesiderable deformation, ease of

'tranaport and installation; good

resistance to impact and solar

radiation

Possibility of fracturing

Better performance under external stress

Short life

Permeable during the initial period

s

High cost; poor performance in torrent,
works E
n
'

Low resistance to concentrated and

pearcing loads, eracting constructicn

Poor durability, low resistance

Relative fregility; it is convenient to
bury themj low resistance te solar
radialion

Joints require special steel couplings

*

which are exacting to inetall; high
head loseses




DISADVANTAQES

MATERIAL USE ADVANTAGES
Asbestos- Penstock Lower cost than in the case of Relatively heavy and fragile, so that
cement PWC; good adaptation to the . it is advisable to bury them

profile of the fall} no
expansion joints required;
reduced head losmes

-9“-




- 17 -

b) Equipment

The list below describes the principal items of equipmenti used for
MHG, together with a number of recommendations for the development of

technology research projecte.
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HYDRAULIC GENERATORS

TYFE GENERAL CHARACTERISTICS

PELTON - This is a tangential-flow action turbine consisting
of one or more nozzles and a runner carrying a
certain number of bucketis.

= The range of application of pelton turbines is
limited to low specific speeds. Opersting witk
high heads and reduced flows, this turbine can give .
an efficiency of approximately 85 per cent.

= Iits mamufacture requires an industrial plant
equipped to perform operations of casting, welding,
cutting and basic machining (turning, planning, and
drilling). The runner and nozzles are normally
produced by casting.

[MICHELL-~BANKI = This is a partial-admission, cross=flow, action
turbine with radial intake, and ccnsists cf an
injector and a runner having a certain number of
curved blades.

= This turbine’s range of application lies between
that of the double-nozzle Pelton and the high-speed
Francis turbine, in situations invelving medium
heads and moderate flows. This turbine can operate
with efficiencies in the order of 80 per cent and
generate up to 1,000 kW of power.

= Because of its particular geometry, the Michell-Banki
can be easily produced and is regarded as a low

cost turbine. *
« Its manufacture requires an industrial plant
equipped to perform welding, cutting, and basic R

machining operations (turming, planing and drilling).
This turbtine can be produced using welded parts.
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GENERAL CHARACTERISTICS

FRANCIS

The use of this turbine is restricted to mediwm
specific speeds and, like the Michell-Banki type,
1o medium heads and moderate flows. Its efficiency
lies between 83 and 9C per cent.

Its manufactiure requires an industrial plant vith
the necessary eguipment for casting, welding,
cutting, and machining.

AXIAL~-TYPE

This is an axial=flow reaction turbine, whose speed
control system is incorporated in the rummer in
the particular case of Kaplan Turbines. Its area
of application is limited to fairly high specific
speeds. Operating with very low heads and large
flows, it is capable of achieving efficiencies of
about 90 per cent.

Its manufacture reguires an industrial plant set
up for casting, welding, and cutting, and equirpped
with the usual basic machine=tools.
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SPEED REGULATORS FOR HYDRAULIC TURBINES

TYPE

GENERAL CEARACTERISTICS

|[ELEC TRICAL-ELEC TRON IC
(with flow comtrol)

ENERCY-DISSIPATION TYPE
"I electrical~electronic)

This regulator consists of an elsctronic device
designed to detect variations in the speed of the
turbine on the basis of the variations in gene-
rating frequency that accompany a change in load,
and an electric motor which drives a mechanism
opening or closing the turtine's flow regulation
valve in either direction.

As the electronic unit is the same in all cases
and does not depend on the power, this regulator
is inexpensive to manufacture, the electric motor
being the principal variable cost factor.

Its manufacture requires an industrial plant spe-
cializing in electrical and mechanical work .and
vwith its own electronics shop. '

This regulator consists of an electronic device
designed to detect variations in the speed of the
turbine on the basis of the variations in gene-
rating frequency that accompanies a change in load
and a system of electrical resistences that in-
crease or reduce fictitious loads to maintain
congstant load on the turbinse.

The electronic devise is similar to the one re-
quired for the electric=electronic regulator with
positive water control.

Its manufacture requires an industrial plant with
an eisctronics shop.




GENERAL CHARACTERISTICS

Thie kind of regulator consists of a speed
sencitive element, usually in the form of a
centrifugal pendulum, a force distribution element
incorporating s pressurized oil distribution valve
and a servomotor, a compensation and reversing
eystem designed to stabilize the velocity of the
group, a gear or sliding wvane pump, and & number
of actuating devices toc control the floweregulation
valve of the turbine.

The cost of manufacturing this regulator is,
comparatively speaking, higher than the cost of the
slectro—electronic regulator, and its production
requires an industrial plant equipped to perfomm
welding, cutting and precision machine-tool
operations.
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ELECTRICAL GENERATORS

TYPE GENERAL CHARACTERISTICS
|ALTERNATOLS - These are generaiors whose design incorporated a
voltage regulator and reinforced coils capable of
withstanding turbine runaway speeds. .

= For economic reasons, the use of two= or four-
pole alternators is recommended for MHG.

= Manufacture requires an electro-mechanical plant
with basic machine tcols and equipment for the
winding of coils, welding, and cutting.

INDUCTIOR GENERATORS = These are induction motors operating as generators

either independently or in parallel with an
alternator.

= Their fabrication requires no more than the adapta~
tion of existing electrical moters and can be under—
taken at the manufacturing plant itself.
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T APPROACHES T0 SPECIFIC PROJECTS
7.1. SPECIFIC ASSESSMENT OF DEMAND ARD RESOURCES
a) Demand

An important point to remember is that the demandi estimated in
the planning phase will be used for the specific projects phase.

Demand is assessed in the light of local and regional conditions.
The pctential electricity demand ies calculated and a2 global estimate of
future demand growth is prepared by establishing a planning target tc
te achieved in a time equal to the estimated time required for a grid
supply.

Tiese analyses ragquire field investigations and processing of the
data discovered.

ACTIVITIES REGUIRED FOR SPECIFIC DEMAND ASSESSMENT

- Identification of the major development complex of the zone.
- ldentification of ares o_f influence of development complex.
- Inventory of socio=economic activities.

- Identification of possible future growth factors in the zone.
- Analysis of data yielded by field work and other scurces.

Sequence of phases in demand estimation might proceed in accordance
with the following block schematic diagram:
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Geperal analysis of socio-
economic activity

Identification of most

important activities I |
|
y . . .
Regional analysis, econamie

Calculation of capacity growth trends anslysis and
nearest to potential demand [é—— demographic analysis of
capacity

A

Determination of basic

allocetion or capacity of ¢ Markst study
family wnit ‘

Estimates of payment capabi-
lities of commmities.

Study of alternative costs
of diesel generation
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b) Resources

Hesources are estimated on the basis of analysing existing cartographic,
geological, geomorphological, hydrological and econwvlogical data, supplemented
by field surveys, headwater surveys and topographic surveys. ’

Posgible headwaters are identified from information supplied by the
local populstion. Headwaters near - i.e. within approximately 15 km =
settlements in the basins under study are researched and their discharges
surveyed.

™e available head is determined by simple topographic methods. 4
pocket altimeter is satisfactory for high falls. A precision altimeter
should be used for low falls. In both cases a mspirit level can be used
as wsll.

SELECTION OF TECENOLOGY FOR THE DEVELOPMENT AND DESIGY OF MHG SYSTEMS

GENERAL DESIGN CRITERIA

- Characteristics of region, such as access facilities for possible
future use of building equipment.
- Availability of local building materials.

a) Only intake works

CRITERIA FOR SITING INTAKE WORKS )

- Look for maximum narrowing of stream channel in order to minimize
spillvay length and, therefore, sxcavations and structural work.

- Look for site in accordance with smediment conditions.

- Search for best foundation for structure, preferably on rock out-
croppings to emsure stability.

- Choose minimm length of confuit in contact with maximum waters in
order to reduce amounte of reinforced concrete.
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b) Conduit system

DESIGY CRITERIA FOR CONDUIT SYSTEM

- Suitable design on rlan to minimize excavations.

=  Minimum water flow rate of 1.0 m/s to avoid sedimentation. .

- Duct cross-section close to optimum hydrauvlic value.

- Check on seepage to determine whether duct walls and base
need lining. As a rule of thumb, lined ducts cost tvice as
much as unlined.

c) Silt basin - surge chember

CRITERIA FOR DESIGNING SILT BASIN ARD SURGE CHAMEER

- Check capacity tc ensure appropriste supply to pemstock,
absorption and damping of oscillations arising from opening .
and closing of inlet valves due to variations in turbine
loading, and control of water level at pemstock inlet.

- The design dimentions of the silt basin should be determined in
the light of the permissable size of the particles that car be
allowed to enter the turbine, and the charscteristics of the solids
in the water.

- The depth of the. 2ilt basin should be such as to preclude dis-
tarbances due to risming and descending flows csused by tempersture
changes.
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d) Penstoek

CRITERIL FOR PENSTOCK DESIGH

- Various msterials are suitable.
- Various types and sizes can be used in combination to achieve
optimum solutions.
The following shows the various materials which can be used under
different heads (in metres). .
Om 50m 100m 150m 600m
8l S ~ A l\/ X

800m

| e v

/

MALLEABLE TRON

REIRFORCED
PLASTIC

CBuET ASEESTOS

POLYTHENE

| In order to withstand the marimum permissible water hammer for power
stations, the rated pressure of the tubing should be something like 30
per cent more than the gross drop. Water bhammer surging can be con=
trolled Dy appropriate closing timing of the controller.

- Building costs, which increase with diameter 3s well as
with ground conditions, should be balanced against tubing
pressure drop, which reduces output. This comparisen will
help to determine the optimum diameter.

- Anchorages should be designed for safety factors based on
overtuming, sliding and bearing capacity. The tubing should
also be studied for three different kinds of load = dynamic
pressure load on tubing, static pressure load on tubing and
load or empty tubing. It is also advisable to design a filter
to0 extend alemg the whole lemgth of the pemstock to drain
possible meepages.




T - 128 -

e) Powerhouse

DESIGN CRITERIA FOR POWERHOUSE

= The area to be built on depends upon plant requ.iren.:en'ts, on head, water
flov and number of units. If enough funds are available, a residential
area can be provided for the cperator. 4 wgter supply system with filter )
bed purification and a sewage system with septic tank can be provided.

- Draine and/or some other system should be provided around the pover— .
bouse perimeter to intercept surface water and keep down the level of
the water table.

DESIGN CRITERIA FOR TRANSNISSION LINE

DESIGN VARIABLES:

= Line woltage.

« Capacity.

= PFowsr factor.

= Length.

= Height above sea lewel.

= Average, marimum and minismum outside temperatures.
= ¥Wind smpeed.

T.3. BUILDING METHODS

The various possible methods for building the elements which make up an
MHG will now be considered. .
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- Gakiens are saoy to install acd cheap. Pousidble seespage early on oan
e prevaated by scacrete or timber tulkhesds. Coemtitions msay decoms
sritioal Witk wery Jev flows in sases iz which significent lesses are
umasespiadla.

- 1f spyrepriste ssteriols are svaileble 4o the vegiom, it is worth cone

addering the alternstives of massive ommorete or of brick. Nass=ive

- senerets has the advimtage cf using spproprisie rook ceming {rom sxscave-
4ien works. This iz the best solutian for sites withk high wetsr heads
ower dsns, Wt fowndstion Probieme are much sasier witk hasds of bslow
Swe autyes. The aairx ¢iffwculty is that simoe ths structure 18 yigid,

- wreakiag say seour dwe o differenmtial eettlessmta. IZ thoare are fasilities
for trensporting satorials apd eguipsant, alteTustive comikimed structures
Lar Abe dom snd intaks of yeinforoad oonorets csn e considered, provided
twat the strvoture i of asall diamnaions.

Intake

- Thers are wariows pessidilities. If there are old wtress beds, they om
s enlarged by axsemntish snd the water diverted threugh tham, 80 that
e emstyaction of tha imtake Sy=ien can presesd virtually sempletaly dry.

=  sasther pessinility is to wee shewt piling. The imtake, loek mad eemduit
are senstyusted Ziret, tham the Spillway in cmstrwcteZ while the water
flews thyough the losk amd imtaks. This sltermstive calls for sbest piling
of sppresishls length and reduwses the spase swallabls for working éaring
smstresties. The maximms pereisaible discharge of the ledk imsreeses the
risk of Lised damage. ’

«  The Tiret alteraxtive may be Better if exmavetieon sewtis ars justified Wy
th: yuinotion ia risks @i inseuveniemoes as sompared with the abest piling
altamstive.

811t Jexin

- This otn Ve pesitioned ismadistealy after the imtake worko, in which sase
the soarness of the flew is used cssnenically for sedinmut clemmlimess. Tw»
ueter shenld alse be f3we of sedinsmts aleng the seastraciiss oandait, al-
Abough smiinent may seour ia iis epem Yem. ’

o asiber alterestive iz 1o use 2 caubined send trep and ferelay. This optim
48 of soures abetp Mut ruguires a foster flev rete thrungh the scnduit sywiea
4o provant sadissstatisn. It 40 asuslly asessisted with the wee of sarth
omndxita and 45 wsafal te K.

Pansteck

- Pieel pipes are wry ozpeasive free otk the axtariale and insallstim
aspests. Cammnt ashestss pipes sve shamper mad sasier to obtain, although
48 cone cased there say Mo liaitatisms dme to the nsrisys emmercially
awmiladle diasstere.

Towszhouse

- Hore mere that i3 exy other port of the Givil emgineering werks, the use
of pre=fakriosisd alemants e be somsidsred a5 a nosne ef ouwitimg costs.
It 4= wry ispertant to boar in uisd local asteriala, ast wmly for ressens
of sost but alse of appearesns Wt alse taciag itto cemediderstien their
bahatvur wndar ssimic seaditisms.
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T+4. SELICTICN OF RJIIPUXNY

MEG squipeent sbould be selocted froa the ccamarcial estalogues of satiemal
and intermational makers of standaid ecquipsant. The main selection eriteria

should be reliskility md chespmese.

™e foallowing tahle gives detaile af the precsdure for sslocting the wuriens

items of NEC squipment.

Zrazh ROk Allowabls particls miza

Asaerding tc the spesificatio> of
turtkine asterials, uixisem flew seles=
tion and hesd. Thisz can be for mtes
astic or masmal olsaxing.

Yalw Pipc miss, pressmre

Rainiy weed gute, Witerfly, ed
spherical valwves, ssecrding te pipe
xizs, turvine ixmhaics, weter head and
closs up time.

Disckargs

Cros the charactaristics of the turdimse
a8 expleined i3 Chapter 6 of this Mommal
oM KBowD 30d emge geserster speud i
mewm, a turkine speed san bo desided *
o2 sBd the bust kind of turbize semm be
selecied using the metictelegy gives in
Aomex B of this Namnali ressaber that
turdize sost i imwirsely prepertisasl
o tarkine sposd.

meuu«wnmmﬂ
@, & naxiad sedal sitable for the
bead, diesharge snd pewer is salented
froa ecmsercial sataloguss; these pures
weters will determine turkins spesd,
whish will set differ grestly fyem the
planned wales.

Capanivy

Salestiom of the spesd custruller is
mtenstic smss the turbine hos e
sslested.

She semtrsller san o clocwwschanioal
or electro=slestrukis.

£ 5

Gensrastor

The asthanical traammisziss Wtwems the
tarikine sd the gemerstsr shomld e
selected in the light of the spoeds of
sach and bearing in misd that Dult trumew
nissien ix used for high spesis umd
gearisg for lew spends. If the turkime
md geserstor otk ra st the same opesd,
s direct coupling is weed.

Capanity

ie inveresly prepertiemal ts its wpesd.

e gomersticn voltage md {requaney are
selected with referencs to eaxh comatry*s|
slectrical seaidsrdo for gwmerstiom.

The most ppropriaie kind of gesarstar
shtuld be sslecied sowortingly, o
indieated in Chapter 6 of this Nasmal.

A gunerstor of the roquired sapagity exd
smerstion frequency aai wvoltage should
be idemtified in the commercial estes
logass. Dear in xind tast gmmarsiar cest
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e o agp

Centrel .p-al
for pswerhouse

Pover trease
formers

Capasivy
Yoltage

Capasisy
VYoltage

= 4 smtrol pamel should W sslected to
it the gonerstor’s sariswm capacity,
wvoltage and frequemcy. The aia mhowld
e to use ths leam possiblr smount of
instrusentation cempatihle with effeo=
tive emirol.

- Trassuission voltags §s sslected iz
anserdasce with each ceuntry's standards
for sransformery and the trmsforeer to
e wsel can = sslectied iz cwmmercial
cataloguss en the basis of capazity.
Mesenber that shori-circunit currants say
be five or siz times the reted swrreat,

Snb=gtatien

Distriwstion
or sasendary
sotwerk { ommswmer

Capanity
Trenmmission voltage

Capanity

Distridution voltage

- The optiman cable cross=sestim i»
selected in actordmmce with sach ewwrtry’
ocomntiry'e standards for alecirical ced-
duttors and to give minimwe veliags drep
ad power less.

= The distridution woltage is determined
in sosordanoe with each coumry's stame
dards. The treansforasticz retio cm
that be found smd the correspcading sebe
stations selected fros the catalogees.

« The sams oriteria and stemdavis as wowl
40 sealect tha primary network are used
%0 salect the secamdary setwerk.
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PROCESS OF EQUIPMENT SELECTION FOR MHG

Specification of MEG

Selection of
+turbhine

y

Selection of mechanical
transmission between
generator and turbine

Selection of speed
controller

Selection of
genersator

Purchase of

equipment

Installation

Selection of control
panel

y

Selection of
transformer

Selection of primary
network

b

Selection of sub-
station

h

Selection of secondary
network

* The selection process can also be started from the turbine.
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7.5. OPERATIOE, MAINTENANCE, AND REPAIR

Operational characteristics depend mainly on:

« ‘The size of the plant;

- The type of service;

= The level of control automation;

= The reliability of the equipment;

« The institutional struciure of the electric power system.

Assuming an NHG having a low level of automation, limited to the velocity
and voltage regulators and the safety systems, and designed to cperate only a
certain number of hours a day, a single operator might be all that is required.
For a continuocusly operating MHG, on the cther hand, two operators working in
shifts would be needed.

These operators must be able to perform their duties with competence and
to0 handle tasks involving preventive maintenance and minor emergency repairs.

An MHG operator must have at least basic knowledge in the following areas:

- Mmdssentals of industrial electrical systems;
« Banch machining; '

= Welding;

e Administration;

= Operational sequencos.

Maintenance and repair operations may be distributed as follows:

. © ACTIVITY RESPONSIBILITY
‘= Preventive maintenance of equipment Operator
= Preventive maintenance and general repairs to Operator with community support
the civil engineering structur-es.
= Genesral squipment repairs. "Flying maintenance squads" of
the electric utility and/ or the
. operator.
-~ MNajor squipment repairs Specialized workshope or the
manufacturers |
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RECOMMENDATIONS FOR THE CIVIL WOHKS

The regular inspections of the channels, diversion dams, spillways, control
sluice gates, piping, and conduits are extremely important. The frequency

of the inspections varies according to climatic conditioms.

During flood periocds daily inspections must be carried out with a view to
detecting threatening conditions caused by rising waters or slides. Such
threatening situations may include: erosion of supporting pillars, unusual
loads on the ducts at or aleng the riverbed, the accumulation of waste material
at the grids or gates of the diversicn dams, unacceptable erosion below the
diversion dams, or altmormal downchannel water levels.

Flooding may be more of a problem at low-head installations than at high=head
plants for the reason that it may damage the dam and the generating units.
Slide may damage the canals and ducts, in same instances filling them with
debris and causing overflows and atnomrmally high sediment loads cn the turbines.
The inspections made during periods of emergency must be carried out by expe=
rienced personnel who are familiar with the operation of the facility.

The dam must be inspected annually in order.to make certain of the integrity of
the dam itself and of its abuiments.

Any structursl fissures or leakage through the dam or its abutments must be

the subject of frequent and careful inspection for the purpose of detecting
posgible changes.

Permanent bench marks must be made on the dam during construction for use in
performing measurements designed to record the beginnings of any possible
slippage or movement.

Piezometers must be installed in the foundation of the dam, and their readings
must be checked at least once a month for the purpose of detecting any sudden,
changes in pressures below the dam.
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RECOMMENDATIONS FOR THE ELECTROMECEARICAL EQUIPMENT

= The machinery and valves must be regularly serviced so as to ensure
that they will operate properly and reliably when required.

= Al]l gates and valves must be operated through their full range of
travel at least cnce & month.

= In the case of small plants, defective valves and gates mey be replaced,
with the defective parts taken to a central workshop for repair. This
may also bs done in the case of turbines, regulators, generators, and
transformers when they are small enocugh.

= In both high and low-head projects, the valves and gates must be test-
operated at least once a month to ensure that they will perform reliably
vwhen requirsd. If there are a number of gates, they should preferably
be of identical design, and consideration should be given to the acqui-
gition of a replacement gate to be used in the event of damage caused
by floating debris or wear..

= Generators must be inspected every six momths and disconnected once &
year for prevemtive maintenances.

= The turbines must be disconnected and inspected every year for faults.

= The control panels must be inspected every four menths and disconnected
every year for preventive maintenance.

« The busbars, especially their connexions, must be inspected every four
menths.

= The transformers must be inspected every six months and disconnected
every year for preventive maintenancs.

= The circuits must be inspected every six months and must be checked for
faulte at the time of the ammual maintenance.

-~ The substations must be periodically (every three months) checked for
short circuits.

T.6. COSTS

In this .ection, a mumber of quantitative guidelines are discussed which
may be used to estimate the costs of an MHG for purposes of plamning and rough
calculation only. The fact is that reliable cost predictions for specific pro=-
Jects on the basis of over-all indicators are not possible, since each individual
a0 cga_e‘reqnircs a detailed cost analysis taking into account the prcject’s parti-
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| The graphs presented below indicate unit costs for the total MHG investment
as well as for the three principal invesiment compbnents: pre=invesiment studies,
equipment, and civil engineering. As the curves in these graphs are based on
available information pertaining {0 various Latin American countries, it is re=-
commended that the office responsible for HHEG planning in each country should
a.da.p:t them to their own actual in-country conditions. This can be done in at
least an approximate way by experimentally determmining certain correction factors
for use with the graphs presented below.

a) Unit costs of the total MHC investiment

Figure 23 shows the total unit costs for an MHC in dollars per kilo-
watt of installed power for different power ratings (output) and heads. The
table below outlines the elementis and hypotheses congidered in the preparation
of this graph.
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ASPECTS CONSIDERED IN THE PREPARATION OF FIGURE 23

= The data processed were drawn from 35 prcjects in three Latin American
countries, the correlation factore with respect to the graph being in
the order of TO per cent.

= The lower curves, for the non-conventicnal technology option, were
plotted by adding the costs of the studies io those of the equipment
and the civil engineering works (assuming domestically manufactured
equipment ).

-~ The costs are based on 1980 prices, whereby the data used were adjusted
according to the indices given in Pigure 2%, which is a very rough indicator
of the variations in times employed in this mamual. For specific cases,
it is advisable to study the variations for eack equipment component and
the civil work costs according to the particular conditions given for each
couniry.

= The curves presented are of only relative statistical value, since in the
case of specific projects one must expect significant variations from one
country to another. '

- The variations from country to country may be due to the following factors:

Availability and cost of labour;

Aveilability and cost of materials;

Equipment purchase and freight costs;

Engineering coets;

Geographical conditions and problems of access;

Dollar exchange rates;

Currency market conditions and controls;

Variations in cost indicators over time.
- Varistions with respect to each specific project are due to:

Distences and access conditioms;

Prysical conditions (geclogy, hydrology, geomorphology, soil

mechanics, ecology, eic.);

Significant differences in the scale of the aivil construction.
~ The graph refers to stations having only one electromechanical unit.

~ The definition of high, medium, and low heads is taken from the power
and head classification of the Latin American Energy Organization, which
appears on page T.
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CONCLUSIONS TO BE DRAWN FROM THE TOTAL INVESTMENT COST CURVES

- MHG costs may vary between $US 1,000 and 5,000 per installed kW.

- Unit costs rise rapidly as power rsatings decrease.

- Plants operating with low heads are more costly than those with high
heads.

- The use of non=conveniional itechnology for the civil construction and
of domestically produced equipment and technology makes for lower unit
costs than conventional technology and imported equipment. This advan-
tage tends to become less significant as t!:e power rises.
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APPROYIKATE IFDEY. FOR TEE VARIATIOR OF TEE MHG INVESTMENT COST IF TINE

FIGURE 2k
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Unit costs of pre-investment studies

b)

As pointed out in sectiom 5.4., study costs are freguentily dispropor—

ticnetely high in terme of the total investment.

For this reesen, it is

edvisable to et limits to study costs as s percentage of the total cost of

the project.

For purposes of guidance, Figure 25 shows & proposed graph of maximum

In actual practice, it

desirable study costs as a function of plent output.

is rscommanded that each country plan these costs as part eof its MHG policy
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FIGURE 25 STUDY COSTS AS A MAXTMUM RECOMMENDED PERCENTAGE OF
TOTAL PROJECT COST, AS A FUNCTION OF MHG OUTPUT

o/o

o

c¢) Unit costs of electromechanical eguipment

Figures 26 and 27 indicate the unit costs of electromechamical
equipment in the case, respectively, of equipment imported from mamufacturers
in developed countries and equipment manufactured domestically using tech- .
nologies developed or adapted in the country and not subject to the payment
of 'royalties.

'

ITEMS INCLUDED IN THE ELECTROMECHANICAL EQUIPMENT

= Turbine

- TVelocity regulator

- Generator

- Electrical control panel and instrumentation

- Installation (excluding anchoring systems)
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ASPECTS CONSIDERED IN THE FREPARATION OF FICURES 26 and 27

o

The data used in preparing Figure 25 were taken from 25 cases,
the curves having a correlation facter of 97 per cent.
The data used in preparing Figure 27 were taken from 10 cases,
with the equipment manufactured in z single Latin American
country. The curves were plotted on the basis of Figure 26,
the correlation factior being lower than in that figure.
The costs are given in 1980 dollars and are based on an
adjustment of the values given in Figure 2k.
Variations from country to country may be due to:

Freight and insurance

Import duties

Taxes

Local transport

Laws designed to promote industrial development

Exchange rates

Currency market conditions and controls

Variatione in cost indicators over time
Variations from one particular project io another may be due to:

Conditions of access and local freight charges

Installation costs
Implicit in the equipment costs is.the selection of the optimum
turbine {ype according to the head and power of the station
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A number of genersl conclusions may be drawn from Figures 26 and 27
for guidance in the selection of equipment.

CORCLUSIONS T0 BE DRAWN FROM THE UNIT-COST CURVES FOR ELECTROMECHANICAL EQUIPMENT

« The unit coste of the electromechanical equipment fcr an NMHG may
vary between $US 300 and 3,000 per installed kW of power.

= TUnit costs rise rapidly for the lower power ratings.

- Unit costs increase sharply as the head decreases (in the
proportion of 3:1 for heads of 5 and 200 m, respectively).

= QGenerally speaking, domestically manufactured equipment and
domestic technology mey be priced at cne~half the cost of
egquivalent imported equipment and technology.

d) TUnit costs of civil construction
Pigure 286 shows the unit cost indicators for the civil works
asgociated with sn NBO project. As we shall see later on, the diagram is

intended for reference use only.

ITES INCLODED UNDER CIVIL WORKS

- Dans snd intake

= Camal

= Forebay

- Silt basin

= Penstock and anchoring

-~ Accessories (gates, grids, ete.)

= MNachine room (power house) and equipment support systems
= Runepff canal

It should be noted that these cost elements do not include ithe power
trenmmission and distribution systems. In the table below some of the
factors involwved in plotting the civil construction cost curves are discusses:
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ASPECTS CONSIDERED IN THE PEEPARATION OF FIGURE =28

- The curves, which are based on data for 25 simulated projects
having a correlation factor of about 60 per cent, reflect the
approximate correlation of the difference in total unit costs
legs the costs of studies and equipment.
= The variations from one specific case to another are very wide.
= The correlations for conventional technologies rest on the
assumption that the technological conditions of the project
are as described in Chapter Two (point "e", page 8 ).
= The correlations for non=conventionai teclmologies rest on
the assumption tbat the project's technological conditions
are as described in the preceding section.
= ‘The costs are given in 1980 dollars.
=~ Variations from country to country may be due to:
Costs and availability of comstruction materials;
Labour costs; ’
Geographical conditions and problems of access.

-~ Variations from project to project may be due to:
The physical characteristics of the project
(geclogy, geomorphology, hydrology, soil mechanics,
canal length, topography, aggregate materials, etc.);
Building methods;
Depth of the engineering studies;
Experience in design engineering.
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FIGURE 2b MHG CIVIL CONSTROCTICN COSTS PER INSTALLED KILOWATT
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Figure 28 suggesis a number of general conclusions regarding the
limits of application of the greph itself and the trends revealed in i‘t..

CONCLUSICNS TO BE DRAWN FROM THE CIVIL WOBKS UNIT-COST CURVES

= The curves are designed to provide only an approximate estimation,
for use during the planning stage. For each individual project,
satisfactory approximation requires physical surveys at the actual
work mite.

i « The unit costs of civil works may vary between $US 450 and 1,800
per installed kilowatt.

- TUnit costs incresse as the power decreas=s, but not as rapidly as
for the electromechanical equipment.

-~ The unit costs of civil works increase as the head increases, in a
relationship that is thus the inverse (and also less marked) cf that
which exists between unit equipment costs and head.

= All other factors being equal, the use of non-conventional technologies
is lems costly than the use of conventicnal technologies, this advan-
tage being greater for the lower power ratings.
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8. INTEENATIONAL CO-OPERATION*

The principal possibilities for intemational coceoperation in the
MHG field lie in the areas of technology, training, studies, and con-
struction. Co-operative projects may be undertaken at the world, re-
gional, sub=regiocnal, or simply the bilateral level.

As used here, the term "intermational co-operation” extends to all
types of international relations which are designed to pursue the mutual
advantages of the co—operating parties and which are the subject of
international agreements.

International co=operation is based on the following principles:
- Respect for the sovereignty of the parties;
- Equality of rights for all parties;
- The voluntary participation of all parties;
- Mutual assistance;
- Reciprocal benafits.

8.1 INTERNATIQNAL ORGANIZATICONS OPERATING AT THE WORLD LEVEL

The following are some of the organizations that are in a position
to provide support in the dewvelopment of MHG.

® This chapter is intended to be updated and expanded in the nexrt edition
subject to the collection of more detailed information om activities of the
organizations mentioned in this mamnual.
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ORGANIZATION

AREL OF ACTIVITY

United Nations Development
Programme (UNDP)

United Nations Educational,
Scientific and Cultural
Organization (UNESCO)

World Meteorological Organization
(wMo)

ternational Labour
Organisatiom (ILO)

United Fatione Industrial
Development Organization (UNIDO)

International Beank for
Reconstruction and Devel opment
(IBRD); World Bank

Organization of Petroleum
Exporting Countries (OPEC);
OPEC Fund for International
Development

Financing of development plans,

programmes, and projects.

Co~operation in scientific and
educational development programmes.

Co~operation in meteorologicai and
hydrologicel programmes on behalf
of development projects.

Co=operation in training programmes
for middle~level technicians and
skilled workers.

Co=pperation in industrial develop=
ment programmes; currently engaged
in promotion of MHG programmes and
implemerting a number of projects

in developing countries.

Financing of development projects;
grants short- or medium=term loane
at interest to both the Governments
cf the member States and to public
and private institutions, provided
they have the backing of ihe Govern-
ment of the country in cquestion.

Financial assistance for development
projects, particularly in the area of
alternative energy sources and on
behalf of the countries most seriously
affected by the petroleum price
structure; currently financing an

MHG programme.
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Problems which arise in relations with international organizations and
methods for overcoming them:

PROBLEMS REMEDIAL ACTION

Poor selection of axperts Request, by the national organizations, of
a mere extensive list of experts; provision
of adequate and sufficiently detailed infor-
mation to the intermational orga.ﬁization.

Failure to take full Pormulation of a detailed plan specifying
advantage of the the activities the institution wishes to
expert's skills have carried out, with this plan to be

completed sufficiently in advance of the
expert's arrival; assignment of a counter—
part (or counterparts) sufficiently compe=
tent to work with the expert.

As part of their effort to promote the use of MHG, the intemmaticual .arga;-
nizations must lend their support to the establishment of local infrastructures
in such areas as planning, studies, design, operation and maintenance, administra-
tion, financing, and techmslogical development.

As a general rule, contacts with these organizations should be handled
through their resident representatives in the individual countries.

Ameng the intermaticnal banking institutions with worldwide operationms,
mention should be made, in addition to the IERD, of the Export=Import Bank
(EXIMBAFK) and the Internaticnal Finance Corporation.

8.2 REGIONAL AND SUEREGIONAL CO-OPERATION

This form of co-cperation may involve the areas of studies and construction
and can be undertaken by a group consisting of more than three countries. 1In
principle, the term "regional" refers to organizations operating on a continental
or subcantinental basis, while "subregional" refers to groups of countries within
‘ "gm;e'q‘l’eztensiva geogrephical zone.
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ORGANI' ATICOK AREA OF ACTIVITY
Organization of American Advisory services, consultation, and
States (0AS) support for economic development
projects.

Common African and
- Mauritian Organization
(ocax)

Afro-Asian Orgsnigation for
Rural Recomsiruction

East Africgn Common Services Trade, financing, and studies of social
Organization problems.

Organizstion of Central American Seeks solutions to common problems and
States (0OCAS) promotes economic, social, and cultural

development through conceried co-
operative action.

Organization of African Unity (OAU) Hes a Lommission for Sciemtific and
Technical Research.

Latin American Energy Is conducting a regional-level MHU
Organization (OLADE) programme.

Special mention should be made of OLADE's work in promoting, co—ordinating,
- and advising on MHG projects and programmes, as well as its activities in other
energy areas.

It is extremely importamt that all the supporting organizations carry out
their work within a framework of co=ordination, promotion, and consultatiom, in

order that they may contribute to the strengthening or establishment of the
necessary infrastructure in the various countries.
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Among the regional banks, the following in particular might be mentioned:

BANK , PURPOSES

African Development Bank Its purpose is tc contribute to the
economic development and social
progress of its members. It has
established an African Development
Fund.

Asian Development Bank (ADB) Unlike the African Development Bank,
this bank has extra-regional sub-
gscribers in addition te those from
within the Asian region. It grents
loans for infrestructure investments.

Central American Bank for The principal financing institution
Economic Integration (CABEI) . for the Central Americsn Integration
Programme and the main lemding
institution for regional economic

development.
Inter~American Development IDB's purposé is to promote the

Bank (IDB) development of the member countries,

. individually and collectively, through
the financing of development and
technical-assistance projects; currently
i studying the {inancing of MHG projects
' in several countries.

8.3 BILATERIAL CO-OPERATION

In the case of bilateral technical co=operation, particular care and
attention must be given to how the objectives and scope of the programme are
defined, in order to avoid hidden forms of technology sales govermed by commer—
cial objectives. Where this is unavoidable, the negotiating terms with reepect
t0 the purchase of the technology must be explicit and clear; moreover, the
conditions of the agreement must be favourable and must not invelve, under
the guise of an assistance programme, the granting of any exclusive rights.
Similarly, in all cases of intermational techmical assistance, the means by
whnich the know=how in question is tc be effectively assimilated by the recipient
party must be clearly set forth. It is of vital importance that the counterpart
receiving the assistance be perfectly clear as to the objectives and that a
work programme be prepared in advance. The counterpart's qualifications must
be sufficient %o enable him to assimilate effectively the knowledge being
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Developing countries may request bilateral assistance through their

diplomatic missions or commercizl attachés.

As a general rule, it is to be recommended that, in order to deal both
with MHC projects and with other ma.tfers of technology and co-operation,
the developing countries should create a government office for foreign tech-
nical assistance to be responsible for co=ordinating international co-overation
in the country and advising the organizations affected on how to make the best
poesible use of this assistance.

8.4 NON-GOVERNMENTAL ORGANIZATIONS

According to the definition used by the United Nations, non-govermmental
organizations are intermational crganizations which have not been established
on the basis of agreements betwean Governments.

" The United Nations Economic and Social Council has devised procedures
governing consultative co-operation for & number of non-govermmental organi-
zations of inmterest to the Council. )

In 1975 there were 2,500 none-governmental organizations, a rumber of
vwhich were active in the ares of science and technology. ‘The Non=Governmental
Organizations Secticn of the Department of Public Information of the United
Nations Secretariat is responsible for coe—operation with these bodies. It
also convenes the Conference of Non=Oovernmental Organizations, which has its
headquarters at Gemeva and functions as the permanent organ of the non-goevern-
mental consultative organizations.

For the purpose of sscertaining which of these organizations are engaged
in NHG programmes, they may also be contacted through the information services
of the various countries at their diplomatic or comsular missions or their
informetion centres abroad.

Hon=governmental organizations may suffer from limitations in the following
areas: financing, comstitutional or policy restrictioms on activities, lack
of acceptance by certain Govermments, etc.
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ANNEX A

REFERENCES USED IN THE MANUAL

1.

"El Desarrollo de Pequefias Centrales Hidroeléctricas en Latinoamérica”.
OLADE, Quito, Agosto de 1979.

"Situscidn y Perspectivas de la Tecnologis y Equipemiento paras
P.C.H. en Latinoamérica". (E. Indecochea, R. Trejoc, F. Cuence, ¥
C. Herndndez). OLADE, Quito, abril de 198C.

"Requerimientos y metodologis pers la implementacién mesive de P.C.H.
en Latinoemérica"”. (E. Indacochea, O. Chaguea, L. Machado, R. Vargas,
M, Fleites, E. Enriquez, F. Ferrédn, L. Haro, S. Mancilla). OLADE,
Quito, Jjunio de 1980.

"Metodologia sintétice para el cédlculo ¥ especificacidn preliminar de
microcentrales hidroeléctricas". (Enrique Indacoches). OLADE, Quito,
Julio de 1960.

"Manual de microgeneracidén hidréulica”. (Sergio Valverde ¥y
A. M. Martinez). Instituto de Investigaciones Eléctricas (IIE), México,
1978.

"viabilidad de las Microcentrales Hidroeléctricas en Colombia'.
(0. Chequea, J. Lobo Guerrero, J. D. Burton y C. Casasbuenas).
Fundacién Mariano Ospina Pérez, Colombia, 1979.

"Problemftica del Desarrollo de la Tecnologia de Microcentrales
Hidroeléctricas y su contribucién a la Electrificacién Rural”.

(E. Indacochee). Imstituto de Investigacién Tecnolégica Industriel
v de Normas Técnicas (ITINTEC), Perd, Junio de 1979.

"Desarrollo Tecnolégicos pars el Equipamiento de P.C.H." Imstituto
de Investigacién Tecnolégice Zndustrial y de Normas Técnicas
(ITTNTEC), Perd, Abril 1980.

"Estudio del caso de la Misrocentral Hidroeléectrica Piloto de
Obreiille”. (Enrique Indacochez). Instizuto de Investigacicnes
Tecnoldcicas Industrial y Normes Técricas (ITINTEC), Perd,

Septiembre 1979,
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"Seminar-Workshor on %he Exchange of Experiences and Technology
Transfer on Mini Hydro Electric Generstion Unite"; Arafi Rerort
UNIDO, Nepzl, September 1979.

"Seminar-Workshop or Miri Hydroelectric Power Generation at
thmandu, Nepel”. Norwegian Water Resources and Electricity
Board (NVE). Oslo, August 1979.

"Swedisk Develompment of Mini Hydro Electric Generstion Un’ts".

Englesson Swedish Capabilities for Assistance 1979.

"Guia pars la elsboracidn de proyectos de P.C.H. destinades &
la electrificacién Rural del Perii" (Nozaki)., Ministerio de
Fomento y Obras Piblices. Perd, Julio de 1968.

"Le Electrificacién en Colembia"”. Instituto Colombianc de
Energfe Fléctrice (ICEL). 21977-1978.

"Flan Nacionel de Electrificacidén con Peguefias Hidroeléctrices™.
Consorcio Hidroeléctrico S.A. Programa de Naciones Unidas para
el Desarrollo. Ministerio de Energia y Minmas. Perid 1979.

"Programe de Deserrollo de P,C.H. en Panemé@". Instituto de

Recursos Hidré&uwlicos y Electrificacidn en Panamé. Noviembre 1979.

“Reconocimiento de Pequefios Aprovechemientos Hidroeléctrices en
la regién este de la Repliblice Dominicana", Corvoracién de
Presas del Este (CPE). Repiiblice Dominicena. Fedbrero 1977.

"Develommert of egquipment for harmessing Hydropower on & Small
Scale". (V. Meier). Balaju Yantra Shals Put Ltd. end Swiss
Association for Technicel Assistance. Nepel, Septerber 1979,

OTHER REFERENCES

1.

"Metodologia de Cdleulo del valor econSmico de une plante

Hidroeléctrica". Comisién Federsl de Electricidad. México, 1975,

"Plan de Microcentrales. Reconocimiento Preliminar. Resimen
de costos v caracteristicas de los Desarrocllos”, por Tecno-

v

Consulta Ltda. Instituto Colombiano de Energie Eléctrica (ICEL).

Colombia 1979.
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"D gn de microcentrales en Colombia' por Mercy Blanco de Monton.
Grupo d= Trabajo parz el Programa Perspectivaes del Desarrcllo
de P.C.H, en Américe Latine 1979.

"Puentes de Energia no Convencionales". Instituto Costarricense
de Electricided (ICE). Costa Rieca 1979.

"Une experiencis en Programecidn de Electrificecién Rural" por
el Comité Técnico de Electrificacidén Rural. Ministerioc de
Industria v Energia. Espafia 19769.

"Mierocentrales Hidroeléctricas Auténomas” por Dr. Roger J. L. Soulier,
BRTAU S.A., Francia 1979.

"Metodologie pare el Desarrollo de Minjcentrales Hidroeléctricas”
por Grupo de Trabajo pera definir el Programa Regional de P.C.H.
de OLADE. Ecqudor 1979.

"Plan Raciomal de Electrificecién Rural 1979-1982" por Comisién

Federal de Electricided, México 1975.

"E]l Desarrollo de P,C.E. en Latincamérica y E1 Caribe",
IX Junta de Expertos, OLADE. Panami. Noviembre 1975.

"Le energfa y sus perspectivas" por Ing. Hernmdn Bustamante.
Ministerio de Fnergfs y Minas. Peri, 1979.

"Fuentes de Energie para la Electrificacién Rural en el Perd”.
ELECTROPERU., Sector Energia y Minas, Peri 1976.

"El Progreme de Pequefias y Medianes Centreles Hidroeléctricas en
el Perd". ELECTROPERU. Hidrandina, Perd 1979.

"Material sobra algunas de las investigaciones y Desarrollo
Eyperimentales en Micro centrales Hidroeléctricas de 5 a 100 kW"
por Ipgs. R, Trejos Glen Dewey y E. Doryan. Universidad de
Coste Rica. Costa Ries, 1980.

“Dlan de Tmplementacidn de Microcentrales Hidroeléctricas" por
Ing. L. Gelarza. Instituto Ecuetoriano de Electricidad. INECEL.
Ecuador 1980.

"Feasibility Studies for Small Hydropower additions. A Guide
Mamual.” The Eydrologic Engineering Center and Institute for
' i LUSA, July 1979.
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"Seminer-Workshop on the Exchenge of Experiences and Tecnmology
Transfer on Mini Hydro Electric Generetion Unmits. Prospect of
Mini Hydro Power Develorment in Bangladesh” by W. Choudhuri.
Power Development Board, Nepel, September 1979.

"Semina~~Workshop on the Exchange of Experiences and Technology
Transfer on Mini Hydro Electric Generetion Units. Mini Hydro

Power Development Program in Burma". Nepal, September 1979.

"Seminar-Workshop on Mini Hydroelectric Power Generstion in
Ksthmendu, Nepel 1979. A typical exemple cof the development
and comstruction of & modern mini hydro power plant in Norwey".
Norconsult as. 0Oslo, July 1979.

"Estado Atusl de desenvolvimiento de tecmologia sobre
aproveitamentos com & utilizac#ic de midquines tubulares no
Brasil. ELETROBRAS. Brezil, 1979. ‘

- "Mini power stations - Small Hydro Power 100~1500 kW" by VAST,
Stockholm, December 1980.
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ANNEX B
BASIC CALCULATIONS

This anmex illustirates the steps involved in preparing a mini-hydro-
electric power plant project, using as an example the l6=kW pilot plant
project at Obrajillo, Peru.

It should be noted that this project was carried out for ressarch
purposes and that an existing irrigation chamnel was used in the design of -
the plant.

A flowchart indicating more or less typical steps that might be ex-
pected in a given project is presented on the following page.
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SEQUENCE FLOWCHART FOR A SPECIFIC PROJECT

Survey study

. 4
Determination of current electricity

demand for ten-year projection

SE.
Assessment of hydraulic resources]

Do the

available Cancel the project

or redefine its scope

resources satisfy
the demand?

Yes

Preparation of site and engineering
studies (intake, canal, silt basin,
fcrebay, pensteck, power hcuse)
and studies on altermative building
technologies.

Selection of alternstive for equipment

Design of transmission and distribution line

. Civil works and installation

*

Start=up
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The precedure described below was followed in designing the project.

Demand study

The community to be supplied with electric power had a population of
595 inhabitante and a growth rate that could be considered zero, since
according to statistics there bad been no popula:tioh increase in recent years
as a result of migration to the city.

The town had a bakery which obtained iie required electric power from a
head-engine-povered generating unit. There was also a small dairy plant which
had its own similar power supply. It should be noted that the town in ques-
tion lacked any street or house lighting.

In order to determine what kind of power would be required from the
future hydraulic power plant, the following factors were considered:

- The power consumption by the bakery occurred between 3:00 and 7:00 a.m.
in the morning;

- The power consumption by the dairy enterprise occcured only between
8:00 a.m. and 6300 p.m.;

- House li.ghting was to be provided only during the periocd from 6:00
to0 10:00 p.m.;

- Street lighting was to be provided only between 6:00 and 10:00 p.m.

On the basis of these factors it was ascertained that the generating
plant's maximum load would be .determined by the street and house lighting.
This consumption was calculated using a figure of 25 watte per inhabitamt,
yielding an approximate required power of 16 kW (provision was made for the
possibility of further expansion to permit a higher installed capacity per
inhabitant).

Resources study

In the case of this project a canal was already available, which
followed a course near ihe town and was used for izrigation. This canal

draws its water from the Chillén River, whose minimum annual discharge is

1.2 m3/sec.
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The water for the canal is obtained through an intake which is cleared
and otherwise maintained every year, after the high water, by the town resi-

dents as a community activity.

The first step was to locate a fall, which was subsequently levelled
neing topographic techniques. On the basis of the head determination (56.5 r)
and the required generator power (16 kW), the water flow was established
and simul:ianeocusly the optimum diameter for the pemstock was selected. With
the Beince PW pipe selected, the result was a net head of 55.3 m and a
maximum discharge of 0.048 m3/sec., derived from the following formula:

P
® 9.807 " B

n

where
P is the generating power (16 kW);
H is the net head (55.3 m);
is the total efficiency of the plant (62 per cent), selected from the
. table below.

Once the discharge had been determined, a hydraulic amalyeis was
carried out in orier to determine whether the capacity of the canal was
snff{cient to supply the plant and provide for irrigation at the same time.
This study made it possible to identify certain critical zones where the
canal had to be widened.

TOTAL EFFICIENCY OF KINI-POWER PLANTS (%)

Turbine type
Power (kW) Pelton Michell=-Banki Prancis Axial
Up to 50 58=65 ) 54-62 59-65 5866
50~500 65=69 62-65 66=70 66=10
500-5, 000 69-73 65* 70-T4 70-74

* The Michell-Banki turbine operates to a maximum power of 1,000 kW.
The above figures take intc account generator efficiency, which is

low in the case of the lower power ratings.
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Site selection and design of the civil structures

The existing intake had to be improved so as to make it possible <o

regulate the admission of water into the irrigation canal.

The critical zones of the canal were reinforced and widened in order

to provide the necessary capacity.

4 forebay wes built, which simultaneously functioned as a silt basin
and provided a way of returning the overflow to the irrigation canal.

An appropriately anchored PVC penstock was designed. Although the
recommended procedure is to bury a line of this kind, the pipe in question
was installed above ground so as to make it possible to test it for perfor—
mance and weather—resistance, and alsoc to test a number of protective coating

materials.

Selection of eguipment

(a) Selection of the generator

The guiding assumption was the need for 16 kW generation output. On_
this basis, the specifications called for a 20-kVA alternator with a power
factor of 0.8, generation voltage of 220 V, and gemeration frequency of 60
Hz. This generator satisfied the maxrimum power requirement. The rotation
speed of the alternator was 1800 rpm. Aes a research altermative, an asyn-
chronous generator was also installed, with a bank of condensors to permit
independent operation.

(b) Selection of turbines
Since it was designed to operate as a pilot plant, ome of the aims of

the Obrajillo project was to study and develop a2 technology for lowespecific
speed turbines. The specific speeds of various turbine types are shown in

the following table.
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SELECTIOR OF TURBINES ACCORDING TC THE SPECIFIC SPEEDS

Turbine type Ns Nu Hma.x edmi esible
Single-nozzle Peltecn 10 to 29 3to 9 1800 to 400

Two or multi=mozzle Pelton 29 to 59 9 to0 18 400 10 350
Michell=Banki 29 to 220 9 to 68 200 to 80

Slow Francis 59 to 124 18 to 38 350 to 150

Normal Francis 124 t¢ 220 38 to 68 150 10 80

Fast Fraencis 220 to 440 68 to 135 80 to0 20
Propaller and Kaplan turbines 342 to 980 105 to 300 LR 1- ]

There are two expressions for the calculation of the specific speed.
The first depends on the efficiency of the turbine and is written in the

form:

vhere;

P iz the net power, in hp;
Hn is the net head, in m;
¥ is the speed, in rpm.

The ieomd expression for specific specd makes it possible to arrive
at efficiency-independent similitude criteria and is written as:

B =¥ %n 3/4
where:

Q is the flow, in m>/ssc.

With an eye to low specific speed, it was decided for this project to
use Pelton snd Michell-Bsnki turbines, which were to operate under the mame
heed and flow conditions.

In order to enmure that, while operating under these conditions, ihe
turbines would perform within their customary specific rpm range, it was
nsoessary to determine suitsble runner diameters to make possible an optimal

roteting speed for the turbine.
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In the case of the Michell-Banki turbine:

g o 3985 /R

Dert

where:

Y is the rotating speed of the turbine, in rpm;
Hn ie the net effective head, in m;

Dezt is the external diameter of the runner, in m.

Por the Pelton turbine:

y - 41-46 /B

D
P

wheres

Dp is the diameter of the Pelton runner, in m.
Burnar diameters of 200 mm for the Michell-Banki and 600 mm for the
Pelton turbine were adnpted, making it necessary to use a mechanical belt

$ransmission system beiween the turbine and the alternator.

Desiegn of the power house

For this project, an existing mill, large enough toc accommodate the
equipment aud carry out research, was used as the power house.
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ANNZX C

LIST OF SYMBOLS ARD ABBREVIATIORS

W Watt '

kW Kilowatt

MW Megawatt

kWn Kilowatt hour
*  kWn/gal ) Kilowatt hour per gallon

m:"’/s/lr.'m:2 Cubic meter per second per sgquare kilometer
. m3/sac Cubic meter per second

mos/yr ¥onths per year

:i.nha‘::/l::-n2 Inhabitanis per square kilometer

gal Gallon

hr Hour

m Meter

km Kilometer

MHG ' Mini-Hydro Generation

EEG Extension of an Exigtirg Grid

TINIDO United Nations Industrial Development

Organization

OLADE Laiin American Energy Organization




