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Preface

The development of new and renewable sources of energy has become a matter of nriority in
many countries all over the worid. In particular, increased attention has been paid to the
development of small-scale, mini- and micro-hydropower generation units which could, under
certain circumstances, contribute 1o the industrial and economic development of ¢ural and
remote areas.

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

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

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

(b) Seminar-Workshop on the Exchange of Experiences and Technology Transfer on Mini
Hyvdro Electric Generation Units, Kathmandu, Nepal, 10-14 September 1979;

(c) Second Seminar-Workshop/Study Tour in the Development and Apvolication of
Technology for Mini Hydropower Generation, 17 October-2 November 1980 at Hangzhou,
China, and 3-8 November 1980 at Manila, Philippines.

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

As a first step, it was considered useful to prepare a manual on MHG for the guidance of
decision-makers in this field at central or regional government levsl or at the planning and
project implementation stages. The Manual is intended as a working tool to help in decision-
making on the estabiishment of small and mini-hydropower stations and in the formulation of
comprechensive and coherent policies and programmes for this purpose.

The preparation of the Manual was made possible through the financial support of the
Swedish International Development Agency.

The Manual was prepared by the Latin American Energy Organization (OLADE) und-- the
general leadership of G. Rodriguez Elizarraras, Executive Secretary of OLADE, through a
group of its experis, including C. A. Hernandez, I . E. Machado and L. A. Suarez, with Enrique
Indacochea, head of the Regional Programme on Small Hydropower Stations, as the technical
co-ordinator. The Manual also benefited from inputs provided by Guo Ruizhang, Chief
Engineer, Bureau of Water Conservancy, Shanghai, and Thovild Persson, VAST, Sweden.

It is hoped that the Manual will serve as a practical and useful reference for those involved
in working in the field of mini-hydropower generation. It should, however, be considered as a
first volume to be updated and erpanded in the future to enhance its usefulness. Any
constructive suggestions or proposals in: this regard are welcome.




EXPLANATORY NOTES

References to dollars ($) are to United States dollars.

Besides the common abbic+iations. symbols and terms. the folloning have been used:

EEG extension of an existing grid

MHG mini-hydropower generation

OLADE Organizacion Latinoamericana de Energia (Latin American Energy Organization)
PVC polyvinyi chloride
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Introduction

This Manual is intended to be a working tool
for decision-makers at different levels. Since the
main potential users of the Manual will not
necesrarily have a spec’ lized engineering back-
ground, the technical elements have been restricted
to descriptive aspects and elementary concepts.
with more cmphasis being given to questions of
mini-hydropower generation (MHG) development.
policy. planning and programming than to
engineering. technology, the organization of inst-
tutions and training.

The Manual proposes specific approaches to
MHG and, in som: cases, alternative solutions to
its problems. However, for cvery aspect of MHG
development the optimum solutions may vary
considerably from country to country as a result
of differences in socio-economic systems, political
organization, level of development. his.ory and
culture. The specific conditions of each country or
region must therefore be taken into accouni when
recommendations presented in the Manual are
implemented.

The Manual comprises six chapters. The first
two chapters contain general information, includ-
ing the definition and classification of MHG
units, the advantages and limitations of MHG in
solving energy and industrial development prob-
lems in rural and remote areas and at the country
level. and a comparison of MHG with alternative
energy systems.

As regards the classification 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. Some of the systems of

MHG classification are described in chapter L.
including the system proposed at the UNIDO
Seminar-Workshop on the Exchange of Experien-
ces and Technology Transfer on Mini Hydro
Electric Generation Units. held in September 1979
at Kathmandu, Nepal.

Chapter 1l presents an analysis and
methodology of MHG development. including an
assessment of possible applications and an evalua-
tion of resources and demand. and providing
decision-makers with useful information on the
operation and maintenance of MHG units.

Chapters 111 and IV form the core of the
Manual. suggest a methodology for considering
the possibilities of MHG development, and idenufy
a number of aspects which should be taken into
account before a final decision is made.

Chapter V is addressed to those responsible
for organizing and supervising projects and
describes the development of specific MHG
projects.

The annex contains basic MHG calculations
which mav be of interest to those who have
engineering training.

Although the approaches to the problem and
the recommendations made in the Manual apply
mainly to MHG of 'ess than 1,000 kW, they may
also be relevant to the higher power ranges.
provided that the limited application of some
concepts, particuiarly in the technology fieid. are
clearly borne in mind.

The Manual will have achieved one of 1ts
objectives if it succeeds in making it clear that a
mini-hydropower station is more ihan just a
small-scale model of a large hydroelectric plant.







1. Definition and classification

An MHG station is an installation where
hvdraulic power is used to generate smail quanti-
ties of electricity by means of one or more
turbine-generator units or groups. The main
component, of an MHG station are described

below.

Main components of an MHG station

Description

Dam

Intake works

Conduit
conduction
svstem

Forebay

Silt basin

Civil engineering
accessories

Surge tank

A structure built across the main
watercourse in order 10 maintain
or r.ise the level of the water. in
MHG it is usually used 10 raise the
water level and is of simple con-
struction.

Matericls: concrete, earth, rock,
wood. plastics

A structure 1o facilitate the entry
of waier to the conduit system. It
may or ray not be submerged.
For MHG it may be of permanent
or artisan construction.

Materials: concrete, masonr:,, rubble
(artisan construction).

The water is taken from the intake
to the forebay by means of a canal
or tunnel. For MHG, irrigation
canals may be used.

Construction: lined or unhned.

Stiucture which facilitates the entry
of the water to the penstock.

Materials: concrete, lean-mix con-
crete, asbestos-cement. ferrucement.

A system for protecting the turbine
by preventing solid particles from
entering the penstock; may be in-
stalled as part of the intake works
or the forebay, depending on flow,
terrain and the material from which
the channel is constructed.

Screens (for controlling  solids),
gates, s,illways, etc.

A structure for compensating over-
pressure; not often used in MHG,
depending on the head, length of
penstock, velocity of water in the
penstock, materials of which pen-
stock is made and time nceded to
close the main valve, may form
part of the forebay.

Penstock

Powerhouse

Tail-race

Turbine

Speed regulator

Generator

Pressure pipe for conveving the
water from the forebay to the
turbine.

Structure in which the generators
and other electromechanical equip-
ment are housed.

Structure which returns the wate:
from the powerhouse either down-
stream of the river from which 1t
was taken or to a neighbouring
basin.

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

Types

Peiton: a fiee-jet impulise turbine
used for high beads: low cost:
Michell-Barki: cross-flow impulse
turbine used for medium heads:
low cost, fow efficiency:

Francis: reaction turbine (operates
filled with water) used for medium
heads: high cost, high efficiency:
Axial: reaction turbine (variants:
Kaplan with adjustable hlades.
fixed-blade propelier-type. tubular-
type. bulb-type etc.) used for low
heads.

An alternative to the turbine would
be the water wheel, which is low-
cost but of low efficiency. It is
slow and operates with small heads.
Artisan construction is possibie.

A servo-mechanism which keeps
the turbine revolving 2t a constant
speed and consequently maintains
the elecirical energy generated at a
constant frequency.

Types

Mechanical: almost never used:
Olco-mechanical: the standard
type:

Electro-electronic with flow regu-
lation;

Electro-elecironic with energy dis-
persion;

Alrernatives: manual control.

An electrical machine that con-
verts the mechanical energy into
electrical ensrgy:
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Tipes

Alternator: synchronous generator.,
the most frequently used in MHG.
Asynchronous generator: tnduction
motor.

Transtormer Electrical equipment varving the
voltage which enables energy to be
transported over distances econo-
mically.

Elr tromechanical Main valve (gate or butterflv);

acCesNores turbine-generator transmission by
direct coupling or by transmission
systems {V-belt. chain or gears):
hydraulic 1nstrumentation (mano-
meters): ightning conductors.

Transmission In MHG. low and medium voltages

lhine are used to transmit the electrici
cnergy trom the plant to the point
of consumption.

The amount of power {measured in kilowatts)
that can be generated is equal to that available in
the water after allowing for the losses of cfficiency
in each successive component of the MHG. and is

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

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 iosses in the different elements
conveying the water to the turbine. Mcasurement:
metres.

Flow: Quantity of water (volume) per unit of
time. Unit: cubic metres per second.

MHG may be classified according 10 various
criteria. A description of more than one system of
criteria would be useful. not onl. because of the
arbitrary eiements that enter into every classifica-
tion, but also because the specific characteristics
and degree of development of each country mas
better be served by different classifications. Guide-
lines for the defir ition of criteria applicable to
specific countries or regions are presented below:

1. Systems based on power and head are pro-
posed in tables 1 and 2.

TABLE 1. CLASSIFICATION OF MHG STATIONS ACCORDING TO POWER CAPACITY

Countrs or organi zation

Mucro-hidropawer Mini-ksdropower Small kvdropow er
eencrdiion CrrRerdiion Ceneration
A, AWy AW,

China
By unnt
By installed capaaity
Peru
Philippines
Romama
Sweden
Thailand
Turkey
United States of America
UNIDO
Kathmandu Seminar?
Hangzhou-Manila Seminar?
Preparatory committee for the United Nations
Conference on New and Renewable Sources of
Energy (Panel ¢n Hydropower)

Up 1o 6000
Upto 12000

5-50 51-500 SOE-5 000
Upto S000
5-5 000
100-1 500
Upto 1000
Up to 10 101-1 000 FouL-S 000

Up e 2 oo

Up to 100 H01-1.000
Up 1o 100 101-2 (x%) 2001-10 000
Cpto 1 000 1 01-10 000

95ce preface

TABLE 2. MHG CLASSIFICATION SYSTEM PROPOSED BY OLADE FOR THE LATIN AMERICAN RFGION AND
THE CARIBBEAN

Head
imetres)
Power range
thWy fow Medium High
Micro-hydropower stations tip o S0 Less than 15 15-50 More than 50
Mini-hydropower stations 50-500 Less than 20 23100 More than 100
Small hydropower stations 500-5 000 Less than 25 25-130 Muore than 130

Nates The low. medium and high heads correspond approumately 1o the employment of Auial, Francis or Michel-Banki. and Pelton turbines,
respectively Small hydroelectnic power stations also include all plants with outputs of less than 5,000 kW

—
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The upper and lower head and output limits

adopted for any classification are indicative only
and should not be rigidly applied.

For verv small outputs. generally less than

5 kW. and where the water resources and charac-
teristics of the country justify it. the use of water-
wheels. particularly for direct mecharical power.
is also possible.

B

'

According to intake:

Run of river (lateral intake from a main
Wwatercourse;:

With reservoir or dam.

According 1o its regulation:

Adjustable flow (control of the flow at the
turbine intake), which may be either manual
or automatic:

Constant load. whether because of the actual
nature of the load or through dissipation of
the excess energy.

According to its links to the grid:

Isolated plants;
Plants connected to smali electrical grids:

A. Medium- and high-head MHG

r ~ T
4 LA
by
. 2, O
/Z; // LD
s
W

Plants cornected 0 major zonal or national
networks.

According to technological concept:

Plants using conventional technology. This
jmplics quality civil engincering works for the
intake. ~anal and forebays: silt basin at the
intake. steel piping. expensive electro-
mechanical equipment constructed to strict
material and marafacturirg criteria, and fully
instrumented switchboards:

Plans using non-conventional technology.
Thev often use inta’.es from existing irriga-
tion canal!s which .re improved. the forebay
instaiied in line on the canal ano incor-
porating the silt basir clectro-mechanical
equipment dssigned and constructed with
technolagies appropriatc to the level of indus-
trial development of the country and the
availability of local matenals. standardized
zquipment, and modular switchboards with
minimurn instrumentation.

Examples of the layout and main components

of MHG stations are illustrazed in figures 1-7.

V-2 -

8. Low-hesd MHG

Figure 1. Schematic diagrams of mimi-hydropower siations
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F\ Grout curtain

A. Stome dam with cement fill

L'g% Grren =
ST T T T x
Filter Clay core / Gate

Grout curtain

C. Gabion dam D. Concrete dam

Erosion protection

F. Rock-paved woodea dam

Surface protection

Earth or cley
G. FEarth dam H. Homogeneous exrth dam
Impermeable
materials
Rip-rap
{rock-paved - _~ _~

Earth Semi-permeable
materials

1. Earthdam

Figure 2. Dams
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B. Cross-section (A-A)

C. Cross-section (B-B)

Figure 3. General diasgram of intake
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A. Cross-section (A-A) B. Cross-section (B-B)

Silt basin e '
+.>5

C. Plan D. Cross-sectios (C-C)

Figure 4.  General disgram of a typical forebay
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Pelton turbise

A.

B. Michell-Baaki turbiae

Impuise turbine

Figure S.
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Reaction turbine

B. Francis turbine

A. Kaplan terbine

Figure 6.
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T.ansformer

"W

Speed regulator

A. Cross-section (A-A)

e

T,
i

Jnmmninn

Tail water

e coel
o6 f:-\ Control panel

-ad

4
Transformer ~ Generator

Figure 7. Typical powerhouse




II. Mini-hydropower generation

A. Advantages and limitations

One of the main aims of any policy for
developing MHG units as sources of energy is to
make the most of their specific advantages and to
overcome their liritations. Some of the important

potints to be borne in mind are given below.

Advantages of MHG

Solution to problems of
growth and difficulties in
the supply of fuel, particu-
tarly in rural and isolated
areas;

Helps to promote socio-
economic and cultural de-
velopment in the rural en-
vironment;

Technologies  available
that only require adapta-
tion to spccific condition,
in order to reduce costs;
Low operating costs;
Cheap and simple main-
tenance;

Long service life;

Little or no environmen-
tal impact; better control
of the hydraulic system;
Can be compatible with
use of the water for other
purposes (irrigation, drink-
ing “ater etc.) thereby
improving investment.

Limitations of MHG

High unit investment cost
per installed kW;

High cost of studies in
relation to overall invest-
ments;

Utilization dependent
upon the availability of
hydraulic resources near
the points of demand:

It is necessary to solve
possible contradictions in
the priorities of water
use, particularly for irri-
gation;

Power production may be
affected by meteorologi-
cal and seasonal con-
ditions;

Continuity of operation
depends on the technolo-
gical characteristics of the
installations. on an ade-
quate economic and pro-
ductive basis for the use
of the power generated,
and on adequate institu-
tional arrangements for
administration, operation
«nd maintenance.

The specific advantages of MHG open up

enormous possibilities of application. Their dis-
advantages may be grouped under two fundamental
problems: the investment requirzd per instailed
kW and the prospects for the continued operation
of the plants installed. Figure 8 shows in schema-
tic form the causes of these problems and outlines
some of the solutions wh'~h may be considered
when drawing up development policies.
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B. Comparison with alternative systems

The aim of this chapter is not to determine
the 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 alternatives.

Often, when making comparative analyses of
MHG and other alternative systems, certain dis-
advantages, real or supposed. of the MHG are
assumed a priori and the economic evaluations of
alternatives are frequently distorted by over-
conservative ind:ces.

It 1s not claimed that MHG is the best
solution, only that there are appropriate soluiions
tor each case, which are Jetermined by making a
comparative analysis of the various alternatives.

Exiension of an existing grid

The question of whether to install an MHG
or an extension of an existing grid (EEG) is
mainly one of economic comparison, particularly
as regards the investment required. Some of the
clements which must be taken into consicderation
in such a comparative analysis are presented
below.

Mini-hydropowe: generation

Cvil works
Intake, conduction system. forebay. penstock. power-
house, accessories etc.

Electro-mechanical equipment

Turbine, regulator, generator. switchboard etc.

Transfurming
To medium tension, not always necessary (trans-
former).

Transmission and distribution line

From the machine room to the point of consump-
tion; small distance (!cw or medium tension, volt-
age reduction for distribution and consumption).

Extensic~ of an exisitng grid
Civil works
Substation, switching area.
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Transforming
From high to medium tension (transformers, switch-
board etc.).

Transmission and distribution line
Medium tension from the substation to the noint of
consumption, voitage reduction for distribution and
consumption.

The greater o7 lesser importance or magnitude
of a given parameter determines the comparative
advantages c: installiing MHG or extending an
existing network, as reflected in table 3.

TABLE 3. COMPARATIVE ADVANTAGES OF MHG

AND EEG
Comparanve advaniage
Greater imporiance  Lesser importance
or de of or mag de of
Parameter parameter parameter

Distance from point of

consumption to

existing network MHG EEG
Distance from point of

consumption to site

of power station EEG MHG
Power capacity required EEG MHG
Load factor MHG EEG
Reliability of supply EEG MHG
Uneven terrain MHG EEG

Availabtlity of small-
scale ezonomically
harnessable hydro-

power resources MHG EEG
Availability of energy EEG MHG
Prospects of community

participation MHG EEG
Combining MHG and EEG

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

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

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

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

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

Thermal units

Diesel engines or, for smaller needs, gasoline
engines (Otto cycle) are generally used for gene-

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

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

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

Advantrages Disadvantages

Smaller investments;

Ease of installation;
Simplicity of ~:zration;
Fewer studies needed for
their installation.

High and increasing cost
of fuels and lubricants;
Expensive to maintain and
repair;

Need more highly skilled
maintenance and repair
staff;

Require imported and dif-
ficult-to-obtain spare parts;
Littie prospect of devel-
oping local production of
motors;

Short service lfe (5-8
years),

Contribute to environ-
mental pollution;

Help to increase demand
for oil.

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

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

Other renewable sources of energy

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

The advantages of MHG over other renewable
sources of energy may be summarized as follows:
easy adaptaiion for producing electric power;
lower unii costs of investment per unit of useful
energy; and its mature and proven technology.

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

Direct solar energy

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

Solar energy can be harnessed for the direct
production of eclectricity through the use of
thermal units operating with the Rankine steam
cycle, which involve very higa initial investment
costs and very low efficiency. Photovoltaic cells
ar: also used for the direct conversion of soiar
radiation into electrical energy, but in the third
world their utilization is only justified for the
production of energy needed in small quantities
and for highly syecializea applications, because
they are not yet a cheap source of energy.

Wind power

Although wind power is mainly used for
pumping water from the sub-soi!, it has many
other applications as well, and there is eveq a
cor-mercial production of windmills fer the
ger.eration of electricity. In general they provide
an alternative to MHG for the power rangs under
10kW.

Bioenergy

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

Geother:nal energy

Geothermal energy can also be employed to
generat> electricity. Although it is most frequently
applied in medium or large power stations,
geothermal energy may also be used for small
units.




III. Development of MHG

A. Possibilities of application

Before undertaking specific projects to pro-
mote the development of MHG in a given
country. it is necessary to determine the nature
and magnitude of the problems to be soived by
using MHG. to ascertain the existence of small-
scale hydraulic resources, and to carry out an
overall assessment of national capa<ities. Com-
pliarice with these requirements will involve an
analysis of the factors outlined below.

Problems 1o be solved
by MHG

To provide energy for
the rural environment,
including small industries
development

Replacing hydrocarbons
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Elements for analvsis

Orders of magnitude of the

problem;

Alternatives;

For what purpose:
To improve living condi-
tions
To develop farm indus-
ry
To develop small indus-
ries (fertilizers, sawmills
etc.)
For mining development
To develop handicrafts
Forirrigation and drain-
age by pumping
Education and culture
Healtn.

Use of thermal power sta-
tions and of petroleum
derivatives for cooking,
lighting or heating:
Production and import of
hydroczrbons, orders of
magnitude, prospects and
limitations  in  replacing
them:

Transporting hydrocarbons
to rural areas;
Implications of using
thermal equipment (cost,
useful  life, suppying
fuel, maintenance and
repairs).

Erosion of soil;

Hydraulic control.
Deforestation;

Pollution

Ascertaining the existence
of small-scale Fydropower
potential

Availability of hydropower
resources

Location of hydro-
resources in relation to
derand

Accessibility of
available resources

Possibilities of
multiple use

Maximum utilization of
national capacities for
developing MHG

Pianning

Overall evaluation of
resources and demands

Preparation of pre-
investment studi~s

Financing

Elemenris for analysis

Qualitative assessment of:
Precipitations and hy-
drology (flow):

Terrain (heads);
Geological and quali-
tative geomorphological
characteristics of the
terntory;

Estimate (if pnssible) of

the order of magnitude of

the potential;

Area or regional condi-

touns.

It should be borne in mind
that for isolated MHG
units or those which are a
part of small grids. use of
hvdropower should be close
to the tocation of demand.
Potential should be est-
mated in areas which are
close to the demand. except
for MHG units which are
interconnected with larger
grids.

Communication:
Geographic accidents;
Climate;

Healthiness.

Irrigations, use of existing
water Courses:

Use of existing dams:
Muluple projects {irriga-
tion and energy).

Elemenis for analysis
Organization, experience.

Institutions, studies which
have veen carried out,
organization.

Institutions, advisers able
to prepare projects and
develop engineering expeni-
ence.

Availability, financial in-
stitutions, external snurces.
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Instituticnal organization

Construction

Operation and
maintenance

Human resourcss

Technolugy

Llectrical enterprises and
their activities in rural
areas;

Municipal and co-operative
enterprises,

Frivate producers, com-
munal participation.

Experience, small contrac-
tors, contracting firms.
enterprises, matenals.

Organization of operation
and maintenance.

Avatlability at all levels

Availability, capacities for

development and adapta-
tion. information;
Experience in acquiring
technologies.
Supplying equipment Existing or potential pro-
duction. imports, informa-
tion.

B. Organization of planning and programming

Once it has been decided to develop MHG in
a country, it is necessary to define:

(a) The responsible government sector
(ministry, government secretariat or institution
ctc.), which will in general be found within the
scope of the ministry or government secretariat
responsible for energy affairs;

(b) The body responsible for planning,
directing and co-ordinating the development of
MHG, which may be the central planning body,
the planning office of the competent ministry or
government sccretariat, or the planning depart-
ment of an enterprisc 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
hydropower sources. The functions of MHG
sections or units could include the following:

(a) Proposing development policies and
strategy;

(b) Formulating development plans;

(c) Formulating periodic programmes for
implementation (studies on civil engineering works
and financing),

(d) Co-ordinating and supervising the units
responsible for the programmes for cvaluating
resources and demand, cairying out civil construc-
tion works, and plant operations;

fe) Acting as an advisory body for MHG
development;

(H Co-ordinaticr with institutions and
enterprises responsible for financing. technologi-
cal development. pruduction ¢f equipment and
training:

(g) Defining tariffs or the criteria fur estab-
lishiny them.

After aralvsing energy needs. the availability
of hydropower resources and the national capaci-
ties, a policy decision must be iaken as to whether
the implementation of MHG should be encouraged
or not, in which connection the following should
be borne in mind:

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

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

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

(d) A policy for the development of MHG
is 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 ran
be changed:;

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

(0 The policy decision to develop MHG
should be the basis for the formulation of a
strategy of development and specific policies, the
clements of which are analysed in the next part of
this chapier.

The compuisory or indicative character of the
plan will depend on the socio-economic system of
the country, its poiitical organization and on
whether there is a greater or lesser participation of
the public or the private sector in the various
parts of the implementation of the plan.

The diagram of relations in figure 10, which
is drawn from the overall diagram in figure 9,
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Development of MHG

Iy

shows the process of planning the development of
MHG. The unit in charge of planning should be
able to perform the following functions as com-
plementary activities:

(a) Keeping records of localities without
electricity and a catalogue cf suitable hydraulic
resources, prepared by the body responsible for
evaluating resources and demand;

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

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

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

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

{f) Suggesting institutional schemes for the
construction and operation of MHG;

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

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

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

(a) lermination of uncompleted works;

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

(c) Relocation of existing equipment in
abandoned plants;

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

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

¢/ Intallation of pilot plants to evaluate
technological alternatives and capacities for
implementation.

The establishment of a short-term plan and
irs related programmes offers the following
advantages:

(a) It makes it possible to initiate MHG
development projects without invoiving any delay
because of the need 10 prepare a coherent, overall
plan: on the other hand. it provides sufficien: time
for drawing up the development plan:

(b) Tt results in the acquisition of experience
which can be used for the development plan:

fc) 1t creates conditions for the development
of mature projects;

(d) Tt helps to demonstrate the processes of
MHG:

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

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

fa) ldentification of populated and isolated
centres and microregions which are in need of
energy development, study entrusted to, or
contracted with, the unit for the evaluation of
resources and demand:

(b) Evaluation of resources in hydrographic
basins and watersheds (first approximation) and
approximate evaluation of potentially exploitable
resources in areas close to isoiated population
centres and microregions (second approximation),
studies entrusted to the unit for the evaluation of
resources and demand or to outside contractors;

(c) lnventory of existing MHGs, evaluation
of their condition and operational situation;

(d) Estimate of potential financial resources;

(e} Evaluatior. of available technology and
prospects for its development, adaptation or
acquisition;

(/) Evaluation of potential for supplying
ecquipment and materials of either national or
imported origin, and of potential industrial
capacities for equipment manufacturing;

(g) Evaluation of the available experts for
studies and engineering;

(h) Summary of investment and operating
cost indices;

(i) Evaluation of the institutional situation
and of the experts available for the construction
and operation of MHG stations; possibilities of
communal participation.
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The plan must hikewise take due account of
specitic policies which can provide the framework
for a development strategy. Various policy
suggestions and some of their possible compo-
nents. which will have to be adapted to the
conditions of each country, are presented below.
The functioning of the planning unit has been
tllustrated in tigure 10,

Pohicy of Increase in added value of production
rural znergy by means of establnshing rural indus-
development tries:
Development  of  <nergy-producing
activities;

Improving Ining conditions;

Health. culture, recreation:

Pumping water;

Multi-purpose use of dams:
Development of smali rural electricin
gnds;

Interconnecuion of MHG with national
networks or deveiopment of 1solated
Tocalitees.

Institutional Positon in the conteut of rural

policy development:
Participation of electrificar.on bodies
or enterprises and communal partici-
pauon. organizatnonal and entrepre-
neunal forms; (mixed municipal enter-
prises. private co-operatives);
Distribution of institutional responsi-
bilittes among the various activities of
MHG development.

Construction Gradual mplementation aimed at the
policy future large-scale construction of MHG
stations;
Intensive use of local materials and
labour:
Use of non-convenuional construction
technigues and matenial.

Financing Basic proportions of resources to be
policy assigned 1o MHG:
Financing criteria:  non-recoverable
investments and operation financed by
tariffs;
Evaluation of communal contributions
of labour and materials:
Ways of obtaining external financing.

Equipment Origin of supplies; priority for national
policy supplies;
Promoting the development of do-
mestic production;
Adapting project engincering work to
national supplies of equipment and
materials;
Quality and criteria for acceptance:
prospects for standardization;
Determining equipment components
to be obtained from domestic indus-
trnial production and to be imported.

Technology
policy

Promoting the development and adap-
taion of technologies relating to
equipment and materials;

Determ:ning channels for transfernng
dereloped technology 1o industry;
Promoting the development of non-
conventional construcnion technologies:
Determining channels for distributing
construction technologies 1o project
units and communities.

Determining what equipment will be
developed with local technologies and
what will require acquisition of foreiga
technologies:

Determining what conditions are un-
acceptable  for  contracts  for  the
acquisition of technology.

Tanft policy Making energy available to the inhabi-
tants of remote areas with few econo-
mIC resources;

Ensuring the operational conunuiny of
MHG through funds derived from
tariffs:

Basic proportionality of national tariff
systems: subsidies:

Promouing the national use of electric
energy:

Promoting the use of electric energy
for production purposes.

Training policy Training professional and technical
cadres for research. project studies and
engineenng. construction and operation
of MHG stations.

Operation and  Selection of equipment technology must

maintenance takeinto account its useful life. the need

policy for simplified preventive maintenance
and minimum maintenance require-
ments, ease of maintenance and repairs,
domestic manufacturing of compo-
nents, stocks of spare parts.
Organizing regional maintenance
squads;
Training operators of rural origin in
preventive maintenance;
Establishing shop facilities for repairs
and reconstruction of equipment;
Promoting the participation of the
local population in the maintenance of
infrastructure.

C. Overall evaluation of resources and demand

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

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

(b)  When considering the development of
MHG in microregions or isolated localities, it
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must not be forgotien that the overall evaluation
of demand and resources for energy are closely
connected in geographic terms, because of the
limitatons of the distance over which low- and
medium-tension current can be transmitted;

{c) When attempting to connect MHG
stations to existing networks, a geographical link
should be established between the area where the
hvdraulic resources are located and the trans-
mission lines to whi~h the stations are io be
connected.

It is very important to distinguish between
the overall evaluation of resources and demand
and evaluations made for specific projects.

Distincrions betwern overall evaluation and
evaluations for specific projects

Overall evaluation

Needed for the formula-
tion of MHG development
plans and programmes;

Study of the overall energy
needs of a microregion or
population groups in a
specific area;

Study of exploitable re-
sources in a basin or dip.
with a preliminary list of
specific projects:
General, extensive and
multi-disciplinary studies
to evaluate resources, in-
cluding:

Hydrology

Ecology

Geolegy

Geotechnics

Availability of aggre-

gates;
Evaluation of the overall
demand in an area must
be statistical in nature.

Specific evaluation

Needed for studies of in-
dividual projects:

Study of the energy needs
of a locality or popula-
tion group which may be
served by specific pro-
jects:

Study of the resources for
a specific project.

Detailed studies of a pro-
ject, reduced to an ab-
solute minimum in order
not to increase pre-invest-
ment costs:
Flow measurements
Geotechnics
Topography,

Evaluation of demand
must be based on a de-
taitled investigation of the
localities connected with
the project.

The evaluation needs for specific projects are

dealt with in chapter V.

Depending on the local conditions in each

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

having those functions carned out by a specialized
unit of a firm engaged :n electnical development.

If there are any limitations with respect to the
institutional organization for the overall evalua-
uon, consideration might be given to hiring
specialized advisers under the supervision of the
pianning umit.

The urit in charge of the overall eraluauons
will have the following main functions:

fa) Identifying and evaluating existing MHG:

(b) Assigming priorities to the areas te be
evaluated in co-ordination with the Planning Unit:

fc) Carrving out evaiuation studies of basins,
sub-basins and water sheds by direct methods or
mathematical models:

fd) Evaluating energy development needs
and potential 1n rural areas.

fe) lIdenufving specific MHG projects and
suggesting priorities for their development.

A typical flow chart of the process of overall
evaluation 1s presented in figure 11,

1dentitying igentitying ana
trvven|
"m"':"":'(; mcroregons and clasttywg banies
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P 2

Priontws for areas for making
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x r
Overall evaluation

Overall evaluanon of
resourcet in each ares

x
Igentitying

swcific
promcts

X
Preliminary
A prontes

for proyects

Figure 11.  The process of evaluation

The outlines suggested for evaluating re-
sources and demand should not be applied
mechanically in all countries, since there are
special conditions in each case which call for an
individual approach based on the characteristics
and distribution of small-scale hydraulic resources,
the relative importance of MHG in rural devel-
opment, and the existence of institutions, statis-
tics. studies and technical cadres for carrying
out evaluation activities.

Some of the characteristics required for
overall evaluation activities are described pelow.
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Invenrory of existing MHG

The establishment of an inventory requires
the identification of existing and projected plants.
It is recommended that special evaluation forms
should be przpared in order 1o record the follow-
ing data:

Data concerning the location;

Hydrological data and an appraisal of the
basin:

Basic specifications of the power ctation and
its main zquipment (capacities, head. flow,
type of turbines, penstocks, generators etc.);

State of preservation (for existing plants):

Data concerning service and the population
supplied. including charactensucs of demand
and types of consumption.

The inventory provides a useful tool for
orgamzing plans and programmes when evaluat-
ing the state of development of MHG and when
determining short-term actvities designed to re-
adapt. relocate and continue projects. It s also
useful for determimng the specific reference in-
dices of a country.

The inventory can be used for studring other
energy sources. cspecially with regard to the
extension of existing electrical networks and
thermal power statiens.

An example of possible evaluation forms tor
recording data on MHG plants is presented below.

Data sheet for MHG plants

Name of the MHG units:
Location: (1) (1) ) Location
(1) Define accord'~z to the poiitical-administrative givision of the country.
Basin Sub-basin Watershed
14
Capacity Area (km?) Minimum daily Maximum flood | Multi-year

flow (m?*/s)

flow {m3/s) average flow (m*’s)

Status of the MHG plant (2): Existing 0 Under construction 3 Projected O
Condition of the MHG plant (2): Good O Bad O Inoperative O

Status of the networks: Existing 0 Under construction O Projected O
Condition of the networks: Good (0 B8ad [J

inoperative [J

Maximum demand foreseen (kW):
Mean annual energy (kWh):
Kind of turbine:

Design flow {m3/s):

Gross head (m) (4):

Power installed or to be installed (kW) (3}:
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(2) Alternatively indicating basin or sub-basin data.

(3) In generator terminals.

(4) Difference between upper levcl of water in the forebay and the lower level of head

utilization in the turbine.

Population served:
Number of consumers:

Relative use of electric energy (%)

Public Household Commercial
Lighting

Industrial Irrigation Mining  Others

Others (describe):

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

Observations:

Identifving and classifving basins and sub-basins

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

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

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

Identifving muicroregions and isolated localities

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

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

Considering thai the available statistical
information will frequently not be up to date and
will not contain certain elements of information,
1t is necessary to prepare mathematical models of
population growth or decline and correlation
indices for determining quantitative parameters,
which should be checked by field sampling. The
files should be kept permanently up to date. not
only with regard to time, but also with regard to
the accuracy of the information.

Priorities assigned 1o areas or microregions in the
overall evaluation

The information obtained during the three
previous stages will provide the basic elements for
assigning priorities to the areas where the studies
for the overall evaluation will be carried out. A
simultancous evaluation of all parts of a country
would seem unfeasible for the following reasons:

the cost and the lhimitations of the available
financial resources: the mtnor sigmficance of
certain areas for the development of MHG
because of their hydroenergy potential or popula-
tion density; the limitations regarding human
resources and institutional experts to carry out the
overall evaluation.

This work requires the estabhishment of
priorities among areas in order to prepare a small-
scale evaluation of the hydraulic resources in the
sub-basins and hydrographic watershed of the
areas and an overall evaluation of the needs and
energy demand of the localities situated in them.
In other words. priorities will be assigned in order
to determine those areas which will require more
detailed evaluation studies because of their better
possibilities for the development of MHG. as
shown by the preliminary studies for idenufyving
basins and populations.

An example of the type of form that may be
used to collect data on microregions and rural
localities is given below.

Data form for the identification of isolated centres and microregions

Name of population centre:

Location data:

(1)

i1)

(M

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

Population density

Population {inhabitants per km?)
Number of abandoned potentials
Domestic Commercial Industrial Others

Watershed to which it belongs

Area (km?) Minimum daily

flow (m3/s)

Maximum flood
flow {m3/s)

Annual or multi-year
average flow (m3/s)
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Specification alternatives

Alternative | Alternative Alternative | Alternative
1 2 3 4

Head utilization for MHG (m) (2)

Flow utilizable for MHG (m3/s)

Instatiable power for MHG units
(kW)

(2) Measured from the estimated forebay water level to the minimum utilizable level
in the discharge.

Status of service

Available electric service: YesO No O

Kind: Hydrauviic(Q Thermai O3 Transmission from larger electric service (]
Quality of service: Good O Fair Bad O

Year of installation or interconnection:

Level of subtransmission tension {kW):

Condition of networks: Good 0 FairO Bad O

Hydraulic generation: Existing 0 Under construction O Projected O

Condition of MHG unit: Good 00 Bad O Inoperative O

installed capauity (kW): Maximum demand (kW): Total annual energy {(kWh):
Available head (m):

Utilizabie flow (m3/s):

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

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

Thermai generation: Existing O Under construction O Projected O

Condition: Good (] Bad O inoperative O

Installed capacity (kW): Maximum demand (kW): Total anual energy (KWh):
Number of groups: Potential of each: Type of equipment:

Fuel used: Efficiency (kWh per unit of fuel):
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Generation frcm other electric service: Existing(d Under construction O Projected O
Line capacity (kW): Length (km):
Power of largest electric service (kW): Total annual energy (kWh):
Maximum demand (kW):
Type: Hydraulic(

Thermal O Fuel used:

Mixed O

Road system

Road: Asphalted (0 Paved O Unpaved O
Passability {(months per year):
Distance from other population centres: centre distance (km)

Irrigation
Number: Existing(E): Projected(P): R
Irrigation Status (E cr P) Irrigated Area (km?) Flow (m?/s)

Economic activities

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

Agriculture (area farmed, by types of crop, details); .. .

Mining (type of minerals, reserves, amount exploited):

Agro-industry {types and production capacities): . _ .. .

Other industries and handicrafts (details):
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In order to determine the priorities, 1t is
necessary to establish weighted evaluation critena
which must be co-ordinated with the planning
unit. The following parameters may be con-
siderea; however, their weights and values should
be established in connection with the priorities
defined by the national development plans and
government policies.

Parameters for assigning priorities 1o areas for the
overall evaluation of resources and needs

The population which can be served;
The existence of hvdrauliz rescurces;

The existence of favourable conditions for
constructing MHG. insofar as it can be
determined from the preliminary studies:

The possibilities of the area for economic
development and for the use of energy for
productive purposes:

The physical interconnection between locali-
ties in the uiea and with other regions (road
network):

Possibilities of interconnection with larger
systems;

Other energy alrernatives:

Possibilities of multiple-purpose development.

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 provide 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 possi-
bilities for projects with special advantages have
been specifically identified.

Overall evaluation of resources in each area

The overall evaluation will focus on the
sub-basins and watersheds which offer the best
possibilities and are closely connected with the
localities which are potential users. 't should
cherefore be carried out together with theevaluztion
study of demand and needs referred to helow.

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

depth and scope of the evaluation will depend on
the hvdroenergy potential and cnergy require-
ments of the project.

Hydrology

Tae purpose of hydrological studies is to
estimate the flows which can be used for mini-
power stations by generally determining the
minimum flows for which there is an 85-95 per
cent probability that they will be exceeded dn 2
monthly basis. With regard to the methodological
aspects. the minimum flow is generally ascer-
tained on the basis of flow-duration curves.
although they are ofien hard to determine by
direct methods. since in many cases no hydro-
metric records are available. In such cases. in-
direct methods involving the determination and
applicatior. of index values must be used.

Criteria of constant similitude between the
sub-basins and the main basins ma: be estab-
lished to help generalize the information available
for the larger basias, especially with regard to the
precipitation-duration and flow-duration curves.

The available pluviometric information (pre-
cipitaticn measurements) should be supplemented
by preparing regression equations of existing data.
Moreover. the hydrometric information which is
generally available should be used by applying
interpolation criteria to supplement the flow
records. Hydrological models can also be used
when there are no 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 1s 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 ¢xcceded 95 per cent of the
time, assuming the predominant use of run-of-
river mini-hydropower stations, cat be defined as
a percentage of the average multi-annual flow.
Equations may be formulated by which a relation-
ship is established between the annual average
flow or the annual average hydrauiic capacity
(m?s” 'km™?) (also known as discharge modulus)
and the corresponding drainage area of the basin,
which, together with the duration curves, makes
it possible to define linear expressions for calculat-
ing the minimum monthly flows.

Daily flows may vary considerably, since
daily minimum values are generally fower than
monthly values. However, the fact that they
cannot be very accurately predicted could lead to
an apparently insoluble problem, since there is
practically no storage in the case of run-of-river
mini-hydrostations. In spite of this difficulty, the
problem may be irrelevant, since the occurrence
of daily minimum flows which are less than the
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monthly ones would affect the operation of the
plants only temporarily.

Idealiv. it would be desirable to have esti-
mates for a minimum period of three vears
concerning the watercourse from which water
would be obtained. although this is only practical
for groups of projects in a given basin ard not for
a specific mini-hyvdropower station.

Relevant intormation supplied by the local
population, if properly interpreted. may also help
to evaluate historical flows, specially with regard
to floods. Maximum tlows supply a useful reference
point for planning civil engineering works,
especially as regards their protection.

Ecology

The ecology studies are designed 1o describe
the environment in which flora and fauna will
develop in order to determine its effect on project
characteristics. building types. materials. equip-
ment to be used and prospects for conservation
and. on the other hand. the effect of establishing
mini-hydropower stations on the ecology of the
basin or sub-basin. From the methodological
point of view., such a study is suitable for
evaluating basins but not for evaluating specific
projects. In the latter case, only general comments
are needed on the ecological . spects, which
involve the following: climate. biological zones,
soils (fivm the point of view of human usec).
vegelaticn. fauna, bodies of water and aquar
biolugy.

(renlogy

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

Geomorphology

In the field of geomorphology. the aim is to
study the conformation of the surface of the
terrain and evaluate it with a view to determining,
in particular, the azcumulation and deposit of
sediment in the watercourses, considering its
eroding effects on equipment and the consequent

need for suttable planning tor silt basins and the
selection of aporopniate materials for the turbines.
matnly rotors and injection systems. It is also
helptul in making a final selection of the site in
order to avoid possible landslides and erosion.
The methodological aspects involve the identifica-
tion of structures on the basis of geomorphologi-
cal maps. mainly with respect to scarps. slopes
and valley bottoms (river beds). and may be
applied to the overall study of basins and sub-
basins.

CGreotechnics

The study of geotechnics will involve an
analysis of soils with respect to their characteristics.
mechanical properties. stability and water-table.
mainly in order to help plan the construction of
hydraulic works. As regards methodology. the
application of geotechnical studies to basins and
sub-basins is limited. because of the great diversity
of individual variations. In this case. therefore, it
will be limited to descriptive aspects based on
geological studies.

A geotechnical study is particularly relevant
for the study of soils in possible specific locations
for civil engineering works. in order to help select
final locations and to define design requirements.
The extent of its use depends on the sive of the
individual project. both with respect to study
costs and the risks inherent in the construction
work itself. In the case of mini-hvdropower
stations, geotechnical studies should generally be
reduced 0 a minimnm, depending on qualitative
judgements, mainly by excavations and drillings,
an estimate of the bearing capacity of the soil. and
an estimate of safety factors both for designing
the intake. forebay and supports {or the piping.
and for anchoring the main equipment.

Availabilitv of aggregates

The availability of suitable materials for
aggregates (stone. gravel. sand etc.) is investigated
because 1t represents an important factor ip
reducing construction costs. The methodology
adopted involves a differentiated study of the
existence and characteristics of the principal kinds
of material needed (granular, rip-rap and yuarried
material, sand, gravel etc.).

Overall evaluation of energy needs and
demand in each area

This study should be combined with an
evaluation of the hydropower resources of the
area in question in order to determine the
feasibility, and facilitate the subsequent formula-
tion, of specific MHG projects.
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Such an approach requires a detailed study of
the data obtained from a preliminary identifica-
tion of microregions and is»lated areas through
field evaluation surveys describing the characteris-
tics of each locali.v.

It is necessary to keep an extensive data file
for each locality and to prepare card indexes for
microregions or groups of localities which can be
integrated int a small gnid.

A socio-economic analysis of each locality
may cover the points described below. However.
it should be borne in mind that this analysis could
be mocre limited and some elements left for
consideration in studies of specific projects or
simply disregarded.

Scope of the socio-economic analysis of localities

Number, size of families, break-
down by activities. income, cul-
tural levels etc. Typification of
the possible levels of satisfving
energy needs.

Historical information about
growth (or stagnation). migra-
tions. Forecasts (estimates) of
growth and of the rise in the
indices of energy needs.

Population

Economic
activities

Description of existing produc-
tive and supporting activities:
economic impact. Potential of
the area. Identifving projects in
energy-consuming activities.
Requirements for project im-
plementation: time limits.

Transport and Transport systems (personnel
communications and goods). highways. postal
sysiem, telecommunications etc.

Services Drinking  water, drainage.
cnergy supplies; trade.

Education Schools and cultural activities:
educational needs and their
specific energyv requirements.

Physical Geographic location, distance,

description of
the locality

physical description (streets, dis-
tances, types of consiruction
etc.).

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

In this stage of overall evaluation, only
approximate requirements of insialled capacity
may bc determined on the basis of indices. In
addition, preliminary evaluations ol energy con-
sumption may be carried out for various kinds of

consumption. including households. pubiic light-
ing. ecoromically productive activities and mis-
cellancous consumption (health. education. cul-
ture: social, political and religious activities etc.).

Approximate periods of daily use may also
be =stimated for each category and its seasonal
variations. The proposed additional analysis pro-
vides the necessary data to determine required
installed capacity and demand at the pre-feasibil-
ity level for studies of specific projects.

Identifving specific projecis

Because of the interaction between alterna-
tive MHG projects which can be defined from the
overall evaluation of resources. together with the
evaluation of needs and demand in all the
localities of an area. it is possible to determine
and define in approximate terms those projecis
which can mect the basic energy needs of the
populaticn at minimum cost. For that purpose,
the following factors and recommen-ations must
be considered:

(¢) To what extent is it economically
justifiabie to organize groups of localities to form
small interconnected medium-tension  grids. 1
depending on their extension and the topographic
characteristics of the area?

b) Projects of relatively greater capacity.
which can economically replace several smaller
ones. should be selected:

{c) The topography and characteristics of
the site determine the head type of the power
station. High heads are more convenient, since
they involve smaller investments and ensure greater
economy of water, although they are subject to
more wear and tear and the greater water-level
losses decrease the availability of water for other
purposes at higher levels;

(d) Account should be taken of increased
requirements of installed capacity, cither by over-
designing the instailations or allowing for future
enlargement;

(¢) Construction problems should be anti-
cipated when defining projects;

(/) Alternative solutions and projects should
b~ assessed;

(z) Theaboveguidelines should b supported
by field evaluation.

It should be pointed out that the objective at
this stage is to try to define projects which could
meet the basic energy needs of the area in
question by trying 1o optimize combinations, but
not to establish priorities for implementation,
which is a part of the next stage.
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Figure 12.  Unit for the evaluation of resources and demand

Assigning preliminary priorities 1o projects

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

Faciors for establishing prioritics for the imple-
meniation of projects

Size and cost. including cost of transmission
lines;

Population 1o be serviced, load factors:

Energy used in productive activities, including
industrial production in relation to energy pro-
duced:

Availability and permanence of the hydraulic
resource:;
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Possibilities 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:

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

Availability of access roads and road
connections:

Possibilities of creating local employment:

Possibilities of continuity of service. self-
financing of operation and community support:

Possibilities of supplying equipment. pref-
erably of national origin;

Engineering requirements and problems in-
volved in the project;

Various productive activities which may be
developed in isolated localities and the approx-
imaie requirements of installed capacities are
shown in table 4.

TABLE 4. INSTALLED CAPACITY REQUIRED FOR
PRODUCTIVE ACTIVITIES IN ISOLATED AREAS

Instalied capacin

required

Auvin e
Carpentry shops 5-15
Bakeries 2-5
Handicraft activities I-2
Small sawmills 15-30
Small sugar-cane mills 10-20
Grain mill 320
Weaving 0.5-6
Coffee beneficiaries 5-30
Quarries 6-30
Ice-making 6-60
Irrigation pump 2-100
Brick-making 1-5
Lodging (20 guests) 2-5
Restaurant 1-2
Vegetable canning 5-20
Dairy products (butter, cheese) 2-10
Milk-processors {cooling and

pre-evaporation) 5-20
Silos 35
Electrical and mechanmical warkshops

(repairs) 5-15
Petrol pumps 0.5-5

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

Th+ functioning of the unit for the evaluation
of res .cces and demand is reflected in figure 12.
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D. Pre-investment studies

This section is concerned mainly with pre-
investment studies for specific projects. studies
relating to the overall analysis of resources and
demand having been dealt with in the preceding
section. The dividing line between the two types
of study is not always easy to draw. since studies
for specific projects may be related to the process
of identifyving projects and establishing priorities.

Specific project studies serve two basic pur-
poses: technical and economic justification. and
the provision of guidelines for project execution.

Pre-investment studies represent one of the
basic differences between MHG and larger-size
plants. The preparation of studies theretore often
poses the following problems:

ra) High study costs. often amounting to
between 30 and 50 per cent of total investments:

(b Formal terms of reference not always
adequate (c tite needs of the project:

(c) Over-abundant information. processing
of data of little significance. lack of relevant facts
ard failure to establish a correlation between the
study and the realities of the project;

(d) Limited practical value for determining
inveztments required er for guiding plant con-
struction.

The above-mentioned drawbacks may be
attributed to the following causes:

fa) Uncritical transfer of terms of reference
commonly used for large hydroelectric projects:

(b) Routingdivision of studies into successive
phases (pre-feasibility, feasibility and detailed
engineering) without taking nto account the aim
of the particular study:

fc) Formalistic demands and excassive data
requirements made by financing institutions;

(d) Lack of definition of targets enabling
proportions to be established between study costs
and total project investment;

fe) Lack of ‘comprehensive studies on
resources and demand by basins and microregions
respectively;

(/) Limited amount of direct information
and excessive processing of inferred or estimated
data;

(g) Lack of technical and economic manuals
on project development;

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

(i) Little consideration of techmcal alter-
natives;
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iy Little considerauon given to the prospects
for participation by the local populanon in the
project.

It 1s important that targets be set at the
Planning Unit stage reparding the maximum cost
of studies as a percentage of the total investment
and according to the size of the power station.
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 establish-
ment of their scope. It should not be forgotten that
the studies are a rougk guide for tuture operations
and a means of protecting the total project
investment. Theyv should therefore be kept within
reasonable limits to prevent their becoming a
high-risk investment themselves. which could lead
1o a significant increase in total investment or
even to the absurd situation where their cost
could seriously affect the feasibility of the project.

Define targets must be set by each country
for the maximum cost of pre-investment studies
with respect to total investment in an MHG
project. which will in turn define the scope of the
studies. Chapter V., section F, deals with costs and
includes a reference curve based on the data in
table 5. which show that the percentage cost of
studies for smaller power values ought to increase
within reasonable himits.

TABILE S COSTS OF PRESINVESTMENT STUDIES 2N
A PERCENTAGE OF TOTAL COSIS

Pover M rmum per enrage of tatal o
rhiy allocared o studies
in is
100 11
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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.
whether or not comprehensive information on
basins and areas for groups of projects is available,
which depends on the thoroughness of the project
studies carried out as part of the overall evaluations
referred to in chapter 111 of this Manual.

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

Pre-feasibility or reconnaissance study
In the case of MHG, it is desirable to establish

minimum requirements at the level of the pre-
feasibility study, which could be replaced by the

concept of a reconnaissance studs. implying
something of more restricted scope. On the other
hand. it is useful in this phase to ensure that the
data needed to settle the investment question are
available so that. if possible, the preparation of a

teasibility study will not be essential.

The degree of approximation to a pre-
feasibilits study will differ. depending on whether
or not the project in question 1s bevond the scope
of the planning and overall evaluation process. as

shown below.

Characternnios of pre-fedsebiling studies gccording 1o
thewr relationship to plannine and overall evaluatton

Projects which torm part
of tke plan and overail
evaluarnion of resources and
demand

The decision to carry out
studies v taken at the
planning stage on the basis
of the overall evaluations
made. It remains for the
pre-feamibihity. study 10
analyse alternatives. define
plani speciticattons, deter-
mine the scope of project
engineening and assess s
feasibility prospects.

The overall evaluaton may
contain adequate data on
hydrology. the assessment
of resources. energy de-
mand and installed capa-
city requirements, so that
it only remains (o asses
the data in a field study.
to make flow measure-
ments and to  provide
additional details.

Independent projects out-
side the context of overall
evaluanons and plans

If the project fooks pro-
mistng in 3 preliminary
survey, the pre-feasiliny
study can have the scope
of the planned projects. It
not. 1t should provide
alternatives and approv-
mations as to their speci-
fications and investmer 1
requirements. and  assess
the desirabiliny of going
on with the studies.

Evaluatuon  of resources
and analysin of demand
fail within the scope of
the study

Also of importance will be the size of the

project, which will determine the scope of the pre-
feasibility study in proportion to the estimated
requirements, and other factors refating to the size
of the project, as outlined below for power
stations tentatively separated into two power
ranges.

Characte. istics of pre-feasibiliny studies
according 1o size of MHG plans

Lower power values
(less than 100 kW)

Checking water  flows
using indirect methods
during short periods and
generalizing by means of
qualitative assessments.

Higher power values
(ar least 100 kW)

Checking flows through
measurements taken over
long periods or the use of
similarity models.
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Very limited topographi-  Detailed topographical sur-
cal surveys, or their elimi-  veys of the riost relevant
nation: the use of artisan  areas  (intake. channel.
methods for levelling falls.  forebay. fall. powerhouse.
tailrace); careful determin-
tng of the tead and layour
of a penstuck.
Visual assessmen? of the  Applyving geotechnical me-
structure of the terrain for  thods to ceck the charac-
Construction purposes. teristics «f the terrain in
areas where the main con-
struction work is to take
place.
Overdimensioningand lar-  Less overdimensioning and
ger safety margins taking reducea safety margins in
inte account greater un-  view of more complete
certainty factors. studies and the greater in-
vestment involved.
More consideration of the  Less censideration of non-
use of non-conventional convertional technologies
technologies tending to  even though in many cases
reduce costs, even if given  they will be relevant in this
margins of reliability and  power range.
service life must be sacri-

ficed.

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

Checklist for MHG pre-feasibility studies
1. S:ummary review of all the essential findings.

2. Project background and history:
fa) Project sponsor{s).
(t) Project history;
fc) Cost of studies and investigations already
performed.

3. Market and plant capacity:
fa) Load demand and marxet
Its past growth, estimated future
growth, and connection with the grid;

(b) Sales forecast and marketing
Competition with other energy sources
Estimated annual sales revenues from
power supply;

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

(d) Determination of installed capacity.
4. location and site (inciuding, if appropriate,

the geological study and estimates of the
cost of land and of storage reimbursement).

Project engineering:
fa) Preliminary determination of scope or
MHG project:

(b) Technology and equipment
Rough estimate of costs of local and
foreign technology
Rough layout of proposed equipment
and powerhouse
Turbine. generator. gate and valve.
auxilia~y equipment etc.
Rough esumate of investment in
equipment;

t¢)  Civil engineering works
Rough lavout of intake. convevance
structure and powerhouse
Rough estimate of investment cost of
civil engineering works (lecal and
foreign).

Plant organization and overhead cost.

Manpower:

fa) Estimated manpower requirement broken

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

Implementation scheduling:

fa) Main construction method and imple-
mentation time schedule:

(b) Estimate of implementation costs.

Financial and economic evaluation:

fa) Total investment costs;

(b) Project financing
Proposed capital structure and pro-
nosed financing (local and foreign)
Interest;

{c) Production cost;

(d) Financial evaluaiion based on above

estimates

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

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

Feasimility

The pre-feasibility or reconnaissance studies

for MHG should cover the elements needed to

-
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take a decision on investmznts. with a view (o
cutting out feasibility studies and proceeding
directly to project engineering studies. However.
feasibility studies are desirable for projects which
raise problems on technical and economic grounds.
or when alternatives must be compared. provided
such studies are justified by the scale of the
project.

Detail engineering

Detail engineering studies should include the
following:

Supplementary topographic details:

Supplementary geotechnical study (when

justified by the scale of the project):

Final specifications for the project.

Detailed design of each civil engineering item

and specifications of materials:

Final specifications of electromechanical and

auxiliary equipment; quotations, evaluation

of alternatives and proposed purchases;

Electrical design of transmission lines and

installations:

Recommendations for construction, installa-

tion and start-up;

Implementation schedules and work pro-

gramme;

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

Investment and financing:

Schedule of payments:

Personnel requirements:

Operating and amortization costs:

Consideration of tariff schemes;

Analysis of sensitivity of investments;

Organizational aspects of construction and
operation;

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

Characieristics of engineering studics according
to size of MHG plant

Higher power ranges
(greater than 100 kW)

Lower power ranges
(less than 100 kW)

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

More study of detail in
design.

Larger safety factors for
desipn.

Proportionatels greater use
of local matenals.

Drawings commensurate
with capabilities of a
construction foreman.

Considerations  of price
and simphicity  will  be
major items in the final
selection of equipment.

More cxtended use of

non-conventional techno-

Smaller ~afety factors for
denign.

Proportionatels lesser use
of local matenals.

Drawings commensvrate
with capabilities of a anil
engineer.

Considerations of rehabi-
lity and service hfe will be
major items in the final
selection of equipment.

More eviended use of
comventional technologres.

logies.

More use of “tailor-made™
designs

More use of semi-standard
designs.

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

Pre-investment project studies may be en-
trusted to various bodies or individuals. such as
the projects and engineering section of an electri-
city boad or underraking responsible for
implementing MHG. a specialized hydroproject
institution or ager~:_ 4id independent consultants
and experts. The choice wiil depend on the
policies. social and economic system. and techni-
cal capabilities of the country.

It is useful if the electricity board or enter-
prise acting as executive agent for the MHG
programme has a projects and eagineering section
capable of making the necessary pre-investment
studies and of subcontracting and overseeing
studies when its own project development capa-
bilities are overloaded.

Contracting good consultants is often diffi-
cult, and the supervising agency needs a high level
of technical capability in order to be able 1o
define the scope of the studies clearly, evaluate
cos:s and check on the quality of tne studies. The
common mistake of carrving out studies which
coutain little substance and a mass of irrelevant
information should be avoided. Another matter
for concern is the tendency of financial institu-
tions to establish such requirements regarding the
qualifications of consultants and the scope of
studies that pre-investment costs tend to be very
high and the studies contain formal elements
which for the most part are useless for project
evaluation and implementation.

Guidelines on the functioning of the unit for
the implementation of works and studies are
presented in figure 13.
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Figure 13.  Unit for the implementation of studies and works

E. Financing

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

Heavy investment per installed kW:

Substantial foreign currency requirements.

High study costs and irrelevancy of studies to

project operation and implementation;

Individual projects are on too small a scale to

be financially interesting and are expensive to

administer and to evaluate;

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 comimunity con-

tributions of manpower and materials;

Lack of MHG financing policies;

Inadequate economic capability of communi-
ties:

Misconceptions of rural electrification based
on spontaneous development of prcductive
activities requiring cnergy.

To deal with the above-mientioned problems,
the recommendations given below should be
borne in mind when drawing up financing schemes.
Many of the recommendations are given detailed
consideration later in this section.

General guidelines for improving financing prospects
of MHG

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

2. Increase the relevance and reduce the cost of
pre-investment studies by overall assessments of
resources and demand by zones and basins,
preparation of guidelines for project formuiation
and design handbooks etc.
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3. Finance groeps of related projects.

4. Increase community  participation in  the
building and operanon of piants.

5. Increase the share of nauonal engineering in
projects by strengthening the engineering capabihi-
ties of the institutions responsible for implementing
MHG projects and giving preference to suitable
domestic consultants over foreign consultants.

6. Develop syiems  for  {inancing national
supplies.

7. Stimulate commumty participation in project
implementation by emphasizing such partucipa-
tion in the study of priorittes and developing
appropriate systems tor the financial evalvation of
community contributions and technical assistance
requirements.

¥.  Determine a national MH(; financing policy.

9. Promote the parallel development of energy-
intensive productive activities.

[0, Develop guidelines on the rational use of
energy.

Speuial attention should be pad 1o reducing
imvestment needs, including pre-investment studies,
and foreign currency requirements.

General gurdelines for reducing investment costs
and toreign currency requirements

I.  Overall evaluation of demand and resources
should be broken down by zones and basins, thus
reducing the costs of individual studies and
achieving economies of scale in the mult-
disciplinary study of areas possibly involving a
number of projects.

National credit lines

2. Wherever possible. proceed directly from pre-
teasibility studies to deal with engineenng studies.

3 Simphify terms of reterence of studies and
prepare gutdelines for their elaboration.

4. Prepare design manuals and handbooks.

5. Consider using non-conmventional wechnologies
and the intensive use of local matenals from the
pre-investment study phases.

6. Use domesucally produced equipment and
materials and. if possible. nationaliy devcloped or
adapted technologies not subject to rovalty pas-
ments or large numberns of imported parts.

Use standard items of equipment and con-
stder cheaper and shorter-hife alternatives tor low-
power installations.

K. A semi-standardizauon of cnvil engineening
works would be useful.

9. The use of national engineering in projects
helps to save toreign currency. reduce relatine
costs and improve adaptation to actual condittons
in the country.

10 Community partcipation helps to reduce
apparent invesiment and therefore requires less
domestic financing.

To promote the development of MHG pro-
jects, appropriaie policies must be defined. such
as setting up an MHG development fund which
can be admimistered by a government-financed
agency or by the electricits board or institution
concerned. Possible sources of financing made
available through the fund are illustrated in
figure 14

Various methods of MHG financing are
described below.

International credit lines

MHG development fund

Contributions from
national budget or
electricity development
undertakings

Projects

Community contributions
{materials, services,
manpower)

Figure 14. Project financing through an MH(; develcpment fund
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Internaiional credit lines

A clear distinction 15 necessary between
untied credit lines. such as some international
tinance agencies can provide. and tied credit Iines
from financial institutions in countries wishing to
promote their equipment and engincering sales
threugh financial promotion.

Tied credits are satisfactory provided that the
clements concerned are not produced domes-
tically, and after analysis of their technical charac-
teristics.  pricing and financial conditions  has
shown them to be ithe best option. The tempta-
tions of soft financing often lead to the purchase
of equipment which is too expensive or inade-
quate.

Specific credit lines defining arious tinan-
cing conditions should be arranged in order that
the financing of groups of projects may be
subsequently negoiated. The critenia and terms of
reference for studies should be realistic. and
preferably made known by the publication of
guidelines for project preparation and assessment.

Nanonal credir lines

Nauona' credit lines should be used mainly
to finance domestically produced supplies of
equipment and materials. They can be arranged
with agencies corncerned with financing the pro-
motion of industry. Credit lines for site develop-
ment and works can be arranged with agencies
concerned with financing land development.

Contributions trom nattonal budgets or eleciriciiy
development underiakings

In the light of the development plans and
their annual MHG implementation programmes,
resources could be allocated in proportion to the
credits obtainabic. Some of the investment finance
could take the form of a grant or be established as
a percentage of the profits of the power companies.

Contributions from the communiiy

Community contributions should be deter-
mined during the studies phase. They should be
regarded as part of the total investment and
therefore need to be properly assessed. Community
contributions usually consist of unskilled building
labour. materials (mainly aggregates for the zivil
engineering works) and services (local and can.ng
and transport, storage, security etc.).

Where investments are financed on a basis of
partial repayments, financing would take place
through a revolving fund. However, irrespective

of the scheme of investment repayment and ¢ven
in the case of outright grants. projects must earn
at least enough to cover operatior and main-
tenance costs. otherwise the plant may be brought
to a standstilli by the first operational problem to
arise or its instaliations may be threatened by
eventual damage. Morcover, it would be difficult
to devise a scheme in which permanently non-
recoverable contribations were closely associated
with sustained growth of MHG.

The proportions of financing to come Irem
credits. budget contributions and commurnity
contributions should be defined in general terres.
Some countries have adopted a method by which
the investment is divided into three roughly equal
parts, the first to be financed by credits. the
second by budget contributions and the third by
community contributions.

Investment recovery criteria must also be
considered in finance policy in the light of tanff
possibiiities and the aims of rural electricity
development. Three typical cases will now be
given. but intermediate solutions are possible.

Qutright grants

With outright grants there is no gquestion of
recovering investments. Budget contributions and
financing are a matter for government or the
electricity development board. and the tariff
svstem: merely cover operation and maintenance
cosls.

The svstem can be used to develop MHG in
areas where incomes are very low. but because of
its himited financial capabilities, only relatively
few MHG plants could be built.

Partial grants

In the case of partial grants. the budget and
community contributions are often regarded as
part of the grant, and the loans obtained are to be
paid through appropriate tariff arrangements.

Towal recoverv of invesiment

Though ideal financially. the total recovery of
investment usually proves to be impossible for a
rural electricity development, since implementa-
tion is greatly hampered by restricting it to cases
in which the likely income from supplyving electri-
city will cover capital amortization and loan
service charges over a given period. Schemes of
this type can be used for MHG installed mairly to
serve profitable productive activities, such as
mining, agro-industry etc.

Tiue financing unit functions along the lines
indicated in figure 15.
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From planning unit
(A)

Identification of
finance requirements

Identification of
finance sources

Obtaining finance

Preliminary distribution
of finance to the
various units

s

(A)
To planning unit
\ote Letters within parentheses refer to umts covered in
figure 9

Figure 15.  Financing unit

F. Construction and start-up

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

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

The construction processes will vary according
to the following factors:

Planned installed power;
Nature of the terrain;
Location of the site;

Mode in which the plant is to be used (inde-
pendently or with interconnections);

Availability of skilled labour;
Construction technology:

Ease of access and transport:
Technological sophistication of the equipment:
Chimate:

Particular factors in the case of multi-purpose
projects.

The construction process is schematcally
represented by the flow chart in figure 16.

The stages of the construction process are
analysed below.

Revision of studies and inspection

The office responsible for carrying out the
project. which may be a part of the electricity
board. must first of all define the areas of
responsibility for the management and super-
vision 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 entrusted to independent professionais or
consultants if sufficient trained personnel of this
kind are not available, or when a project is
designed for direct implementation under the
auspices of a municipal government or private
firm.

Acquisition of basic equipment

Considering the possibility of problems with
delivery schedules, arrangements should 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
carly as the engineering study stage.

The heading ‘basic equipment™ normally
covers such items as the turbines, speed regula-
tors, generators, main valves, electrical coatrol
panels and transformers. It may also include
electrical materials and pressure tubing for pen-
stocks, together with the related accessories.

Co-ordination with the financing unit

Co-ordination with the financing unit is
required in order to determine the modalities and
timetables of the release of funds for the various
stages scheruled in the project construction pro-
gramme. At the community level, this co-ordination
may aiso be tied in with co-ordination of dis-
bursements and community contributions. In
addition, the procurement of the equipment must
be co-ordinated with the tinancing unit.
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iy

Revision of studies

and inspection
. ]
Co-ordiration of Acquisition of
community support basic equipment

Co-ordination with
financing unit

Construction programme

Personnel recruitment
and organization of
community support

Excavation

Revision of designs

Delivery of mar<-ials
and equipm« nt for
construction

Civil works

Installation of equipment
and electrica! system

Delivery of equipment
for the plant

Start-up and
acceptance trials

Commissioning

Figure 16.

Flow chart of the construction provess
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Co-ordination of community support

Specitic areas of possible co-operatior must
be identified as ecariv as the study and
implementatton-decision stage. Co-ordinauon 1s
required prior to the commencement of construc-
tion in order to produce some sort of formal
agreement with the community covenng. among
other things, the following points:

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

Matenals: generally aggregates for civil en-
gineering works, such as stone and sand.
wood for formwork etc.: quanuties. location
ete.;

Services: transport. storage and warehousing
of materials. personnel transport facilities,
provision for security etc.; definition of
responsibilities:

Monetary resources.

Depending on the type of social organization
and the tradirions of the country, such agreements
will be concluded with the most representative
authorities capable of mobilizing the support
required. Those authorities may be community
leaders, the senior officials of co-operative organi-
zations. or the members of the municipal govern-
ment. It is also cssential to make certain that the
agreements are brought to the attention of the
local citizens and supported by them.

Construction programme

The consiruction programme must be drawn
up 1in harmony with the actions referred to in the
preceding sections. The characteristics of the
cons: ‘uction programme are determined by the
nature of the project. In the specific case of
MHG. allowance must be made for considerable
margins of uncertainty in the various phases of
execution, this uncertainty being the result
principally of the exploratory nature of the
studies, the logistic problems inherent in any
project which involves only a minimum of
administrative apparatus, and the difficulties that
frequently arise, with respect to organization and
adherence to progress schedules, in activities in
which there is an element of relatively voluntary
community participation.

The following questions should be considered
in project construction programmes:

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

/b) The planning should include sufficient
latitude for unforeseen developments. paruculariy
with regard to design modifications. supplies. and
work to be performed by the commuumty;

fc) Preference should be given to the use of
logical systems for the progress timetables as a
means of clearly defining the criucal paths. but
with only the principal events considered:

fd) In programming the work to be per-
formed by the local communmty. consideration
should be given to the possibilits of interterence
with other activities requiring the attention of the
inhabitants, particularly during the planting and
harvest seasons:

fe)  Arrangements should be made tor tech-
nical support 1o meet requirements arising from
unforeseen design changes. particularly  with
respect to civil engineering:

(/) In planning tor the transport of materials
and equipment from outside the area. considera-
tion should be given to possible problems of
access, especially during the rainy season;

fg) The modes by which maternials are to be
hauled should be the subject of advance planning.
parucularly when draught animals are to be used:

rh) All work-related responsibilities must be
set forth in the programme.

Personnel recruitment and oreanization
of community support

The basic construction team may include the
following members: one supervisor (generally an
engineer. who may be in charge of more than one
project). one site construction ftoreman. skilled
workers (masons, carpenters etc.) and unskilled
workers. The supervising engineer normally
reports to the office responsible for the imple-
mentation of the project. The construction foreman
is frequently a contractor in charge of his own
crew of skilled workers; the un Xilled work-force
may be provided by the local community. In
situations of this kind, provision must be made
for the prevention of any conflicts of responsi-
bility between the contractor and the community.
In organizing community support, specific per-
sonnel should be assigned to the construction
manager.

The equipment installation phase will require
a svpervisory engineer (mechanical or electrical)
at the head of a team which might consist of one
mechanic or fitter, one installation electrician and
assistants. The equipment installation team will,
in many cases, be provided by the project imple-
mentation office. The assistants may be drawn
fvom the potential local operators of the plant.
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The above recommendations regarding ihe
compuosition of the construction crews are intended
as guidelines only and are subject to considerable
modification depending on the size and particular
features of the project. The general aim should be
to keep the technical team to the indispensable
minimum. since it is a major cost factor, particu-
larly in the case of small plants of less than 50 kW
output.

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

In order to facilitate the participation of local
communities in the project, consideration should
be given to the formation of work groups or
brigades to fulfil assigred plan objectives.

Excavarion

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

The excavation of the channel is the major
1ask at this stage, after which com= the intake and
the surge chamber with the silt basin, and finally
the powerhouse and the penstock sLpport structure.

Censtructicn

The civil engineering works pose greater
requirements with respect to skilled labour. which
may be supplemerted through community efforts
in the form of assistants and personnel engaged in
hauling the materials. As a means of broadening
community participation, consideration should be
given to the pos<ibility of training local personnei,
particularly as masons.

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

terrain, the use of locally available draught
animals may be of great importance. In instances
when such animals are used. it 1» necessary to
arrange for the preparation of appropriate paths
and to plan carefully the movement of the loads
so as to avoid interference.

The safety of the personnel requires that
consideration be given to thetr skili levels and
experience. and that suitable provision be made
for the full use of the materials and equipment
needed to ensure their safety.

Since the engineering plans are to be supple-
mented or corrected during the actual work on
the project, the experience of the construction
foreman is a cntical factor. In the case of
modifications which depend mainly on the terrain
or on existing structures. the views of the local
inhabitants may be very usetul.

Installation of equipment and clectrical svsrems

The installation of the equipment normaily
requires skilled and trained@ personnel. Never-
theless, an effort should be made 1o invoive in
such work any local inhabitants who appear
potentially capable of being trained as operators,
in order that they .nay hecome familiar with the
equipment and the installation.

The safety and security of the electrical
systems is a matter of major impuortance for the
continuing good operaticn of the plant and the
protection of its operating personnel. It must be
assurned that the plant itself will not be inspected
or repaired with zny great frequency.

Start-up ead accentance trials

In the siage of plant start-up and acceptance
trials, which marks the transition to normal plant
operation, the following points must he kept in
mind:

fa) The acceptance triais must be standard-
1zed according to the guidelines established for
each plant type and size:

(h) The actuai start-up of the plant must be
carefuliy planned, with duties and responsibilities
clearly assigned and safety aspects provided for.
The emergency procedures must be clear and well
understood by all those taking part in the triai::

(c) As part of the start-up operation, the
indigenous operators designated to be responsible
for glant operation must be evaluated and their
competence certified:

{d) It is desirable that the suppliers of the
main equipment be present at the start-up of the
piant.
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G. Operation and maintenance

In the four preceding sections, our analysis
has becn chiefly concerned with MHG imple-
mentation from the points of view of the compre-
hensive evaluation »f resources and demand. pre-
investment studies. financing. construction and
start-up. and indirectly with operation and
maintenance.

In this section, various points are considered
in connection with the next phase in the establish-
ment of MHG. namely its use and daily operation.
This phase i1s of decisive importance. since even
projects which have been efficiently managed
throughout their implemcntation may fail unless
organizational schemes and op=rating procedures
are established which guarantee the optimal utili-
zation of invested capital.

Frequent problems in MHG plant operation
and maintenance are:

Unsuitable administrative, organizational and
financial arrangements:

Insufficient  liaison between the plant
managemenrt and the local community and its
organizations;

Limited capabilities for plant management
and operation in rural communities;

Operating and maintenance costs dispro-
portionately high in relation to the energy
produced;

Excessive bureaucracy in the centralized
management of small plants;

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

The frequentiy 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 main-
tenance and repair;

Inadequate compnnent standardization and
lack of spare parts.

The problems of MHG operation and
maintenance are basically simple, as described in
greater detail in chapter V. The chief difficulties
are institctional in nature and have to do with
the running and management of the plants as
well as with the origin and technical background
of the operators and maintenance personnel.
Among the various administrative airangements
that may be adopted for MHG management,
three typical ones are discussed below,

Direct subordiration to a governn:ent
or regional eleciric power authority

The advantages and disadvantages of an
MHG administrative syvstem directly subordinated
to a government or regional electric power
authority are described below.

Advantages

The possibility of centralizing actions of
greater technical complexity and of taking advan-
tage of the economies of scale inherent in the
overall management of groups of plants;

High skiil ievels on the part of the personnel:

Solid financial and technical backir:g.

Disadvanrages

Each plant is by itself too s mall in the coitext
of a large organization. with the result that, of
the extended decision-making channels. it may
be neglected;

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

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

Problems in reconciling water needs for
irrigation and generativa:

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

Establishment of a community energy enlerprise,
possibly in the form of @ municipal enterprise.
co-operative or ather 1ype of association

The advantages and disadvantages of
establishing a community energy enterprise for
MHG management are oudined below.

Advantages

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

Greater case in mobilizing ccmmunity support
for maintenance work;

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

Lower operating costs.

Disadvantages

Littie experience and know-how in business
raanagement;

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

The possibility of faulty maintenance;

Poor opportunities for economies of scale.

Privare power enterprise

A pnivate power enterprise, even in countries
with 2 market economy. raises problems when
applied to public-service MHG in rural areas.
since suck piants are not generally regarded as
investment opportunities offering an adequate

From the studies and
works implementation unit

Training requirements
for operation and
administration

Tothe (p)—

training unit

From the rural
development unit

profit margin, but as tools for the promotion of
development. Normally. the best prospects for
such an alternative are provided by independent
producers who require energy for their production
activities (agro-industries, sawmills, mines etc.)
and can seli any surplus power to nearby com-
munities. The selection of the appropriatc
administrative arrangement will depend on the
socio-cconomic structure of the country. the
extent to which such plaats have been developed
there, the capacity and nature of the electric
power enterprises. the size and remotenecs of the
plants. and finally the traditions. work experience.
and managenial skills of the community.

From the planning unit
(A)

Survey of operatn:»
capabilities

(G} ———

Determination of operational
and

administrative requirements

Is there
a sufficient
capability in
the ares of
administration
mnd operation?

(€} —>

Yes
Organizetion of
administration . «pj Fromthe
and operation training unit
Start-up

Note: Letters within parenth2ses refer to units covered in figure 9.

Figere 17.  Operations wait
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Without  advocating any  one  particular
scheme, 1t is often possible to adopt a combined
model involving a communal, municipal. or co-
operative  enterprise  in - association  with  the
gavernament electric power authority.

General guidehines for a scheme involving a
communa! enterprise in association with an electric
power authority are presented below:

faj The enterprise Is set up in accordance
with the contributions made to its establhishment,
the value of the manpower. materials, and services
employed being .egarded as the contnibution of
the community :

fh) The enterprise has a board of directors
conststing of a representative of the electric power
authority and of the representative organizations
or associated bodies of the local community and
local mumcipal au.hortties:

(¢)  The enterprise will employv the mimmum
number of personnel required for 1ts operation
with 2 view to covering four basic requirements:
the administration of funds. the collection of bills,
the operation of the plant and preventive main-
tenance. tor which the number of employees may
vary according to the size of the plant and the
extent to which its equipment is automated. At
small planis. with an output of less than 100 kW,
the total statf may consist of one or two operators
(o be also responsible for administrative tasks and
the collection of bills 1n addition to their duties in
the ares of operation and preventive maintenance.
At larger plants which service a small system,
there may in addition be an administrator and a
bill collector:

fdy  As far as possible, all the personnel of
the enterprise should be recruited from the local
community and trained by the government or
regional electric power authority:

f¢) The electric power authority will train
the operating pensonnel of the plant in preventive
maintenance. and will provide technical support,
in the ¢vent there is a need for repairs, in the form
of flving maintenznce brigades set up to service
groups of plants at the regional level:

() The community enterprise will collect
and admirister the funds raised through biliing,
and will maintain a reserve to finance repairs and
replacements and. if possible, the physical expan-
.ston of the plant, in addition to covering normal
operating costs and staff salaries and wages;

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

(hy The community enterprise and the
government or regional electric power authonty
will define the terms of their co-operation in an
agreement or contract;

(i) Direct investment contributions by the
electric power authority and the community will
not be returned nor will theyv earn profit. The
financing received in the torm of loans may be
either assumed by the electric power authority or
returned in whole or in part by the community
enterprise.

The functioning of the operations unit is
reflected in fieure 17,

H. Requirements in the area of human resources
and training

The successful implementation of MHG plans,
programmes and projects requires the promotion
of training ccurses, including aspects relating to
non-conventional technologies. civil engineering
design and construction, electromechanical equip-
ment and its repair and maintenance. The following
steps should be taken in organizing the courses:

fa) [Infrastructure survey of training estab-
lishments;

(b) Securing of funds for financing the
courses;

fc) Establishment of a pilot training pro-
gramme on the subject of the development of
water resources, with particular reference to rural
areas;

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

It would be advisable to carry out a survey of
the capabilities of the coritry with respect to
centres of higher educatic , research institutes
and special schools for the training of inter-
mediate-level technicians. As an imitial step. a
pilot-technology programme on the development
of water resources in rural areas should be
established. On the basis of the experience gained
with such a programme, a decision could be
reached as to the possibility of organizing a
specialized course in MHG. It wouid be best if
developing countries began by organizing ex-
changes of experience among themselves before
seeking to supplement their information from
outside sources.

The various types of MHG engineering train-
ing courses include the following: training courses,
undergraduate regular courses in the field of non-
conventional technology, and specialized post-
graduate courses. The training courses, which are
of short duration, are designed to provide current
information on all phases of MHG design and
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istallation for ongineers whose activities are
related to MHG development in their various
phases of cxecution. A very important factor is
the need to improve the standard curricula of the
engineering departments of universities and insti-
tutes of technology by including courses on MHG
and applicable non-conventional technologies.
Post-graduate courses as such will be conducted
at a more advanced theoretical level and may, in
principle. extend over an entire academic year.

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

fa) The courses should be designed to con-
solidate the advances already achieved in the
country;

(h) The courses should be organized for all
areas of specialization and graded differently
according to area. The emphasis should be on the
preparation of monograph studies by interdisci-
plinary groups:

(c) The courses should cover the areas of
civil. electrical. mechanical and industrial engineer-
ing. economic administration and operations
research.

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

fa) Theoretical aspects should be considered
within the same programme for engineers and as a
part of in-plant training:

(b) An MHG plant for training should b
established for the training of technical personnei
and skilled workers. Experimentation in the use of
non-conventional technologies might also be con-
ducted at such MHG plants:

(¢) The courses should cover civil construc-
tion. electro-mechanical equipment and adminis-
tration. all primarily from a technical point of
view;

(d) The training of mechanics and main-
tenance electricians should be undertaken through
the establishment of training units in the major
repair shops.

The basic objective of the course is to help
narrow the existing gap between the number of
people with higher education, where there has
been a relative advance. and the shortage of
intermediate-level technicians, waich is a general
phenomenon in deveioping courtries. Witl, respect
to the training of MHG operators, preference
should be given to institutionalized arrangemcnts
designed to train operators from rural areas. It
has been concluded, on the basis of a cirtain
amount of experience, that the first part of the
courses should be carried out at the school plant

and continned at existing MHG plants. The first
part should be of a theoreucal and practical
nature. in keeping with the educational level of
the operators. In the case of rural operators. it
should be expected that they will have completed
at least their primary education. The course
would run three months and cover the following
subjects:
Basic sciences (fundamentals of mathematics.
physics and chemistry):
Basic operating principles of an MHG plant
and its equipment:
MHG plant operation and the interpretaton
of operating manuals;
Preventive maintenance
methods for MHG:
Maintenance and repair of buiiding struc-
tures and installations:

principles  and

Maintenance and minor repairs of mechanical
and electrical equipment:

Mechanical and electrical troeble-shooting:
Identification of mechanical and clectrical
malfunctions:

Fundamentals of technical drawings and dia-
gram reading:

Fundamentals of clectrical installations:
Reading of instruments;

Bench-work mechanics (fitting):

Safety in operaiion,

Fundamentals of administration and book-
keeptng:

The second part would be essenually of a
practical nature and wvould consist of a two-
month period of operator training at an existing
MHG station under the supervision and instruc-
tion of a skilled operator.

The manpower requirements at each stage »f
ar: MHG project are as follows:

|. Planning and programming

Engineers
Economists and social scientists

2. Global evaluations of resources and demands
Civil engineers
Hydrologists
Geolngical engineers
Geomorphologists
Ecologists
Electrical engineers
Mechanical engineers
Energ; economists
Social scientists
Topographers
Hydrometry speciaiists
Draughtsmen
Engineering assistants
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3. Suudies of specific projects S.  QOperation and maintenance
Civil engineers (mainly structural engineers, Electromechanical engineers
supnorted by specialists in hydraulic engi- Mechanics and electricians
neering)
Mechanical engineers
Electrical engineers Each country must determine its manpower
Topographers requirements for technology development and
Technical draughtsmen production of equipment and matenals in
Engineering assistants accordance with the nature of the programmes
Test inspectors and activities it iniends to implement. The above

list represents an ideal situation. In actual practice,

4. onstruction - - . .
¢ ¢ countries may begin their programmes with fewer

Civil cngneers human rescuarces. since it may be expected that as
Electncz_ll engineers the work proceeds they will be able to find
Mechanical engineers solutions o their temporary lack of qualified
Topographers personne..
Draughtsmen
Building inspzctors A flow ket for the traiming umit is presented
Electrical technicians in figure 18.
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Figure 18. Training unit
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I. Synthesis of the MHQG building process
(from planning to completion)

As indicated in the preceding sections, the
decision-making process involved in the building
of MHG must be oi' a comprehensive nature,
bzcause a number of different tactors need to be
considered. It may be seen from figure 19 that the
process begins with a preliminary assessment of
the prospects for the stations. This phase must
include a study of the problems to be solved. the
available water resources and the capacity of the
country to undertake MHG projects within the
context of its national development planning.
specifically in the area of energy development.
Following the completion of the preliminary
study. a political decision must be made as to
whether to mount the necessary eftort to build the
facilities.

If it is decided t0o move forward in this
direction as part of the national development
policy. the next step is to establish an organiza-
tional framework for planning and programming
and to devise procedures for the evaluation of
resources and demand at the basin and sub-basin
level. The proposed framework and procedures
would serve as a basis for the formulation both of
a short-term development plan permitting the
immediate implementation of specific projects and
of a more long-range plan envisaging the building

of MHG on a large scale. At the same time,
poticies must be detined and acuions taken in the
areas of financing, the deselopment of human
resources (training). community participation. and
technological development. This final aspect s
critical to the determination of guidelines regarding
the transter of technology and the promotion of
domestic equipment production.

It is within the context of such plans and
policies that the undertaking of speaific projects
should be initiated. The first stage in this connec-
tion consists in the preparation of a pre-feasibility
(reconnaissance) study. if necessary. A teasibility
study should be considered oniv in doubiful
situations when such a preliminary analysis 13
required. In many cases it may be eliminated
altogether and the detailed engineering study.
including a supplementary economic and financial
analysis. begun immediately.

The next phase of the project is concerned
with the actual building of the plant and the
installation of its equipment. fullowed by the
start-up of the facihity (for details see chapter L.
section F. and chapter V. section D).

Finally, there is the task of establhishing
operating procedures for the plant. which also
include the areas of maintenance and administra-
tion. The essential work of this stage is described
in chapter I11. section G. and chapter V. section E.




IV. Development of technological capabilities

A. Assessment of technological capabilities

The technological development of a country
should start with an inventory of its human
resources and industrial potential. In the case of
technological development for the construction
and equipment of MHG stations. the inventory
should focus on the identification of human
resources and the production of equipment and
materials.

With regard 1o materials and equipment not
produced in the country. the possibility  of
developing technology for their production or
acquiring foreign technology. if justified by the
national or regional market. should be considered.
The alternztive would be to import the materials
or equipment components.

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

Maierials tor civil engineering works

Granular materials, clay and silt

Cement

Steel construction bars

Pressure pipes for penstocks (steel. PVC.

polyvethylene. asbestos-cement)

Gate and butterfly valves

Grates and gates

Wood

Steel cables

Bricks

Tiles

Nails

Explosives

Galvanized wire mesh

Bolts, nuts. washers and screws of various

types
Equipment and tools for civil engineering works

Pickaxes

Spades

Wheelbarrows

Motor pumps

Concrete mixers
Eleciromechanical materials

Copper and alloys

Structural steel

Stainless steel

Shafts

Bearings

Electrical conductors

Posts and accessories

Electrical matenals

Electromechanical equipment

Hydraulic turbines

Speed regulators

Electricity generators and voltage regulators

Measuring instiuments  {voltmeiers, am-
meters. power facter meters, frequency
meters. kilowatt meters and encrgy meters,
manometers)

Mechanical transmission systems (gears. belts
and couplings)

Measurement and high-tension power trans-
formers

Indusiries involved

Casting

Metalworking and engineering

Precision er._ .cering

Electrical engineering and allied industries

B. Equipment
Manufaciuring capacity

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

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

() Emphasis should be placed on items
which are of a size and type making them
appropriate to the productive infrastructure of the
individual country;

{c) The use and adapiation of materials of
domestic or regional origin should be maximized,

(d) The equipment produced should be
standardized:
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fzp Producuion lines asmodizied with those
producing related equipment should be set up.
because the exciusive production of equipment for
MHG 15 not justified by the small size of the

markst:

() The production of spare parts. mainl
those subject to wear, should be contemplated.
and a permanent stock of such parts maintained.

Various allied industries are involved in the
production of MHG equipment and materials.

Equipment and material Allied imdusiry

Pressure pipes for pen- Factones manufactunng

stocks pipes with markets deter-
mined by domestic indus-
try rather than MHG.

Hydraulic turbines and

speed regulators

Metalworking  and  en-
gineenng enterprises. fac-
tories manufacturing cen-
trifugal pumps. salves.
‘acuum equipment. fans,
mixers and foundn shops.

Electricity generators Factones producing aiter-
nators for thermal clectri-
city generation umts and
factones producing electric

SNOTOrS.

Eiectromechanical machi-
nery industnes.

Transformers. electrical
matenals and accessories

Development and adapiation of technology

Technological research and development can
be one of the basic tools for promoting and
sustaming programmes for the construction of
MHG in individual countries. since the tech-
nologies involved are mature. and only adaptation
and innovation processes of a non-conventional
nature, permitling adjustment to the specific
conditions of the individual country. are required.

Owing to the great diversity of existing
situations with regard to research activities, MHG
construction programmes and industrial develop-
meni, it is not possible to establish a single
organizational pattern for the development and
adaptation of technologies which would be appli-
cable in all third world countries. Therefore, only
a few general recommendations and alternative
organizational patteras are presented below for
the guidance of countries interested in promoting
programmes for the development and adaptation
of MHG technology.

In the MHG national development plans of
cach country, the development and adaptation of
equipment technologies will have to be regarded
as part of planning. It will therefore be necessary
to determine specific policies, general objectives

and i f<3ouies tu Ue ailvvated. The fuoiiowmg
recommendations should be considered in or-
ganizing programmes for the development and
adaptation of MHG technology.

faj There must be a well-defined financing
prospect from the stage of programme determina-
tion so as to avoid the loss of research projects
owing to shortage of funds:

fb)  In order to achieve correct administra-
tion of the programme. there must be operanonal
follow-up as regards results. the time required for
execution and utilization of funds:

(c)  From the initial stage of the programme,
the form and characteristics of results. which mas
mvolve dissemination and transfer of technology .
must be clearly defined (see figure 21):

(d)  Avariety of institutional critenia may be
adopted for programme implementation. which
may take place through universities. research
institutes. industrial enterprises and electrification
boards:

fe; Normally. the programme will be ere-
cuted through research lines or interrelated groups
of projects. Each iequires a brief but clear specific
formulation prior to inttiation:

(/) The programme may be divided iato
two types of acti.ity: aspects relating to civil
engineering works and installations. and aspects
relaung tc design and production of equipment
and matenials:

7g)  Each project should have a well-defined
execution sequence. Figure 22 shows a typical
methodology:

fhy  The programme execution team need
not necessarily consist of experts. Onls one or two
experienced professionals are required. and the
remainder may be voung professionals with a
good academic background:

(ij)  Guidelines should be established for the
preparation, at cach stage of the project. of
documents and reports. which should reflect
positive and negative aspects and failures. so as to
ensure continuity and the accumulation of know-
ledgs useful for the programme. thus avoiding a
situation of dependency on the presence of cach
individual executor;

(1) During programme execution, the exe-
cuting agency must maintain close contact between
the industry and the enterprise responsible for
clectrification, in order to achieve results with
practical application;

(k) Dissemination of results may take place
through manuals and brochures 1n the case of
installation and construction of civil enginecring
works;
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AAS

The technological development of MHGC

equipmenii <ould proceed along the following
lines:

Technological aiternatives in the production
of MHG equipment

Recommendat:ons for

Fquipment  Tipe sechnological developmen:

Hydraulic  Pelton. Selection of two or three
turbines Michell- types of turbine s the light

Banki. of the charactenstics of

Francis, resources and demand in

Kaplan or the country

axial Development of hvdrautic

flow and mechanical designs
Study of aspects relating to
construction and matesials
for each part. in the light of
the characteristics of the
industrial production of the
country
Establishment of methods
for the selection of turbines
Establishment of methods
for assembly and
disassembly of equipment
Esiablishment of
recommendations for
operation and maintenance

Speed Oleo-
regulators mechanical.

Selection of the type of
regulator most suitable in
electric/ the light of the

electronic. characteristics of operation,
energy industrial capability in the
dispersion country and technological
experience

Functional, electrical and
mechanical design
Standardization as
appropriate for
standardized turbines
Preparation of
manufacturing manuals
Studies on matters relating
to construction and
materials

Establishment of methods
of selection

Establishment of
recommendations for
operaiion and maintenince

Electricity  Alternators
generators  for MHG,

Study for the adaptation of
the alternators for thermal

induction electricity generation units,
motofs as mainly as regards runaway
generators speed protection, so that

they may be used with
hydraulic turbines
Adaptation of electric
motors to operate as
autonomous generators

b srabiishment ot
recommendatons for
operatton o4 maintenance
General deugn of
generaton and most
suttable manufacturing
process

Elzctniaty  High-tension  Studics of designs and

trars- powei. forms of construction.
formers measunng taking into account the
industnal capability of the
country
Srandardizanon
Esrablisnment of
recommendations for
opesration and mamntenance
Miscella-  Control Study for the production of
neous pangls. this equipment afte:
electncal  conductors.  standardization
equipment insulators, Establishiment of methods
and hightning of selection

Estabhstimen: of
recommendations for
installaton and
maintenance

materials  arresters

Acquisition of rechiology

Depending on the level of development of
cach country as regards capacity o gencrate
usable technologies, project execuiton possibilities
and prospects for the productien of equipment, it
will be necessary to acquire a greater or lesser
amount of technology from other countries. The
various means of acquiring kncwledge which can
be used in production. ranging from technical
assistance and the provision of information to the
purchase of technological packages to set up
production lines. including detailed pians and
instructions for manufacturing, assembly and
technical services, can be lcoked upon as purchases
of technology.

Most countries have their own legisiation
reguiaiing the acquisition of technology. and it is
therefore impossible to lay down specific guide-
lines on the matter, but general recommendaiions
can be made regarding the acquisition of tech-
nology for manufacturing MHG equipmient. With
regard i0 MHG. the acquisition of technology
relates primarily to the electromechanical equip-
ment and accessories.

Various considerations and recommendations
which shoulc be borne in mind 1n connection with
the acquisition of technology are given below:

fa) With a view to achieving technological
development in keeping with the characteristics
2nd industrial capacity of a country, it is advisable
to hmit the acquisition of technology to cases in
whizh the development of technolugy is not
considered to be of interest;
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(o) The acyuisiiton Ui i:\huuiugin sivuid
take place through a process of selection of
alternatives ard should bs himited to those paris
in respact of which the level of technolegical
development attained makes posstble full produc-
ton. in keeping with the priontes laid down for
national technological development. The acqui-
sition of technology should be organized in such a
way that it makes a real contnbution to such
development by permitting the assimilation of
knowledge by national technicians. Disguised
commercial elements of acquisition of technology
and technical assistance, aimed oniy at the granting
of exclusive iicenses under the appearance of
bilateral assistance programmes. must also be
avoided;

fc)  The acguisition of technology will be
justified when the compiex:ty of the equipment or
of some of its parts surpasses the development
capacity of the country. Acquisttion should be
confined to those clements which are necessary
and cannot be designed or manufactured in the
country without foreign assistance. Restrictions
making 1t necessarv to import parts which could
be locally produced should be avoided. while, on
the other hand. the local manufacture of com-
penents and use of materials available in the
country should be promoted:

(d) The fuilest and most careful analysis
possible shoutd be made of altsrnatives prior to
any process of technology transfer. Inclusion of
the largest possible number of alternatives under
the same terms of reference should be ensured.
and evaluation criteniz should be laid down prior
to the anaivsis. Technologies appropnate to the
industrial and technological level of development of
the country. using mainly local raw materials and
labour, shoulG be given favourable consideration;

fe) Contracts for the purchase of technology
shou!d be concluded with fixed neriods of duration.
at the end of which the obligation to pay royalties
ceases, and the royalties should be fixed oniy on
the basis of a percentage of sales, avoiding the
inclusion of minimum payment obligations.
Restrictions with regard to the scope of the
market for products should also be avoided. and
obligations to purchase raw materials from a
given supplier should not be accepted. thus
preserving the freedom to purchase on the market
if more favourable terms can be obtained;

(/) In order to improve the negotiating
capacity of nationai enterprises in respect of the
acquisition of technology, it is important that
clear policies should be defined and that legislation
should tend to limit the imposition of restrictive
clauses by suppliers and technology.

Imourt v equiprient

If the specific charactenstics of a country as
regards its industrial policies or production capa-
bility are such that the local manufacrure of
certain types or sizes of equipment is not justified.
those items must be imported. In such cases.
personnel trained tn the analysis and selection of
alternatives and the technical equipment required
for carrving out acceptance testing are necessary.
The support which can be extended in this field by
institutions engaging in technological research is
important.

In purchasing equ:pment. the following tech-
nical considerations must be taken into account:
the capability for the manufacture and repair of
components and spare parts in the country;
characteristics of maintenance and obperation
appropriate to the ronditions of use: ability to
withstand situations arising ou: of errors of
operation; and ease of assembly and disassembly
of parts and accessories.

In addition to the requirements in respect of
fulfilment of technical specifications, guarantees,
costs and delivery date for equipment, suppliers
should be asked to provide the following: general
assembly drawing of equipment; detailed drawings
and information on the materials used in the main
components of the equipment which are subject te
repair; lists of spare parts: instructions for
assembly, disassemoly and repair; and technical
assistance for the training of local personnel
responsible for the maintenance and repair of
squipment.

For bidding or tendering for the acquisiticii
of electromechanical equipment tor MHG pro-
jects. it 1s impottant that the following iechnical
data shonld be provided: usable head, maximum
generating power at the contacts of the generator;
generating frequency: generating voltage; ard
environmental corditions under which the equip-
ment operates.

The suppliers of the main pieces of equipment
shou!d also be asked to provide the following
technical data: type of turbine and its specifica-
tions; efficiency curves of the turbine and generator
operating under different load conditions; type of
speed regulator and its specifications: characteristic
curves of operation of the regulator; type of
mechanical transmission or direct coupling betwezn
turbine and generacor; and specifications of the
control panel or switchboard, inciuding ranges
and accuracy of the instruments integrated into it.

When bidding or tendering is carried out, it is
recommended that a list of possible suppliers
should have been identified in advance. They
should be asked to provide information on:
reliability and efficiency of their equipment; cost
indexes; credit facilities; expected life term of
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eauipment: fulfilment of delivery dates: and ease
of adaptation of equipment to local industry for
the manufacture of spare parts.

C. Development and adaptation of technologies
for conmstruction

With regard to the development and adapia-
tion of technologies for construction, 1t is essential
to stress the need for research both cn methods of
construction and on the use of non-conventional
materials. The research must be linked with
investment projects by means of pilot plants.

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

The institutions carrying out research on
matenals and various elements for MHG should
co-ordinate their activities with the units which
are engaged in engineering activiiies in the rield,
and which may be carrving out research in the
context of investment programmes during and
after construction. The research concerning
materials should be oriented towards establish-
ment of their hydraulic and mechanical properties.

In general. there are two technological
alternatives as regards civil engineering works.
One, the conventional alternative, is based on the
use of concrete, reinforcing steel and structural
steel, considering separately the structures required
for MHG. The other involves a minimum utiliza-
tion of those materials and endeavours to inte-
grate structures. such as the silt basin and
fcrebay. and utilize existing infrastructure, such as
irrigation canals. As regards methods of construc-
tion, mention can be made of tno.e based mainly
on intensive use of labour, in the optimum case
with community participation, those based on
intensive use of machinery, and mixed cases.

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

oroduction capacities ot matenals so as to ke able
to develop their supply. Construction technologies
should be disseminated by means of manuals for
the design and execution of works.

D. Check-list of technological alternatives

1he technological alternatives most suitable
for each country cannot be rigidly stated because
the conditions governing the development and
adaptation of technology for MHG will vary. as
will conditions relating to geography. hydraulics,
labour. availability of skilled manpower. appro-
priate financing etc.. all of which have a bearing
on the determination of technological alternatives.

Taking into account the above-menuoned
factors. a selecticn of possible areas of interest for
technological development s presented below.

Construction

The various materials which can be used in
the civil engineering works for MHG are analysed
below. It is important 1o stress that. in the context
of non-conventionai technologies, the following is
taken into accouni: use and improvement of
existing intakes and irrigation canals: forebay
installed “'in-line” with the canal and in.iuding
the silt basin: penstock conduit in non-metallic
materials, dams of artisanal construction, reduc-
tion to a minimum of the use of ~ostly materials
such as concrete, and use of noi-conventional
materials such as ferrocement,. soil cement etc.

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

The technologica! alternatives arising from
the characteristics of various materials are
presented in table 6.

TABLE 6. TECHNOLOGICAL ALTERNATIVES IN THE USE OF MATERIALS

Material {ve ddvaniages Disadvaniages
Clay and silt Dams or core walls High degree >f impermeability Possibility of fractunng
Granular m-terials Dams or core walls Low degree of impermeability Better performance under ex-
ternal loads
Wood Dams. penstocks. powerhouse, Low price Short Iife
gates
Gabions Dams, canals, protection of Low cost, casily adapted to Permeabie dunng the mital
slopes the site period
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TABLE 6 fconnnued;

Marterial e ddvanrgees Diadvaniaees
Concrete Dams. canals and anchorages. Durability. resistance to high High cost. poor perfermance
core walls. forebay, power- compression i rorrent works
house
Ferrocement Linings. silt basin. forebay Low  cost. high  general [.ow resistance to concentrated
resmtance «nd prercing loads, exacung
conmstrucnon
Soil cement Linings. dams Low vost Poor durability . low resistance

Polyvinyl chlonde Penstock Low cost, light wetght, rapid Relatine fragthiy: should be
(PV() installation, easy adaptation buned. low rewstance o

to profile. jow head losses solar radiation

Polvethvlene Penstock Continuous lengths, withstands Joints require  spectal  steel
considerable  deformauon, couplings which are exacung
ease of transport and instal- to mstall, lngh head losses
latton, good resistance o
impact and solar radianion

Asbestos-cement Penxrock Lower cost than in the cave of Relatinely heavy and fragie.
PVC. good adaptation to the s that 1t v advisable 1o
profile of the fall. no expan- bury them
sion pounts required. reduced
head losses

Ea nment flows. This turbine can operate

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

Hydraulic turbines
Tvpe (encral characreristics
Pelton This is a tangential-flow action
turbine consisting of one or more
nozzles and a runner carrying a
certain number of buckets.
The range of application of Pelton
turbines is limited to low specific
speeds. Operating with high heads
and reduced flows. this turbine
can give an efiiciency of approxi-
mately 85 per cent.
Its manufacture requires an indus-
trial plant equipped to perform
operations of casting, welding,
cutting and basic machining
(turning, planing, and drilling).
The runner and nozzles are
normally produced by casting.

Michell-Banki This is a partial-admission, cross-
flow, action turbine with radial
intake, and consists of an injector
and a runner having a certain
number of curved blades.

The range of application lies bet-
ween that of the double-nozzie
Pelton and the high-speed Francis
turbine, in situations involving
medium heads and moderate

Francis

Axial

with efficiencies in the order of
X0 per cent and generate up to
LOOO kW of power.

Because of its particular geometry,
the Michell-Bank: can be easily
produced and is regarded av a
low-cost turbine.

Its manufacture requires an in-
dus:rial plant equipped to per-
form welding. cutting, and basic
machining  operations  (turming,
pianing and drilling).

It can be produced using welded
parts

The use of this turbine is restricted
to medium specific speeds and,
like the Michell-Banki type. to
medium  heads and moderate
flows. Its efficiency lies between
%3 and 90 per cent.

its manufacture requires an in-
dustrial plant with the necessary
equipment for casting. welding,
cutting and machining.

This is an axial-flow reaction tur-
bine. with a speed control system
incorporaied in the runner in the
particulzr case of Kaplan turbines.
Its area of application is limited
to fairly high specific speeds.
Operating with very low heads
and large flows, it is capable of
achieving efficiencies of about
90 per cent.

Its manufacture requires an in-
dustrial plant set up for casiing.
welding and cutting. and equipped
with the usual basic machine tools.
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Speed regulators for hydraulic turbines

Type

Electncal-
electronic {(with
flow controb)

Energy-dissipation
(electrical-
electronic)

Oleo-mechanicai

General characteristics

This regulator consists of an elec-
tronic device designed to detect
variations in the speed of the
turbine on the basis of the vana-
tions in generating frequency that
accompany a change in load. and
an electric motor which dnives a
mechanism opening or closing the
flow regulation valve of the tur-
bine in either direction.

As the electronic unit is the same
in all cases and does not depend
on the power. this reguiator is
inexpensive to manufacture. the
electric motor or the hydraulic
servomechanism being the princi-
pal variable cost factor.

[\s manufacture requires an in-
dustrial plan: specializing in elec-
trical and mechanical work and
with its own electronics shop.

This regulator consists of an elec-
tronic device designed to detect
variatiors in the speed of the
turbine on the basis of the varia-
tions in generating frequency that
as~ompany a change in load and
a s_stem of electrical resistances
that increase or reduce fictitious
loads to maintain zonstent load
on the varbine.

The electronic device is similar to
the one required for the electnic-
electronic regulator with positive
water control

Its manufacturc requires an indus-
trial plant with an electronics
shop.

This kind of regulator consists of
a speed sensitive element, usually
in the form of a centrifugal pen-

Type

Alternaters

Induction
generators

dulum. aforce distnbution element
incorporating a pressurized oil
distribution —aive and a servo-
motor. a compensation  and
reversing system designed to sta-
bilize the velocity of the group. a
gear or sliding vane pump. anC a
number of actuating devices to
zontrol the flow-regulation valve
of the turvine.

The cost of manufacturing this
regulato: is. comparatively speak-
ing. higher than the cost of the
electro-elec'ronic regulator, and
its productict, requires an indus-
trial plant equippsd to perform
welding. cutting and precision
machine-tool operations.

Electrical generators

Genera! characterisiicy

These are generators with a design
incorporating a voltage regulator
and reinforced coils capable of
withstanding turbine rnnaway
speeds.

For economic reasons. the use of
two- or tour-pole alternators is
recommended for MHG.
Manufacture requires an electro-
mechanical plant  with  basic
machine tools and equipment for
the winding of coils, welding and
cutitng.

These are induction metors
operating as generators cither
independently cr in parallei with
an alternator.

Their manufacture requires no
more than the adaptation of exist-
ing electrical motors and can be
undertakzi at the manutacturing
piant itself.




V. Approaches to specific projects

A. Specific assessment of demand and resources

Demand

An tinportant point to rem=mber is that the
demand estimated in the planning phase will be
used for the specific projects phase. Demand is
assessed in the light of local and regional
conditions. The potential electricity demand is
calculated and a global estimate of future growth
in demand is prepared by establishing a planmng
target to be achieved in a time equal io the
estimated time required for a grid supply. The
analyses require field investigations and processing
of the data discovered. The following activities are
required for specific demand assessment: identi-
fication of the major development complex of the
zone: identification of the area of influence of the
development complex:inventory of $0C10-8CONOMIC
activities; identification of possible future growth
factors in the zone; and analysis of data yiclded
by field work and other sources.

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

General analysis of
$0CIO-0CONOMIC aCtivity

tdentification of most
imporuant activities

Regional ansiysis,
economic growth trends

Calcutation of capacity anatysis and
nesrest o graphi Y
potantisl damand of capacity
Determination of basic
silocation or capacity Market study
of family unit
Estimates of 1

reyment capabilises

of communities;

Study of alternative costs
of drasel generation

Figure 24. The process of demand estimation

Resources

Resources are estimated on the basis of
analysing existing cartographic, geological. gco-
morphological. hydrological and ecological data.
supplemented by field surveys, headwater surveys
and topographic surveys Possible headwaters are
identified from information supplied by the local
population. Headwaters located near. that s
within approximately 15 km of. settlements in the
basins under study are researched and their dis-
charges surveyed.

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

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

The general design criteria for the sclection of
technology for MHG systems concern the
characteristics of the region, such as access
facilities for possible future use of building
equipment, and the availability of loca!l building
materials. Specific MHG design criteria are
presented below.

Criteria for siting intake works

1. The maximum narrowing of the stream
channel should be determined in order to mini-
mize spillway length and. thercfore. excavations
and structural work.

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

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

4. The minimum length of conduit in contact
with maxirium waters should be chosen in order
to reduce tie amounts of reinforced concrete
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Desigr criteria for conduit sysiems

1. The plan chould be suitably Jesigned to
minimize excavations.

2. There should be a minimum water flow rate
of | m/s to avoid sedimentation.

3. The duct cross-section should be close to the
optimum hydraulic value.

4. A check on seepage should be made to
determine whether the duct walls and base need
lining. As a general rule. lined ducts cost twice as
much as ualined.

Criteria for designing silt basins and surge chambers

1. 7%e capacity should be checked to ensare the
following: appropriate supply to penstock: ab-
sorption and damping of oscillations arising from
opening and closing of inlet valves due to varia-
tions in turbine loading: and control of water level
at penstock inlet.

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

3. The dupth of the silt basin should be such as
to preclude disturcances due to rising and
descending flows caused by temperaturc changes.

Criteria for penstock design

1. Various materials aze suitable and various
types and sizes may be used in combination to
achieve optimum solutions. The figure below
shows the various materials which may be used
under different heads (in metres):

0 50
L 1

In order to withstand the maximum permis-
sible water hammer for power stations. the rated
pre-sure cf the tubing should be approximately 30
per <ent more than the gross drop. W ter hammer
surging can be controlled by appropriate timing
of the closing of the controller.

2. Building costs. which increase with diameter
as well as wi*h ground conditions. should be
balanced against tubing pressure drop. which
reduces ouiput. This comparison will help to
determine the optimum diameter.

3 Anchorages should be designed for safety
factors based on overturning, 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. It is also advisable to
design a filter to extend along the whole length of
the penstock to drain possible seep:ges.

Design criieria for pcwerhouses

1. The area to be buiit on depends upon plant
requirements, head. water flow and the number of
units. If enough funds are available, a residential
area can be found for the operator. A water
supply system with filter bed purification and a
sewage system with septic tank wouid then be
available.

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

Design criteria for transmission lines

The design of transmission lines is governed
by the following variables: line voltage, capacity,
power factor, length, height above sea level,
average, maximum and minimum outside tempera-
tures. and wind speed.

100 150

Steel

600 800
g‘/\ﬁ I 3

Malleable iron

Rainforced plastic

Asbestos-cement

PVvC

Polythene

Timber
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C. Building methods

The various methods of building the elements
involved in MHG are considered below.

Dam

Gabions are easy to install and cheap. Possible
carly scepage can be prevented by concrete or
timber bulkheads. Conditions may become critical
with very low flows in cases in which significant
losses are unacceptable.

If appropriate materials are available in the
region, it is worth considering the alternatives of
massive concrete or of brick. Massive concrete has
the advantage ol using appropriate rock coming
from excavation works. This is the best solution
for sites with high water heads over dams. but
foundation problems are inuch easier with heads
of below two metres. The mair difficulty is that
since the structure is rigid, cracking may occur
due to differential settiemenis. If there are facilities
for transporting materials and equipment, alterna-
tive combined structures for the dam and intake
of reinforced concrete can be considered, pro-
vided that the structure is of small dimensions.

Intake

There are various possibilities. If there are
old stream beds. they can be enlarged by excava-
tion and the water diverted through them, so that
the construction of the intak~ system can proceed
in almost completely dry conditions.

Another possibility is to use sheet piling. The
intake, lock and conduit are constructed first,
then the spillway is constructed while the water
flows through the lock and intake. This alterna-
tive calls for shzet piling of appreciabie length and
reduces the space available for working during
construction. The maximum permissible cischarge
of the lock increases the risk of flood damage.

The first alternaiive may be better if excava-
tion costs are justified by the reduction in risks
and inconveniences as compared with the sheet
piling alternative.

Silt basin

This can be positioned immediately after the
intake works. in which case the nearness of the
flow is used economically for sediment cleanliness.
The water should also be free of sediment along
the construction conduit, aithough sediment may
occur in its open run,

Another alternative is to use a combined
sand trap and forebay. This option is certainly
cheap but requires a faster flow rate through the
conduit system to prevent sedimentation. It is
sually associated with the use of earth conduits
and is useful for MHGs.

Penstock

Steel pipes are very expensive from the points
of view of both matenals and installation. Cement
asbestos pipes are cheaper and easier to obtain,
although in some cases there may be limitations
due to the maximum commercially available
diameters.

Powerhouse

Here more than in any other part of the civil
engineering works. the use of pre-fabricated ele-
ments may be regarded as a means of cutting
costs. It is very important to bear 1in mind local
materials. not only for reasons of cost but also of
appearance. taking into account their behaviour
under seismic conditions.

D. Selection of equipment

MHG equipment should be selected from the
commercial catalogues of national and inter-
national makers of standard equipment. The main
selection criteria should be rehability and cheap-
ness.

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

Selecnon
Fquipment  parameter  Sclecnion procedure

Trash Allowable According to the specification
rack parucle of turbine materials. minimum
size flow selection and head. This

can be for automatic or
manual cleaning.
Valve Pipe size.  Mainly gate. buttertly. and
pressure spherical valves. according to
pipe size. turbinz intake, water
head and closing time.

Turbine Head. Once the characteristics of the
discharge. turbines as explained in
power chapter [V, and the generator

speed are known. a turbine
speed can be decided on and
the best kind of turbine can be
selected using the
methodology given in the
annex. It should be
remembered that turbine cost
is inversely proportional to
turbine speed.

Once the kind of turbine has
been decided on. a standard
maodel suitable for the head.
discharge and power i
selected from commercial
catalogues. These parameters
will determine turbine speed.
which will not differ greatly
from the planned value.
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Speed Capacitv,
controller frequency

Selection of the speed
controller is automatic once
the turbine has been selected.
The contiol.er can be oleo-
mechanical or electro-
electronic.

Turbine RPM, The mechanical transmission

and load between the turbine and the

generator generator should be selected in

trans- the light of the speeds of cach

mission and bearing in mind that belt
transmission is used for high
speeds and geaning for low
speeds. if the turbine and
generator both run at the same
speed. a direct coupling is
used.

Generator Capacity  The generation voltage and
frequency are selected with
reference to electrical
siandards for generation 1n
each country.

The most appropnate kind of
generator should be selected
accordingly. as indicated in
chapter IV.

A generator of the required
capacity and generation
frequency and voltage should
be identified in the commercial
caialogues. Bear in mind that
generator cost is inversely
proportional to its speed.

Control Capacity, A controi panel should be
pancel for  voltage. selected to suit the maximum
power- frequency capacity. voltage and

house frequency of the generator.
The aim should be to use the
least possible amount of
instrumentation compatibie
with effective control.

Power Capacity, Transmission voltage is

trans- voltage selected in accordance with

formers each country’s standards for
transformers and the
transformer to be used may be
selected from commercial
catalogues on the basis of
capacity. Remember that
short-circuit cLrents may be
five or six times the rated
current.

Trans- Capacity, The optimum cable cross-

mission trans- section is selected in

or mission accordance with each

primary voltage country's standards for

network electrical conductors and to

give minimum voltage drop
and power loss.

Substation Capacity  The distribution voitage is
determined in accordance with
each country’s standards. The

transformation ratio can then

be found and the
corresponding substations
selected from the catalogues.

Distribu-  Distnibu-  The same criteria and

tion or ton standards ussd to select the
secondary  voltage primary network are used to
netvork select the secondary network.
(consumer

connec-

tions)

The selection process is illustrated in figure 25.

X
Setecnon of - Satecnon of . Setecron of
tutnre prerstor control penel
+ v

Selection of mechanvcal Selectan of
TaneTeEn.On between transformer
generator snd turtene

Setecnon of
Setecton of
wbsaton

x
Seiecnion of J

T
Setection of
womad controlier

Purchase of o
oquprnent Woondery rertwork

Naote: The selection process may also start with the turbine.

Figure 25. Process of equipment sclection for MHG

E. Operation, maintenance and repair

Operational characteristics depend mainly on
the size of the plant, the type of service, the level
of control automation. the reliability of the
equipment and the institutional structure of the
electric power system.

Assuming an MHG with a low level of
automation, limited to the velucity 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 is required. For a
continuously operating MHG, on the other hand,
two operators working in shifts would be needed.
The operators must bc able to perform their
duties with competence and to handle tasks
involving preventive maintenance and minor
emergency repairs.

An MHG operator must have at least basic
knowledge in the following areas: fundamentals of
industrial electrical systems, bench machining,
welding, administration and operational sequences.
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Maintenance and repair operations may be
distributed as follows:

Actvety Responsibilin

Preventive maintenance of  Operator

equipment

Preventive  maintenance  Operator with community

and general repairs to the
civil engineenng structures

support
General equipmenc repairs  “Flying maintenance
squads™ of the electric
utility or the operator
Major equipment repairs  Specialized workshops or
the manufacturers

Recommendations concerning civil works

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

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

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

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

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

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

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

AMene-hydropown er arattom

Recommendations concerming electromechanical
equipment

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

2. ANl gates and valves should be operated
through their full range of travel at least once a
month. in the case of small plants. defective
valves and gates may be replaced and the defective
parts taken to a central workshop for repair. The
same may be done in the case of turbines,
regulators, generators, and transformers “hen
they arc small enough.

3. In both high- and low-head projects. the valves
and gates should be test-operated at least once a
month to ensure that they will perform rehably
when required. If there are a number of gates,
they should preferably be of identical design. and
consideration should be given to the acquisition
of a replacement gate to be used in the event of
damage caused by floating debns or wear.

4. Generators should be inspected every sia
months and disconnected once a vear for pre-
ventive maintenance.

5. The twurbines snould be disconnected and
inspected cach year for faults.

6. The control panels should be inspected every
four months and disconnected every year for
preventive maintenance.

7. The busbars. especially their connecticns.
should be inspected every four months.

8. The transformers must be inspected every sin
months and disconnected every year for preventive
maintenance.

9. The circuits must be inspected every six
months and checked for faults at the time of the
annual maintenance.

10. The substations must be periodically (every
threc months) checked for short circuits.

F. Costs

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

Figures 26-31 show unit costs for total MHG
investment and for the three principal investment
components: pre-investment studies, equipment
and civil engineering. As the figures are based on
information relating to various lLatin American
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Figure 27.  Approximate index for the varistion of MHG investment costs i time
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Figure 29.  Unit cost of imported electr hanical equip
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Figure 31.  Unit cost of MHG civil construction

countries, it is recommended that offices respon- Unit costs of 1otal MHG investment

sible for MHG planning should adapt them to

conditions existing in their own countries. That Figure 26 shows the total unit costs for an
can be done in at least an approximate way by MHG plant in dollars per kilowatt of installed
experimentally determining certain correction power for differen: power ratings (output) and
factors for use with the graphs presented in the heads. The clements and hypotheses considered in

figures. the preparation of the graph are outlined below.
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The following conclusions may be drawn
from the total investment cost curves:

1. MHG costs may vary between $1.000 and
$5.000 per installed kilowatt:

2. Unit costs rise rapidly as power ratings
decrease;

3. Plants operaung with low heads are more
costly than those with high heads;

4. The use of non-conventional technology for
the civil construction and of domestically pro-
duced equipment and techrology makes for lower
unit costs than conventional technology and
imported equipment. This advantage tends to
become less significant as the power rises.

Factors considered in the preparation of figure 26

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

2. The lower curves, for the non-conventional
technology option, were plotted by adding the
costs of the studies to those of the equipment and
the civil engineering works, assuming domestically
manufactured equipment.

3. The costs are based on 1980 prices, and the
data used were adjusted according to the indices
given in figure 27, which is a very rough indicator
of the time variations in MHG investment costs
described in this Manual. For specific cases. it s
advisable to study the variations for each equip-
ment component and the civil work costs according
to the particular conditions given for each country.

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

5. The variations from country to country may
be due to the following factors: availability and
cost of labour and materials; equipment purchases
and freight costs. engineering costs; geographical
conditions and problems of access; doliar ex-
change rates; currency market conditions and
contriis. and variations in cost indicators over
time.

6. Variations with respect to ecach specific pro-
ject are due to: distances and access conditions;
physical conditions (geology, hydrology, geo-
morphology, soil mechanics, ecology etc.). and
significant differences in the scale of the civil
construction.

7. The graph in figure 26 refers to stations
having only one electromechanical unit.

§. The definition of high, medium, and low
heads is taken ‘rom the power and head classifica-
tion of OLADE presented in chapter [.

Unit costs of pre-investment studies

As pointed out in chapter III. section D,
study costs are fraquently disproportionately high
in terms of the total investment. It s therefore
advisable to set lLimits to study costs as a
percentage of the total cost of the project.

For purposes of guidance, figure 28 shows a
proposed graph of maximum desirable study costs
as a function of plant output. In actual practice. it
is reccommended that each count-: pian such costs
as part of its MHG policy and 1n accordance with
the minimum depth and coverage of the studies
themselves.

Unit costs of electromechanical equipment

Figures 29 and 30 indicate the unit costs
of electromechanical equipment in the cases
of respective equipment imported from manu-
facturers in developed countries and equipment
manufactured domestically using technologies
developed or adapted in the country and not
subject to the payment of royalties. The electro-
mechanical equipment includes the following items:
turbines. velocity regulators, generators. electrical
control panels and instrumentation, and installa-
tions (excluding anchoring systems).

The following points should be noted in
connection with figures 29 and 30.

fa) The data used in preparing figure 29
were based on 25 cases, the curves having a
correlation factor of 97 per cent;

(b) The data used in preparing figure 30
were based on 10 cases, with the equipment
manuiactured in a single Latin American country.
The curves were plotted on the basis of figure 29,
the correlation factor being lower than in that
figure:

fc) The costs are given in 1980 dollars and
are based on an adjustment of the values given in
figure 27,

(d) Variations from country to country may
be due to: freight and insurance. import duties,
taxes, local transport, laws designed to promote
industrial development, exchange rates, currency
market conditions and controls, and variations in
cost indicators over time;

(e) Variations from one particular project
to another may be the result of conditions of
access and local freight charges, and of installation
costs;
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(t) lmplicit in the equipment costs is the
selection of the optimum turbiqe type according
to the head and power of the station.

A number of general conclusions, including
those listed below. may be drawn from figures 29
and 30 for guidance in the selection of equipment.

1. The unit costs of the electromechanical
equipment for an MHG plant may vary between
$300 and $3.000 per installed kW of power.

2. Unit costs rise rapidly for the lower power
ratings.

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

4. Generally speaking. domestically manufac-
tured equipment and domestic technology may be
priced at one-half the cost of equivalent imported
equipment and technology.

Unit costs of civil construction

Figure 31 shows the unit cost indicators for
the civil works associated with an MHG project.
The diagram is intended for reference use only.
The following items are included under civil
-vorks: dams and intakes. canals, forebays. silt
basins. penstocks and anchorings. accessories
(gates, grids etc.), machine rooms (powerhouse)
and equipment support systems, and run-off
canals.

It should be noted that the above-mentioned
cost elements do not include the power trans-
mission and distribution systems. Some of the
factors involved in plotting the civil construction
cost curves are outlined below.

I. The curves. which are based on data for
25 simulated projects having a correlation factor
of about 60 per cent, reflect the approximate
correlation projects of the difference in total unit
costs less the costs of studies and equipment.

2. The variations from one specific case to
another are very wide.

3. The correlations for conventional technologies
rest on the assumption that the technological
conditions of the project are as described in
chapter I (guideline 5).

4. The coirelations for non-conventional tech-
nologies rest on the assumption that the techno-
logical conditions of the project are as described
in the preceding section.

S. The costs are given in 1980 dollars.

6. Variations from couniry to country may be
due to: costs and availability of construction
materials; labour costs: and geographical condi-
tions and problems of access.

7. Variations from project to project may be due
to: the physical characteristics of the project
(geology. gcomorphology. hydrology. soil mecha-
nic. canal length, topography. aggregate materials
etc.): duilding methods: depth of the engineering
studies: and experience in design engineerirg.

Figure 31 suggests a number of general
conclusions, in particular those listed below.
concerning the limits of application of the graph
itself and the trends revealed in it.

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

2. The unit costs of civil works may vary
between $450 and $1.800 per instailed kilowatt.

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

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

S. All other factors being equal, the use of non-
conventional technologies is less costly than the
use of conventional technologies. this advantage
being greater for the lower power ratings.




V1. Intemational Co-operation'

The nrincipal possibilities for international
co-operation in the MHG field lie in the areas of
technology. training, studies and construction.
Co-operative proiects may be undertaken at the
world. regiona’. - .aregional. or simply the bilateral
level.

The term ‘international co-operaticn™ ex-
tends to all types of international relations which
are designed to pursue the mutual advantages of
the co-operating parties and which are the subject
of international agreements. It is based on the
following principles: respect for the sovereignty of
the parties: equality of rights for all parties: the
voluniary participation of all parties: mutual
assistance:; and reciprocal benefits.

A. [International organizations operating
at the world level

The following are some fo the organizations
that are in a position 10 provide support in the
deelopment of MHG.

QOrganization Area of activiry

International Bank for Re-
construction and Dzvelop-
men. (IBRD). Wotid Bank

Financing of development
projects; grants short- or
medium-term  loans  at
interesc  to  both  the
Governments of the mem-
ber countries and to public
and private institutions,
provided they have the
backing of the Govern-
ment of the country in
question

International Labour Or-
ganisation (ILO)

Co-operation in training
programmes for middie-
level  technicians  and
skilled workers

Financial assistance for
development projects, par-

Organization of Petro-
leum Exporting Countries
(OPEC); OPEC Fund for ticularly in the area of
International Develop-  alternative energy sources
ment and on behalf of the

countries most seriously

‘This chaptar is 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.

70

affected by the petroleum
price structure; currently
financing an MHG pro-
gramme

United Nations Develop-  Financing of development
ment Programme (UNDP)  plans. programmes and
prosects

United Nations Educa-
tional. Scientific  and

Co-operation in xcentific
and e¢ducanional develop-

Cultural  Organization  ment programmes
(UNESCO)

United Nations Industrial  Co-vperation in industral
Development  Organiza-  development programmes:

ticn (UNIDOY currentiy engaged in pro-
motton of MHG  pro-
grammes and implement-
ing a number of nrojects

in developing countries

World Meteorological Or-
ganization (WMO)

Co-operation in meteoro-
logical and hvdrological
programmes on behalf of
development projects

Some of the problems which arise in relations
with international organizations and the methods
for overcoming them are outlined below.

Problems Remedial acrion

Poor selection of experts Request. by the nauonal
organizations. of a more
extensive Jist of experts.
provision of adequate and
sufficiently detailed infor-
mation to the internatio-
nal organization

Failure to take full advan-  Formulation of a detailed

tage of the expert’s skills plan  specifying.  suffi-
ciently in advance of the
expert’s arrival, the activi-
ties the institution wishes
to have carried out; assign-
ment of government co-
operation personnel suffi-
ciently qualified to work
with the expert

As part of their effort to promote the use of
MHG, the international organizations must lend
their support to the establishment of lczal infra-
structure in such areas as planning, studies,
design, operation and maintenance, administra-
tion, financing and technological devzlopment. As
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a general rule. contacts with international organi-
zations should be handled through their resident
representatives in the individual countries.

Among the international banking institutions
with world-wide operations. mention shouid be
made. in addition to the IBRD, of the Export-
Import Bank (EXIMBANK) and the International
Finance Corporation.

B. Regional and subregional co-operation

Regional and subregional co-operation may
involve studies and construction activities, and
may be andertaken by a group of three or more
countries. In principi. the term “‘regional’” refers
tc organizations operating on a continental or
subcontinental basis. while “subregional™ refers
to groups of countries within a less extensive
geographical zone.

Organization Area of acuiviny
Afro-Asian Organization
for Rural Reconstruction

Common African and
Mauritian Organization

Bunk

African Development
Bank

Asian Development Bank

Central American Bank
for Economic Integration

Inter-American  Develop-
ment Bank (IDB)

Purposes

It~ purpose is to contri-
bute to the economic de-
velopment and social pro-
gress of its members. It
has established an African
Development Fund

Unlike the African De-
velopment Bank, this bank
has extra-regional sub-
scribers in  addition to
those from within the
Asian region. [t grants
loans for infrastructure
investments

It is the principal financing
institution for the Ceatral
American Integrauon Pro-
gramme and the main

lending  institution  for
regional economic  de-
velopment

The purpose of IDB s to
promote the development
of the member countries,
individually and collec-
tivelv. through the finan-
cing of development and
technical assistance pro-

East African Common
Services Organization

Latin American Energy
Organization (OLADE)

Organization of African
Unity

Organization of American
States

Trade. financing. and
studies of social problems

Is conducting a regional-
level MHG programme

Has a Commission for
Scientific and Technical
Research

Advisory services, consul-

ration. and support for
cconomic  development
projects

Seeks solution .0 common
problems and promotes
economic, social and cul-
tura! development through
concerted co-opiative
action

Organization of Central
American States

Special mention should be made of OLADE
work in promoting, co-ordinating, and advising
on MHG projects and programmes, and of its
activities in other energy areas.

It is extremely important that all the support-
ing organizations carry out their work within a
framework of co-ordination, promotion and con-
sultation, so that they may contribute to the
strengthening or establishment of the necessary
infrastructure in the various countries.

Among the regional banks, the following in
particular could he mentioned:

jects. It is currently study-
ing the financing of MHG
projects in several coun-
tries

C. Bilateral co-operation

In the case of bilateral technical co-operation,
particular care and attention must be given to
how the objectives and scope of the programme
are defined. in order to avoid hidden forms of
technology sales governed by commercial objec-
tives. Where this is unavoidable, the negotiating
terms with respect to the purchase of the tech-
nology must be explicit and clear. Moreover, the
conditions of the agreement must be favourable
and not involve, under the guise of an assistance
programme, the granting of any exclusive rights.
Similarly, in all cases of international technical
assistance, the means by which the know-how in
question is to be effectively assimilated by the
recipient party must be clearly set forth. It is of
vital importance that the government co-operating
personnel receiving the assistance be perfectly
clear as to the obejctives and that a work
programme be prepared in advance. Their qualifi-
cations must be sufficient to enable them to
assimilate effectively the knowledge being trans-
ferred.
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Developing countries may request bilateral
assistance through their diplomatic missions or
commercial attachés. As a general rule. it is to be
recommended that, in order to deal borh with
MHG projects and with other matters f tech-
nology and co-operation, the developing ¢ -untries
should create a government office for foreign
technical assistance to be responsible for co-
ordinating intevnational co-operation in the
country .~d advising the organizations affected
on how to make the best possible use of such
assistatce.

D. Non-governmental organizations

According to the definiton used by the
United Nations, non-governmental organizations
are international organizations which have not
been established on the basis of agreements
between Governments. The United Nations Eco-
nomic and Social Council has devised procedures
governing consultative co-operation for a number

of non-governmental organizations of interest to
the Council.

In 1975 there were 2.500 non-governmental
organizations. a number of which were active in
the arca of science and iechnology. The Non-
Governmental Organizations  Section of  the
Department of Public Information of the United
Nations Secretariat is responsible for co-operation
with those bodies. It also convenes the Conference
of Non-Governmenta Organizations. which has
its headquarters at Ge. eva and functions as the
permanent organ of the non-governmental con-
sultative organizations.

For the purpose of ascertaining which ef the
organizations are engaged in MHG programmes,
they may also be contacted through the informa-
tion services of ihe various countries in their
diplomatic or consular missions or their informa-
tion centres abroad.

Non-governmental org..izations may suffer
from himitations in the following areas: financing,
constitutional or policy restrictions on activities.
lack cf acceptance by certain Gessrnments etc

.




Annex

BASIC CALCULATIONS

This annex describes the steps involved in preparing
a mini-hvdroelectric power plant project. using as an
example the 16-kW pilot plant project at Obrajillo.
Peru. It should be noted that the project was carried
out for research purposes and that an existing irngation
channel was used in the design of the plant.

The typical stages involved in project ex-cution are
reflected in figure 32.

Survey study

Detsrmination of
current electricity demand
for ten-year projection

!

Assessment of
hydraulic resources

Do the

available Cancei the project
resources satisfy or redefine its scope
the demand?

Preparation ov site

and engineering studies

{intake, canal, silt basin,
forebay, penstock, powerhouse}
and studies on

siternative building technologies

T
|

Selection of alternative
for equipment

l

Design of transmission
and distrib stion line

|
l Civil works and installation I

‘ I

Start-up

Figure 32. Sequence flow chart for a specific project

The procedure described below was followed in
designing the project

A. Demand study

The community to be supplied with electric power
had a population of 595 inhabitants and a growth rate
that could be considered zero. since according to
statistics *here had been no population increase in
recent years as a fesult of migration to the city. The
:own had a bakery which obtained 1ts requirec lectric
power from a head-engine-powered generating unit.
There was also a small dairy plant which had its own
similar power supply. Tt should be noted that the town
in question lacked any street or house highting.

In order to determine what kind of power would
be required from the future hydraulic power plant. the
following fact:rs were considered:

fg) Power consumption by the bakery occurred
between 3a.m.and 7 am.:

(h) Power consumption by the dairy enterprise
occurred between ¥ a.m. and 6 p.m.:

f¢) House lighting was tu be piovided only
during the period from € p.m. to 10 p.m..

(d) Sireetlighting wastv oe provided only between
6 p.m.and 10 p.m.

On the basis of the above-mentioned factors itwas
ascertained that the maximum load of the generating
plant would be determined by the strect and house
lighting. Consumption was calculated using a figure of
25 W per inhabitant. vielding an approximate required
power of 16 kW. Provision was made for the possibility
of further expansion to permit a higher installed
capacity per inhabitant.

B. Resources study

in the case of this project a canal which followed a
course near the town and was used for irrigation was
already available. The canal draws its water from the
Chillén River, the minimum annual discharge of which
is 1.2 m'/s. The water for the canal is obtained through
an intake which is cleared and otherwise matintained
every year, after the high water, by the town residents
as a community activily.

The first step was to locate a fall, which was
subsequenil, levelled using topographic techmques. On
the basis of tF head determination (56.5 m) and the
required generator power (16 kW, the water flow was
established and simultancously the vptimum diameter
for the penstock was selected. With the 20-cm (h-in)
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PVC pipe selected. the resuit was a net head of 553 m
and a maximum discharge of 0.043 m'/s. derived from
the following formula:

Maximum discharge = —————
9.807 4 H,

where: P is the generating power (16 kW)
H, is the net head (55.3 m)

5 is the total efficiency of ihe plant (62 per
cent). selected from table 7 below.

TABLE 7. TOTAL EFFICIENCY OF MINI-HYDRO-
POWER PLANTS

Turbine Iupe
Perver — - -
Y] Yclion Michell-Bank: Francrs Avral
Up to 50 5K-65 54-62 59-65 S¥-66
50-500 65-69 62-65 66-70 ft-70
SO0-5 000 69-73 65 T0-74 T0-74

4The Michell-Banki turbie oprates to a manvmum power ot
Looo AW

Once the discharge had been determined. 2
hydraulic analysis was carried out in order to determine
whether the capacity of the canal was sufficient to
supply the plant and provide for irrigation at the same
time. The study made it possible to identify certain
critical zones where the canal had to be widened.

The figures in the table take into account generator
efficiency. which is low for the lower power ratings.

C. Site selection and design of civil structures

The existing intake had to be improved so as to
make it possible to regulate the admission of water into
the irrigation canal. The critical zones of the canal were
reinforced and widened in order to provide the necessary
capacity. A forcbay was built, which simultaneously
functioned as a silt basin and provided a way of
returning the overflow to the irrigation canal. An
appropriately anchored PVC penstock was designed.
Although the recommended procedure is to bury a line
of this kind, the pipe in question was installed above
ground so as to make it possible to test it for
performance and weather-resistance. and also to test a
number of protective coating materials.

D. Selection of equipment

Selection of the generalor

The guiding assumption was the need for 16 kW
generation output. On that basis. the specifications
called for 2 20 kVA alternator with a power fac.or of
0.8, generation voltage of 220 V, and generation fre-
quency of 60 Hz. The generator satisfied the maximum
power requirement. The rotation speed of the alternator
was 1,800 rev/min. As a research alternative, an
asynchronous generator was also installed, with a bank
of condensors to permit independent operation.

Selecrivit of turbines

Since it was designed to operate as a pilot plant.
one of the aims of the Obrajillo project was to study
and develop a technology for turbines of low specific
speed. The specific speeds of vanous turbine types 2re
shown in table 8.

TABLE ¥ SELECTION OF TURBINES ACCORDING TO
SPECIFIC SPEEDS

Turhine 11 pe AN A" Fosy
Single-nozrde Pelton 1-29 39 1 MXL300
Iwo or muiti-nozzle Pelton 29-59 9-18 4tn)-354
Michell-Banks 29-220 9-68 200-8)
Slow Francis 59-124 Ix-3n 80-150
Normal Franos 124-220 IN-AN 154-80
Fast Franas 220-440 6n-1 18 X0-20
Prupeller and Kaplan
turbines 132980 IS 300 388

Vo Noand N are detined in the tont

There are two expressions for the calculation of the
specific speed. The first depends on the etfictency of the
turbine and is written in the form:

N> P
N, = —
H,**
where P s the net power in hp (1 hp = 750 W) H s
the net head in m. and N 15 the speed in rev/nun.

The second expression for specific speed makes it
possible to arrive at efficiency-independent simintude
criteria and is written as:

Nx1Q
Ny® =713
4 s
H,
where Q is the flow in m'/s,

With a view to low specific speed. it was decided
for this project to use Peiton and Micheli-Banki
turbines. which were to operate under the same head
and flow conditions. In order to ensure that the
turbines would perform within their customary specific
r.p.m. range while operating under these conditions. it
was necessary to determine suitable runner diameters to

make possible an optimal rotatng speed for the
turbine.

In the case of the Michell-Banki turbine:
. 39.85| H,
D

where D, is the external diameter of the runner in m.

For the Pelton turbine:
00| H,
N= —
D,

where Dy is the diameter of the Pelton runner in m.




4nnex

~<

Runner diameters of 200 mm for the Michell-
Banki and 600 mm for the Pelton turbine were
adopted. making it necessary to usc a mechanical belt
transmission system between the turbine and the
alternator.

E. Design of the powerhouse

Fo: this project. an existing mill large enough to
acconunodate the eguipment and carry out research
was used as the powerhouse.







	0001A01
	0001A02
	0001A04
	0001A05
	0001A06
	0001A07
	0001A08
	0001A09
	0001A10
	0001A11
	0001A12
	0001A13
	0001A14
	0001B01
	0001B02
	0001B03
	0001B04
	0001B05
	0001B06
	0001B07
	0001B08
	0001B09
	0001B10
	0001B11
	0001B12
	0001B13
	0001B14
	0001C01
	0001C02
	0001C03
	0001C04
	0001C05
	0001C06
	0001C07
	0001C08
	0001C09
	0001C10
	0001C11
	0001C12
	0001C13
	0001C14
	0001D01
	0001D02
	0001D03
	0001D04
	0001D05
	0001D06
	0001D07
	0001D08
	0001D09
	0001D10
	0001D11
	0001D12
	0001D13
	0001D14
	0001E01
	0001E02
	0001E03
	0001E04
	0001E05
	0001E06
	0001E07
	0001E08
	0001E09
	0001E10
	0001E11
	0001E12
	0001E13
	0001E14
	0001F01
	0001F02
	0001F03
	0001F04
	0001F05
	0001F06
	0001F07
	0001F08
	0001F09
	0001F10
	0001F11
	0001F12
	0001F13
	0001F14
	0001G01
	0001G02
	0001G03
	0001G04
	0001G05

