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Preface

The development cf new and renewable scurces of energy has become
a matter of priority in many countries all over the world. In particular,
increased attention has been paid to the development of micro, mini and
small-scale hydro power generation units waich cculd under certain cir-
cumstances appropriately contribute to industrial and economic develop-

ment of rural ind remote areas.

In places wnere lim ted hydro power is available, mini hydrc power
generation units (MHG) constitute a readily accessitle source of ranewable
energy. They use proven technologies that in many cases need only adap-
tatior, require limited investment and obviate excessive transmissicn

costs.

As part of its programme of Action in Appropriate Industrial Techno-
logy, UNIDO has been actively involved in promoticn of MHG development
and application in developing countries. It has organized three rrojects
related to this subject:

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

2. Seminar-Wcrkshop on the Exchange ¢f Experiences and Technoclogy
Transfer oa Mini Hydro Electric Generatinn Units, Kezthmandu,
Nepal. 10-14 September 1579, and

3. Second Seminar—Workshop/Study Tour in the Develooment and
Application of Technology for Mini Hydro-Powcr Generation,
17 October - 2 November at Hangzhou, P.R. China, and
3=7 November 198C at Manila, Rep. Philippines.

‘The Seminar-Workshop in Nepal, recommended that UNIDO encourage
the vreparat.on of manuals providing guidelinec for the develcpment of

mini hydro-power generation units in developing countries.

As a first step, it was considered useful to prepare a manual on
MHG for the guidance of decision-makers in this field. at central or
regional goveinment level ar at the planning and project implementation

levels. The manual is intended as a working tool to help decisicn-making




on the estatlishment c¢f small and mini bydrc power stations and the
formulation of comprehensive and conerent policies and programme fcr

this purpose.

The preparation of this Manual was made possible oy the financial

support of the Swedish International Develcpment Agency (SIDA).

The Manual was prepared oy CLADE, under the general leadership
of Mr. G. Rodriguez Elizarraras, Executive Secretary of OLADE, through a
group of its experts, Mr. C.A. Hernandez, Hr. L.E. Machado and Mpr. L.A.
Suarez with Mr. Enrique Indacochesz, Head, Regional Programme cn Small
Hydro Power Stations, as the technical cc—ordinator. The {anual alace
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. It should, however, be considered z2s a first volume to
be updated and expanded in the future to enhance its usefulness. Any

constructive suggestions ~r proposals in this regard are welcome.
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It is intended that this manual will be a working tool for decision
makers at differeni, levels. Since the potential main users of the manual
will not necessarily have a specialized engineering background, the tech-
nical elements rave bheen restricted to descriptive aspects and elementary
concepts, with more emphasis being given to questions of mini-hydro power
generation (MEG) development, policy, planning and programming than to the
engineering and technological requirements and potentialities, instructional

organization and training.

It should be also mentioned that in this manual, specific approaches
and, in some cases, alternative solutions are proposed. However, the cpti-
mum solutions may vary for every aspect of MHG development considerably from
country to country as a result of differences in socic-econamic sSystems,
political organization, level of development, history ani culture. The
specific conditions of each country or region must therefore be taken
into account when the recommendations contained in the manual are being

applied.

The manual comprises eight chapters. The first four chapters contain
general information including definition and classification of MHG units,
advantages and limitation of MHG in solving energy and industrial develop-
ment problems in rural and remote areas and at the country level, and a
comparison of MHG with other alternative energy systems.

As regards the clasgsification of MHG, it should be noted that at the
time of writing there is no united and generally accepted classification
of MHG units. Different organizations and countries have different
approaches. For this reason, same systems of MEG classifications are pre-
sented in Chapter 2, including the system proposed at the UNIDC Seminar-
Workshop on the Exchange of Experiences and Te:shnology Transfer on Mini-
Rydro Electric Generation Units, 10-1L September 1979, Kathmandu, Nepal.

Chapter 5 presents an analysis and methodology of MHG development,
starting from the assessment of possible applications in a certain area
and the evaluaticn of resources and demand to providing- decision-makers
with useful information on the operation and maintenance of MHG units.




a methodologyr for considering the possibilities of MHG development in a
certain area and identify a number of aspects which should be taken into

consideration before a final decision is made.

Chapter 7 is addressed to those persons who are responsible for
organizing #~d supervising projects and discusses the development of speci-
fiec 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 vhich may be of interest to
those who have a basic engineering training.

Although the approach to the prcblem and the recommendations con-
tained in the manual are mainly applicable to MHG of less than 1,000 kW,
they can also be used for the higher power ranges provided that the limited
application of sam= concepts, particularly technology questions, are

clearly borne in mind.

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




2. DEFINITICN AND CLASSII'ICATION

A Mini Hydro Power Station (MHG) is an installation where hydraulic
power is used to generate small quantities of electricity by means of cne

or more turbine-generator units or groups.

E—
MIF CONPACNTS OF NEG

cXKYx 1127 IECRIPTION

ax 4 strecture built across tle main watercourse

im ordsr to stere and/or raise tie level of the
vaker. Io MEC it is usually used %o r-ise the
¥ater laevel and i{s of simple construction.
JATERIALS: concrets, earth, rock, wood, plastic
saterials (or combinations).

X ¥oxs A strecture to facilitate the entry of water to
the conduit system. MNay or say zot bde sulmerged.
Tor NHG it say be of permsmenmt or artissn can-

stroaction.
WATERIALS: concrete, masonry, rubble ( artisan
omstruction).
CONDUY? COEDUCTICE The vater is taken from the intake to the forwbey
ST by sems of a canal or tunnel. Por XHI, irrige~

tiaa canals ssy be used.
COFSTRUCTICN: lined or wnlined.

TOIXBAY Mruoture vhich fecilitates the entry of the water
$o the peastock.
MATERIALS: conorets, less~aix (?) camcrets,

"

s ferro- ot .

AR ST A systea for preventing solid particles {rea
extering the peastock (to protect the turbine).
Kzy s installed as part of :he intake works or
the forebay ( depending cn flow, terriin, asterial
of which channal is copstructed).

SPEED RECULATOR A servo-eechanism whick keeps the turbine rewol-
ving st a constant speed and cmseqiently maintaine
tha alectrical energy generated at & conmtant
frequency. TPES:

NECEAEICAL: almast never used,
OIL NICKANICAL: the stwndard cne.

Rectro~Klectronic with flow regulation.
Tectro-Llectronic with saergy dispersion.
Aternative:

Xamual coatpel.

CESERATOR ia electrical sachine ttat converts the
aschmical energy into ¢ .ectrical energys
TIPLS;
ALTIXNATCR: (synchronous geasrator) -
the sost frequantly used {n NEG,
ASTECERCEOUS CINERATOR: (inmduction motor).
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TRAFSMISSICON LIXR

CIYIL BCIYERING

Rectrical equipment varying the woltage
whick snadles smergy tc be trmsported over
distances sconomically.

Nair valve (gats or Watterf’y). Turbine—
geterstor trmmissicn by direet coupling or

by transmissica systess ( V-delt, chain or gears).
Eydraclic inmr atien ( ters). Lighting
condnctore.

In XHG low and mediom woltages are used to
trmmmit the electrical energy from tha plant
t0 the point of comsumption.

Screwns ( for comtrolling solids), sates,
spillways, etc.

4 structure for compemssting overpressure.
ot aftem used in NHG, dapending om the head,
lengtk of pesstock, velocity of water ir ths
peastock, ssterials of which pemstock is made
ot tine neseded to close the sain valve. Xay
form part af the forebay.

Preasure pipe for conveying the water {rom
the forebay to the turbine.

Nresture ia wvhich the generstere amd cther
slestro~aschmical equipment are housed.

Mructure vhich returms the vater {rom the
power house eithar to dowmstream of the river
from vhich {t was taken or to a neighbouring basin.

A ypdrmulic sctor that converts the Jacrgy of
the water (head, or drop, and flow) into
sechanical eaergy. TYPESs

PELTOS: a free=jet impulse turbine used for
high heads; lovw cost.

WCERL-BAKKI: crose~flow impulse turbire used
far nedium heads; low cost low
of ficimoy.

FRIFCIS: reaction turbine (oparstes f{lled
wita wster) used for sedium heads;
nigh cost, high efficiency.

AXIALs Reasction turbine (wvariants: Kaplan
with odtustable blsades, firxed blade
propeller—type, tubular4ype, bulb-
type, oto.) used for lov heads,

Alternatives

WATER VEEZI: not a turbine. Low cowt, leow
efficiency. Artissn comstruction
possible. Slow, operstes wit) masll
heads,




The amount of power that can be generated (measvrsd in kilowafts) is

equal to that available in the water after

ciency in each successive compconemt of the MHG, and is proporticnal to the

product of the net head and the flow.

GROSS HEAD: Difference in level from the upper surface of the water
at the highest usable point to the lower level of its

use by the turbine. MEASUREMENT: METRES.

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

in the different elements conveying the water to the

turbine. MEASURMENT: METRES.

FLOW: Quanvity of water (volume) per unit of time.
CUBIC XETRES PER SECOND.

UNITS:

MHG can be classified according to various criteria and it is

considered advisable not to propose any one system, not only because of

the arbitrary elements that enter into every classification but also

because the specific characteristics and degree of development of each

country may better be served by different classificationms.

The systems given below are in the nature of guidelines that coald

be taken into account in defining criteria for specific countries or

regions.

a) According to power and head.

We propose two schemes:




Country or Organization acro HG Mini HG SHG
' (W) (xw) (kW)
gzl.‘lz:;d“ up to 100 1C0-1,000
UNIDO
g:f:g;’_““‘amla up to 100 101-2,000 ; 2,001-10,000
China by the unit up te 6,C0C
by the installed up to 12,0C0
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,C00
UsA ' | up to 20,000
Sweden 100-1, 500
Preparatory cocumittee for
the UN Conference on New
and Renewable Sources of up to 1,000 1,001-10,C00
Energy (Panel on Hydro-
power)

#) Classified not so clear.




SYSTEM PROFOSED BY OLADE FOR THE LATIN AMERICAN HEGICN AND THE CARIBBEAN

POWER RANGB HEAD
(kW) h__ (metres)
LOW MEDIUM HIGH
icro hydroc=power
ations up to 50 .less than| 15-30 | more than|
15 50
i hydro power 50 - 500 less than| 20-1CC {more th
20 160
all hydro power 500-5, 000 less thar. ‘more than
25 - 130

HOTES:

- The low, medium and high heads correspond approximately to the employ-
ment of Axial, Francis or Michell-Banki, and Pelton turbines, res=-
pectively.

- "Smali hydrov electric povwer stations™ also covers all plants with
outputs of less than 5,000 kW.

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

For very small outputs, generally less than 5 kW., anc. 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 to intake
- rm of river (lateral intake from a main watercourse);

-~ wWith reservoir or dam.

c) According to its regulation
- adjustable flow (control of the flow at the turbine intake) -
this may be either manual or automatic;
- constant load, whether because of the actual nature of the

load or through dissipation of the excess energy.

d) According to its links to the grid

- isolated plants;




(6°]

plants conncected tc small elecirical grids;

pPiants cumecied 1o wajor soual or national networks.

According to technological conception

This is an indicative classification based on *he nature of the main

technological components »f the plaat.

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-mecharical equip-
ment constructed to strict material and manufacturing criteria,
fully instrumented switchboards.

rlants using non-corventional technology. Often use intakes from
existing irrigation canals whick are improved, the forebay in-
stalled in Yine on the canal and incorporating the silt basin,
electro-mechanical equioment designed and constructed with tech-
nologies appropriate to the country's level of industrial deve-
lopment and the availability of lo¢al materials, standardized
equipment, modular switchboards with minimum instrumentation.
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FIGURF 3 GENERAL DI/GRAM OF INTAKE
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FIGURE 4  GENERAL DIAGRAM OF A TYPICAL FOREBAY
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FIGURE 6  REACYION TURBINES
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FIGURE 7 TYPICAL PCWER HCUSE
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ADVANTAGES AND LIMITATICNS OF MHG

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

sources of energy is how to make the most of their specific advan-

tages and overcome their limitations. Below are given some of the
outstanding characteristics in this respect, although they should

not ke taken as absolute.

ADVANTAGES

LIMITATIONS

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

Helps to promote socio=economic
and cultural development in the
rural environment.

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

Low operating costs.

Cheap and simple maintenance.
Long service life.

Little or no environmental
impact; better control of the
hydraulic 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
to overall investments.

- Utilization dependent upon the
availability of hydraulic re-
sources near the points of demand.

- It is necessary to soclve possible
contradictions in the priorities
of use of water, particularly for
irrigation.

- Power production may be affected
by meteorological and seasonal
conditions.

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

The specific advantagss of MHG open up enormous possibilities

of application. 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 planmts installed.

Figure No. 8 shows in achematic form the causes of these problems

and outlines some of the solutions which can be considered when

drawing up development policies.
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4.1.

CCMPARISON WITH ALTERNATIVE SYSTEMS

It is not proposed in this chapter o determine ‘he absolute
advantages of one or other power system, but rather to establish in
qualitative form, without proposing methodologies for quantitative
analysis, the main elements and criteria for comparing the alter-

natives.

Often when making comparative analyses of MHG and other alter-
native systems certain disadvantages, real or suppcsed, of the MHG
are assumed a priori and tne economic evaluations of alteruatives

are frequently distorted by over-conservative indices.

It is not claimed that MHG are the "best" =clution, only that
there are appropriate sclutions for eack 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 (4EG) is mainly one of economic comparisen, particularly as
regards the investment regquired. The following are some of *“e
elements which must he taken into consideraticm in such a comparative
analysiss
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M.H.G.

E. E. G.

CIVIL WORKS

(intake, conduction cystem, forebay,
penstock, pcwer housn, accessories,
etc.)

ELECTRO-MECHANICAL EQUIPMENT

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

TRANSFORMING

To medium tension; not always
necessary ( Transformer)
TRANSMISSION AND DISTRIBUTION 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=-staticn, switching area)

TRANSFORMING
From high to medium tensicn

(transformers, switchboard, etc.)

TRANSMISSION AND DISTRIBUTICN LINE
Medium tension from the sub-staticn
to the point of consumption, voltage
reduction for distribution and

consumption

The advantages of cne or other altermative are given by the

characteristics of the application, i.e. the greater or lesser

importance or magnitude of a given parameter determines the com~-

parative advantages of installing MHG or extending an existing

networkx EEG.

‘ ‘ : —-;_
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MAREN 2™ o

ST TN ATNEP A YTTI s s
VCUMIAOALL VD AVGADN LAGD

GREATER IMPORTANCE

LESSER IMPORTANCE

PARAMETER OR MAGNITUDE OF OR MAGNITUDE OF
PARAMETER PARAMETER

- Distance from point of con- MHG EEG
sumption to existing network

- Distance from point of con- EEG MHG
sumption to site of
water offtake )power—related
factor)

- Quantity of emergy to be EEG MHG
provided

= Load factor MHG EEG

= Importance of reliability of EEG MHG
supply

- Unaevzu terrain MHG EEG

- Availability of small-scale MHG EEG
economically harnessable hydro-
povwer resources

-~ Availability of energy EEG MHG

- Prospects of community MHG EEG

participation

COMBINING MHG AND EEG

It is possible to combine MHG and EEG in situations such as:

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

lateda 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.

Countrius over—dependent on imported fossil fuels for genercting elec-

tricity and with abundant small-scale hydro power resources available.

Progressive development of electrification in several rural localities,

beginning with the installation of an MHG ana later supplemented by EEG

when justified by the growth ia demand.




4.2. THERMAL UNITS

Diesel engines - or for smaller needs, gasoline engines (CTTO
cycle) - are usually used for generating electricity.

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 operation

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
steam power statiors operating ranking cycle can be employed to
generate electricity, frequently utilizing waste combustable
materials or even coal when it is easily available and cheap,

such as in coal mines.
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ADVANTAGES AND DISADVANTAGES OF THERMAL UNITS AS COMPARED WITH MHG

ADVANTAGES DISADVANTAGES
- Smaller investments - High and increasing cost of
- Zase of installation fuels and lubricants.
- Simplicity of operation - Expensive to maintain and repair,
- PFewer studies needed for their - Need more highly skilled main-
installation tenance and repair staff.

= Require imported and difficult
to obtain spare parts.

- Little prospect of developing
local production of mctors.

- Short service life (5-8 years).

- Contribute to envircnmental
pollution.

~ Help to increase demand for oil.

Economic comparisons 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 ccrrected by macro-economic factors derived from the true
cogt 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 harnessable hydraulical

resources and the extension of transmission lines is not Jjustified.
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4.3 OTHER RENEWABLE SOURCES OF ENERGY

The various renewable sources of energy offer valid alternative

power supp.ies for rural development. However, in most cases they are
not substitutes for MHG, either because cf the terminal form of the

energy supplied (direct mechanical energy or source of heat) or, even

if they can produce electric 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 investment per unit of
useful energy.

Mature and proven technology.

As regards the specific characteristics of the main alternative

sonrces of energy, the following may be said:

a) Direct solar energy

Its main field of application in the countries of the third world

is for heating and drying needs.

As regards its passive use, its roles is particularly important in

environmental heating through appropriate architectural designs.

Solar energy can be harnessed for the direct ovroduction of electricity

through the use of thermal units operating with the Rankine steam cycle,

which involve very high initial investment costs and very low efficiency.
Photovoltaic cells are also used for the direct conversion of solar radia-

tion into electrical energy, but in the third world their utilization is

only Jjustified for the production of energy needed in small quantities

and for highly specialized applications as they do not yet constitute a

cheap source of energy.
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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 a commer-

cial production of windmills for the generation of electricity.

In general they prcvide an alternative to MHG for the under 10 kW
power range.

c) Bicenergy

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 envircnment.

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

Also pyrolisis processes and alcohol cun be irteresting sources of

bioenergy to operate small thermal units.

d) Geothermul energy

Where the resource is available geothermal energy can also be em-
ployed to generate electricity, however, this is most frequently applied
in medium or large power statiomns, even though it is also possible to

utilize geothermal energy for small units.




DEVELOPMENT OF MuG
5.1. POSSIBILITIES OF APPLICATICN

Before carrying out specific projects to promote the development of
MHG in a given ccuntry, it is necessary to determine, at least gqualitatively
or with a few quantitative elements, the nature and magnitude ¢f the probtlems
to be solved by using MHG, to ascertain, tentatively, the existence of

small-scale hydraulic rescurces and to have an over-all assessment of national
capacities in order to initiate their devel opment.

PRORLEGS 70 X SCLVED ¥ITX XXG

PROELIN OR XEDD ELEOETS FOR ANALYSIS

0 POTIDE DERSY FOR TER RURAL

BYRONIS?, DCLLUDING SMALL

IEDUSIRIXS DEVELOMNIERT tentions orders of mgniteds of
the protlam
Alteramtivwe
RNr vut purpess?
- % imprewe living conditions
- o devalep farm indusiry
- Te davalep sasll industries

(fertilisers, sewmills, eto.)

- Tor aining development
- %e dewley hmdicrafts
e  Per irrigstiss md draisage

by yampiag
- Busstion snd cultwro
- Eselty

Htution wit) regarw to the use of
tharmal growps for gemersting power,
wse ¢f petroleom derivatives for
seckiag, lighting or heating.
The comtry’s situstica vith regard
te the production snd importatiom
of hypdrocarbora: ordsrs of sagni-
tude, prospects and limitaticns {a
replaoing them.

PECILIX Of JTID ELDONTS JOR ANALISIS
Tramsporting hydrocarbons to raral
areas.
lsplicstions of using thersal
equipnent (comt, wseful 117,
mpplying fuel, saintenance and
repaire, etc.).
Brosiom of soil.
Rydrwalic control.
Deforemtaion,
Pellution.
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AIFTAD DG TR RXISTENCE OF SMALL-SCALE KYDRD POVER PCTEFTIAL

¥R C4F AR USED FCR XEO

LLDCEXTS FOR ANALYSIS

AVAILABILIIY CP SIS
FOMIR RESCUACTS

LOCATION OF HL.-J ISSOURCES
IN EXLATICE D ZBDUXD

ACCESSTBILITY oP
AVAILARIE RESOUKCES

KOLIIME Uk

Quelitstive assessment of3

a) Precipitsticns and kydrelogy ( flow)

3) Terruin (heads)

c) Geological and qualitative geo=-
werphological charscteristics of
the territory.

Iatisate (if possidle) of the order

of magnitude of tke potemtial.

Analyuis by areas or regions.

I3 should be bome in xind that for
isolsted NHG or thoee wkich are 2 part
of mmall grids, use of hydro power
should ds close to the locatiom of
demand. Potantial skould be estimeted
in aress whick are cloes to the demasm,
«soept for KEG which are i{ntarcommected
with larger grids.

- Comswnicstian

« Ceogrsphis accidents
- Clisme

= Healtkinees

« Irrigstices, use of sristing
weterways.

-« Use of existing dass.

- Nultiple projects (irrigstiom
wad eoergy).

NAZTNGN UPILIZATION OP NAZICHAL CAPACITIES 708 DEVELOPING KNG

CAPACITIES

ELDENTS FOR ANALTSIS

PLAITNG
GVER-ALL KVALUATICN OF
RESOURCES D CIAND

FEEPARATICS OP PRR-
IFVESDONY STUDIES

INSTITUTIONAL OBCANIZATION

OPERATIIN AXD XADNTINANCE

Uy xsovKs

SCPPLYING IQUIPEST

Crgmaisation, erperience

Institutions, studies which hawe been
carried out, orgmmization.

Institutions, advisers able to prepare
projects end dawelop enginsering:
experi ence.

Availability, flaamcisl institutions,
external scurces.

Klaectrical enterprises and their
sctivities in rural asas. Municipal
and co—operstive enterprises. Private
prodmoers, communal participation;
Araditions and experience.

Rxperieace, sall comtrectors, can—
trecting firms, esterprises; asterials.
Organitation of operstion sad sain-
tenance.

Availakility st all lewels.
Aveilabilisy, cepacities for deve~
lopaent ead adaptstion, iaformstion.
Experience in scquiring technologies.
REristing or potential production,
imports, informstion.
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After analysing energy needs, the availability of hydro power rescurces
and the national capacities, a policy decision must be taken as to whether
the 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 qualitative elcments and on very appro-
rimate quantitative elements. Together with the process of plamning
the development 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 borma in mind that there may be territorial distinctions
within a country concerning the development of MHG, depending on the
availability of hydraulic resocurces and the energy needs which have
to be met.

- The policy decision should be taken with due regard for the time and

context of dsvelopment priorities in relation to other energy sources.

- A policy for the development of MHG is absolutely dependent on such
factors as the availability of hydraulic resources and energy needs.
National 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 MHG calis for integrated actions on various fronts,
as is pointed out in the table of national capacities and summarized

in Figure 9.

- The policy decision to develop MHG shculd be the basis for the formu-
lation of a strategy of development and specific policies, the elements
of which are analysed in the following section of this chapter.
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5.2. ORGANIZATICN OF PLANNING ANDT PRCGRAMMING

Once it has been decided to develop MHG in the cowntry, it is necessary
to define the followings:
a) The responsible governmental sector (ministry, State secretariat,
State institution, etc.). In general, it will be found within the sccpe

of the ministry or State secretariat responsible for energy affairs.

b) The body responmsible for planning, direcving 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 planning, a unit or section should be
established which will be specifically in charge of developing MHG separate
from the unit or section dealing with larger hydro power sources. The

funstions of MHG sections or units can be as follows:

-~ To propose development policies and strategy.

- To formulate development plans.

-~ To formulate periodic programmes for implementation
(studies on civil engineering works and financing).

- To co=-ordinate and supervise the units responsible for
the programmes for evaluating resources and demand,
carrying out civil construction works, and operaticns
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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The 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 varicus 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 Pigure
9.

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

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

~ Alternating requests for financing and actioas taken by the local
population and deciding whether they can be incorporated in the
implement ation 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
institutions and evaluating the use of non-conventicnal technologies.

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

« Co=ordinating intermational technical co-operation.

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

with technology, the production of equipment, training and financing.




- 31 -

On the basis of the short-term plan, a one or two-year implementation

nrogramme will be drasm un, of which tLe follewing aspects should be con-

——ge —== -

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.).

- Relocation of existing equipment in abandoned plants.

- Identified needs (new projects, or projects 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 evaluate technclogical

alternatives and capacities for implementation.

The development of the short-term plan and its respective programmes
offers the following advantages:

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

- It makes it possible to acquire experience which can be used for
the development plan.

- It makes it posaible 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 implemen:ation of the short-
term plan and the programme for its implementation, the planning unit will
have to begin to prepare the "MHG Development Plan", which calls “or a series
T of preliminary studies and evaluations that will constitute the cbjective
basis of the plan.

STUDIES AND SVALUATICYS SEEIED 70 FOMULATE THE PLAN

ldentiffcasion of pepulated snd isolated centres mnd
wicTo-regions which are in need of snergy development.
(Study emrusted to, or comtracted with, the Unit for
the Bvalustion of Resources and Jemand).

Bralustion of rescurces Yy hydregraphic dasing and water—
sheds (first spprozizstica) and spproxisate evaluatica
of potemtially exploitable resources in areas close to
{solsted populated cantres apd aicro-regiocns { second
spproxiastion); studies satrusted to the Unit for the
Dvalustion of R ces and Demand or cortracted for
suteide.

Inventory of existing NHG, evaluation of their canditica
aod cperstional situstica.

Estisste of potentialities and Zinancial sourcesa.
Bvalustion of available technolcgy and prospects for its
dewelopment, adaptation or acguisition.

Bvaluation of potentialities for supplying equipmeat and
msterials of either national or {mperted origiz. Putes-
t1al industrial capacities for equipeesst ssmufacturing.
Bvalustion of ths aveilable experts for studies snd
egineering.

Sammary of investment and opersting cost indices.
Bvanlustion of 2he institutional situsticn snd of experts
to canstruct a'd cperate MHC; possibilities of comunal
participstior..




- 33 -

The plan must likewize take due account of specific policies wrich

can provide the framework fcr a development strategy. Fcllowing are some

suggestions for policies and their possitle characteristics, which will

have to te adapted to the conditions of each ccuntry.

POLICY OF RURAL EYERCY

IESTINTIGAL “CLICY

COIS®RICTICN FOLICT

FDUSCINC POLICY

DPIPGET POLICY

Increass in added walve of
production by mesns of esta~
blishing rursl industries.
Dewvelopmant of energy-
producing activities.
lsproving living conditions.
Sealth, cultare, recrestion.
Pamping vster.
Maltiepurpcse use of dams.
Development of ssall rural
electricity grids.
Iptercomnexion of WGE with
pational petworks or cewve—
lopwent of isolated localities.
Position in the comtext of
mural development.
Participaticn of electrifi-
estion bodies or anterprises
»d communal participstion;
orgenissticnal sod entre-
praseurial forms; (mixad
smicipal enterprises, pri-
wate co~opsTetives).
Distridution of imstituticnal
responsibilities amcng the
waricus activities of MEG
dewsloyaent .
Gradual isplementztion aimed
st the future large-ecale con~
struction of NEG.
Intensive use of local aste~
rials and labour.
Use of mon-conventicaal cone
struction techniques and
asterial.
Basic proportions for assign-
sent of resources for MEG.
Pinspoing criteria; nooe
recoversble investaents and
operation financed by tariffs.
3waluation of cosmunal contri-
bations of labour and materials.
Ways of obtaining external
financing.
Original of supplies; priority
for national supplies.
Promoting the developmart
of domestic productions.
Adapting prolect engineering
work to niztional supplies of
squipmint and materials.
Quality snd criteria for
soceptance. Prospectives of
standardization.
Determining equipment compo—
nents {0 be obtained froa
domestic indusirial production
aod to be isported.

TECIOLOCY FOLICY

ARIFP POLICT

TRATEING POLICY

OPXRATION AYD

NAIXTDVINCE POLICY

Proacting the develcpment and
sdaptation of technologies
relating to sqripment and
materials.

Deteraining channels for
transferring developed ‘eck-
nology to industry.

Promoting tis development of
Bop~cenventicnal construction
tecknslogies.

Determining :ztannels for dis-
trituting construction teche
nologies to pruject umits ad
communities.

Deteraining shat equipsent

vill be deweloped with local
technologies and what will
require wquisition of foreign
technologies.

Deteruining what conditions

are unacceptsble for contrects
for the acquisition of teche
aology.

To make energy awvailable %o the
inhabivamts of remcte areas with
fev economic resources.

To ensure the operstional can=
tinuity of NEG through funds
darived from tariffs.

Jasic proporticnality of na~
tional tariff systess; subsidies.
% promote the nationmal use of
electric cnergy.

To promote tbe use of electric
energy for productiwe purposes.
%o train professicnal and tec.-
noical cadres for research, pro-
Ject mudier snd engizeering,
construction, and operstion of
Ee.

Pruipment tecanclogy to bu
saployed must take into corsi-
deration useful life, simplified
preventive maintenancs, ainimize
maintesance requiresents, esse
of saintenance and repairs, do~-
mestic mamufacturing of components,
stocks of spare parts, etc.

To organize regional eaintenance
squads.

Training cperstors of rural origin
in preventive maintenance,
Establiah shop facilitise for
repaire and recoastructian of
equipeent .

To promote the participstios of
local populstion in the main-
tenance in the civil structure.
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5.3. OVER-ALL EVALUATION OF RESCURCES ANT DEMAND
This is one of the principal elements to consider when promoting the

construction of MHG in a country, as it is the main frame of reference for

drawing up development plang and implementatiun pregrammes.

GENERAL CONSIDERATIONS FOR THE OVER-ALL EVALUATION OF RESOURCES AND DEMAND
FOR MNEHG

- The over-all evaluations are directed toward the study of the demand
and resources for micro-regions and basins and do not go into the
studies of specific projects in detail.

- When considering the development of MHG in micro-regions or isolated
localities, it must not be forgotten that the over-all evaluation of
demand and rescurces for energy are clcsely connected, in geographic
tems, because of the limitations of the distance over which low and
medium-tension current can be transmitted.

= When attempting to comnect MHG to existing networks, the geographical
link should be established between the area where the hydraulic re-
gources are found, and the transmissicn lines to which it is planmned

to connect with.

It is very important to distinguish between the over-all evaluation of
gsources and demand and evaluations which are made for studying specific

proJjects.
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DISTINCTICNS BETWEEN CVER-ALL EVALUATION AND EVALUATICONS FCR

SPECIFIC PROJECTS

OVER-ALL

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

- Study of the over-all energy -
needs of a micro-region cr
propulation groups in a speci-
fic area.

- Study of exploitable resources

in a basin or dip, with a
preliminary list of specific
projects.

- (General, extensive and multi=- -
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.

SPECIFIC

Is needed for stidies of indi-

vidual projects.

Study of the energr needs c¢f a
locality or population group which
it is hoped to serve with specific
projects

Study of the resources for a

specific project.

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

- Water gauging | flow measuremcits)

- Geotechnics (punctual and appro-

ximate)

- Topography
The evaluation of iemand must be
based on a detailed investigation of
the localities comnected with the
project.
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Section 7.1. refers to the evaluation needs for specific projects.

Depending om ke local conditiczg in each comtry +he sver—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 institution which
specializes in evaluating natural resources or in hydrology. Consideration
could also be given to having these functions 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 cver—all evaluation, consideration might be given to hiring
specialized advisers under the supervision of the plamming unit.

The unit in charge of the over—all evaluations will have the following
main functions:

FUNCTICNS OF THE UNIT FOR THE OVER-ALL EVALUATION
OF RESOURCES AND DEMAND

- Identifying and evaluating e—-isting MHG.

~ Assigning priorities to the areas to be evaluated in co-ordination
with the Plamning Unit.

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

-~ Evaluating energy development needs and potential in rural areas.

~ Identifying specific MHG projects and suggesting priorities for
their development.




Below is a typical fiow chmrt of tue aclivilies of over-all evaluatiocnm:

TIVENTORY OF
EXTSTING MEHG

|

IDENTIFYING AND
CLASSIFYING BASIRKS
ARD SUB-BASIIS

IDENTIFYING MICRO-REGIONS
AND ISOLATED LOCALITIES

|

PRIORITIES FOR ARZAS FOR MAKING AN

—
OVER-ALL EVALUATION

l I

OVER-ALL EVALUATION OF
NEEDS AND DEMANDS
IN EACH AREA

OVER-ALL EVALUATION OF
RESCURCES I¥ EACH AREA

1]

IDENTIFYING
SPECIFIC
PROJECTS

l

PRELIMINARY

11 PRIORITIES
FOR" PROJECTS
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The outlines suggested for mvaluating rescurces and demand should not be
applied mechanically in any country whatsocever, since there are special ccndi-
tions in every case which call for an individual approach based on:

- The characteristics and distribution of small scale
hydraulic resources.

- T™e relative importance of MEG in rural developament.

- The existence of institutione, statistics, studies and
tachnical cadres for carrying out evaluation activities.

Some characteristics activities for over-all evaluation must have, are
dsscribed below.

a) Inventory of existing MHG

This consists of identifying existing and projected plants.

It is recommended that special evaluation forms should be prepared ir order
to record the following datas

- Data concerning the location.

- Hydrological data and an appraisal of the basin.

- Bazic specifications of the power station and its main equipment
(capacities, head, flow, type of turbines, piping, gemerators, etc.).

- State of preservation (for existing plants).

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

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

This inventory can be used for studying other existing energy sources,
especially with regard to the extension of existing electrical network« and
thermal power stations which have been installed.
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One example of possible evaluation forms for recording data on MHG units
is shown in Figure 11.

ggu_rg 11 Form for MEG Units Data Sheet

Fame of the MNGH Units:

1) (1) (1) Location
Location:

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

[BASIN SUB-BASTN WATERSHED
Capacity Area (k:nz) lini-ul3D|il lm-ul3l'lood Multi-year
Flow (m”/sec Flow (a”/sec) Avyrage Flov

(m°/sec)

(2) MAsernatively indicating bazin or sub-basin data.

Status of the MHG Unit: ZExisting Under construction Projected

Condition of the MGH Unit:- Good Bad In-operative

Status of the Networks: Erxisting Under construction Projected

Condition of the Networks: Good Bad In-operative

Power installed or t. » installed (kW) (3):
Maximum Demand Poreseen (kW):

Annual Energy Mean (kWwh):

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 Serwed:
Fuaber of Consumers:

Use of electric energy (%)
Public Household Comsercial Industrial Irrigation Mining Others

Lighting

Others (Explain):

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

OBSERVATIONS:

(b) Identifying and classifying basins and sub-basins

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

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

This study may be extended to the systems of watersheds belonging to a sub-
basin by establishing correlation parameters when determining run-offs.
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This study will lead to the need for preparing hydrological studies fer
specific basins and sub-basins, where the hydrolcgical data call for greater

reliability.

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

c¢) Identifying micro-regions and isolated localities

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

Suitably designed files should be prepared in which to record the prin-
cipai data concerming micro-regions and rural localities with respect to their
population, 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 micro-regions, the following
factors should be taken into account:

- Physical proximity.

- Communications.

- Political and administrative division of the country.

- Location with respect to sub-basins and hydrographic
water shed.

- Economic and social links

Considering that the available statistical information will frequently
not be up to date and will not contain certain elements of information, it
is necessary tc prepare mathematical models of population growth (or decline)
and correlation indices for determing quantitative 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

and rural localities is shown in Pigure 12 ).

‘ I ‘
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d) Priorities to be given to areas or micro-regions in making the
over-all evaluation

The information obtained during the three previous stages will provide the
basic elements fcr assigning priorities to the areas where the studies for the
ovar-all evaluaticn will be carried out, inasmuch as it will hardly be possible
or justifiable to evaluate the entire territory of a country simultaneously,
because of the following:

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

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

because of their hydro-emergy potential or population density.

- The limitations regarding human resources and institutional experts

to carry out the over—all evaluation.

T™is work consists of establishing priorities among areas in order to
prepare a small-tccale evaluation of the hydranlic resources in the sub-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 crder 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 Porm for Data for the Identification of Isclated Centers and
Micro-Regg ons

Name of Population Center:

Location Datas

(1) (1) (1)

(1) According to the political-administrative division of the country.
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DEMAND

Population Dan. Deneite (inhah/ka)

No. of abandoned potentials

Domestic Commercial Industrial Others

WATER SHED TO WHICH IT BELONGS

AREA (kmz) NMINIMUM DAILY MAXINUX FLOQOD ANNTAL OR NULTI-7EAR
FLOW Lmz/ sec) | FLOW Lmysw) AVERAGE FLOW LmB/ sec.)

SPECIFICATION ALTERNATIVES

Altemative] Alternativel Alternative|Alternative

1 2

3 4

FALL UTILIZABLE FOR MEG (m)(2)

FLOW UTILIZABLE FOR MEG (m>/sec)

INSTALLABLE POWER FOR MHG UNITS
(W)

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

discharge.

STATUS OF SERVICE

Available electric service: Tes
Kind: Eydraulic Thermal

Condition of Networks: Good

Yo

Transmission from

Quality of Service: Good Bad Fair
Year of installation or interconnexions

Level of sub-transmission tension (kW):

Bad Fair

larger E.S.
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Hydrsulic Generation: Exiting Under construction Projected
Conditinn of MEG hit: Good Bad In-operative

Tnstalled Power (kW): Max. Demand: Energy (kW):
Available head (m):

Etilizable flow (m/sec)s
istance from SHPS to population center (km):

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

Thermal Generation: Existing Under construction Projected
Condition: Good Bad In-operative

Installed Power (kW): ¥aximum Demand(kW): Energy(kW):
No. of Groups: ‘Potential of each: Kind of Equip.:

Fuel Used: Efficiency (kWh/gal.):

Generation from other Elec. System:

Eristing Under construction Projected

Line capacity(kW): Length(km):
Power of Largest E.S.(kW): Totzl annual Energy(kWh):
Maximum Demand (kW):
Type: Hydramlic:

Thermal Fuel Used

Mixed
ROADS SYSTEM
Road: Asphalted Paved Unpaved
Transitability (mos./yr.):
Distance from other population centers: Center Distanze(km)
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IRRIGATION
Number: Existing(E): Prujected{ F):
Irrigation Status (E or P) Irrigated Area (kmz) Flow (m3/sec)

ECONCMIC ACTIVITIES:

Livestock ( head): (Swine) (S“2ep) (Cattle) (Others) (Detail)

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

Mining: (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
weighted svaluation criteria which must be co-ordinated with the Plamning Unit.
The following parameters can be considered, however, their weighta and values
should be established in comnection with the priorities defined by the national
development plans and gnvermment policies.

PARAMETERS FOR ASSIGNING PRIORITIES TO AREAS FCR THE OVER-ALL EVALUATION
OF RESOURCES AND NEEDS

- The population which can be served.

- The existence of hydraulic resources.

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

- The area'’s possibilitiss for economic development arnd for the
use of energy for productive purposes.

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

- Possibilities of interconnexion with larger systens.

- Cther energy altarnatives

- Posaibilities of multiple-purpose development.
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Some of the above-mentioned criteria would hardly come under consideration
in determining priorities, because of the limited information provided by the

preliminary identification studies and inventories.

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

e) Over—all evaluation of resources in each area

The over—all evaluation will focus on the svb-basins and watersheds which
offer the best possibilities and are closely commected with the localities which
are potertial users; consequently, it will have tc be made parallel to and together
with the evaluation study of demand and needs referred to below.

As was mentioned before, the over—all evaluation studies of the resources
of each area and each sub-basin which have to be analysed may include studies
of hydrology, ecology, geology, geomorphology, geotechnics and the availability
of aggregates, 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 not be made for each
and every project, in order to avoid excessive pre-investment 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 approximate evaluations.

(1) Hydrology

Purpose - to estimate the flows which can be used for mini power stations,
by generally determining tne 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 determine by
direct methods, since in many cases no hydrometric 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 possible to establish criteria of constant similitude between
the sub-basins and the main basins which will help to generalize the information
that is most likely available for the larger bLasins, especially for the preci-

pitation/duration and flow/duration curves.

The available pluviometric information (precipitation measurements) should .
be supplemented by preparing regression equations of existing data; moreover, the
hydrometric information which is gemerally available should be used by applying
interpol tion criteria to supplement the flow records. Hydrological models can
also be used when there are ro representative hydrological series in the sub-
basins by simulating run-off series for the drainage area in question. One
interesting model which would require some adaptation for practical use is the
Norwegian SNFS system in which the transfer through each sub-basin is simulated
by a system of tanks.

In the final analysis, the monthly minimum flow or that which is exceeded
35 per cent of the time, assuming the predominant use of "run of river" mini
hydro power stations, can be defined as a pémentage of the average multi-anrmual
flow. It is possible to draw up equations establishing a relation between the
annual average flow or the anmual average hydraulic capacity (ms/S/sz) (also
known as discharge modulus) and the corresponding drainage area of the basin,
which, together with the duration curves which have been ascertained directly,
makes it possible to define linear expressions for calculating the minimum

monthly flows.

Daily flows may vary considerably, since 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 ol 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 cnes would affect

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 hydro power station.




- 46 -

-

Relevant information supplied by the local population can alsc help,
if properly interpreted, to evaluate historical flows, especially with regard
to floods. Maximum flows supply a useful reference point for planning civil

engineering works, especially wiih regard io ilheir proteciiovm.

(2) Ecology

Parpose - To describe the environment in which flora and fauna will dewvelop
in order to determine its effect on project characteristics, building types, and
materials, and equipment to be used; its effects on prospects for corservation
and, on the other hand, the effect of establishing mini hydro power stations
on the ecology of the basin or sub-basin.

Methodological aspects — For the reasons pointed ocut above, this kind of
study is only suitable for evaluating tasins and rot for evaluating specific
projects; in the letter case, what is needed are merely general comments on the

ecological aspects.

This will cover the following aspects:

- Climate

- Biclogical zones

- Soils (from the point of view of human use)
- Vegetation

- Fauna

- Bodiss of water and aquatic biology.

(3) Geology

Purpose - To determine the basic characteristics and composition of the
80il and sub-soil of the basin in order to establish some general guidelines
for construction, mainly with regard to structural and seismic aspects.

Methodological aspects - It is advisalble to undertake studies which apply
to basinsg and sub-basins rather than to specific projects. The most relevant

aspects of such studies are the following:

- Lithology (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 corformation of the surface of the terrain and
evaluate it with a view to detemining, in particular, the accumulation and
deposit cf sediment in the watercourses, while considering its eroding effectis
on equipment and the consequent need for suitable plamming 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 awid

possible land slides and erosion.

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

basins.
(5) Geotechnics

Purpose - The study of soils with respect to their characteristics, mecha-
nical properties, stability and water table, mainly in order to 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 variations;
in this case, 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 pos-
sible specific locations for civil engineering works, in order to help to select
final locations and to define desigu requirements.

The extent of its use depends on the size of the indiv _.ual project, both

with respect to study costs and the risks inherent in the construction 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 judgements, mainly by excava-
tions and drillings, an approximate estim:te of the bearing capacity of the soil
and an estimate of safety factors for designing the intake, forebay, scme supports
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 constmction processes.
Methodological aspects - A differentiated study of the existence and charac-

teristics of the principal kinds of materials needed (granular material, riprap
material, quarried material, sand, gravel, etc.).

£) Over-all evaluation of energy needs and economic demands in each area

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

This stage calls for a detailed study of the data obtained from a preliminary
identification of micro-regions 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.

It is necessary to keep an extensive 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.

The social-economic analysis of each locality can cover the points described
below. However, it should be borne 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 aimply disregarded.

SCOPE OF THE SOCIAL-ECONQMIC ANALYSIS OF LOCALITIES

POPULATION Number, size of families, breakdown by activities,
income, cultural levels, etc. Typification of the

possible levels of satisfying energy needs. Historical
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information about growth (or stagnation); mizrationms.

Forecasts of growth (estimates), forecast of rise in

—— -3 _ PP

e L WA o~ /- -a \
a8 1lOQLICES Ui THUKYy LOTUD |\ ©IVLOALED Jeo

ECONOMIC 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,
COMMUNICATICHNS postal system, telecommunications, etc.

SERVICES Drinking water, drainage, energy supplies; trade.
EDUCATICN Schools and cultural activities; educational needs and

their specific energy requirements.

PHYSICAL DESCRIPTION Geographic location, distance, physical description

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

The social-economic analysis should provide the basic data for each locality,
so that the requirements and potential for electricity consumption and the required
ingtalled capacity can be determined by using indices.

In this stage of over—all evaluation, it is possible to determine only appro-
ximate requirements of installed capacity on the basis of indices, which will be
necessary 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

-  Miscellaneous (health, education, culture; social,

political and religious activities, etc.).
It is also possible to estimate approximate periods of daily use for each

N category and its seasonal variations. The proposed additional analysis provides

the necessary data to determine required installed capacity and demand at the pre-

feasiblity level for studies of specific projects.




g) Identifving svecific rrojects

Because of the inter—action between alternative MHG projects which can be
defined from the over—all evaluation of resources, together with the evaluaticn
¢f needs and demand in all the localities of an area, it is possible {0 deter—
mine and define in approximate terms those series of projects which can meet
the basic energy needs of the population at minimum cost. PFor this purpcse it

i3 necessary tc consider the following factors:

CONSIDERATIONS FOR IDENTIFYING MEG PROJECTS

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

or the area.

- To select those projects of relatively greater capacity which can

economically replace several less smaller ones.

-  According to the topography and characteristics of the site, %o
select the type of power stations with regards to head; high heads
being more convenient, as they involve smaller investments and ensure
greater economy of water, although they are subject to more wear-and
tear and the greater water-level losses resource decreases the avai-

lability of water for other purposes at higher levels,

- To take account of increased requirements of installed capacity,
either by over-designing the installations or allowing for enlarge-

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

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

It should be pointed cut 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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h)  Assigning vreliminary priorities to projects

This is the fundamental basis for defining the "development plan”" and its

"implementation programmes", which is the respomsibility 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 facturs are suggested:

FACTORS FOR ESTABLISHING PRIORITIES FOR THE IMPLEMENTATICON OF PROJECTS

- Size and cost, including cost of transmission lines.

- Population to be serviced; load factors.

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

- Availability and permanency of the hydraulic resource.

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

- Possibilities of using local labour and materials for construction.

- Pcssibilities of organized participation on the part of the ccnmunity
by contributing with labour and materials.

- Availability of access roads and road connexiaons.

- Possibilities of creating local empioyment.

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

- Possibilities 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 i1solated

localitiea and also shows the approximate requirements of installed capacities.




Table 1

Identification of productive activities in isolated localities and the rural

area, which could utilize the energy gemerated by the SHPS.

ACTIVITIES

Carpentry shops

Bakeries

Artesanal activities

Small saw=-mills

Sugar can mill

Grain mill

Weaving

Coffee beneficiaries

Quarries

Ice-making

Irrigation pump

Bricx-making

Lodging (20 guesats)

Restaurant

Vegetable canning

Dairy products (butter, cheese)
Milk-processers (cooling and pre-evaporation)
Silos

Electrical and mschanical workshops (repairs)

Gasoline pumps

INSTALLED POWER FCR
CCNSUMPTION (kW)
5-15
2-5
1-2
15 - 30
10 - 20
j-20
0.5 -6
5 - 30
6 - 30
6 - 60
2 - 100

5-15
0.5<-5
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With this evaluation, it will be possible to prepare lists of projects
in order of priority which can be used for planning anl programming activities,
although this will not antomatically ensurs that these projects will be included

in the programmes, since the Planning Unit will have tc egtablish other series

of priorities with respect to questiocns of regional development, rural industrial
development and sectoral policies.
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5.4. PRE~-INVESTMENT STUDIES

In this chapter we shall be mainly concerned with pre-investazent
studies for specific project, on the basis that studies relating to
over-all analysis of resocurces and demand have been dealt with in Chapter
S5.3., 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 esgtablishing priorities.

Specific project studies serve two basic purposes:
- Technical and economic Justification;

- Guidelines for the project's execution.
It may be said that pre-investment studies constitute one of the
fundamental differences betwen MHG and larger—size plants,. and for this

reason preparing studies often poses the following problems:

COMNQONEST PROBLEMS IN MHG STUDIES

- High study costs, often amounting tn betwean 3C and 50 per cent
of total investiments.

-~ Formal terms of reference not always adequate to the project's
needs.

- Over-abundant 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 construction.

The above drawbacks can be attributed to the following causes:

REASQONS

- Uncritical transfer of terms of reference commonly used for
large hydro-electric projects.
- Routine division of studies into successive phases (pre-feasibility,

feasibility and detailed engineering) without taking account the

aim of the particular study.
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~ PFormalistic demands and excessive data requirements made by
financing institutions.

~ Lack of definition of targets enabling proportions to be esta-~
blished between study costs and total project investment.

~ Lack of comprehensive studies on rescurces and demand by basins
and micro-regions respectively. )

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

- Lack of technical and ecocnomic manuals on project development.

-~ Limitations in consultancy 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 maximum cost of studies as a percentage of the total investments and
according to the size of the power station. These targets should obviously
be set 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 cperations and
a means of protecting the project's total investments; they should consequently
be kept within reasonable proportions to prevent their becoming a high-risk
investment in themselves 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-investment 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 % MAXIMUN PERCENTAGE OF TOTAL COST
TO BE ALLOCATED TO STUDIZS
10 15
100 11 ‘
1,000 8 i

The scope 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, whetler or not comprehensive information
on basing and areas for groupa 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 referred to in 5.3.

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

engineering.

a) Pre—feasibility/Reconnaissance Study

In the case of it is desirable to establish minimum requirememnts
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.

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

The degree of approximation to a pre-feasibility 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-FEASIBILITY STUDIES ACCCRDING TC
HOW THEY ARE RELATED TO PLANNING AND OVER-ALL EVALUATICN

PROJECTS WHICH FOBM PART OF THE
PLAN AND OVER-ALL EVALUATION OF
RESOURCES AND DEMAND

- The decision to carry out studies
has been taken at the planning
stage and was based aon over=all
evaluations made; it remains for

the pre=feasibility study to

specifications, determine the
scope of project engineering and

asgsess its feasibility prospects.

- The over-all avaluation can

contain adequate data on hydro-

energy demand and installed
capacity requirements, so that it
only remains to assess this data
in a field study, to make some
water guaging (flow measurement)
measurements and to supplement

informziion or give more details.

analyse alternmatives, define plant

logy, the assessment of resources,

INDEPENDEST PROJECTS OUTSIDE THE
CONTEXT OF OVER-ALL EVALUATIOKS
AND PLANS

= If the project locks promising
in a preliminary survey, the
pre—-feasibility study can have
the scops of the projects planned;
if not, it should give altema-
tives and approximations as to
their gspecifications and invest-
ment requirements, and assess the
desirability of going on with the
studies.

-~ Evaluation of resocurces 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 nroportion to the eatimated

investment requirements, and other factors .elating to the project's size,

a8 can be seen in the following table, in which power stations are tenta-

tively separated into two power ranges:




CIARICTERISTICS OF PEE-FRASIBILITY 3TDIES
ACCORDING 70 SIZE QP MEG

LOVIR POVER VALDTS (LESS TEAFN 100 L¥W) HIGHIR POWIR VALULS (CHEATER THAN
CR 100 kW)
= Cheeking watur flows usieg indireat =« Checking fiows through seas:rements
aetbols during short pericds takea over long periods or
ad generaliszing with the the use of similarity models.
help of qualitative assesements.

= Very linited topographical surveys, = Detailed topogrsphical surweys of

or the elixzination of these; the the scst relevant aress (intake,
ase of artisan sethods for levelling chamnel, forebay, fall, pawer house,
falls. tail rece); careful deterwining of

‘a2 hesd and layout of a penstock.

« Visual assessment of the structure - Applyisig geotechnical asthods to
of the terruin for constraction check he characteristics of the
purposes. terrain in areas where the main

oonstruction work is to take place.

= Owr-dissasioning snd larger safety = Less ower-dimonsioning and more
sargine taking into acscunt grester reduced safety margins in viev of
unoertainty factors. more thorough studies and the
grester investamnt involwved,

« HKore consideration of the use of = Less considerstion of non-
non~caawesticnal tschnologies conventional technologies even
tending to reduce costs, evem if though in sany cases thay will be

given margins coancerning rslisbility relevat within this power range.
aod service life sust bde sacrificed.

These recommendations should of course be regarded as trends, 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-feasibility study of MES

2.

4.

-

Summary - a synoptic review of alil

Project background and history

{a) Project sponsor(s) '
(v) Project history

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

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

Location and site (including, if appropriate, the geological study, and
egtimate 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 estimate of costs of local and foreign technolegy
(ii) Rough layout of proposed equipment and power-house.
Turbine, generator, gate and valve, auxiliary equipment, etc.
(iii) Rough estimate of investment of equipment.
(c) Civil engineering works
(i) BRough layout of instake, conveyance structure and poweriouse
(ii) Rough estimate of investment cost of civil engineering works
(local/foreign)

Plant organization and overhead cost




7. Aanpower
(a) Bstimated manpower requirement broken deown into major
categories of skills

{(b) Bstimated annual manpower costs

8. Implementation scheduling .o
(a) Main construction method and implementation time schedule

(b) Estimate implementation costs

9. Financial and eccmomic evaluation
(a) Total investment costs
(t) 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) Break~even point
(iv) Internal rate of return
(e) KNational economic evaluation
(i) Preliminary tests
(ii) Approximate cost-benefit analysis, using estimated
weights and shadow price (foreign exchange, labour,
capital)
(iZi) Eccnomic industrial deversification
(iv) Estimate of employmemt—creation effect
(v) Estimate of foreign exchange savings

b) PFeasibility

It is desirable that the pre-feasibility or reconnaissance studies
for MHG cover tha elements needed to take a decision on invesiments, with
a view to cutting out feasibility ctudies 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 to be compared and as long as the scale of the project

seems to call for it.

c¢) Detail engineering

This should cover the following general aspects:

SCOPE OF DETAIL ENGINEERING

= Supplementary topographic details.

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

- Final specifications of the project.

-~ Detailed design of eack civil engineering item and
specifications of materials.

= Pinal specificatiors of electromechanical and auxiliary
equipment; quotations, evaluation of altermatives and
proposed purchases.

- Electrical design of transmission lines and installations.

- Recommendations for comstruction, installaticn and start-up.

~ Implementation schedules and work programme.

In the absence of feasibility studies, the engineering study should
include a supplementary financial economic analysis dealing with the
following points:

FINANCIAL AND ECONCMIC 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 aspects of construction and operation.
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The scope and depth of the engineering studies will also depend on
the scale of the proposed investments; the main features can be classified

as follows:

CHARACTERISTICS OF ENGIFEERING STUDIES ACCORDING TO SIZE OF MEG

LOWER POWER RANGES HIGHER POWER RANGER
(LESS THAN 100 EW) (CREATER THAY 100 KW)
- Less study of detail in desigm, =~ More study of detail in designm.

details to be supplemented as

work proceeds.

- Larger safety factors for design. ~ Smaller safety factors for design.

~ Provortionately greate: 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 - Considerations of reliability
simplicity will be major items and service life will be major
in the finai 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 semi-standard designs. - More use of "taylor made" designs.

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

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

- Projects and engineering section of ar Electricity Board or
undertaking responsible for implementing MHG.

- Specialized hydro project institution or agency.

- Independent consultants and experts.

The chcice will depend on a country's policies, social and economic
system, and technical capabilities.
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It is usually heipful if the Eleciricity Board or enterprise acting
as executive agent for the MHG programme has a projects and engineering
section capable of making the necessary pre-investment studies and of
sub—contracting and over-seeing studies, when its own pruject development

capabilities are overloaded.

Contracting good consultants is often difficult and the supervising
agency needs a high level of technical capability in order to be able to
define the scope of the studies clearly, evaluate costs and check on the
quality of the study contents. The common mistake of developing studies
which contain little substance and a mass of irrelevant information should

be avoided.

It is also frequent that some financial institutions establish such
requisites regarding consultants' qualifications and the scope of studies,
that pre-investment costs tend to be very high and the studies ccntain
formal elements which for the most part are useless for project evaluation

and implementation.
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5.5. FINANCIUG
This section will deal with the general problems of financing invest-
ments for MHG, with the emphasis on aspects likely to reduce investment c-

its financial and foreign currency requirements.

CCMMON PROBLEMS IN MHG FINANCING

- Heavy investment per ingstalled kW.

- Substantial foreign currency requirements.

- High study costs and irrelevancy of studies to
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.

- Unsatisfactory schemes for financing national supplies.

- Underestimating potential community contributions of
manpower and materials.

- Lack of MHG financing policies.

- Inadequate economic capability of communities.

- Misconceptions of "rural electrification based on

spontaneocus development of productive activities

requiring energy.

To deal with the above-mentioned typical probiems, the recommendations
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

gsection.
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GENERAL GUIDELINES FCR IMPROVING FINANCING PROSPECTS OF MEG

— Reduce investment and foreign currency requirements by means
of non-conventional technologies, standardization, naticnal
production 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 resources and demand by zcnes and
basing, preparation of guidelines for formulation of projects
and design handbooks, etc.

- Finance groups of related projects.

- Increase community participation in the building and operation
of plants.

- Increase the share of natiocnal engineering in projects by
strengthening the engineering capabilities of the institutions
responsible for implementing MHG projects and giving preference
to suitable domegtic consultants over foreign consultants.

-~ Develop systems for financing national supplies.

- Stimulate community participation in project implementation
by emphasizing this factor in the study of priorities, developing
appropriate systema for the financial evaluation of commnity
contributions and the requirements for technical assistance.

~ Determine a national MHG financing policy.

- Promote the parallel development of energy intemsive 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 curiency requirements.
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GENERAL GUIDEIIVES FOR REDUCING INVESTMENT COSTS AND
FCREIG CURRENCY REQUIHEMENTS

~ Over-all evaluatiou of demand and resources skould 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 projects.

~ Wherever possible, proceed directly frcm pre-feasibility studies
to detail engineering studies.

~ Simplify terms of reference of studies and prepare guidelines fcr
their elaboration.

~ Prepare manuals/handbooks on design.

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

~ Use domestically produced equipment and materials and, if possible,
nationally developed or adapted technologies not subject to royaliy
payments or large numbers of imported parts.

-~ Use standard items of equipment; consider cheaper and shorter-life
alternmatives for low-power installations.

~ Semi-standardization of civil engineering works.

- The use nf national engineering in projects helps to save foreign
currency, reduce relative costs and improve adaptation to actual
conditions 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 setting up an MHG development fund which can be adminis-

tered by a government-financed agency or by the electricity board or insti-

tution concerned.
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NATICNAL CREDIT INTERNATIONAL CREDIT

LINES \‘/\/‘ LLNES '

CONTRIBUTIONS FROM /////////)' '\\\\\\\\ COMMUNITY CONTRIBUTICHS

NATIONAL BUDGET OR (MATERIALS, SERVICES,
ELECTRICITY DEVELOP- MANPOWER )
MENT UNDERTAKINGS

v
PRCJECTS

MHG financing should be organized along the following liness

a) Intermational 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 equip-

ment and engineering sales via financial promotion.

Tied credits are satisfactory prcvided that the elements concerned
are not produced domestically ard after analysis of their technical
characteristics, pricing and financial conditions has shown them to be
+he best option. The temptations c? "soft" financing often lead to the

purchase of equipment which is too expensive or inadequate.

Specific credit lines defining some firnancing conditions should be
negotiated in order that the financing of groups of projects may be

negotiated subsequently.

The criteria and terms of reference for studies should be realistic,

and preferably be made known by the publication of guidelines for project

preparation and assessment.
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b) National credit lines
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of equipment and materials.

They can be arranged with agencies concemed with industrial promotion

financing.

Credit lines for site development and works can be arranged with agencies

concerned with rural promotion financing.

c) Contributions from naticnal budgets or electricity
development undertakings.

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

Some of the investment finance can be in grant form.

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

d) Contribytions from the community
This should be determined during the studies phase.

The community contribution should be regarded as part of the total

investment and therefore needs to be assessed properly.
Community contributions usually consist of unskilled building labour,
materials (mainly aggregates for the civil engineering works) and services

(local carting, local transportation, storage, site, security, etc.).

Where investiments are financed on a basis of partial repayments,

financing would be of the nature of a revolving fund.
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However, irrespective of the scheme of investment repayment and even
in the case of outright grants, projects must earnm at least enough to cover
operation and maintenance costs, otherwise the plant may be brought to =~
standstill by the first operating problem to arise or to have its installa-
ticns threatened by eventual damage. Also, it would be difficult tc devise
a scheme in which permanently non-recoverable centributicns went hand in
hand with sustained growth of MHG.

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

Investment recovery criteria must also be considered in finance policy
in the light of tariff possibilities and the aims of rural electricity
development. Three typical cases will now be given, but intermediate solu-

tions are possibls.
e) Outright grants

There is no questicn of recovering investments; budget contributions
ané 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 grant

In this case the budget contributions and ccmmunity contributicns are
often regarded as part of the grant and the loans cbtained are to be paid
via appropriate tariff arrangements.

g8) Total recovery of investment

Though ideal financially, it usually proves tc be impossible for a

rural electricity development since it greatly hampers implementation
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by restricting it sclely to cases in wnich the likely inccme from supplying
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a given pericd,
Schemes of this type can be used fer MHG instezlled mainly to serve

profitable preductive activities, such as mining, agro-industry and so on.

FIGURE 15 FINANCING UNIT
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5.6. CONSTRUCTICN AND START-UP

Our discussion will deal mainly with the prcblems and methcds of
constructicn as they relate to such aspects as excavation work, civil
engineering, the installation of electromechanical systeas and equipment,

and the actual starting—up of the plant.

Of all the various types of altemmative sources of energy, MHG pose
the most exacting construction requirements because of the relatively
large scale of tiae building operations and the ccnsiderable size of the
instalilaticas.

The constructicn processes will vary according tos

- The planned instalied power;

- Tre nature of the terrain;
- The location of the site;
- The mode in which the plant is to be nused

(independently or inter—connected);
- The availability and skilled lewvel of labour;
- The construction technology;
- The ease of access and transport;
- The technological sophisticatiorn 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.




- 77 -

Revision of studies
and inspection

!

Co-~ordination of
community support

Acquisition of
basic equipment

|

A J

!
I

Construction programme

Co-ordination with
financing unit i

e

|
v

Persopnel recruitment
and orgapnization of
community support

v

Excavation }(—a

A 4

Revision of designs

v

Civil works

-

Delivery of materials
ard equipment for
construction

i

-

Tnstallation of equipment
and electrical system

:

Start-up and
acceptance trials

!

Commissioning

Delivery of equipment
for the plant




- 78 -

a) Revision of studies and inspection

The office responsible for carrying ocut tke project (this office may
bte a part of the electricity board of enterpris:) must first of all define
the 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 construction guidelines.

The task of revision may be entrustec to independent professionals or
consultants if sufficient trained perscnnel of this kind are net available
or when a project is designed for direct implementatior under the auspices

of a municipal government or private firm.

b) Acquisition of basic eguipment

Consider‘ng the possibility of problems with delivery schedules,
arrangements z-ould be made for the acquisition of the equipment 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 "basic equipment" normaily covers such items as the
turbines, speed regulators, generators, main valves, electrical control
panels, and tranaformers. It may also include electrical materials and

pressure tubing, together with the related accessories.

c) c- 1. . "I] I] E. - .I

This ceo-ordination is requirea in order to determine the modalities
and time~tables of the release of funds for the various stages scheduled
in the Project Construction Programme. At the community level, this co-
ordination may alsc te tied in with co-ordinaticn of disbursements and
ccamunity contributicns. In additicn, the procurement of the equipment

must be co-ordinated with the financing unit.
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d) Co-ordination of ccmnunity support

Specific areas of possible co—operation must be identified as early
as the study and impl&mentaiion—decision stage. Cc—ordination is r:quired,
prior to the commencement of construction. in order to preduce scme sort
of formal agreement with the community covering, amcng other things, the

following points:

- Manpower: types and number of man-hours for eacn phase of
construction; supervisory responsibilities;

- Materials: (generally inert filler materials such as stcne
and sand, wood for formwork, etc.); quantities, locaticn, etc.;

- Services: (transport, storage and warehousing of materials,
personnel transport facilities, provision for security, etc.);

definition of responsibilities.

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

e) Constructicn 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 uncertainiy being the result principally cf the tentative nature
of the studies, the logistic problems inherent in any project which involves
only a minimum of administrative apparatus, and the difficultires that fre-
quently arise, with respect to organization and adherence to progress sche-
dules, in activities in which there is an element cf relatively voluntary

community participation.
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QUESTICNS TO BE CONSIDERED IN PROJECT CONSTRUCTION PRCGRAMMES

Excessively detailed programmes should be avoided, and
programmes should be limited tc a discussion of the

principal elements only.

The planning should include sufficient latitude for

unforeseen devilopmentis, particularly with regard to design
modifications, supplies, and work to be performed by the
community.

Preference should be given to the use of lcgical systems

for the precgress time-tables as a means of clearly defining
the "critical paths", but with only the principal events
considered.

In programming the work tc be performed by the lccal community,
consideration should be given to the possibility of interference
with other activities requiring the attention of the intabitants,
particularly during the planting and harvest seasons.
Arrangements should be made for technical support to meet
requirements arising out of unforeseen design changes,
particularly with respect to civil engineering.

Ir plarning for the transport of materials and equipment from
outside the area, consideration should be given to possible
problems of access, especially during the rainy season.

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

All work-related responsibilities must be set forth in the

programms.

Pergonnel recruitment and organization of community suppert

T-2 Dbasic construction team may be organized along the follcwing lines:

- One supervisor ( generally an engineer, whe may te in charge
of nore than one nroject);

- Cne site ccngtructicn foreman;

- Skilled workers (masons, ~arpenters, etc.);

- Unskilled workers.
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Tre superviscr engineer normally receris tc tre office respensitie
for the implementation of the project.

Tre constructicn foreman is frequently a ccntractcr in charge cf
his own crew of skilled workers; the unskilled work force is previded
by tke local community. In situations of this kind, provisicn must be
made for the prevention of any conflicts of responsibility between the

contractor and the community.

In organizing community support, specific personnel should be

assigned to 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;
- Asgigtants

The technical installation team will, in many cases, be provided by
the project implementation office. The assistants may be drawn frem the

potential local operatocrs of the plant.

Obvioucly, these recommendations regarding the ccmposition of the
constructicn crews are intended as guidelines crly and are subject tc con-
siderable modification depending on the size and particular features cf the
project. The general aim should be to keep the technical tean to the indis-
pensable minimum, considering that it is a major cost factor, particularly
in the case of small plants of less than " kW output.

It is essential to remember that the presence in the ccmmunity, during
the execution of the project, of skilled technicians and workers may give
rise to unusual socio-economic situations. The effect of these situations
may be beneficial, by providing an opportunity for social and cultural
exchanges, but it may alsc be negative if the outside personnel fail to
adapt themselves to local customs or if, by their behaviour, they create

problems,
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In crder *c facilitate the particigaticn of lecal communities in
tne project, ccnsideration should te given ic the formaticn of work grouss

or brigedes, enccuraged to fulfil assigned plan objectives.
g) _Excavaticn

Higher cr lower ievels of mechanization will be emplceyed, depénding
cn the siructure and sccic-—eccnomic development of tze ccuntry and cn the
size anc¢ characteristics of tke prcject. In the case cof MHG, frequent
intensive use cf local manpower with lcw levels of mechanization is pre-
ferred. Cn the cther hand, it is important to awvcid underestizmating 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 a large number of man-hours.

The excavation of the channel is the major task at this stage.
After this ccme 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 to
skilled labour, which may be supplemented through community efforts in the
form of assistants and personnel engaged in hauling the materials. As a
means cf broadening community participation, consideration should be given

to the pecssibility of training local personnel, particularly as masons.

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

in avoiding excessive costs and delays in scheduling.

Depenaing on the conditicns in *he country and the nature of the
terrain, the use of locally available draught animals may be of great im-
portance. In instances when these animals are used, it is necessary to
arrange for the preparation of appropriate paths and ts plan carefully

tnhe movement of the lcads so a3 to avoid interference.

The safety of the perscrnnel requires that consideration be given to
their skill levela and experience, and that there be nc scrimping on the

use of the materials and equipment needed to ensure this safety.
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Since the engineering plans are to be supplemented or corrected
during the aciual work on ine project, ihe experience of ihe constiruciion
foreman is a critical factor. In the case of modifications whirk Jepend
mainly on the terrain or on existing structures, the views of the local

inhabitants may be wvery useful.

i) Installation of equipment and electrical systeus

The installation of the equipment normmally requires skilled and
trained personnel. Nevertheless, an effort should be made to involve in
this work any local inhabitants who appear potentially capable of being
trained as operators, in order that they may become familiar with the
equipment and the installation.

The safety and security of the electrical systems is a matter of major
importance for the contimuing good operation of the plant and the protection
of its operating personnel. It must be assumed that the plant itself will
not be inspected or repvired witk any great frequency.

i) Start-up and acceptance trials

In this stage, which is cne of tramnsition to normal plant operation,
the following points must be kept ir mind:

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

- The actual start-up of the plant must be carefully planned,
wita duties and responsibilities clearly assigned and safety
aspects provided for. The emergency procedures muat be clear
and well underatood by all those taking part in the trials.

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

- It is desirable that the suppliers of the main equipment be
present at the start-up of the plant.
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S.7. OPERATICN AND MAINTENANCE

In the four preceding sections our analysis has been chiefly concermed
with MHG implementation from the point. of view of the comprehensive evalua-
tion of resources and demand, pre-investment studies, financing, ccnstructicn

and start-up, and indirectly with operation and maintenance.

In this section, a number of considerations are discussed regarding the
next phase in the establishment of the MHG, namely its use and on-going
operation. This phase is, of course, of decisive iunportance, since even
projects which have been efficiently managed throughcut their implementation
may fail unless organizational schemes and operating modalities are established
which guarantee the optimal utilization of invested capital.

FREQUENT PROBLEMS IN NHG OPERATION AND MAINTENANCE

- Unsuitable administrative, organizational, and firancial
arrangements.

~ Insufficient liaison between the plant management and the local
community and its organizations.

~ Limited capabilities for plant management and operation in
rural communities.

- Operating and maintenance costs dispropurtionately high in
relation to the energy produced.

- Excessive bureaucracr in tne centralized management of small
plants.

- The high cost and prcblems of social adaptation associated
with operators brought in from outside the community.

~ The frequently inadequate skill levels of locally recruited
operators. ‘

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

- Rates too low to cover the costs 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 described in greater detail in Chaptor 7. The chief difficulties are

institutional in nature and have to do with the running and management of
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the plants as well as with the origin and technical background of the

operators and maintenance personnel.

Among the various administrative arrangements that may be adcpted
for MEG management, three typical ones are discussed below.

a) Direct sub—ordination to a state or regional electric
Wi % it

Advantages

- The possidility of centralizing actions of greater technical
complexity and of taking advantage of the economies of scale
inherent in the over—all management of groups of plants.

- High skill levels on the part of the personnel.

- Solid financial and technical backing.

Disadvantages

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

- High orerating costs as a consequence of high general ex~-
penses (overhead), operator and maintenance costs.

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

- Problems in reconciling the neecs of water fcr irrigafion
and generation.

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

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 esase 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.

- Protlems in collecting electricity bills and in the use
of financial reserves for replacement and maintenance
(which may occasionally b2 improperly diverted tc other
purposes).

- The possibility of faulty maintenance.

- Poor opportunities for economies of scale.

¢) Private Power Enterprise

This arrangement, even in countries with a market economy, runs into
problems when applied to public-service MHZ in rural areas, since generally
speaking, these plants are not regarded as investiment opportunities offering
an adequate profit margin, but as tools for the promotion of development.

Normmally, the best prospects for this alternative are provided by inde-
pendent producers who require energy 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 developed there, the capacity and nature of 4the electric
power enterprises, the size and remoteness of the plants, and finally the

traditions, work experience, and managerial skills of the community.

Without advocating any one particular scheme, it is often possible
%o adopt a combined model involving a communal, municipal, or co-operative

enterprise in association with the state eleciric power authority.
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GENERAL CUIDELIFES KR A SCHIXE INVOLVING A COOMUNAL DFTIRPRISE
IN ASSOCIATION W1TH AN KX JIC FOVER AUTEORITY

The enterprise is set up in accordance with the comtributions
sade to ita estadlisiment. The value of the sanpower, asterials,
snd services employed deing regarded as the comtributiom of the
commmity.

e ster;.ise has a Board of Directors consisting of & represen~
tative of the asleciric power suthority and of the represestative
orgraisations or associstive bodies of ths looal comsunity aed/or
local sunicipal sutborities.

e mmtiu'vill ssplor the ainisus nomber of pervcmnel required
for its operstion vith a viev to covering four basic requirements:

the administration of funds, the colleotion of klls, the operation
of the planmt, and preventive saintenance, whereby tbe pumber of
employees may vary according %o the size of the plamt and the extest
%0 vhich its equipment is automsted. 4t wmall plants, with am output
of less than 100 «¥f, the total starff aay conzist of cos or two
operstors to be also responsible for adainistrative tasks snd collections
in addition to their dnties in the ares of operstion and preventive
saintenance. 4t larger plants wvhich service a muall systes, there 2sy
additionslly be an adainistrstor end a bill collector.

A8 far as possible, all the perscnnel of the enterprise should
be recruited from the local community and trained by the state
or regicnal slsctric power autbority.

The electric power authority will train the cperating perscmnel
of the plant in preventiwe maintensacs, and vill provide tecinical
support, in the event therw is & need for repsir, in the form of
*flying saintenance brigades® set up to service groups of plaxts
st the regicaal lew].

e community enterprise will collect and adainister the funda raised
through billing, and will saintain s resorve to finance repairs and
replacements and, Lif possible, the physical expansics of the plant,
in sddition to cowering normal operating costs and staff salaries
ad vages.

The community enterprise will be responsible for ensuring that

thase funds are used caly for the purposes estadlished in relstion
to the developaent of the local power system. The state or regional
electric power authority will de responsible for supervising and
anditing the management of these funds.

The community enterprise and the state or regional electric power
sathority will dafine the terms of their co-cperation in an agrecaent
or coatraot.

Direct investzent cantridutians by the electric pover suthority and
the community will Zot be retumed nor will they earn profit. The
finanoing received urder the fore of loans may be either tesused by
the eleatrio pawer amuthority or ¢lee returned ia whole or ia part
by the community entarprise vith the operation of the plamt.
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5.3. REQUIXEMENTS IN THE AREA OF HUMAN HESOURCES AND TRAINING

The successful carrying out of MHG plans, programmes, and projecis
requires as a necessary conditicn to promote training including aspects
related to non-conventional techmologies applied tc pre-invesiment studies,
civil engineering design and comstruction and electromechanical equipment

and repair and maintenance.

STEPS TO BE FOLLOWED IN ORGANIZING THE COURSES

- Infragstructure survey of training <stablishments.

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

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

- Establishment of programmes to provide specialized
training in MHG.

It would be advisable to carry out a survey of the capabilitjes of
the country with respect to centres of higher education, research insti-

tutes and special schools for the training of intermediate-level technicians.

As an initial step, it would be well to establisk a pilot technology
training programme on the development of water resources in rural areas.
On the basis of the axperience gained with this programme, a decision could
be reached as to the possibility of organizing a specialized course in MHG.

It would be best if developing countries tegan by organizing exchanges
of experierce anong themgelves before seeking to supplemert this information

from outside aources.
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The varicus types of engineering iraining courses are discussed belcw:

TYPES OF MHG COURSES FOR ENGINEERS

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

‘= Specialized post—graduate courses.

The training courves, which are of short duration, are designed to
provide current information on all phases of MHG design and imstallaftion
for engineers whose activities are related to MHG developmert in their

various phases of execution.

A very important factor is the need to improve the stand.rd curricuia
of the engineering departments of Universities and Institutes of Technology
by including in tuem courses oa MHG and applicable non-conventional tech-

nologies.

Post-graduate courses 28 3such will be conducted at a more advanced

theoretical level and may, in srinciple, extend over an entire academic

year.

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

CHARACTERISTICS OF COURSES FOR ENGINEERS

- The courses must be designod to consolidate the advances
already achieved in the country.

— The courses will be organized for all areas of specializaticn
and will be graded differently 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; 2lectrical, and mechanical
and iniustrial engineering, economic administration, and operations

research.
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The following are the reccmmended critearia to guide the preparation

of the courses for intermediate—~ievel technical personneili:

CHARACTERISTICS OF COURSES FOR DITERMEDIATE-LEVEL TECHNICIANS

- Theoretical aspects will te ccnsidered within th: same prcgramme
for engineers and as a part of in-plant training.

- It is recommendsd tbit a "plant for training" be ectablisned for
the traininz of technical persorrel and skilled workers. Zxperi-
mentation ir the usa of non-conventizsnzal tecinologies mignt also
be conducted at such plants.

~ The courses will cover civil comstructicn, eleciroc-mechanical
equipment, and administruation, all primarily frem the technical
standpoint.

= It is very important io urndertake the training of mechanics

and maintenance electricians through the establishmert of iraining

units in the major repairshops.

The basic cojective cf these ccurses is o 2elp to narrow the
existing gap betwesn the number of pecple with higher educaticnr, where
there has beer a relative advance, and the shortage cf irtermediate-

level cechnicians, which is a general phenomenon in developing countries.

With respect to training of MEC operators, here the preference shovld
be given to institutionalized arrangements designed o train operators from
roral areas. It has been concluded, on the tasis ¢f a certain amount of
experience, that the first part of these courses should be carried ocut at
the ™"school plant" and contimued at existing MEG plants.

The first part should be of a thsoretical and practical nzture, in
keeping with the educational level of the operators. I the case of
rural operators, it chould be expected that they will have completed at
least their primary education. The course would run three months and
cover the following subjects:
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SURJECTS TO HEE COVERED IN MEG OPERATORS' COURSES

- Basic sciences (fundamentals of mathematics, physics,
and chemistry).

- 3asic operating principles of an NHG and its equipment.

-~ XMHG operation ard the interpretaticn of cperatirg nanuals.

- Preventive maintenance prirciples and metheds for 4EG.

- Maintsnance and repair of tuilding structures and
installations.

- Jdaintenance and minor repairs of mechanical »quipuent.

- Maintenance and minor repairs of elecirical equipment.

- Mechanical and electrical "™trouble shsoting”.

- Identification of mechanical and electrical malfunctions.

- Fundamentals of technical drawings ind diagram reading.

- PFundamentals of electrical installaticns.

- ‘The reading of instruments.

- 3Bench work mechanics (fittings).

- Safety in cperation.

- PFundamentals of administration ard bookiceeping.

The second part would be essentially of a practical nature and world
consist of a two~ronth pericd of operator training at an existing YEG
under the supervision and instructions of a skilled operator.
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IDENTIFICATICN CP MANPCWER RASQUIIEMENTS FOR BaCH STAGE

Yy 2T TN
ce? t.n:v, AT Pu-u-m-s

-l

A.

E.

Planning and Pr:gramming

- Zngineers

- Sconomists and social scieatists
Glctal Zvaluations of Rescurces ané Demands
- Civil engineers

- Hydrologists

- Geological engineers

- Geomorphologists

- B:ologis’ts

- Electrical engineers

- dechanical engineers

- Energy economists
- Sccial scieatists
- Tozographers

- Bydrometry specialists

- Draughtsmen

- Engireering assistants

Studies of Specific Projects

- Civil engineers {mainly struciural engineers, supported
by specialists in aydraulic engineering)

- Mechanical engineers

- Zlectrical engineers

- Topographars

- Technical draughtsmen

- Engineering assistants

- Test inspectors

Construction

- Civil enginsers

- Electrical engineers

- Mechanical engineers

- Topographers

- Draughtsmen

- Building inspectors

- Electrical technicians

Operation and Maintenance

- Electromechanical enginsers

- Mechanics and electricians

Each country must determine its manpowar requirements for technolegy

development and prnductior of aquipment and materials in accordance with

the nature of the prcgrammag ard activiti-a it intends to implement.
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This statement of manpower requirements represents an ideal situaticn.
In actual practice, countries may begin their programmes witi fewer human
resources, since it may be expected that as the work proceeds thejy will
be able to find solutions to their temporary deficiencies in qualified

cerscnnel.

Pigure 17 ccntains the flcwchzst for *he training unit.
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5.9. STITEESIS OF THE MEG BUILDIUG PROCESS ( PLANNING THRCUGH CCMPLETICN)

4s indicated in the preceding secticns, the decision-making proccess
involved in the building of MEHS must te of a ccmprenensive nature, for

the reason that a numoer of different factors need to e considered.

As may be seen in Figure 18, tkis process bdegins with a preliminary
assessment of the prospectis for these stations. This phase must include
a study covering the prodvlems toc be solved, the available water rescurces,
and the country!s capacity to undertake a project or vrojects in this area
within the context of its national development planning, specifically in
the area of emergy development. Following the completion of this preliminary
study, a political decision must be made as o whether to mount the neces-
sary effort to build these facilities.

If it is decided to move forward in this direction as cart of the
national development tolicy, the next step is %o estavlish an orgarizational
framework for plamming and programming and %o devise preccedures for *he
evaluaticn of resources and demarnd at the basin and sub-vasin level to
serve as a casis for itke fermulatize toth ¢f 2 sheort-term development plizn
permitiing the immediate implementation of specific projects and of a more
long range plan envisaging the tuilding of MHG on a large scale. In caral-
lel with this process, policies must be defined and acticns taken in the
areas of financing, the development of auman rescurces (training), com-
munity participation, and technological development. This final aspect
is critical to the determination of guidelines regarding the tramsfer of
tecmology and the promotion of domestic equipment production.

It is within the context of these plans and policies that the under—
taking of specific projects should te approached. The first stage in
this connexion consists of the pre-feasibility ( survey) study, where re-
quired. A pre-feasibility study should be considered only in doubtful
situations requiring this kind of preliminary analysis, the fact being
that in many cases it may be eliminated altogether in favour of moving
immediately to the detailed engineering study, which will then merely

include a supplementary eccnomic and financial analysis.
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The next phase of the project is corcarmed with *he actual

i T3l mm ol blha ) b ——m el Temmhal) bl aw ek e m il e F- I B B |
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by the start-up of the facility (fer details see secticns 5.5 ana 7.4).

Finally, there is the task of establishing tae plant's cperating
prccedures, which alsa irclude the areas of maintenance ané administraticn.

The essential work of this stage is descrived in sectioms 5.7 and 7.S.
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DEVELOPMENT OF TECHNOLCGICAL CAPASILITIES

5.1. ASSESSMENT QF TSCHNOICGICAL CAPASILITIES

The techtnological dewvelormen: of a country saculd Te started wiih zn

inventory of its human resources and industrial cctential. In ikhe case 5T

s vevery
Ioan ang,

zecinclegiral develcpment for the cemstiructicn and ecguisping

Q0

the inventory sheuld aave as a peint of reference identification of 2um
resources and also of the precduction of the equipment and materials as skcewn

in the following two tables.

As regards the materials or equipment not prcduced in the country, the
possibility of developing techrology for the prcducticn of suck equirment
or acquirirg foreign technologr, provided the naticnal or regioral narket
justifies doing so, should be ccmsidered. Otherwise, the altermative will

be %o impor the material or equipment.
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IDENTIFICATICN QF FRCCUCTICN OF MATERIALS

AXTY DATTTIMITATM QT T °
ot Ot Dbt L

VA SN e b A At b seaans

D.

E.

viaterials for civil engineering werk

Granular materials; clay and silt.

Cenent.

Steel construction bars.

Pressure pipes for penstccks (steel, 2TC, polyethylene,
asbvestos-cement).

Gate and butterfly valves.

Grates and getes.

Wood.

Steel cables

Bricks.

Tiles.

Nails.

Explosives.

Galvanized wire mesh.

Bolts, muts, washers and screws of various iypes.

Production of equipment and tools for civil engineerirng works

Pick-axes.
Spades.
Wheelbarrows.
Motor pumps.
Concrete mnixers.

Production of electro-mechanical materials

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

Bearings.

Electrical conductors.
Posts and accessories.
Electrical nmaterials.

Production of electro-mechanical equipment

Hydraulic turbines.

Speed regulators.

Electricity generators.

Measuring instruments (velimeters, ameters, power factor meters,
frequency meters, kilowatt meters and energy meters, manometers).
Mechanical transmission systems (gears, belts and couplings).
Measurement and high-tension pcwer transformers.

Industries

Casting.

Metalworking and engineering.

Precision engineering.

Electrical engineering and allied industries.




EQUIRMENT
a) Manufacturing cavacity

Once the materials and equipment for MHG produced in the country have
been identified, ar analysis must be carried ocut to determire the advisabilily
of preducins the equipmernt not bYeing marufactured. Scme of the requirements
which should be taken intec acccunt for the praducticn of MEG ecuicmernt are

given below.

REQUIREIEITS FOR THE PRODUCTICN OF 4HG EQUIPMENT

- Adequate technical information for production is required. There

are the following altermative socurces of technclogy.

- Xesearch by the manufacturer himsel{;
- Research by centres and insfitutes in the country;
- Purchase of technology frcm foreign mamufacturers

and research cantres.

- In order to survlement the reguirements in respect of producticn
of equipment, emphasis should te placed -n thcse items which are
of a size and type making them apprepriaie to the srcductive
infragstructure of *he irdividual country.

- Th2 use and adaptation of materials of demestic or regicmal origin
should be maximized.

- The equipment produced should be standardized.

- Production lines associated with those for related equipment should
be set up, since exclusive producticn of equipment for MHG is not
justified owing tc small-market size.

- The production of spare parts, mainly those subject to wear, should

be contemplated, and a permanent stock of such parts maintained.
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FIGURE 19 EQUIPMENT PRODUCTIOR UNIT
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ALLIED TUDUSTRIES FCR THE PRODUCTICY CF SGH= {HG ZQUISMENT AND HATERIALS

EQIPMERT OR MATERIAL

ALLIZD INDUSTRY

PRESSUHE PIFES FOR PEISTCCKS

FACTORIES MANUFACTURLIG PIPES WHCSZE
YARFET IS DETEBMIVED BY DCMESTIC
INDUSTRY RATHER THAN MEG.

HYDRAULIC TUSBINES AND SPEED
REGULATORS

METALWORKTNG AND ENGINEERING ENTER~-
PRISES, FACTORIES MANUFACTURING
CENTRIFUGAL PUNPS, VALVES, VACUUN
EQUIFMEST, FANS, MIXERS AND FOUNDRY
SHOPS. '

ELFCTRICITY GESERALORS

FACTORIES PRODUCING ALTERNATORS FOF.
THERMAL ELECTRICITY GENERATICN Tf€ITS
FACTORIES PRCDUCING ELECTRIC MOTORS.

TRANSFOBRMERS, ELECTRICAL
MATERTALS AND ACCESSORIES

ELIC TRO-AFECHANIC AL MACHINARY
IYDUSTRIES.

b) Develorment and adapiation of technology

Teclmological research and developmunt can be cne of the basic tools for

promoting and sustaining programmes for the construction of MHG in individual
countries, since the technologies inwvolved are mature, acd only adaptation
and innovation processes of a nan-conventional nature, permitting adjustment
to the specific conditions of the individual country, are required.

Since it is not possible to establish a single organizational pattern
for the development and adaptation of technologies which would be applicable
in all third world countries, owing to the great diversity of existing situa-
tions in respect of research activities, programmes for the construction of

MHG ard industrial development, only a few general recormendations and alter-

native organizational patterns are presented in the next table, for the guidance

of those countries which are interested in premoting their prcgrammes fcr the

development and adaptaticn of technology in respect of IHG.
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Tn +he MEG paticnal develcpmenmt plans ci each couriry, the cewve.ctmerns
and adantation of technologies for equizment will have %o be iccked uzen
L . . _ .
as nart of the planning, and for this purpese ix «il) Ye necessary o
determine specific poiicies, gerneral cbjectiives and the rescurces tc e

allocated.

DCCMEDATICSS FeY CRCANIITC PROCRUOES A0 THE DEVELCFYEYT AND
ADAPIATICE CP TCENOLOGY 7CR XHD

= Prom the stage of programme Jeterminatica, *lere Tust be a well-defined
financing 2respect so a8 T3 aveid the {mustyation of sssearch yrojecta.
owing to shertage of Junds.

« In order %0 shiewa correct sisinistretica of the pruogramme, tiere must
be operstional follow-up am regurds resuits, tias required fcr exscution
and utilization of funde.

« Proa the imitial stage of the programe, the form and charscteristics of
resalts, which asy involve dissexinatics and/cr *‘rmafer of :echmslogy,
mat be clearly defined (ses figare 5.2).

= A waristy of institutianal criteris =ay Ye adcptad for srogramee imple-
santation, wkich Say take place ‘hrough univervities, ssearcs institutes,
indcatrial ecterprises and/er electrifizazica “cards.

= Yorsally, t:s pregrasme will 5Se exwcutad tireugs researck lines ar inter—
Telated grogss of prmjects. Zach of tless require a brief Xmt clear
specific formiatica priocr %c imitixtiea.

- Ths progrEme aay 5e divided ixto two ‘ypes of aciivilyt ampects relatizg
to civil engicsering vorks amd installations; aspects elating %o design
ard producticn of squipmcent ard aatarzals.

= Zack project saould zave a well-defined execaticn sequenmce. P gure 3.]
shows 3 *7pical zetladologr.

< The pTogrsmme—execution team zsed 20t zecessarily consist of "experts®,
Coly cas ¢r Two aperienced ;rofesaicnals are required, axd °he reasinder
3ay be yTung jrofessicials #ith a vcd acadenic “acikgreued.

- Caidelines shculd e establisaed for the preparsticn, at sach stage of
tha project, of docuzents and ssports, waich maculd reflect jositive and
degstive aspects md failures so as %o ecwure centinnity and tRe wocumy~
laticn of movledge useful for the progr=me, thus avoiding a mitustion of
dependenny oo the presence of each irdividual «recutar.

= During pro¢rsme erwcutica, *he exscutizg ageecy sust asintain close cote
tagt hetween the indnustry ami the enterprise respansible Zor electrifica
tion, ia order to acaiewe results with practical applicatiom.

«~ Disseminstiocs of reswits aay ®ake place °irvugh samals and/or brochures
{n the case s installatica ind construction of civil engineering vorxs.

< In the case of equipasnt, results »ay e traasferred to industry in order
to promote the industrial production of wxch equijaant, tha entarprise
deing provided with all technical (nformatica required.

= The developiert azd adaptaticn of tecinolszy ws recurds equipaent gheuld >e
fecused ca demlicsnent of nan-ccanticnal tecraclogles, taking as a point

of reference ke irductrial capacity of esch ccuntry.
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TECENOLCGY DEVELOPMENT UNIT

From the planning unit

IS

Inventory of technologie
construction techniques,
equipment, manufacturing
and materiuls available,
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e— (G) rram thg eqn;gment
production unit
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Inventory of capabilities
(lavoratories, workshops,
research institutioms,
etc.)

|

Y

Determinetion of requirements in
respect of technological development

() FTrom the studies and
[ \¥/ works execution umit

!

Formulation of periodical
technological develomment pr-grammes
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Implementation of laboratories
and pilet plants

|
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Review f——3p

Development of research:
- Construction methods;
. Design of prototypes;
- Mesting of materials.

Dissemination and
application of results
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Methods of
construction
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Techniques for the manufacture
of equipment, designs and
materisls for their
manufacrure

G)

To the studies
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execution unit
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To the training unit
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To the equipment
production unit
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FIGURE 21 TIVYPICAL SEQUENCE I¥ T=E
SPECITIC TECENCLOGICAL 2ESEARCHE
MEG EQUIPMEST
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specific technical informaticn
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TECENOLOGICAL RESZARCH PROJECT

Naticnal energy
develogzent policies

Kational irdustrial
devalcpmer® policies

l

\

M5G Research and
Development Programme

|

STACES I¥ TEE PORMULATICE OF AN MHC

Katicnal technclogical
develcpment policies

Gatkering of information oa:

— Technological optians;
- Typical rescurce and demsnd
characteristics;

- M3G canstructicr programmes;

- Existing producticn and cutlook
for the production of MHG
aquipaent;

- Cormercial availatility of
ccmponents;

- Reference costs.

1

Definitica cf teczzological options

]

Pregranme formulation and

approvat |

!
1
Finarzeing

|
1

l Digtrivuticn of tasxs and responsibilities
l te other institutions and enterprises

I

Constitution of the project team

1

Logistics ard initial supplies

Civil engineering and \
installation research Pilot plant
project
Civil engineering: Zlec. systems: [ ~.
- Intakes; - Panels, Switch
- Canals; boards; Penstocks,
- Porebays; - Monitor and non- Valver
- Support systems, safety systams;|jnetallic and
etc. - Transmissicn and other | access.
L and distri-
\ buticn lines; /
- Posts and
accessories
e

Diffugien t¢ institutions and
professionals engaged in deve-
lopment of irvesiment MHG projects

/

Equipment, materials and
compcnents research project

MNr-
bines

~"

\

Trans- ||Genera- l

missicne||tors, |

surtire/|[{altern

genera- {lters and
Speed tor agynch.
regu- | gererator
lators

Transfer of technol 0511

and/or diffusicns to
industry




TSCESOLOCICAL ALTEEEATIVES FOR DUIAENT LS ¥ REC

1.

DT PRENT?

RECOOUENDATICSS 8 TTEXCLCCICAL

IVELL AT

Exdramlic tactize

PELICY, CCHELL~
3ABKI, 7RABCIS,
KAPLAN C AYIAL

Selection of two or tArwe types of
turdines in the light aof the charace
2eristic of esources and lemard iz
the coumtry;
Seveiopment of zydrauiic and
asclanical designs;
Study cf aspecis teiating tc con-
strustiocn aed saterials far each
part, ir the light of thes charsc-
taristics of the induvtrial pro=-
duction of the cecumtry}
Botablisheent of =methods for the
salecticn of turbiness
Establishment of sethecds for

bly aod df bly of
oquipmant ;
Ewtablishaent of recomendations
for operstion and saintensnce.

Xpeed pequiatos

LT TSIC/SLC
TXNIC, JEAGY
DISPERSICT

Selscticn of *is type of regulater
sost suitable in the light of the
characteristics of cperaticn, ic-
dustrial capability in the coumtry
mxi technological experisnce;
Zancticzal and 3echanical design;
Standardizstion as appropriate fer
standardized uroizness

3reparation of 2anufacturing iarualss
Studies on 3stters -elating <o
coomtructicn and Jaterials;
Zstablishment of zethods Zor
selecticons

Zxtablishment of recommendations for
oeratics and sainteaance,

Sleetrici 5.4
gensrators !

Restricity
lpanstorzers

i
i
'
1
)

Yarigus elestrical |

ALTIRIATORS FOR
XEG, LEDUCTICN
NOTORS i3 CIXTRAITOR

HICB-TENSICH POWER,

:
;

Study for tie adaptatioma of the
alternators for theral slectricity
geteration units, ainly as regards
rullaway speed protection, so that
thay can be used with hydramiia
turiines;

Magtation of electric motors to
operste is autonosous generators;
Establishaenut of reccmmendaticns
for cperation anx saintenance;
General design of geaeratars and
most suitable aamfacturing process.

Studics of designs and forms of
construction, taking into scaocunt
t3e industrial capability of the
country;

Standardizaticn;

Establiskaent of recommendations for
operstion and aaintsnance.

3tudy for the production of thise
squipment, after standardization;
Establishaent of methods of
solegtiong

Establishment o7 recommendations

for installation end saintonanas




¢) Acquisition of technology

Depending on the level of development cf each country as regards capa-
city to geterate usavle technologies, project—executicn pecssitilities and
prospects for the implementation of production of equipment, it will e
necessary to acquire a greater or lesser amount of tecznology from cther

countriss.

The various means of acquiring knowledge which can be used in producticnm,
ranging from tec.nical asaistance and the provision of information to the
purchass cf technological packages to set up production lines, including
detailed plans and instructions for mamufacturing, assembly ari technical
gservices, can be locked upon as purchases of technology.

Most countries have their own legisla‘ion regulating the acquisiticn of
technclegy, and it is therefore impossible to lay down specific guidelines con
the matter, but gemeral recommendations can te made regarding the zcmuisiiicn
of technology for mamufacturing MHEG equipment.

As re s MHG, the accuisition of %‘ecktnolozy relates nrimarily %o ihe
? e

electroc-mechanical eguirment and accessories.

Scme ccnsiderations and recommendaticns which sheculd e torme in zind

in connexion with the accuisition of technology are given below:

- With a view %o achieving technological development in keeping with
the characteristics and industrial capacity of a country, it is advisable
to limit the acquisition of technology to those cases in which the develop-
ment of technology is not considered to be of interest, or when research
work does not afford prospects for the application of results in pericds
of time shorter than those required for achievement of the same results
by industry.

- The acquisition of technologies should take place through a pro-
cess of selection of altermatives and should be limited to those parts in
respect of which the level of technological development attained makes
possible full production, in keeping with the priorities laid down for
national technological development. The acquisiticn of technolegy shculd

te organized in suck a way that it constitutes a real ccntributicn to this
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development in that it permits the assimilation of knowledge by naticnal
technicians. Disguised commercial elemenis of acquisition of techmology
and techmical assistance, aimed only at the granting of exclusive licenses
under the appearance of bilateral assistance programmes, must alsc be

avoided.

- The acquisition of technology will bte justified when the compliexity
of the equipment or of some of its parts surpasses the development capa~
city of the country. Acquisition should be confined to those elements
which are necessary and cannot be designed and/or manufactured in the
country without foreign assistance. ZRestrictions making it necessary to
import parts which could be locally produced should be avoided and, cn the
cantrary, the local mamufacture of components and use of materials available
in the country sbould be promoted.

- The fullest and most careful analysis possible should be made of
alternatives prior *o any process of transfer of technology. Inclusion
of the largest possible number of altermatives under the same terms of
reference should be ensured, and evaluation criteria should te laid down
prior to the analysis. Technoclogies appropriate ‘o the industrial ang
technolcgical level of development of the counriry, using mairly lccal raw

materials and labour, should be given favourable consideraticn.

- Contracts for the purchase of %echnology should be concluded with
fixed pericds 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 obligatiocns.
Restrictions with regard to the scope of the market for prcducts 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 mores favourable terms can be obtained.

- In order to improve national enterprises' negotiating capacity
in respect of the acquisition of techrology, 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.
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a) Immort of equipment

If tka specific ckaracteristics of a country as regards its industrial
policies or production capability are such that the local marufacture of
scme types or sizes of equipment is nct justified, these items must be
imported. In these cases, personnel trained in the amalysis and selecticn
of alternatives and the technical equipment required fer carrying ocut ac- !
ceptance testing are necessary. The support which can be extended in tiais

field by institutions engaging in technological research is important.

In purchasing equirment, the following technical caonsiderations must
be taken into account:

- The capability for the manufacture and repair of components
and spare parts in the country;

- Characteristics of maintenance and operaticn appropriate to
the conditions of use;

- Ability to withstand situations arising ocut of errors of
overation;

- Ease of assembly and disassembly of parts and accessories.

In additiocn %to the requirements in respect of fulfilment of fechnical
specifications, guarantees, costs and delivery date f r equipment, suppliers
of equipment should be asked for the following:

- General drawing of equipment;

- Information on the materizls 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

respongible for the maintenance and repair of equipment.

FPor 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;
- Maximum generating power at the contacts of

the generator;




- Generatirng {requency;

- Generating voltage;
- Environmental conditions under which the equipment cperates.

The suppliers of the main pieces of equipment snculd alsc te asked

to provide the following tecinical data:

- Type of turbine and its specificatiors;

- Efficiency curvea of the turbine operating under different
load conditions;

- Type of speed regulator and its specifications;

- Characteristic curves of operation ol the regulator;

- Type of mechanical transmissiocn or direct coupling between
turbine and gensrator;

- Specifications of the control parel or switchboard, including

ranges and accuracy of the instruments integrated into it.

Ahen bidding or tendering is carried out, it is reccrmended that a
list of possible suppliers should have been identified in advance. These

suculd be asked to provide intormatioca on:

- Heliability and efficiency of their equipment;

- Cost indexes;

- Credit facilities;

- Expected .ife term of equipment;

- FMulfillment of delivery dates;

- Bagse of adaptation of equipment to local industry
for the manufacture of spare parts.

6.3. DEVELOPMENT AND ADAPTATICN OF TECHNOLOGIES FOR CONSTRUCTION

In this connexion, it is essential to stress the need for research
both on methods of construction as such and on the use of non—conventional
materials. The research must be linked with investment procjects by means

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 ervisaging standardization or semi-standardization of civil
engineering works must be investigated.
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Murthermore, it is very important %o crganize researcn relating to

the preduction of pre=fabricuted alamemts for civil enxineering works.

The institutions carrying cut research on naterials ard various elements
fcr MHG, should co-ordinate their activities with the units engaged in sngi-

neering activities in the field, which may Te carrying out research in zhe

‘context of investment prcgrammes during and after constructicn.

The research concerming materials should be oriented towards establish-

nent of their hydraulic and mechanical properties.

In general, there are two technological altermatives as regards civil
enginesring works, namely, a conventional one based on the use of concrete,
reinforcing steel and structural steel as well as comsidering separately
the structures conforming to a MHG, and ancther which involves a ainimum
utilization of these materials and endeavours tc integrate struciures (such
as constructing the silt basin zad forebay in a single structure), and
utilize existing infrastructure (such as existing irrigation canals). As
regards methcds of construction, mention can be mnade c¢f the ones based
mainly on intensive use of labour (in the cptimum case, with particizaticn
of the ccmmuniiy), the ones based on intensive use cf machinery arnd nixed

cases.,

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

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

CEECKX LIST OF TECENOLOGICAL ALTERNATIVES

The techm.logical alternatives most suitable for each country cannot
be rigidly stated because the conditions calling for the establishment of
programme2 for the develooment and adaptation of techrology for MHG will
also vary, as will conditions relating to geography, hydraulics, labour,
availability of skilled manpower, appropria%e financins, etc., all of which

have a bearing on determination of technological alternmatives.
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Taking into account the above commenis, a selecticn of pcssitle aresas

of interest for technological development is presented below.

a) Construction

The various ma‘erials which can be used in the civil engineering works
for MEG are analysed nelow. It is impertant to stress that, in the ccntext
of non-conventional technologies, the fcllowing is taken into acccunt:
use and improvement of existing intakes and irrigation canals; {crebay
installed ™in-line™ with the canal and including the silt basin; penstock
conduit in non-metallic materials, dams of zrtisaral construction, reduction
to a minimum of the use of costly materials such as concrete, and use of

non-conventional materiais such as ferro cement, soil cement, etec.

It is advisable to specify materials taking into comsideraticn the
applicable national standards, and when these are not available, use apprc-
priate foreign standards and norms. It is important to prcmote the deve-
lopment of national standards for the main materials employed in MHEG, in

order to ensure the drafting of adegquate specifications and a good quality

control.
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TECHNOLOGICAL ALIERNATIVLES IN RESPECYT OF MATERIALS

MATERIAL

USE

ADVAN'TAGES

DISADVANTAGEY

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

Dams, canals and ancho-
rages, core walls, fore~

bay, power house

Linings, silt basin,
forebay

Linings, dams

Penstock

Penstock

High degree of impermeability

low degree of impermeability

Low price

Iow cost; easily adapted to
the site

Durability; resistance to high

compression

Low coat; high general resistance

Low cost

Low cost, light weight, rapid
installation, easy udaptation to

profile, low head losses

Continuous lengths, withatands
conglderable deformation, ease of
transport und installation; good
regsistance to impact and solar

radiation

Posslbility of fracturing

Better performance under external stress

Short life

Permeable during the initial periocd

High cost; pcor performance in torrent,

works E

n
'

Lov resistance to concentratel and

pearcing loaids, exacting construction

Poor durability, low resistance

Relative fragility; it is convenient to
bury them; low resistance to solar

radiation

Joints require special steel couplingy
which are exacting to install; high

head loases




profile of the fallj§ no
expangion jointe required;

reduced head losses

MATERIAL USE ADVANTAGES DISADVANTAGES
Asbestos- Penstock Lovwer cost than in the case of Relativ iy heavy and fragile, so that
cement PVC; good adaptation to the it is advimable to bury them




t)  Scuipment

The list below describes the principal items of equipment used fcor
2 MHG, tcgether with a number of reccmmendaticns for the development of

technolcgy researci projects.
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EYDRAULIC GEIERATCES

AT AMYPLTY AT TYYMTAS [

fotn. Tan.al
GO DOAL VOALAL o040 LD L Jw J

;
This is a tangential-flcw aciicn turbine comsistirg
of cne cr mcre nczzles and a rumner carrying a
certain numter of buckets.
The range of application of zelicn turvines is
limited 10 low specific speeds. Cperating with
high heads and reduced flows, this turvine can give
an efficiency of approximately 35 per cent.
Its mamufacture requires an industrial plant
equipped to perform operations of casting, welding,
cutting and basic machining (turning, plamning, and
drilling). The runner and nozzles are nommally
preduced b, casting.

MICEELL~-BANKI

This is a partial-admissiocn, cross—flow, acticm
tﬁrbine with radial intake, ard consists ¢f an
injector and a runrner having a certain number of
curved blades.

This turbine’s rarge of applicaticn lies tetween
that of the double-nczzle Pelion and the aigh-speed
Francis turbine, in situaticrs irvelving medium
neads and mcderate flows. Tkis turbine can operate
with efficiencies in the order of 30 per cent and
gecerate up to 1,CCC 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
machining operations (turning, planing and drilling).

This turbine can be prcduced using welded parts. l




GEJERAL CHARACTERISTICS

The use of this turbine is restricted o mediwn
specific speeds and, like the Michell=ZBanki t77e,
to medium heads and moderate flcws. Iis efficiency
lies between 33 ard 3Q ger cent.

Its mapufacture requires an irdustrial zlant with

cutting, and machining.

AXIAL-TYPE

This is an axial-flow reacticn turbire, whose speed
control system is incorporated in the runmer in
the particular case of Kaplan Turbirnes. Its area
of application is limited to fairly high specific
speeds. Operating with very lcw heads and large
flows, it is capable of achievirg efficiencies of
abcut 90 per cent.

Its manufacture requires an irndustrial slant set
up for casting, welding, and cutting, znd equigced

wWith the usual basic machine~tcols.
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SPEED REGULATORS FOR FYDRAULIC TURSINES

TYFE

GENERAL CHARACTERISTICS

(ELXC TR ICAL~ELZC TRCN IC

(witk flcw control)

SUERCY-DISSIPATICY TITET

(electrical-electronic)

This regeliator ccnsists of an electizenic device
designed to detect variaticns In the sgeed ¢ ke
turtine on the basis of the wvariaticns in gere-
rating frequency that accempany a charnge ir lcad,
and an electric motor woich drives a mechanism
cpening cr closing the turvine's flcw regulaticn
valve in either direction.

As the electrecnic unit is the same in all cases
and does not depend cn the power, this regulatcr
is inexpensive to manufacture, tkhe electric mctcr
being the prircipal variable ccst factor.

Its manufacture requires an irdustrizl plant sce-
cializing in electrical and mechanical work and
#ith its own electronics snop.

This regulater censists of an elecironic device
desizred to detect variations ir the steed ¢f *he
turcine 1 the basis of tre variaticns in gene-
rating {requency that accempanies a czange in lcad
and a system of electrical resistences that in-
crease or recuce fi~%titious lecads to maintain
constant load on the turbine.

The electronic devise is similar to tke one -o=-
quired fcr the electric-electrcnic regulatcr with
positive water ccnircl.

Its manufacture requires an industrial plant with
an elesctironics shop.




TYPE GEYERAL CEARACTERISTICS
CLEC-MECHANICAL - This kind of regulator consists of a speed

sensitive element, usually in the I{crm of a
centrifugal pendulum, a force distrituticn element
incorporating a pressurized oil disirituticn valve
and a servcmctor, a ccmrensaticn ané reversing
system designed to stabilize the wvelcciiy of the
Zroup, a gear or sliding vene pump, and 2 number

of actuating devices to ccntrol the flcw-regulaticn
valve of the turbine.

The cost of manufacturing this regulatcr is,
comparatively speaking, higher than the cost of the
electro=electronic regulator, and its production
recuires an industrial plant equipped to perfcrm
welding, cutting and precisicn machine=tcol

operations.
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ELECTRICAL GEIERATCES

GZNERAL CHARACTERISTICS

ALTERNATOHS

- These are gererators whcse design incerserated 2
voltage regulatcr and reinforced ccils capable of
withstanding turbine runaway sceeds.

- For econcmic reascns, the use cf two- or four=
pole altermators is recommended for MEG.

= Mamifacture requires an electro-mechanical plant
with basic machine toci3 and equirment for the

winding of coils, welding, and cutting.

 INDUCTION GENERATORS

= These are inducticn motors operating =8 generators
either independently or in parallel with an
alternator.

= Their fabrication requires no more than the adapta-
tion of existing electrical motors and can te under—

taken at the manufacturing plant itself.
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T. APPROACEES TO SPECIFIC PROJICTS

T.i. SPICITIC ASSESIMEST OF DOAARD AND AmeCuaono
a) Demand

An important point to rememter is that the Zemand estimated in

the planning phase will %e used fcr the specific projects ohnase.

Demand is assessed in the light of local and regional ccnditions.
The potential electricity demand is calculated and a global estimate of
future demard growth is prepared oy establishing a planning target to
be achieved in a time equal to the estimated time required for a2 grid
supply.

These analyses require field investizaticns ard prccessing cf the

data discovered.

ACTIVITIES REQUIRED FOR SPECIFIC DEMAND ASSESSMEIIT

- Identilicaticn cf the majcr development ccmplex of ke zcne.
- Identificaticn of area of influence c¢f develctment comrlex.
- Inventory of socio—eccromic activities. '

- Identificaticn of possible future growth factors in the zore.
- Analysis of data yielded by field work and other sources.

Sequence of phases in demand estimaticn might proceed in accordance

with the following block schematic diagram:
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Jeneral analysis of socic-
economic activity

Y

Identification of most
important activities

Calculation of capacity
neares:t to potential demand

A

Determination of Zasic
allocation or capecity of

family wmit

A

Regional analysis, ecornomic
growth trends =nalysis and
demographic amalysis of
cepacity

Estimates of payment capabi-
lities of communities.

Study of altermative costs
of diesel generation

Mariat study
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) Rescurces

Aesources are estimated cn the basis ¢f analysing existing cartcgrachic,
geclogical, gecmorphological, hydrological and eccnolcgical data, supvlemented

by field surveys, headwater surveys ard topcgraphic surveys.

Possible headwaters are identified from informaticn supplied by the
iccal populaticn. Headwaters near - i.e. within approximately 15 o -
settlements in the basins under study are researched anc their discharges

surveyed.

The available head is determined by simple topcgraphic methods. &
pocket altimeter is satisfactory for high falls. A precision altimeter
chould be used for low falls. In both cases a spirit level can be used

as well.

SELECTION OF TECENOLCGY FOR THE DEVELCPMENT AND DESIGY OF MEG SYST=HS

GZVERAL DESIGY CRITERIA
- Characteristics of region, such 3s access facilisies {cr -cssidle

future use of building equipment.

- Availatility of lccal building materials.

a) Cnly intake works

CRITERIA FOR SITING INTAKE WORKS

- Loock for maximum narrowiﬁg of stream channel in order to minimize
spillway length and, therefore, excavations and structural work.

- Look for site . ~2ccordance with sediment ccnditions.

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

~ Checose minimum length of cenduit in centact vith maximun waters in

order to reduce amounts of reinfcrced concrete.
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b)  Cecnduit system

DESIGY CRITERIA FOR CONDUIT SYSTEM

- Suitable design crn :slan tc¢ minimize excaveticns.

- Mirimun water flcw rate of 1.C 2/s tc avcid sedimentaticn.

- Duct cross-seciicn close te¢ cptimum hydraulic value.

- Check on seepage to determine whether duct walls and base
need lining. As a rule c¢f *humb, lired ducts cos*t tiice as
much as unlined.

c¢) Silt basin - surge chomber

CRITERIA FOR DESIGNING SILT 3ASIN AND SURGE CHAMEER

- Check capacity to emsure appropriate supply to penstock,
absorption and damping of cscillations arising frem orening
and closing of inlet valves due to 7ariaticns in turbine
loading, and control of water level at penstcck inlet.

- The design dimentions of the sil®t basin should e determined in
the light of the permissable size of the particles that can be
allowed to enter the turbine, and the characteristics of the solids
in the wataer.

- The depth of the silt basin should be such as to preclude dis-
turbances due to rising and descending flows camsed by temperature

changesa.
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d) Penstock

CRITERIL FCR PENSTYCY DESIGH

- Various amaterials are suitable.

- Various types and sizes can be used ip combination tc achieve
optimum solutions.
The following shows the various materials which can be used under
different beads (in metres).

8cCm

L Y

On 50m 100m 150m A, 600m

STEEL

MALLEASLE IRCN

RETNFORCED
PLASTIC

CEMENT ASEESTOS

POLTTHENE

TIMBER

In order to withstand the maximum permissible water hammer for power
stations, the rated pressure of the tubing should be something iike 30
per cent more than the gross drop. Water hammer surging can ve ccn-
trolled by appropriate cloeing timing of the controller.

- Building costs, which increase with diameter as well a-
with ground conditions, should be balanced against tubing
pressure drop, which reduces ocutput. Thia comparison 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 on empty tubing. 1t is also advisable to design a filter
to extend along the whole length of the pemstock to drain
posaible seepages.
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e) Powerhcuse

DESTAN CRITTRIA AR POWERHONSE

- The area to be built on depends upon plant requiren‘xen‘ts, cn head, water
flow and number of units. If enough funds are available, a residential
area can be provided for the operator. A water supply system with filter
bed purification and a sewage system with septic tank can be provided.

-~ Drains and/or some cther system should .b'e provided around the power—
house perimeter to intercept surface water and keep down the level of
the water table.

DESICH CRITERIA FOR TRANSMISSION LINE -

DESIGN VARIABL=S:

- Line voltage.

- Capacity.

~ Power factor.

- Length.

= Height abcve sea level.

= Average, maximum and minimum outside ‘temperatures.
« Wind speed.

7.3. BUILDING METHCODS

The various possible methods for building the elements which make up an
MEG will now be considered.
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- Gakione are sasy te install smd chesp. Pussidle sespage eacly on cam
be prevestsd Dy comcrwis or iiadsr Niktsxls. Camditicne say decons
eritical wiil very lov flows im casse in wiick significamt loeses are
wmacceptahls.

- If appropriate asterials are available im the regiom, it is wertk con~
siderizg tke alternatives of zassive coporete or of brick. Nasmive
concrets has the adventage :Z uaing spropriste rock coming Irom erxcave~
tiom works. This is ths best solution for sites with ligh vatsr “eads
svr daos, “ut Zoundaticon probdlems are auch essier witd leads of Jelew
twg aatres. s cain diffocalty {s that since the structure is rigid,
sresking asy oecur dus te di{fferemtial settlemexts. I{ there are facilities
for trmsporting eaterials ad equipnamt, alternstive comkined structures
for the dan md inotake of reinforced comcrete cam be comaidered, provided
thst the strusture is of mall diseayions.

Intakn

- Mare are varicus josaidilities. If there are ald etreem buis, they cam
38 enlarged by cxsarstion and the water diverted through tham, se that
the ceastructian of the intaks system cam provesd virttally campletely dry.

- Another possibility is to use sheet piling. e intake, lock sod comduit
are sonmtructad firet, them the spillway {s constructed while *he water
flows through ths lcck and imtake. Txis altersative cails for shest piling
of spprecisdls lemgth sod reduses tis spacs availabls for woriciag during
coamstruction. e sarizes permissible discharge of 3e lock incresses tle
risk of flood dasage.

- S first alternstive sy Ds better if excavation covte are justifled by
the reducticn in rizcs asd incogveniences as campared witl ke sbeet jiling
sltemstive.

33t Main

- Tis can de positioned immedistely after ths intake werks, in which case
the Dearness of the flow is weed ssomomically for sedinemt cleanliness. e
water should alse be free of sedimemts along the sonstruatiom conduit, ale
though sedisemt say coeur im its opea rwm.

- Angther alternative i %o wse & conbined sand trsp and forebsy. TRis optiom
is of 2ourse chesy Dut requires a faster flow rate through the conduit systes
te provest sedisentatica. It {a asually assoscisated vwith the use of earth
oanduits and 1s useful to NNle.

Pemstock

- 3teel pipes are very expensiwve from both the asteriale sad fastallstica
aspects. Camant asbestos pipas are chesper aod easier to obtain, although
ia som% 02ses therv ssy be liaitatiass due te the mariwam commervially
avuilahle dismsters.

Peweriounse

=  Bere sore than in sny other part of the oivil gioeering works, the use
of pre-fabricsted slemenis cmm de considered as & mesns of cutiing aoets.
It is very important to bear in sind local asterials, ast anly for reascas
of sost but alse of sppearance bus also tacing iato consideratica ‘Reir
Sehavour wder seismic conditioms.




T.4. SETICE OF EEIMAINT

I equipmext showld Do selested from tie camsercial catalogues of matiosal
ad internationsl sakars of stantard equipmest., Tie maln selentise Tilicia

should e reliskilils o casspaess.

™e following tahls gives details of the procsdure for mlecting tis varices

{tony of NEG equipment.

WXL PICTURR

- locording *o tke specification of
turi{ne seterials, xmnism {low selews
tion sl desd. This cam U for ate~
astic ~r ammmal ocleasming.

- Xxinly uaed gute, Dutterfly, sad
sphearical valves, aoeordiag e pipe
e, turiine intakw, weter head ami
close op time.

= Cocs the charscteristics of tha turiimee

~ (nce *he cind of turdine has Yeen decidedy

8 erplained is Chapter § of this Kemmal
are mown and coce gemerster speed {s
DMeww, & turbine speed cam be deoided
oa and the beyt kind of turiice cam be
selected using ks a2etlodology givem in
Acsax 3 of this Nammali rewesber that
tardine cost is inwersely jroporticmal
to turtine speed.

8, A Nandtard sodel mitable Zor the
Nead, discharge aod jower i{s selected
from cammercial catalogues; tRase pars=
seters will determina turbiss spesd,
waish will set differ greatly frem tde
planned valwe.

- Selevtiion of the speed cextreller is

~ The comtreller cm De slee-eeshamisal

sstomatic cats t3e tushime :as bemm
selasted.

or elactro-electrexic.

- The nechmicsl tranmmiseice betwen the

tfurbine and the gwserstar should be
salectal in the light of the speeds of
each and bearing in xind 22at belt trease{
nission is used faor Migh spesds aad
goaring for low speads. If the turbine
md geserstor both rua at the seme peed,
a direct coupling is wsed.

IOIPNERT SRISTICY PARANETXR
2rash resk Allowable particle sizs
Talwe Pipe mise, presemre
Tarbine Sead

Dissharge

Power
Speed Capanity
soatroller Preaquency
Tartbine/ .|
Cenarztor losd
Trenenisation
Generstor Capasity

« The generstica witage md {requancy are

- e sost approprists dod of gmsnator

selected with refersnce to eack country’s
slectrical staadards for gwmerstion.

should be selected acaardingly, as
indicated in Chapter § of this Nammal.

« A genarstor of the required cajesity sk
genaration frequenay and veltage should
be {dantified iz *Re commervisl cste~
logasa., Bear in aind that geserstor cost
is iaversely preperticnal te its speed.

-
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Cantrel .y—l
far pewarhenss

Power trame=

Yoltage

« A camtrol 7amel shenld be sslested to
S4it the gemerster’s saximma eapamity,
voltage anl ‘recuemcy. The aism shouid
be to use tie least possible mmoust :°
instropestation cospatible vitk effee=
tive cemtrel.

~ Trmmission voltage is sslested ix
accordasce with eech coustry's standards
Zor trsmsforeere and tie trmsforeer ts
D¢ uded cam Do selecied in commercial
catalogues on the Sasis of ca asity.
nmbder tAst shert-esircuat curreats ey
b five or iz tises the retal exrrest.

DMistribation
or vesamdary
network (consumer

Capasity
Trensnisaion weitage

Capasity

Hetritmtion woltage

= The optimms cabls cress-esstiam is

sslected in acsordmmse with cashk coumtry’
comxtry’s stamdaris for slestrical come
ductors and te give aiximum wltage drep
and peser lose.

« The distriigtion voltage is dstermined

i accerdance with sach commtiTy’s etame
dards. The trmmsyorastion rstie cam
shan be found sad the corresgcnding mmb
stations selected from the catalogues.

= The same criteris ani standards as ased

ta select the primary natwork are ased
0 select ke secoudary zstwork.




PROCESS QF EQUIFMENT SELZCTICN FCR MHG

Specification of MEG

1

Selection of
turhine

Selection of
generator

<

Selection of mechanical
transmission between
generator and turbine

Selection of speed

controller

Purchase of

Selection of
panel

control

A

Selection o?f
transformer

-

Selectiorn of
network

Selection of
station

SubD-

A

equipment

Installation

Selection of
network

secondary

* The selection process can also be started from the turbine.
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7.5. OPERATION, MAINTEVANCE, 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 structure of the electric power systenm.

Assuming an MEG having a low level of automaticn, linited to the velocity
and voltage regulators and the safety systems, and designed to operate only a
certain number of hours a day, a single operator might be all that ir -~equired.
For a continucusly operating Mh3, on the other hand, two operators working in
shifts would be needed.

These operators must be able to perform their duties with competence and

to handle tasks involving preventive maintenance and minor emergency repairs.

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

- Fundamentals of industrial electrical systems;
- Dench macrining;

- Welding;

- Administr:tion;

- Operational sequences.

Maintenance and repair operations may be distributed as follows:

ACTIVITY RESPCNSIBILITY
- Preventive maintenance of equipment Operator
- Preventive maintenance and general repairs tc Operator with community support
the civil engineering structures.

= General equipment repairs. "Flying maintenance squads” of
the electric utility and/or the
operator.

- Major equiyment repairs Specialized workshops or the

manufacturers




The regular rspecticas of the channelis, diversion dams, Spilliways, contrsl
sluice gates, piping, and conrduiis are extremely important. The frequency

of the inspections varies accerdirg to climatic conditicas.

During flcod pericds daily inspecticns must be carried out with a view =c
detecting tkreatening conditicns caused by rising waters or slides. Suck
threatenizg situations may include: erosion of supporting pillars, unusual
loads on the ducts at or along the.riverbed, the accumlation of waste material
at the grids or gates c¢f the diversion dams, unacceptable erosicn below the
diversion dams, or amormal downchannel water levels.

Flooding aay be more of a problem at low-head installatioms than at high-head
plants for the reason that it may damage the dam and the generatirg units.
Slide may damage the canals and ducts, in some instances filling them wiih
debris and causing overflows and abmormally hizh sediment lcads on tke turbvines.
The inspections made during periods of emergency must be carried out vy expe-
rienced personmrel who are familiar with the coperaticn c¢f the facility.

The dam must be inspected annually in order to make certain of the integriiy <f
the dam iiself and of its abutments.

Any stractural fissures or leakage through the dam or its abutments must Te

the subject of frequent and careful inspecticn for the purpcse of detecting
possible changes.

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

Piezometers must be installed in the foundation of the dam, and tkeir readings
must be checked at least cnce a month for the purpose of detecting any sudden,
changes in pressure below the danm.
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AECCMNENDATICNS PCR THE ELSCTRCHAICHANICAL EQUIPMENT

~ The pachinery and valves must be regularly serviced so as tc ensure
that they will operate properly and reliably when required.

~ 411 gates and valves must be operated through their full range of
travel at least once a month.

- In the case of small plants, defective valves and gates may te replaced,
with the defective parts taken to a central workshop for repair. This
may also be dane in the case of turbines, regulators, genmerators, and
transformers when they are small encugh.

- 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 perfomm reliably
when required. If there are a number of gates, they should preferably
be of idemtical design, and consideration should be given %o the acqui-
sition of a replacemant 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 a
7ear for preventive maintenancs.

- The turbires must te disconnected and inspected every year for faultis.

- The control panels must te inspecied every four mcuths and disccrnrected
avery year for preventive maintenance.

~ The busbars, especially their connexiors, must te inspected every four
months. ! '

~ The tr..aformers must be inspected every six mconths and disccnrnected
every year fur preventive maintenance.

- The circuicr must be inspected every six months and must be checked for
faults at the time of the amnual maintenance.

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

7.6. COSTS

In this section, a number of quantitative guidelines are discussed which
may be usel to estimate the costs of an MHG for purpcses of planning and rougn
calculaticn only. The fact is that reliable cost predicticns for specific pro-
jects on the basis of over—all indicators are not possible, since each individual
case requires a detailed cost analysis taking into account the prcject's parti-

cular features.
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The graphs preserted btelow indicate unit costs for the total MEG investment
as well as for the three principal investment ccmpcnents: pre-investzent studies,
equipment, and civil engineering. As the curves in these graphs are based cn
available infommation pertainirg to various Lalin American ccuntries, it is re-
commerded that the office responsible for MHG plamning in each country should
adapt them to their own actual in-country ccrditicns. This can be dcne in at
least an approximate way by experimentally determining certair correcticn factors

for use Witk the graphs presented telow.

a) Unit costs cf the total MEGC investment

Pigure 23 shows the total unit costs for an MEG in dollars per kilc-
watt of installed power for different power ratings (output) and heads. The
table below ocutlines the elements and hypotheses considered in the preparation
of this graph.
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ASPECTS CCNSIDERED IN THE PREPARATICN OF FIGURE 23

- The data processed were drawn frem 15 projects in three Latin Americen
countries, the correlation factors with respect to the graph teing in
thae order ¢f 70 per cent.

~ The lower curves, for the ncr-ccnventicnal tecmology opticn, were
plotted by adding the costs of the studies to tzose ¢f *ie equicment
and the civil engineering works (assuming domestically manufactured
equipment ). '

- The costs are based cn 1980 prices, whereby the data used were adjusted
according to the indices given in Figure 24, which is a very rougn indicater
of the variations in times employed in this mamual. For specific cases,
it is advisable to study the variations for each equipment comgoment and
the civil work costs according to the particular ccnditions given for each
country.

~ The curves presented are of only relative statistical value, since in the
case of specific projects one must expect significant variaticms freom cnre
country to anotlher.

- The variations from courntry to country may te due to the fcllcwing factors:

Availazility apd cost ol laoour;
Availavility ard ccst of meatarials;
Zquizment purchase and freight costs;
Engineering costs;
Geographical conditions and prcblems of access;
Dollar exchange rates;
Currency market conditions and controis;
Variations in cost indicators over time.
- Variations with respect to each specific project are due to:
Distances and access conditicns;
Physical conditions (geology, hydrology, geomorphology, soil
mechanics, ecology, etc.);
Significant differences in the scale of the civil construction.

- The graph refers to stations having only one electromechanical unit.

- The definition of high, mediun, and low heads is taken from the power
and head classification of the Latin American Energy Organization, which
appears on page 7.
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FIGURE 25 STUDY COSTS AS A MAXTMUM RECOMMENDED PERCENTAGE CF
TCTAL PROJECT COST, AS A FUNCTICN OF MEG CUTEUT
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c) Unit costs of electromechanical equipment

Figures 254 and 57 indicate the unit costs of electromechanical
equipment in the case, respectively, c¢f ecuipment impcrted from manufacturers
in jeveloped countries and equipment manurfactured domestically using tech-
nologies developed or adapted in the country and no*t subject to the payment
of royalties.

ITEXS INCLUDED IN THE ELZCTRCMECHANICAL EQUIPMENT

~ Turbine

- Velocity regulator

~ Generator '

~ Electrical control panel and instrumentation
~ Installation (excluding anchoring systems)
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ASPECTS CONSIDERED IN THE PREPARATICN CF FIGURES 29 and 27

- The data used irn preparing Figure 20 were taken frcm 25 cases,
the curves having a correlaticn facter of 37 per cent.

- The data used in preparing Pigure 27 <were taken Irom 1C cases,
with the equipment manufactured ir a singiz Latin American
country. The curves were plotted cn the basis of Figure 26,
the correlation factor being lower -nan irn that figure.

~ The costs are given in 1980 dollars and are based cn an
ad justment of the values given in Figure 2b.

~ Variations from country to cocuntry may be due to:

Freight and insurance
Import duties
Taxes
Local transport
Laws degigred to promote industrial development
Exchange rates
Currency market ccnditions and contrels
Variations in cost indicators ove:r time
- Variations {»cm core particular preject ¢ another may te due <c:
Cornditicns of access arnd iccal f{reight charges
Instaliaticn costs
~ Implicit in the equipment costs is the selection of the optimum

turbine type according to the head and power of the station
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A number of general corclusicrs may be drawn from Pigures 2b and 27

for guidance in the selection of equipment.

CCNCLUSICYS TC FEE TRAWN FRCY THE UWNIT-COST CURVES FCR ZLICTRCYECHANICAL ESQUIPMENT

- The unrit ccsts ¢f the electrcmecharical equitment Scr 2n MEG may
vary Zetween 3US 3CC and 3,CCC per installed ki of power.

- Unit costs rise rapidly for the lower powsr ratings.

- Unit costs increase sharply as the head decreases (in th
oreportion of 331 £ir heads of 5 and 2C0 a, respectively).

~ Generally speaxive, Zumestically manufactured equicment and
dcomestic technology may be priced at cne-nalf the ccst of
equivalent imported equipment and technology.

d) Unit costs of civil construction
Figure 29 shows the unit cost indicators for the civil works

associated with an MHG project. As we shall see later on, *he diagram is

intended for reference uss only.

ITEMS INCLUDED WNDER CIVIL WOEKS

- Dams and intake

= Canal

- PForebay

- Silt basin

- Penstock and anchoring

- Accessories (gates, grida. etc.)

= Machine room (power house) and equipment support systems
« Run-off canal

It should be noted that these cost elements do pot include the power
transmission and distribution systems. In the table below some of the

factoras involved in plotting the civil construction cost curves are discusses:




ASPECTS CONSIDERED IN THE PHEPARATICY OF FIGURE 28

- The curves, which are vased on data for 25 simulated

¢

]
having a correlaticn factor of about 60 per cent, reflect ike
approximate correlation of the difference in total unit ccsts
less the costs of studies and equipment. -

- The variaticns from one specific case to another are very wide.
- The correlations for canventional technologies rest on the
assumpticn that the techmological conditiana of the projec:
are as described in Chapter Two (point "e", page 8 ).
= The correlations for non-conventional technologies rest on
the assumption that 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:
Tee physical characteristics of the project
(Zeology, geomorpnology, bydrology, soil mechanics,
canal length, topography, aggregate materials, etc.);
Building methods;
Depth of the engineering studies;
Experience in design engineering.
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Figure 28 suggests a number of general ccnclusions regarding the
limits of application of the grarh itself and the trends revealed in it.

CONCLUSIQNS TO 3E DRAWN FROM THE CIVIL WORKS WIT-CCST CURVES

- The curves are designed to provide only an approximate estimation,

for use during the planning stage. For each individual project,
satisfactory approximation requirés physical surveys at the actual
work site.

-~ The unit costs of civil works may vary between 3$US 450 and 1,3CO
per installed kilowatt.

- Unit costs increase as the power decreases, but not as rapidly as
for the electromechanical equipment.

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

-~ All other factors being equal, the use of non—conventional teciwologies

is less costly than the use of conventiorzl technologies, this advan-

tage being greater for the lower power ratings.
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8. INTERNATICNAL CO—OPERATICN™

The nrincipal possibilities for international co—operation in the
MHG field lie in the areas of technology, training, studies, and con-
struction. Co-overative srojects may te undertaken at the worid, re-

Zicnal, sub-regional, or simply the bilateral level.

As used here, the term "intermational co—operaticn” extends to all
types of intermational relaticns which are designed to pursue the mutual
advantages of the co-operating parties and which are the subject of

international agreements.
Intermational co-operation is based on the following principles:
- Respect fcr the sovereignty of the rarties;
- Bquality of rights for all parties;
- The voluntary participation of all parties;
- Mutual assistance;
- Reciprocal tenefits.

3.1 INTERNATICNAL CRGAVIZATICNS COPERATING AT THE WORLD LIVEL

The following are scme of the organizaticns that are in a positicn

to provide support in the development of MHC.

» This chapter igs intended to be updated and expanded in the next edition
subject to the collection of more detailed information on activities of the
organizations mentioned in this manual.
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ORGANIZATICH

AREA QF ACTITITY

United Natiors Development
Programme (UNDP)

United Yations Educational,
Scientific and Cultural

Organizaticn (UWESCO)

World Meteorological Crganizatior
(WMO)

International Labour
Organisation (ILO)

United NYations Industrial
Development Organization (UNIDO)

International 3ank for
Reconstruction and Development
(IBRD); World Bank

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

Development

Financing of develorment plans,
orogrammes, and projects.
Co-cperaticn in scientific anc

educaticnal development srogrammes.

Co-cveration in meteorclogical and
hydroiogical prcgrammes on behalf

of development projects.

Co—operation in training prcgrammes
for middle-level technicians and

skilled workers.

Co~cperaticn in industrial develct-
nent programmes; currentily engaged
in sremeticn of MEG crecgeammes ard
implementing a zmumter of projects

in developing ccuntries.

Pinancing of development projec’s;
grants short- or medium=term loans
at interest to both the Governments
of the member States and to oublic
and private ingtitutions, provided
they have the backing of the Govern-
ment of the country in question.

Financial assistance for development
projects, particularly in the area of
alternative energy sources and on
behalf of the countries most seriocusly
affected by the petroleum price

structure; currently financing an

MHG programme.
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Problems whick arise in relations with internaticral orgarizaticns and

metheds for overcoming them:

[ PRCELEMS REMEDIAL ACTI 1'

Pcor selecticn cf experts Request, by tke naticral organizaticms, of }
a more extensive list cof experts; provisicn
of adequate and sufficiently detailea infer—

mation to the intermational organizaticn.

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

completed sufficiently in advance of the
expert's arrival; assignment of a ccunter—

part (or counterparts) sufficiently compe—

tent to work with the expert.

As part of their effert toc prcmote the use ¢f MEG, the intermaticnal orga-
nizations must lend their support to the establishment of local infrastructiures
in such areas as plamming, studies, design, operaticn and maintenance, administra-

tion, financing, and technological development.

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

Among the international banking institutions with worldwide operations,
menticn should be made, in addition to the I3RD, of the Export-Import Bank
(EXIMBANK) and the Intermatiocnal Finance Corporation.

8.2 REGIONAL AND SUBREGIQNAL CO~OPERATION

This form of co-operation may involve the areas of studies and construction
and can be undertaken by a group consisting of more than three countries. In
orinciple, the term "regional' refers to organizations operating cn a continental

or subcontinental basis, while '"subregiocnal” refers to groups of countries within
' g1 &r

a less extensive geographical zone.
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CRGANIZATIQN

AREA OF ACTIVITY

Organization of American
tates (OAS)

Common African and
Nauritian Organization
(ocan)

Afro—-Asian Organization for

Rural Reconstruction

East Africén Common Services

Organization

Organization of Central American
States (0CAS)

Organizasion of African Unity (OAU)

Latin American Energy
Organizaiion (OLADE)

Advisory services, consultation, and
support for econcmic develcpment

projects.

Trade, financing, and studies of social

problems.

Seeks solutions to common problems and
promotes economic, social, and cultural
development through ccncerted co-

operative action.

Has a Commission for Scientific and
Tecbknical Research.

Is conducting a regional-level MHG

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 important that all the supperting organizatiens carry ou*

their work within a framework of co-ordination, promotion, and consultaticn, 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 regicnal banks, the following in particular might be menticned:

BANK PURPOSES

African Development Bank Its purpose is to 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-
scribers in addition to those from
within the Asian region. It grants
loans for infrastructure investments.

Central American Bank for The principal financing institution
Economic Integration (CABEI) for the Central American Integration
Programme and the main lending
institution for regional economic

development.
Intsr—American Development IDB's purpose is to promote the
Bank (IDB) development of the member countries,

individually and collectively, through
the financing of develorment and
technical-assistance projects; currently
studying the financing of MHG projects
in sewveral countries.

8.3 BILATERIAL CO-OPERATICN

In the case of bilateral technical co-operation, particular care and
attention must be given to how the objectives and scope of the programme are
defined, in order to avoid hidden forms of technology sales governed by commer-
cial objectives. Where this is unavoidable, the negotiating terms with respect
to the purchase of the technology must be explicit and clear; moreover, the
conditions of the agreement must be favourable and mus* not involve, under
the guise of an assistance programme, the granting of any exclusive rights.
Similarly, in all cases of intermational technical assistance, the means by
which the know-how in question is to 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 to enable him to assimilate effectively the knowledge being

transferred.




Developing countries may request bilateral assistance thrcugh their

diplomatic missions or ccmmercial attachés.

As a general rule, it is to be reccumended that, in order tc deal both
with MHG projects and with other matiters of technology and cc~cperaticn, |
the developing countries should create a government office for foreign tech- |
nical assistance to be responsible for co—ordinating international co-cperaticn
in the country and advising the organizaticns affected on how tc make the hest

possible use of this assistance.
8.4 NON-GOVERNMENTAL ORGANIZATICNS

According to the definition used by the United Nations, non-gevernmental
organizations are international organizations which have not been established
on the basis of agreements between Govermments.

The United Nations Economic and Social Council has devised prccedures
governing consultative co-operation for a number of non-governmental organi-

zatiocns of interest to the Council.

In 1975 tkhere were 2,5C0 non-governmental organizatiocns, a rmumoer ci
which were active in the area of science and technology. The Nen-Governmental
Organizations Section of the Department of Public Irnformaticn of the United
Nations Secretariat is responsible for co-operation with these bodies. I%
also convenes the Conference of Non-Governmental Organizations, which has its
headquarters at Geneva and funct: as the permanent organ of the non-govern-

mental consultative organizations.

Por the purpose of ascertaining which of these organizations are engaged
in MHG programmes, taey may also be contacted through the information services
of the various countries at their diplomatic or consular missions or their

information centres abroad.

Non-governmental organizations may suffer from limitations in the following
areas: financing, constitutional or volicy restricticns on activities, lack

of acceptance by certain Governments, etc.
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ANNEX A

REFERENCES USED IN THE MANTAT

1

e

Tl Desarrollo de Pagueiias Centrales Zidroeléctricas en Latincamérica’”.

CLADE, Quito, Agcsto de 18979,

"Situacidn y Persvectivas de la Taecnologia y EZgquivamientc para
>.C.H. en Latincamérica”. (E. Indacockea, R, Trejos, F. Cuenca, 7
C. Hermindez). OLADE, Quito, abril de 1980.

"Requerimientos y metodologia para la implementacidn masiva de P.C.H.
en Latinoasmérica”. (E. Indacochea, O, Chaquea, L. Machado, R. Vargaz,
M. Fleites, E. Enrfquez, F. Ferrdn, L. Haro, S. Mancilla). OLADE,

Guito, Junio de 1980.

"Metodologia sintética vara el cdlculo y esvecificacidén oreliminar de
microcentrales hidroaldctricas". (Znrique Indacochea). OLADE, Guito,

Julio de 1980.

", (Sergio Valverde r

"Manusl de microgeneracidén hid»dulic
A. M. Martinez), Iastituzc de “avastizacicres Tlidctricas (IIZ), Yéxicc,

1978.

"7iabilidad de las Microcentrales Hidroeléctricas em Colcombia'.
(0. Chaquea, J. Lobo Guerrerc, J. D. Burton y C. Casasbuenas).

Fundacién Mariano Ospina Pérez, Colombia, 19795.

"Problemidtica del Desarrollo de la Tecnologia de Microcentrales
Hidroeléctricas y su contribucidn a la Electrificacidén Rural”.

(E. Indacochea). Instituto de Investigacidn Tecnoldégica Industrial
v de Normas Técnicas (ITINTEC), Perd, Junio de 1979.

"Desarrollo Tecnolégicos para el Equipamiento de P.C.H." Imstituto
de Investigacién Tecnoldgice Industrial y de Normas Técnicas
(ITINTEC), Perd, Abril 1980.

"Estudio del caso de la Microcentral Hidroeléctrica Piloto de
Obrajille”. (Enrique Indacochea). Instituto de Investigaciones
Tacnolégicas Industrial y Normas Técmicas (ITINTEC), Perd,
Septiembre 1979,




18.

"Seminar-Workshop on “he EZxchange of Ixperiences and Technology
Transfer on Mini Hydro Electric Generstion Units”

THI20, Yepal, September 1879,

; draft Ierer:

"Seminar-Workshov on Mini Tydroelactria Zower Generatizn at
Tatkmandu, Jepal'. Yorwegian Water Resources and- Tectriciiy

Board (¥VE). Osle, August 1979.

"Swedigh Development of Mini Hydro Electric Generation Uniis”,
Enzlesson Swedish Capabilitias for Assistance 1979.

"Gufa para la elaboracién de proyectos de P.C.E. destinadas a
la elactrificacién Rural del Peri™ (Nozaki). Mizisterioc de
Famento y Obras Pdblicas. Perd, Julio de 1968.

"La Tlectrificacidn ern Colcmbia”. Iastituto Colombianc de

Tnergia Fldctrica (ICEL). 1977-1978.

"Plan Nacional de Electrificacidn con Pequedas Hidroeldetricas”.
Consorecio Hidroeldectrico S.A. Programa de Naciones Unidas rara

el Desarrsllo. Ministerio de EZnergia y Minag. Deri 1379.

"Srecgrame de Desarrollc de 2,C.E. =n Panmamd”. Iznstlituto de

Recursos Hidriulicos y Zlectrificacidn en Panamid. Noviembre 1973.

"Reconocimientc de Pequefios Aproveachamientos Hidroeldctriecs en
la regién este de la Repiiblica Dominicana”, Corporacidér de

Presag del Este (CPE), Repiblica Dominicana. Febrero 1977.

"Develomment of =quipment for harmessing Hydropower on a Small
Seale”", (V, Meier). Balaju Yantra Shala Put Ltd. and Swiss

Association for Tachnical Assisztance. Fepal, SeptemZer 1979.

II. OTHER REFERENCES

1.

"Metodologfa de Cflculo del valor econdmico de wuna planta
Hidroeléctrica". Comisién Federal de Elactricidad. México, 1975.

"Plan de Microcentrales., Reconocimiento Preliminar. Resimen

de costos y caracterf{sticas de los Desarrollos’, por Tecno-
Consulta Ltda. TInstituto Colombiano de Energfa Elédctrica (ICEL].
Colombia 1979.
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"Plan de microcentrales en Colcmbia” por Mercy 3lanco de Monton.
Grupo de Trabalo para a2l Programs Parspaectivas. del Desarrcllo

de P.C.Z. en América Latina 1979.

"?uentes de Energia no Convencicnales”. Iastituto Costarricense

de Zlectricidad (ICE). Costa Rica 1979.

"Una experiencia en Programacidn de Electrificacidén Rural” cor
el Camité Técnico de Tlectrificacién Rural. Ministerio de
Industria 7 Energf{a. Espafa 1979.

"Microcentrales Hidroeléctricas Autdnomas™ por Dr. Reger J. L. Sculier,
BRTAU S.A., Francia 1979.

"Metodologia para el Desarrollo de Minicentrales Hidroeléctricas™
ror Grupo de Trabajo para definir el Programs Regional de 2,C,3.

de QLADE. Ecqudor 197G.

"Plan Nacicral de Zlectrificacidn Rural 1576-1582" zor Cemisién

Tederal de Zlectricidad, México 1979.

"Il Desarrollo Ze ?.C.Z, en Latincamérica 7 T Carite”,

IX Junta de Expertos, OLADE. Paramd. Yoviembre 1279.

"La energia y sus perspectivas’ por Ing. Hermdn Sustamante.
Ministerio de Energia y Minas. Perd, 1979.

"Fuentes de Energia para la Electrificacidn Rursl en el Peri”,
FLECTROPERU, Sector Energia y Minas. Perd 1979.

"El Programa de Pequefias y Medianas Centrales Hidroeléctricas en
el Pert”, ELECTROPERU. Hidrandina, Perdi 1979.

"Material soBra algunas de las investigaciones y Desarrollo
Experimentales en Micro centrales Hidroeléctricas de 5 a 100 kW"
por Ings. R, Trejos Glen Dewey y E. Doryan. Universidad de
Costa Rica, Costa Rica, 1980,

"Plan de Tmplementacidén de Microcentrales Hidroeléetricas" por
Ing. L. Galarza. Instituto Ecuatorianc de Electricidad, INECEL.
Ecuador 1980,

"Feasibility Studies for Small Hydropower additions. A Guide
Manual.” The Hydrologic Engineering Center and Institute for
Water Resources, US. Army Corps of Engineers, USA. July 1979.
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"Seminar-Workshop on the Exchange of % ceriences and Technology
Transfer on Mini Hydro Electric Generation Units. Frospect of
Mini Zydro Power Develorment in 3angladesh” vy W. Choudhuri.

2ower Develotment Board, Nepal, September 1979.

"Seminar-Workshoo on the Exche-;. of Zxperiences and Technology
Transfer on Mini Hydro Eleciric Generation Units. Mini Hydre
Power Development Program in Burma™. Nepal, September 1979.

"Seminar-Workshop on Mini Hydroelectric Power Generation in
Katimandu, Nepal 1979. A typical example of the develorment
and construction of a modern mini hydro power plant in Norway".
Norconsult as. Oslo, July 1979.

"Estado Atual de desenvolvimiento da tecnologfa sobre
aproveitamentos com a utilizac#c de mdquinas tubulares no
Bragil. ELETROBRAS. Brazil, 1979.

"Mini power stations - Small Hydro Power 1C0=-15CC kW™ by TAST,
Stockholm, December 1980.




ANNEX 3
BASIC CALCULATIORS

This annex illustrates the steps involved in preparing a mini-nydro-
electric power plant project, using as an example the 16-kW pilot plant

project at Obrajillo, Perm. :

It should te noted that this project was carried cut for research
purposes and that an existing irrigation channel was uced in the design of
the plant.

A flowchart indicating more or less typical sters that might be ex-
pected in a given project is presented on the following page.
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SEQIENCE FLOWCEART FOR A SPECIFIC PROJECT

Survey study

’

Determination of current electricity

demand for tern-year projection

- _
Assessment of hydraulic resources

Do the
available
rescurces satisfy
the demand?

Cancel the project

or redefine its scope|

Yes

v

studies {intake, canal, silt basiz,
fcretay, cemstcck, pcwer hcuse)
and studies on altermative tuilding
technologies.

i Preparation of site and engineering

Selection of alternative for equipment

Design of transmission and distribution line

!

Civil works and installation

¥

Start-up




The precedure described below was followed in designing the project.

Demand study

The community to be supplied with electric power had a peopulaticn of
595 irvhabitants and a growth rate that could be comnsidered zero, since
according to statistics there had been no population increase in recent years

as a result of migraticn to the city.

The town had a bakery which obtained its required electric power {rom a
head-engine—powered generating unit. There was also 2 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 ihe
future hydraulic power plant, the following factors were considered:

- The power consumption by the bakery occurred between 3:C0 and 7:C0 a.a.
in the morming;

- The power consumption by the dairy enterprise cccured only tetween
8:C0 a.m. and 46:C0 p.m.;

- douse lighting was to bYe provided cnly during the pericd from 6:CO
to 10:C0O p.m.;

- Street lighting was to be provided only between 6:CO and 10:CC r.nm.

(n 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 watts per inhabitant,
yielding an approximate required power of 16 kW (provision was made for the
y 8ibility of further expamsion 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 the town and was used for irrigation. This canal

draws its water from the Chilién River, whose minimum annual discharge is
1.2 m3/sec.
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The water for the carnal is obtained through anm intake whick is cleared
and otherwise maintained svery year, after the high water, by the town resi-

dents as a community aciiviiy.

The first step was to locate a fall, which was subsequently leveliled
using topographic techniques. Cn the basis of the head detemmiraticn (56.3 a)
and the required generator power (16 kW), the water flow was established
and simultaneocusiy the optimum diameter for the penstock was selected. Witk
the 8-ince PV pire selected, the result was a net head of 55.3 2 and a
saximum dischargs of 0.048 m>/sec., derived from the following formula:

vwhere

P is the generating power (16 kW);

B is the net head (55.3 m);

7 is the total efficiemcy of the plant (62 per cent), selected from the
table below.

Cnce the discharge had been determined, a hydraulic aralysis was
carried out in order to determine whether the capacity of the capal was
sufficient to supply the plant and provide for irrigaticn at the same time.
This study made it possible to identify certain critical zcnes where the
canal had to te widened.

TOTAL EFFICIENCY OF MINI-POWER PLANTS (%)

Turbine type

Power (kW) Pelton Michell-Banki Francis Axial
Up to 50 58=65 5462 59=65 5866
50=500 65=69 62=65 66=10 66-T0
500-5, 000 69-73 65% 70-74 70-74

» The Michell-Banki turbine operates to a maximum power of 1,CCO kW.
The above figures take into account generator efficiency, which is

low in the case of the lower power ratings.
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Site selecticn and design of the civil structures

The existing intake had to be improved so as to make it possible to

regulate the admission of water into the irrigatiocn canal.

T™e critical zones of the canal were reinfeorced and widened in crder

to provide the necessary capacity.

A forebay was built, which simultanecusly functicned as a silt basin

and provided a way of returning the overflow to tke irrigation canal.

An appropriately anchored PVC penstiock was designed. Although the
recommended procedure is to bury a line of this kind, the pipe in questica
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 equipment

(a) Selection of the zenerator

The guiding assumption was the need for 16 W generaticn ocutput. Cn
this basis, the specifications callsd for a 20-kVA altermator with a power
factor of 0.8, generation voltage of 220 V, and generation frequency of 60
Hz. This gemeracor satisfied the maximum power requirement. The rotaticn
speed of the alternator was 18C0 rpm. As a research alternative, an asyn-
éhronous generator was also installed, with a bank of condensors ito vermit

independent operation.

(b) Selecticn of turbines

Since it was designed to operate as a pilct plant, one of the aims of

the Obrajilloc project was to study and develop a technology for low-specific

speed turbines. The specific speeds of various turbine types are shown in
the following tabla.
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SELECTICY OF TURBINES ACCORDING TO THE SPECIFIC SPEEDS

Turbine type _ Hs _ Kgﬁ Qnax admissible
Single-nozzle Peltan 10 to 9 J %09 1800 to 400

T™wo or multi-mozzle Peltaon 29 to 59 9 %o 18 400 %o 1350
Michell-Banki 29 to 220 9 to &8 200 to 80

Slow Francis 59 to 124 18 to 38 350 to 150

Normal Francis 124 to 220 B 10 &8 150 to 80

Past Francis 220 to 440 68 to 135 80 to 20
Propeller and Kaplan turbines 342 to 980 105 to 300 35 t¢ 5

There are two expressions for the calculation of the specific speed.
The first depends on the efficiency of the turbine and is writien in the

form:
5 j
¥ =¥ __257__
s H 3/4

where;
P is the net j.wer, in hp;
Hn is the net nhead, ir =3

¥ is the speed, in rpm.

The second expression for specific speed makes it possible to arrive.

at efficiency-independent similitude criteric and ias written as:

Q
N -N—L7—
q Hh 3/

where:

Q is the flow, in m3/sec.

With an eye to low specific speed, it was decided for this project to
use Pelton and Michell-Banki turbines, which were to operate under the same
head and flow conditions.

In order *o ensure that, while operating under these conditions, the
turbines would perform within their customary specific rpm range, it was
necessary to determine suitable runner diameters tc maks possible an optimal

rotating speed for the turbine.
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In the case of the Michell-Banki turbdvine:

5. 3985 JE

Den

wnere:

Y is the rotating speed of the turbire, in rom;
Hn is the net effective head, in =

Dext is the external diameter of the runner, in m.

Por the Psltan turbine:

N = 41.46" Hn

D
P

where:

Dp is the diameter ¢f the Pelton runner, in m.
Runner diameters of 200 mm for the Michell-Zarki and 6CO mm for the
Pelton turbire were adopted, making it necessary to use a meczanical telt

{ransmission system bDetween the turotine and the aliermator.

Desisn of the power house

For this project, an existing =mill, large enocugh tc accommodate the

equipment and carry ocut research, was used as the power house.
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ANNEX C

LIST OF SYMBOLS AND ABBREVIATIONS

W Watt

il Kilowatt

MW Megawatt

ik Kilowatt hcur

k'ﬁh/gal Kilowatt ncur per gallen

::3/3,/1@2 Cubic meter pter seccnd per square xilcmeter
:13/ sec Cubic meter per seccnd

rnos/yr Months per year

izz.ha.’::/k:n2 Inhabitants per square kilometer

gal Gallon

hr Hour

@ Meter

o Kilometer

MHG Mini-dydro Generation

=G Zxtension of an Zxisting Zrid

Wwizo United Nations Inrdustrial Development

Crganization

CLADE Latin American Znergy Organizaticn




