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Preface

The development of new and renawable sources of energy has become
a matter of prioriiy in many countries zll over ithe world. In particular,
increased atteniion has been paid 1o the develomment of micro, mini ané
small=acale hydro powér generation units which could under certain cipe
cumstances appropriately contiribute to industrial and econocmic develop-
ment of rural sngd remote areas.

in places where limited hydro power is available, mini hydro power
generation units (MHG) constitute a readily acceassible socurce of renewable
energy. They use proven techmeologies that in many cases need only adap-—
tation, require limited investment and obviate excessive transmission
COBLE.

As part of its programme of Action in Appropriate Industrial Techno~
logy, UKIDO has baen actively involved in premotion of MHG development
and application in developing countries. It has organized three nrojects
related to this subject:

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

2. Seminar~Workehop an the Exchange of Experiences and Technology
Iransfer on Mini Hydro Electric Generation Units, Xathmandu,
.Nepal, 10=14 September 1973, and

3. Second Seminar—Workshop/Study Tour in the Development and
Application of Technolegy for Mini Hydro-Power Generstien,
17 October = 2 November at Hangzhou, P.R. China, and
3=7 Bovember 1980 at Manila, Rep. Philippines.

‘The Seminar=Workshop in Kepal, pecommended that UNIDO encourage
the preparstior of mamale providing guidelines for the development cof
mini hydroepower generation units in developing countries.

As a firgt gtep, it wae considered useful to prepare & manual cn
MHG for the guidance of decigionemakers in this field, at central c»
regional government level ar at the planning and project implementation

levels. The manual is intended as 8 working tool tc help decisionemaking




on the establishment of small and mini hydro power stations and the
formulation of comprehensive and conerent policies and programne for

thig purpose.

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

The Manual was prepared by OLADE, under the general leadership
of Mr. G. Rodriguez Elizarraras, Executive Secretary of OLADE, through a
group of its experts, Mr. C.A. Hernandez, Mp. L.E. Machado and Mr. L.A.
Suarez with Mr. Enrique Indacochea, Head, Regional Programme on Small
Bydpro Power Stations, as the technical co=ordinator. The Manual also
benefited from inputs provided by Mr. Guo Ruizhang, Chief Enginesr,
Bureau of Water Conservancy, Shanghai, and Mr. Thovild Persscn, VAST,
Swedan,

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

It ie intended thet this mapuel will be e workinc tool for decision
makers gt different levels. Sinee the potentiel mein users of the manusl
will not necessarily heve a specielized engineering beckground, the teph-
nical elements heve beedh restricteéd to descriptive espevts end elementary
concepts, with more empbasis being given to guestions of mini-nvéro power
genergtion (MHG) develomment, policy, planning end programming then 4o the
engineering End technologicel requirements and potentislities, ipstructionel
orgenizetion and training.

It ghould be elsc mentioneé that in this manuel, specific epproaches
and, in some cases, alternative sclutions ere proposed., However, the opti-
mm solutions mey vary for every mespsct of MAG develomment consideredly fram
country to ecountry as & result of differences in socio-economic systems,
politicel organizetion, level of developmen:t, history and cultwre. The
specific conditions of each country or region must therefore be taker
into account when the recommendations conteined ir tbhe mapusl are being
applied,

The mapusl compripes eight chapters. The firgt four chapters eonta.in‘
general informetion including éefinmition end clessification of MHG unmits,
advanteges ané limitation of MEG in solving energy mnd industrial develop-
ment problems in rural and remote areas and at the country level, and &
comparizon of MHG with other alternative energy Systems.

As regerds the clasgification of MHG, it should be noted that at the
time of writing there is Do united and generally sccepted clessificetion
ef MEG upits., Different organizations end countries heve different
approaches. For this reason, some systems of MHG clasgificetions ere pre-
sented in Chapter 2, including the system proposed et the URIDO Seminer-
Worksher on the Zxchange of Exrperiences anéd Technology Transfer on Mini-
Ey&ro Electric Generstiop Units, 10-1h September 1979, Kathmandu, Repal.

Chepter 5 presents &n &nelysit and methodology of MHG develomment,
gtarting from the assessment of possible epplicetions in & certein ares
and the evalustion of resources and demand to providing decision-makers
vith useful information on the operation and mzintenance of MHG units.




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

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

Annex A contains bdibliographical references of use to thoge who
wish to go into the subject more thoroughly, partienisrly its technical
aspects. .

Anpex B contains basiec MEG calculations which may be of interest to
those who have a basic engineering training.

Although the approach to the problem eand the recommendations con-
tained in the manual are mainly applicable to MHG of less than 1,000 kW,
they can also te used for the higher pover ranges provided that the limited
application of scme concepts, particularly techmology questicns, are
clearly Borme iz mind.

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



2. DEFINITIQN ARD CLASSIFICLTION

& ¥ini Bydro Power Station (MHG) is an installation where hydraulic
power it used to generate small cuantities of eleciricity by means of one

or more surbine-generztor unite or groups.
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Tae amoun: cf power <hat can be generzied {measurec in kilowetts) is
egqual tc that available in the waiter after aliowing feor the losses of effi-
ciency in each successive componer: c¢f the MHG, and is proportianal <o the
proguct of the net head and the fiow.

GROSS EEAL: Difference in level from the upper surface of the water
. at the highest usable poimt tc the lower level of its
use by the turbine. MEASUREMENT: MEIRES,

KET HEAD: Egvuvelent to the gross head less the hydraulic losses
in the different elemermts conveying the water to the
turbine. MEASURENENT: MEIRES.

FLOW: Quantity of water (volume) per vnit of time. UNITS:
CUBIC METRES FER SECOKD.

MHG can be classified according to varioue criteria and it is
conesidered advisable not to propose any one syrtem, no:i only because of
the arbitrary elements that emter imo every classificstion but also
because the Bpecific characteristics and degree of development of each
country mey better be served by differemt classifications.

Tae systa.ms given below mre in the nature of guidelines that could
be teken into account in defining criteria for specific coumtries or
regicns.

a) Jlccording 4o power and head.
Ne propose two schemes:




Couhtry or Organization Micro HG Mini HG SHG
(kW) (eHl) (kM)
o ‘?"‘z‘h‘ up to 100 100~1,000
uipo
mmla up to 100 101-2,000 2,001=10, 000
China by the wnit up to 6,000
by the installed up %o 12,000
capacity
Philippines .| to 5,000
Peru 5=50 31=500 5005, 000
Romania S5, 000
Thailand* up to 1,000
Turkey* 0=100 101-1,000 | 1,001-5,000
usa up to 20,000
Swedan 100=1, 500
Preparatory committee for
the UN Conference on New
and Renewable Sources of up to 1,000 1,001-10,000
Energy (Panel on Hydro=
power

*) (Clagsified not so clear.




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

POWER RANGE HEAD
(kW) ( met ree )
_Low MEDIUM HIGH
icre hydwo-power
ations up to 50 leseg than| 15«50 |more thean
15 50
i hydro power 50 « 500 less than| 20=100 { more thaq
20 100
all hydro power 500~5, 000 less than !more than
25 o130

HOTES:

- The low, medium and high bheads correspond approximately <o the employ-
ment of Axial, Francis or Michell-Banki, and Pelton turbines, res-
pectively.

- "Smell hydro electric power stxtions" also covers all plants with
outputs of less than 5,000 kW.

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

For very small outpute, generally lees than S5 k., and where the
water resources and characteristics of the country justify it, the use of
water wheels, particularly for direct mechanical power, is alsoc possible.

b) According o imtake
= m of river (lateral intake from a main watercourse);
= with reserveir or dam.

¢) According to its regulatien
- adjustable fiow {comtrol of the flow st the turbine intake) -
this may be either manmual or automatic;:
= constant load, whether because of the actual ngture of the
load or through dissipation of the excess energy.

d) According to its linke to the grid
= isolated plants;




e)
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plants conncected to small electrical grids;
plants connected t0 major zonmal or national networks.

According to techmological conception
Thig is an indicative classification based on the nature of the main

technological components of the plant.

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

plants using non=conventional technology. Often use intakes from
exigting irrigation canals which are improved, the forebay in-
stalled in line on the canal and incorporating the silt basin,
eleciro-mechanical equipment designed and constructed with tech-
nologies appropriate to the country's level of industrial deve-
lopment snd the savailability of lecal materials, standardized
equipment, modular switchboards with mimimum irstyrumentation.
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FISURE 1 SCEEMATIC DIAGRANS OF WINI EYDRC POWER STATIONS (MEHG'
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FIGURE 3 GENERAL DIAGRAN OF INTAKE

Cross section (3-B;




FISURE & GENERAL DIAGRAM OF A TTPICAI.; POREBAY

Crosg section CB"B)

Cross section (A-A)
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INPULSE TURBINES

PIGURE 5

PELTCOR TUHBINE

XICEELL BAWEKI TURRINES




FIGURE 6
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REACTTON TURBINES

FRANCIS TURBINE
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TYPICAL POWER HOUSE

FIGUPFE 7

A
A

fjeneregtor

-5 -
”y Ras
. __- Illlpmb

. ~
- 1oy
= - F
% K
- ] m

41 11
o . . 0

. m.u ]

- RO
T 3 %.n_v
S ",
of S
4
N
i

Control
panel

Trans former

water

Cross section (A-~A)

P

l
0~
i
mnu.
H
o m
. v
g
Ean:

HL

erator

fd

Plex




-lf -

ADVANTAGES ARD LIMITATIONS OF MHC

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

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

tages and overcoms their limitations.

Below are given some of the

out standing characteristice in this respect, although they should

not be taken as absolute.

ADVANTAGES

LIMITATICRS

Solution to probleme of growing | =
and difficulties in the supply
of fuel, particularly in rural -
and isolated areas.
Helpe to promote sécio=eccnomic | =
and cultuval dsvelopmant in the
™iral snviromment.

Technelogiee availsble that cnly |-
require adaptation to specific
conditions and in order to ree
duce costs.

Lov operating costs. . -
Cheap and simpls maintenance,”
long service life.

Little or.no envirommental -
impact; better comtrol of the
hydranlic sywtem.

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

High unit investment cost per
installed kW.

High comt of etudies in relation
to overall inveetments.
Utilization dependent upon the
availability of hydraulic re-
sources near the peimte of demand.
It is necessary to solve posaible
contradictions in the priorities
of use of water, particularly for
irrigation.

Power production may be affected
by metecrological and seasonal
conditions.

Continuity of operation depends
ob the technological characteris-
tices of the installsations, on an
adequate economic productive basis
for the uee of the power generated
and on adequate institutional -
arrangemexts for administration,
cperation and maintenance.

The specific advantages of MAG open up enormous possibilities

of applicaticem.

Their disaivantages may be grouped under two funda=

mental problems: <he investment required per installed kil and the
prospects for the conmtinued operation of the plants installed.

Pigure Ho.

8 ghows in achemstic form the csuses of these problems

and ountlines some of the solutione which can be considered when

d.ﬂwing_np development policies.
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CAUSES

SOLUT tONS

OPEITIONAL CORYIVMITY

r ron rasrects roe

| <~
~
Spmyrite onventional Convon- Popmmidonce Leck of [*~or
Sopl ot o onatyuation tlonnl o equip- regiomal Inndeynste inntitutional
':ml::'::. ethode and eritoria ':: od ve- scononle arrangements
:“. rypatoms atarial in the :‘“:::" tonsl L’::":"" for tha
of plamie pecirl- sslaction 1he reglow :::::; the ,.:.:“ ndmintotration,
oy atloneg and applt~ " sewntyy. of leeally anppiied, aperation and
igh cont cation of Migh scvin produced [TRA T nintenance
of aoquiring technolo- :: eirtien. aqui puomy e of the of the power
d trana- sies. ;::'::‘“" pover snaray | Istationn.
haterial Poor ol
8. ity -
Lo lemie
of smto-
ankienkion.
" hart wor=
ing dife.
Uadtd
svellabi-
My of
rpare parin.
{ | i I_r_._l
Meitg-garpens | [UP® of oritoris Pavelopcni, New approach : Adequate rlorlty to be | [Training of
sppliestion geared to the sdnptation to plamning, l-ﬂlw-';"" of Institut lonal glven ko the oparators nnl
maastive inatall-] Innd appli- resource and :‘;2: ”:: et 1on srrangemont a tmplamentation | [maintenance
ation of MIiG. catfion of demand nozesy- of squipment and to ennure of productive pernomel.
non-conventional} |ment and pre- neferiele, oompatibility ctivitien that
tachnologles. investment « Lo vcole of the aotion require ansrgy,
stodiang = Mediabiliny of state
zeape and - :".":: b Inotitutions ‘
cosl.suu glomal or Ba~ altl:lotl'nmntu;lly
compa ] Slceal vondi- particloention.
with the nltnrel ;::Ill' regtonsl ~ Ownorahip
- L1 L]
arlld :lso of the ur matfoned - :l!lml:elng
':r::n:r;g of asteriule. - 1‘: ;lf;:m“
| 1 - | ¢
profedsionale. - Maminiatration.
Ages 8 Proticne md Selutions for the Bevelopaont of W0

-Lt-



4.

4.1,

-18-

COMPARISON WITH ALTERNATIVE SYSTEMS

It is not proposed in this chapter to determine the absclute
advantages of one or cther power sysuem, but rather to establish in
qualitative form, without proposing methodclogies for quantitztive
analysis, the main elemente and critaria for comparing the alter-
axtives.

Often when making comparative analyses of MHEC and cther alter-
native cystems certain disadvantages, real or supposed, of the MHG
are aseumed a priori and the ecsnomic evaluatiens of altemmatives
are frequently distorted by cver—conservative indices.

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

EXTENSION OF AN EXISTING GRID

The question of whather to install an MHG or extend an existing
grid (EEG) i# mainly one of economic compariscn, particularly as
regards the investment required. The following are some of the
elements which must be taken into consideratiorn in suech a comparative
analysis:




M. Hl G.

E.E.G.

CIVIL WORKS

(intake, conduction system, forebey,
renstock, pewer house, accesscries,
ete. )

ELEC TRO-MECHANICAL EQUIPMENT

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

TRARSFORMIRG

To medium tension; net always
necessary (Transformer)
TRANSMISSION AKD DISTRIBUTIOR LIVE
From the machine room teo the point
of coneumption; small distance (low
or medium tension, voltage reduction
for distribution and consumption)

CIVIL WORKS
(Sub=station, switching area)

TRANSFORMING
From high to medivr tension
(transformers, switcaboard, etc.)

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

The advantages of one or other altermative are given by the
characteristics of the application, i.e. the greater or lesser
importance or magnitude of a given parameter‘detemines the com=
pParative advanteges of installing MHG or extending an existing

network EEG.




COMPARATIVE ADYANTAGE

P GREATER IMPORTANCE LESSER IMPORTANCE
ARAMETER OR XAGNITUDE OF CR MACNITUDE OF
PARAMETER PARAMETER
- Distance from point of con= MHG EEG
sunption to existing netwerk '
= Digtance from point of con= EEG MEG

sumption to mite of
water offtake )power—related

fact or)
e Quantity of energy to be EEG ' MBG
provided
= Load factor MHG EEG
- Importance of reliability of EEG ’ MHG
supply
- Uneven terrain MHC EEG
= Availability of small=scale MHG EEG

economically harnessable hydroe
power resources

= Availability of energy EEG MHG
= Prospescts of community MHG EEG
participation

COMBINING MHG AND EEG
I+ is poassible to combine MEG and EEG in situations such ass

= In coutries with abundant small=scale hydrzulic resocurces, densely popu=
lated and highly elecirified.

= Possibility of using irrigation and water control dams for power purposes
in placed near the grid where demand for electricity in the proximity of
the dam is only small.

= . Comatrius over—dspendent on imported fossil fuels for generating elec~
tricity and with abundant small-scale hydro powar resources available.

- Progresaive development of electrification :.n several rural locaiitiee,
beginning with the installatien of an MEG and later supplemented by EEG
when justified by the growth in demand.
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4.2, THERDUL URITS

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

These were traditiocnally the main altermative +o MHG and their very
widespread use was due to:

- Low cost of fuel and lubricante
~ Low cost of acquisition

- Ease of installatiom

= Simplicity of operaticu

With the ending of power systemc based on the low cost of
hydrocarbons, these units in many csses cease %o be a valid alter—
native way of providing power in rural areas. Also small scale
steam power stations operating ranking cycle can be employed to
generste electricity, frequently uwtilizing waste combustable
materials or even coal when it is eagily available and clLeap,

such ag in coal mines.
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ADVANTAGES ARD DISADVANTACES OF THEFMAL UNITS AS COMPARED WITH MHG

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

= Require imported and difficult
to obtain spare parts.

- Little proépect of developing
local production of motors.

= Short service life (58 years)

«~ Contribute to environmental
polliution.

= Help to increase demand for eil.

Bconamic 9ompa.risona of the two altemmatives = Thermal Units or MHC -

are frequently distorted by the fact that in some countries the prices of
oil and its derivatives are subsidized. In such cases the microe-econcmic
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 emall

thermal units is appropriate are as follows:

= Ag emergency or reserve units.

In isolated areas where there are no sasily harmessable hydraulical
rasources and the extensicn of transmission lines is not justified.
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4.3 OTHER RENEWABLE SOURCES OF ENERGY

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

- if they can produce eleciric power, their uses can usually be Justified
economically only for very emall power lcads.

The advantages of MHGC over other renewable sources of energy may
be summarized as follows:

- Easy adaptation for producing electric power.

- Lower unit costs of investmerrt per unit of
ugeful energy.

= Mature and proven technology.

As regards the specific characteristics of the main alternative
sources of energy, the following may be saids

a) Direct solar energy

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

As regards its passive upe, its rele ig particularly important in
environmental heating through appropriate architectural designs.

Sclar emergy can be harnessed for the direct production of electricity
through the use of thermal umite operating with the Rankine steam cytle,
which involve very high initial investment costs and very low efficiency.
Photowvoltaic cells are also used for the direct conversion of =sclar radia-
tion into elecirical energy, but in the third worid their utilization is
atly Jjustified for the production of energy needed in small quantities
and for highly specialized applications as they de not yet constitute a
¢cheap source of snergy.
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b) Wipd power

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

In ganeral they provide an alternstive to MHG for the under 10 kW
power range. ’

e) Bioenergy

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

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

Also pyrolisis processes and alcohol can be interesting sources of
biocenergy to operate small thermal wuniis.

d) Gecthermal snergy

Whers the resocurce is available geothermal energy caz also Te em=
ployed to generate elactricity, however, this is most freguently applied
in medium or large power stations, even though it is also poasible to
utilize gecthermal energzy for small unita,
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S DEVELOPMENT CF MHC

5.1. POSSIPILITIES OF APPLICATICN

Before carrying out specific projects to promote the developmen: of
NEG in & given country, it is neceesery to determine, at least qualitetively
or with a few guantitztive elemenis, the nature and magnitude of the protlems
4o be solved by using MEG, tc ascertain, tentatively, the existence of
. amall=gcale hydraulic respurces and to have an over-all assessment of national
capacities in order to initiate their development.

FEOILESS 4T XX SCLYED WITH NMO

FRONLER 0L TEDY BLININTS TOR ARALYSI?

™ FROVINE BEESY UL TN EURLL
YT, [ECLUDINC SMiLl )
JEBSTRYES DEYELOMMZT " Sivestion: oreers of asgnitmde of
the prodiem
Adrermstivs
Por what parpess?
- T imprewe living cenditions
- To dewuicp fare indussry
- Te dawleop saall indaatiTins
{feorsilivers, omexille, etc.)
- Yor sining dewelopmet
fo drveley Mamdicrafte
- Tur irriguwtion and drainage
by puping
- Masctise and sulturs
Kealth

VLI DIIECIIVEE
Hiwntion with regurt teo the wse of
thermal ewps for gwmerwting pewer,
wen of prirolem darivtives for
sesking, lipting v bosting,
The sowrtey's sitaxtied with regurd
3o the pretustion snd japertation
of hydreearboas; ocrdere of sagni-
uie, profpects abd limitaticne in
soplaning then.

PEILN O B ELENEE™S JUR AFALISIX
Sremsporting Fyiresaryens tv rerel
arass,
Iapliaptisna of wning thermal -
oreimert (cos, seeful life,
mpplying feal, meintrngmos mod
repaire, wmo.).
Rresimm of soil.
Edrumlis sarerel.
Ieforestation.
Mllwtien.
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SACERTADIDIC THE EIISTENCE OF SMALL-ZSALE NTRAC POVER POTINTLAL

MOTERTIAL ELEMENT FOR ANALYSIX
AVAILABILITT OF HIRED
FAMER RERCUICE: Qualitative assepmxt of)

104N OF EIRO RESOURCES
¥ IEATTE %0 DDUED

AOCESSIATLTY oF
AVAILISLE RESCURCTS

FOSSTRILITIES P
AUIZIPIE UE

a)} Precipiteticns mnd bydvelogy { fiow)

®) Terrein {assss)

o) Qdsslegical and qualitezise geos
serpholegicsl sharerteristios of
tha terTitory.

Setimare [if pessihle) of the emiar

of sagaitwia of ths potential.

ABlyEis By aresa or refiolis.

It should W borne {6 mind that for
isclased WED or thess whick o & paRt
of sumall grids, use of hydro presr
should %o aloss to the losation of
demasd. Petamiial sheuld e setimsted
ib srwie whichk arw close to the demand,
ammept for KEC wiieh are irxemsospeated
with larger grids.

= Camakicstien

= Oeagrapkic socidemss

= Clisste

= Bealthimses -

= Irrigmions, ues of eximting
mateTNAre.

= Osa of eximing dama.

= Bultiple projects {irvigation
ond seergy).

AATINE UTILIZATIOR OF EATIONAL CAPACITIES WOR DEVELOPING NRO

RAEFS Fol SaLysIs

IESTITITRNLL CRUNIZATION

Orpamismiion, aTperisncs

Insvitwtions, stultss which hews el
sarried qut, ergualsstion.

Iretitusions, advisers sbla to prepare
projerts smd dawelicy sapinesring;
aayi sna

AvsllaMility, fiomcial izetitwtians,
artaral swmress.

Eeotrical ssterprises md thair
ativities in rural wress. Wumicipal
md acegpefutive sntermrimee. PFrivete
preindere, vemmunal partisipscion;
trniitions and wrperienns.

Erperieane, mmal]l cEmtyesiors, Gmme
treoting fires, soteyprises; sesarials.
Grpmisstion of cpsresion and eaine
TEANOa.

twnilability at all lewala. .
Availakility, capacities for dewws
lopmar: st sdapresicn, infarmstiom,

Ixperitnse ib anquiring tevhmologiens
Immiay or potamtial protustion,
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After analysing energy needs, the availability of hydrec power respurces
and the naticnal capacities, a policy decision must be taken as tc whether
the implementation of MHG should be encouraged or not, in which connexion
the following ehould be borme in minds

- It shoulé rely om such informetion as is available and not wait for

the preparation of ad hoc studies; consequently, the decigion will
be based on fundamentally cualitative elements and on very appro-
rimete quantitative elements. Together with the process of plamning
the development of MHG, studies must be carried out to define the
scope of & development programme, as well as any possible corrections
of +the policy which has bsen sdopted.

- It should be bornme in mind that there may be territorial distinetions
within a couniry concerning the development of MHG, depending on the
availability of hydraulic resources and the energy needs which have
4o be met. .

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

- A policy for the development of MHG is absolutely dependent on such
factors aB the availability of hydraulic resources and emergy needs.
Naticnal capacities are factors which can facilitate or impede the
development of MHG in a country, but they are not abeolute factors,
eince tbhey can be changed.

- The development of MEC calls for integrasted actions on various frents,
aB ig poimted out in the table of naticnal capacities and summarized

in Figure 9.

- The policy decimion to develop MHG should be the basis for the formu-
lation of & strategy of development and specific p'o].ic:i.es, the elements
cf which are mnalysed in the following sectien of this chapter.




(1) ¢—p, PLANNING UNIT ) fo—> (D

(B) (F) I (») (9) 3
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7) i Y STUDIES AND WORKS "’mcrmomuxcu. DEVELOPMENT

EQUIPMENT niREE— UNIT

( H)e—»i PRODUCTION l IMPLEMENTATION UNIT
UNIT - I I
(») (a) (F) %))
3;a:)lmm\'non
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Fig. 9 DASIC RELATIONSHIP DIAGRAM OF VARIOUS SCHEMATIC UNITS TO BE CORSIDERED

FOR THE DEVELOPMENT OF MIKI
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5.2. ORGANIZAIION OF PLARNING ARD PROGRAMNING

Once it hac been decided to develop MHG in the cowutry, it is necessary
to define the following:
a) "The responsible governmexntal sector (ministry, State secretariat,
Stete imstitution, etc.). In general, it will be found within the scope
- of the ministry or State secretariat responsible for energy affairs.

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

Within ¢he body responsible for plamning, a unit or section should be
established wiich will de specifically in charge of developing MEG separzte
from the unit or section dealing with larger hydro power socurces., The

~ functions of MHG sectione or units can be as follows:

= Ton propose development policies and strategy.

= To formulate development plans.

= To formulate periodic pregrames for implementation
(studies on civil engineering works and financing).

= To co=ordinate and eupervise the unitis responeible for
the programmes Ior evaluating resources and demand,
carrying out civil construction works, and operations
of plants.

= To act as ap advisory body for MHC development.

= Cowordination with inetitutions and enterxprises ree-
ponaible for financing, techneclogicsl development, pro—
duction of equipmext and training.

= Defining tariffs or the criteria for establishing them.
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Tee compulsory or indicative character of the plan will depend onm the
country's sccial=economic system, its political organization and on whether
there igs a greatey or lesser participatian of the public or the private
sector in the various parts of the implementation of the plan.

Figure 10 gives a diagram of relations in the process of planning
the development of MHG, forming a part of the over—all diagram in Figure
9.

As complementary activities, the unit in charge of plamning will be
able to perform the following Dmectionss

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

= Alternating requests for financing and actians taken by the local
population and deciding whether they can be incorporzted in the
implementation programmes.

= Qeneral negotiations concerning the large—acale purchase of equipe-

- Co=ordination with comnunal institutione and organizations which can
promote the development of MHC in their localities.

= Suggesting needs for technological development t¢ the competent
ingtitutions and evaluating the use of non=conventional technologies.

- Suggesting institutional schemes for the comsimuction and operation
of MHG.

= QCo=ordinsting imternational technical co=operation.

Te first thing to be done in a country where systematic projects to
develop MHC are being undertaken is to prepare a "shert~term plan" with &
view t0 carrying out certain comcrete projects while a “development plan®
ig being drawn up which will require studies on the svaluation of energy
neéds, the availability of resources and the establishment of priorities,
and which will also have to promote activities in various fields commected

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

~ Termipation of uncompleted works.

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

-~ HRelocetion of existing equipment in abandonsd plants.

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

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

= Installation of pilot plants to evaluate technological
altematives and capacities for implementation.

The development of the short—term pian sud ite respective programmes
offers the following advantages:

‘= Tt makes it possible ti inmitiate MIG developmemt projects without
involving any delay due o the need to prepare a coherent, cver—
all plan; on the other hand, it provides sufficient time for drawing
up the development plan. '
- It makes it possible to acquire experiance which can be used for
the development plan.
= It makes it posgible to develop mature projects.
= It helps to demonstrate the MHG.
= It stimulates the development of communal self=help projects.
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Sigultanecusly with the preparation and implementation of the short-
term plan and the programme for its implementation, 4the planning unmit will
have to begin to prepare the "MHG Development Plan”, which calls for a series
of preliminary studie= and evaluations that will constiiute the objective
bagis of +the plan.

Idemsilicution of pepulated amd ieclated ountres aud
sicresregpions wviich are is nevd of ssergy dewlowert.
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of potemwtially exploitahla yeacurses in sress slase te
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Isvemtary of sziming WIG, evaluation of thair ssmditien
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The plan must likewige take due account of epecific policies which

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

suggestions for policies and their possible char

“eristics, which will

have tc be adapted to the conditions of eash coumry.

- Ilmavease iv sfdet wlws of

preduciion by seans of eFias
lishing rurel industries.

= Dwvelopaent of svergr-

producing aciinitiss.

= Improvisg living cenditions,
« Eealth, cultur:, recreitiom.
- PEaping wter.

» Ealti-pgrposs wee of dems.
« Dewilopeart of small rFaral

alsctricity gida.

e Imterconmexcion of W3E with

saticoal Detwrks or dewe
lopsent of imolsted lecalities.

= Positiom ib the contast of
raral devslopeer.

- Merticipstim of slemrifis
ostism hodies oF wArpPriEes
and spemchal participstion;
argumisstional il entre=
poueurial formep (mized
amisipal seterprisen, pri-
waka Soweprretiven).
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5.3. OVER-ALL EVALUATIOR OF RESOUECES AND DEMAED
This is one of the principal elements %o consider when prometing the

congtruction of MHG in 8 count>y, ae it it the main frame of refersnce for
drawing up development plane and implemsmtation programmes.

GENERAL CONSIDERATIONS FOR TEE OVER-ALL EVALUATICK OF RESOURCES AND DEMAND
FOR MEG

= The over—all evaluations are directed toward the study of ‘he demand
ﬁd resources for micro~regione and basins and do not go into the
gtudies of specific projecis in detail.

- When considering the development of NHG in micro-regions or isolsted
localities, it must nct be forgotten that the over-all ewvalustion of
demsnd and rescurces for energy are closely connested, in geographic
terms, because of the limitations of the distance over which low and
mediun=tension current can be transmitted.

= When attempting to connect MHEG to existing networks, the geographical
link ghould be establighed between the area where the hydravlic re=-

" sources are found, and the transmission lines to which it is plamned
to commect with.

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

SPECIFIC PROJECTS

OVER-ALL

« Is needed for the formulation -
of MHG development plans and
programmes,

= Study of the overeall energy -
needs of a micro=region or
propulation groups in a spaci-

= Study of expleitable resources -
iz a basin or dip, with a
preliminary list of specific
projects.

= Qeneral, ertensive and mlti- -
disciplinary studies to evaluate
resources, including: .

Hydrology

Ecology

Geology

Geotechnics

Availability of aggregates

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

SPECIFIC

Is needed for studies of indi=
vidual projects.

Study of the onergy needs of a
locality or population group which

44+ i h
- & L

-

projects
Study of the resources for a
apecific project.

Detailed studies of a projecst,
reduced to an absolute minimum in
order not to increase pre-=investment
costas

= MNater gauging (flow measurenents)

= Geotechnics {punctual and appro-

ximate)

-~ Topography
The evaluaticn of demand must be
based on a detailed investigation of
the localities comected with the
project.
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Saction 7.1l. refers tc the evaluation needs for epecific projects.

Depending on the local conditions in each country, the overwall
evaluation of rescurces and demand should be made by an ad hoc technical
unit, which should be responsible to the unit in charge of MHG planning;
alternatively, these functions can be entmsted to some institution wiich
specializes in evaluating naturel resources or in hydrology. Consideration
could alsc be given to having these funciione carried out by a specialized
unit of some firm exgaged in electricai developmerrt.

If there are any limitations with respect to the institutional organi-
zation for the over-all evaluation, consideration might be given to hiring
spacialized advisers under the egupervision of the plamming unit,

The unit in charge of the overeall evaluatiocns will hawve the following
main functions:

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

= ldentifying and evaluating existing MHG.

- Asgigning priorities to the areas %o be evaluasted in co—ordination
with the Plamning Unit.

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

= Evalusting anergy development needs and potemtial in rural areas.

- Jdemtifying specific MHG projects and suggesting priorities for
their development.




Below is e typicel flow chart of the activities of over-all evaluation:

IDENTIFYING AND
CLASSTFYING BASTNS
ARD SUB-BASINS

INVENTORY OF IDENTIFYING MICRO-REGIONS
EXISTING MAG AND ISOLATED LOCALITTIES

| |

PRIORITIES FOR AKZAS FOR MAKING AN
OVER-ALL EVALUATION

. l

OVER-ALL EVALUATION OF
NEEDS AND DEMANDS
IN EACE AREA

OVER=-ALL EVALUATIOR OF
RESOURCES IR EACH AREA

SPECIFIC
PROJECTS

FOR PROJECTS
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The outlines suggested for evaluating resources and demand should not be
applied mechanically in any country whatsoever, since there are Bpecial condi=-
+ione in every case wnich call for ap individual apprcach based cn:

- The characteristics and distribution of omall scale
hydrsulic resocurces.

- The relative importance of MHEG in rural development.

- The existemce of ingtitutione, mtatistics, studies and
technical cadres for carrying out evaluatian astivities.

Seme charscteristics activities for over-all evalustion must have, are
described below.

a) Inventory of existing MHG

This congiste of idemtifying existing and projected plaxts.

It is recommended thst special evalustion forms should be preparsd in order
to record the following datas

- Data concerning the location.

- Hydrological dsta and an appraisal of the basin,

- Basic specifications of the power statiom zpd its maizn equipment
(ewpacities, head, flow, type of turbines, piping, gensrators, etc.).

=  Stste of preservation (for existing plamts).

- Data concerning service and the populstion supplied, including
chararteristics of demand and types of comsumption.

The invenmtory canstitutes a useful tool for organizing plans and programes,
both when svalusting the state of development of the MHG and when determining
shorte=tern activities for re-adapting, relocating and continuing projects, ae
well am for determing the country's own reference indices.

This inventory can be used for mtudying other existing energy sources,
especially with regard to the extension of existing electirical networke and
thermel power statioms which bave been installed.




Cne example of possible evaluaticn forme for recording data on MHG units
ia shown in Figure 1l.

Pigure 11 Forn for MHG Unite Data Shest

NHama of the MGH Unite:

2 (1) T | Tocatlon '
Locations

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

BASIN SUB-BASIN' WATERSEED
Capacity Area (hnz) linim3])ail naﬁmuma‘!'lood Malti-year
Flow (m /aerj Flow (n”/sec) f. Elga)now
m~/sec

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

Status of the MHG Unit: BExisting  Under construction Projected
Condition of the MGH Unit: Good Bad In-opergtive
Status of the Hetworks: BExisting Under construction Projected
Condition of the Networks: Good Bad erative

Power installed or to be installed (kW) (23):
Mazimum Demand Poreseen (kW):

Armual Energy Mean (kWh):

Kipd of Turbines

Design Flow (m3/ssc): -

|Groea head (m) (4):

(3) In generstor terminale

(4) Difference between upper level of water in the forebay and the lower level
of head utilization in the turbine.




Populxtion Serwved:
Number of Consumere:

Use of electric enerzy (%)
Public Household Commercial Imdustrisl Irrigation Mining Others

Lignting

Cthers (Brplain):

Productive activities using electric energy (Detziled: carpentry, bakery,
Jbrick-eaking, stc.)

OBSERVATIONS:

_ (v) Identifying and classifying basins and sub=basing

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

It includes the approaximate determination of the bhydrogrephic ané physical
parameters of the country’s basins and sub=bagine, either orn the basis of mea-
surements and studies which have been carried out of by inference with mathematicel
models.

Toin study may be extended to the systems of watersheds belonging to a sub=
~ basin by establighing correlation parameters when determining run-offs.
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This study will lead to the need for preparing hydrological studies for
specific bagina and subebasins, where the hydrological data call for greater
reliability.

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

c) ldentifying microwregions and isclated localities

This iz 2 preliminary approxrimation for determining energy needs, based
mainly on erxisting statietical data which can be obtained frem censuses and
regional studiea.

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

In the procese of grouping localities in microeregions, the following
factors should be taken imto account: '

- Physical proximity.

- Commgnications.

- Political and administrative division of the coumtry.

- Location vith respect to sub=basine and hydrogrsphic
water shed.

- Economic apd social links

Coneidering that the available statisitical informstion will frequently
not be up to date snd will not conitain certain elements of information, it
is necesssry to prepare mathematical medels of -population growth {or decline)
and correlaticn indices for determing quamtitative paraaeters, which shonld
be checked by field sampling. '

The prepared files should be kept permanently up to date, mot only with
regard to time Put alasc with regard to the aceuracy of the information.
.{One example of possible forms for collecting data concerming micro-regicns
ural localities is showz iz Pigure 12 ). '




d) Priorities to be given 1o aress or micro-regions in making ihe
gver=ell evaluation

The information cbtained during the three previcus stagee will provide the
basic elements for assigning prioritiees to the areas where ihe rtudieé for the
over-all evaluation will be carried out, inasmuch as it will hardly be poseible
or juetifiable to evaluate the entire territory of a country simultenecusly,
becsuse of the following:

- The cost apd the limitatione of the available financial rescurces.

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

because of their hydro—energy potantia:_l or population deneity.

-  fThe limitations regarding human Tescurces and imstituiional experts

to carry out the overwgl]l evalustion.

This work coneiste of establighing priorities smeng areas in order to
prepare a mmall-scale evaluation of the hydraulic rescurces in the snb-basins
and hydrographic water shed of the area and an over-all evaluation of the needs
and energy demand of the localities situsted in it; in oither worde, priorities
will be asmigned in order tc determine those areas which will require more
detailed evaluation studies because of their better possibilities for the
development of MEG, as shown by the preliminary studies for identifying basins
and populations.

Pigure 12 Form for Data for the Identificetion of Isclsted Cemters amd
Micro=Regsiona

Hame of Population Center:
Location Deta:

(1) (1) (1)

(1) According to the politicaleadministrative divisien of the country.
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DEWXD
Population Pop. Density (inhab/im2) |

Fo. of abandoned potentials
Domentic ‘ Commercial

Industrial Others

WATER SHED TO WHICH IT BELONGS

AREL (k=) MINTMUX DAILY

MAXDNUM PLOCD
_FLOW (n°/sec) | FLOW (2°/sec)

ANNUAL OB NULTI-YELR
AVERACE PLOW (m3/sec) _

SPECIFICATION ALTERNATIVES

Alternative

1

A1t ematiwrutematiw Alternative
2 3 a

FALL UTILIZABLE FOR MEG (m)(2)

FLOW UTILIZABLE POR MHG (m°/sec)

TNSTALLABLE POWER FOR MHG TNITS
(i)

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

discharge.

STATUS OF SERVICE

Available electric service:

Tas - I
: HBydranlie Thermal Transmission from larger E.S.
Quality of Service: Goed Bad Rir
Tear of installation or interconnexion:
Lavel of sub~transmisgicn temsion {kW):
ondition of Betworks: Gcod _ Bad Fair




Bydraulic Generation: Exiting Under construction Projected
|Condition of MHG Tmit: Good Bad In=-operative

Ingtalled Power (kW): Mar. Demand: Energy (kW):
Available k=ad (m):

tilizable flow (m3/uc):
istance from SHPS to population center (lom):

Hote: In case peveral unitc exist, indicate the characteristice of each.

Thermal Generstion: Erigting Under constraction Projected
Conmdition: Good Bad In=oparative

Ingtalied Fower (_kii)z . Marimum Demsnd{kW): Energy{kW):
Ho. of Groups: Potantial of each: Kind of Equip.:

Foel Used: Efficisncy !kﬂh‘@.):

Ganeration from cther Elme. Svetem:

Existing Doder construction Projected

Line capscity(kW): Length(km)s
Power of Largest E.S5.(x¥W): Total saual Energy{kih):
Naximum Demand (kW):
Type: Hydranlic:

Thermal Fuel Tsed

Nixed
BOADS STSTEM
Roads JAsphalted Paved Unpaved
Transitability {moa./yr. )2
Distance from other population centers: Canter Distance(lom)
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IRRIGATICN
Humber: Exigting(E)s Prujected(?):
Irrigation Status (E or P) Irrigated Area (hnz) Flow (m3/sec)

ECCNCMIC ACTIVITIES:

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

Agriculture (Avea farmed): (by types of cropsedetail.)

Mining: {Type of minerals, reserves, amount exploited):

Agro-industry (Types and production capacities):
Other industries apd hapdicrafts {Detail):

In order to determine these priorities, it ia necessary to establish
veighted svaluation criteria which suast be comordinated with the Flarmming Unit.
The following parameiers can be cohsidered, however, their weights and values
gshould be established in connection with the pricrities defined by the naticnal
development plans and gowvermment policies.

PARAMETERS FOR ASSIGRIEG FRIOKITIES TO AREAS FOR THE OVER-ALL EVALUATION
OF RESOURCES ARD NEEDS

- T™e populaticn which can be served.

- The existence of hydranlic resources.

- T™he existence of favourable cenditions for constiructing NHG,
in so far as can be determined from the preliminary studies.

- The area's poesibilities for economic development and for the

use of energy for productive purposes.

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

- Possibilities of interconnexion with larger systems.

- Cther energy alternatives

- Pomgibilities of multiple=purpose develcpmenmt.
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Sane ol the above=mentioned eriteria would hardly come under consideration
in determining priorities, because of the limited information provided by the
preliminary idertification studies and inventories.

Taie stage still does not constitute an adequate basis for the "dewvelopment
plan™ and the "MHG implementalion progranmes” derived from it, but it is certainly
useful for formulating the "shorteterm plan”, especinlly in those cases where
poasibilities for projects with special advantages have been specifically iden—
tified.

e) Over—all evaluation of rescurces in each area

The over-all evaluation will focus on the sub-basine and watereheds which
offer the best possibilities and ars closely comnecited with the localitiec which
are potential usbers; comsequently, it will have to be made parallel to and together
with the evaluation study of demand and needs referred to below.

- As was mentioned before, the over-all evaluation studies of the rescurces
of sach area and sach mubebasin which have to be analysed msy include gtudies
of hydrology, ecolegy, geclogy, secmerphology, geotechnics and the availabllity
of w‘tu., the possible scope of which is described in the following para-
graphs. However, it should be repeated that although these evaluations will
_make it posgible to identify specific projects, they sbould not be made for each
and every project, in order to avoid sxcessive preeinvestmant costs for the
individusl projecta. Noreover, the depth and exact detail of the evaluation
will depend on its hydro=energy potential and eneygy requirements, which in
wany cases ¢an be linited to qualitative or approximate evaluations.

(1) Eydrology

Purpose =~ to estimate the {lows whick can be used for ;uini power stations,
by generally determining the minimum flews, i.e, flows where there i an 85-95
per cent probability ithat they will be exceeded on & monthly basis.

Methodelogicsl aspecte = The minimum flow ig generally ascertained on
the bagic of flow/durstion curves, although they are often hard to determine by
direct methods, eince in many cases no hydrometric »ecords are svailable and
it is necessary to resort to indimect methods by determining and applying index
values.
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It is alsc posaible to establish criteria of conptant gimilitude betwean
the sub=bazins and the main bagins which will help to generalize the informetion
that is meost likely available for the larger basins, especially for the preci-
pitation/duration and flow/dursticn curves.

The available pluviomstic information {precipitation measurements) should
be supplemented by prenaring regression equstions of existing ;ia.ta.: mereover, the .
hydrometric information which is generally avmilable should be used by applying
intesrpolsation eriteria to supplement the flow records. Hydrological models can
also be used when there are no representative hydrelogical series in the sub-
bazine by simlating run=off seriea for the drainage area in question. One
interesting model which would reguire some adaptation far practical use is the
Sorvagian SNFS system in which the transfer through each sub~basin iz simulated
by a system of tanks.

In the final analysia, the monthly minimum flow or that which is exceeded
95 per cent of the time, asmuming the predominant use of ®run of river™ mini
hydro powsr statians, can be defined as a percentage of the average multi-anmual
flow. It ism posmible to draw up squations establishing a relation betwsan the
annual average flow or the anmual average hydrssulic capacity (m3/3/nn2) (also
known as discharge modulus) and ‘he correspanding drainage area of the basin,
shich, together with the durstiocn curves which have beern ascertained directly,
makes it possible toc define linear expreseions for calculating the minimﬁn
monthly flows.

Daily flows may vary considerably, cfince daily minimum values are gene-
rally lower than monthly values. BHowever, they cannot be very accurately pre—
dicted, which would lead to an apparentily insoluble problem, congidering that
in the case of "run of river® mini hydro stations there is practically no storage. -
In spite of this @ifficulty, the probhlem may be irrelevant, inasmuch as the
occurence of daily minimum flows whick are less than the monthly ones would affect -
+he operstion of the plants only temporarily.

ideally, it would be desirable to have estimates for a minimum peried of

+hres years, concerning the watercourse from which water would be obtained,
althongh this is only practical for groups of projects in a given basin and not
for a apecific mini hydrc pover sztation.




- bo -

Relevant information supplied by the local population car also help,
£ properly interpreted, to evaluste historical flows, especially with regard
to floode. Marmigum flows supply 2 useful refeprence point for planning civil
engineering works, especially with regard 4o their protection.

(2) Ecology

Purpose -~ To describe the envircoment in which flora and fauna will develep
in order to determine its effsct on project charasteristics, tmilding types, and
materisles, and equipment to be used; its effects om prospects for conservaticn
and, cn the other hand, ihe effect of establishing mini hydro power stations
ot the ecology of the bagin or sub=bagin.

Nethodological aspects = For the ressans pointed out above, this kind of
study is only suitable for evaluating bagine and not for eveluating specific
projecte; in the leiter case, what is needed are merely general comments on the
scological aspecte.

This will cover the following aspects:
- Climate
- Bicleogical zones
=  Soils {from the point of view of human use)
- Vegetation
- Fauna
- Bodise of water and aguetic biology.

(3) Geology
Purpose = To determine the basic characteristios and compogition of the

soil and sub=soil of the basin in order to establish some general guidelines
for canstruction, mainly with regard to strmctursal and seismic aspects.

Nethedological aspescis = It is pdvisable to underteke ctudies which spply
+0 basins and sub=besins rather than to specific projects. The most relevant
aspectis of such studies are the following:

- +hology {geological formatiops, using stratigraphical
methods)
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- tructural geology (fanlts, determining directions of
volcanic activity)

-  Seismology ( records, prodability of eer‘hquakes and
their magnitude).

(4) Gecmorphology

Purpoke = To study the conformation of the surface of the terrain and
evaluate it with 2 view to determining, in particular, the accumulation and
depomit of sediment in the watercourses, while conmidering its eroding effects
on equipwent apd the consequent need for suitable plamming for silt basins and
selecting materials for tbe turbines (mainly rotors and injection systems).

I+ is also helpful in making a final selection of the gite in order to aveid
possible land slides and eromion.

Methodological aspecie = The identificaticn of structures on the basis
of geomorphological maps, mainly with respect to scarps, slopes and valley
bottoms {riverbeds); can be applisd to the over-all study of basing and sub-
hagins. '

(5) Geo'i'.ccmtca

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

Methodological aspects = The application of gectechnical studies to basins
and sub-basing is limited, due to the enormous diversity of individual variaticns;
in this cass, therefore, it will be limited to descriptive aspecta based cn geo—
logical siudies.

4 gectechmical study is particularly relevant for the study ol soils in poe-
gible specific locaticns for civil enginesring works, in order to help io selesct
2innl locations and to define design requirements.

The extent of its use depends on the size of the individual project, both
with respect to study cogts and the misks inherent in the construction work itself.
In the cass of mini bhydvo power staticna, gectechnical studies should generslly
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be reduced %o a minimwe, depending on qualitative jufigements, mainly by excava=
<ions and érillings, an espprorimate estimete of the bearing capacity of the moil
and an ectimate of safety factors for designing the inmtake, forebay, some supports
for the piping and anchoring the main equipment.

(6) Awailsbility of aggregates

Purpope = To investigate the availabiliiy of suitable materiale for aggregates
(stone, gravel, sand, etc.), an important facior in reducing the coste of works
and ccenstmction processes.

Methedological aspects = A differentiated siudy of tbe exictence and charac-
terigtics of the prinecipal kinds of materials needed (grammlar material, riprap
material, quarried material, sand, gravel, eic.).

F3

£) Over-all evaluetion of energy needs and econcmic demands in each aree

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

Thig stage calls for a detailed study of the date obtained from a preliminary
identification of microersgiome and isclated areas through field evaluation sur-
veys, whickh, however, should be kept at a general snd statistical level when
describing the characteristics of each locality.

It im necessary to keep an extemsive data file for each locality and to
prepare card indexes for micro-regions or groups of localities shich can be .inte-
grated into a small grid.

The sacial-aconomie malyeis of each locality can cover the points described
below. However, it should be borne in mimd that this analysis can be more limited
and that some elements can be left for censideration in studies of specific pro-
Jects or else simply disregarded.

SCOPE OF THE SOCIAL-ECONQMIC ANALYSIS OF IOCALTTIES

”

POPULATICK Humber, size of families, breakdown by activities,
income, culturel levels, ete. Typification of the
possible levels of satisfying energy needs. Historical
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information about growih (or sisgnation); migrationms.

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

ECONCMIC ACTIVITES Depeription of existing productive and supporting

TRANSPORT AFD
COMMURICATIONS

SERVICES
EDUCATICH

activities; economic impact. Potential of the area.
Identifying projects in energy-consuming asctivities.

Recuiremente for project implementation: time limits.

Transport sysiems (personnel and goods); highways,
postal system, talecommunications, etc.

Drinking water, drainage, energy supplies; trade.

Schools and cultﬁra.‘l. activities; educational needs and
their specific energy requirsments.

PHYSICAL DESCRIPTION Geographic location, distance, physical description

OF THE LOCALITY

(streets, distances, types of cemstructiom, etc.).

The mocial-scancmic analysis should provide the bamic data for each locality,
so that the requirements and potential for electricity consumption and the required
inatalled capacity can be determined by using indices.

In this stage of over-all avaluatiaon, it is possible t¢ determine only appro-
vimate requirementas of installed capacity on the basis of indices, which will be
nscesmary for formulating specific projects.

In additien, preliminary evaluztions of energy consumptiocn can be made for

various kinds of consumption:

Househole

Pablie lighting

Eccnarically productive activities

Miscellanecus {nealth, education, culture; social,
political and religious activities, stc.).

It is also possible to estimate approximate periods of daily use Zor each
category and its seascnal variations. Me proposed additional analysis provides
the necessary data i0 determine required installed capacity and demand at ihe pre-
feagiblity level for studiss of specilic projects.
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g) Identifving specifie wrojeets

Bacause of the inter-actior batween alternative MHG projects which ean be
defined from the over-all evaluation of resources, together with the evaluation
of needs and demand in all the localities of an erea, it ie poesible to deter-
mine and define in approxrimate terms those meries of projects which can meet
the bagic energy neede of the population at minimam cost. For this purpose it
ie necessary to consider the following faciorss

CONSIDERATIONS FOR IDENTIFYING MHG PROTECTS

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

- To select those projects of relatively greater capacity which can
sconomically replace several lese mmaller anes.

- According to the topography and characteristice of the site, to
select the type of power Btaticne with regards to head; high heads
baing more convenieni, as they involve smaller investments and ensure
greatar sconomy ol water, although they are subject to more wear—and
tear and the greater water=level lossee resource decresses thé avai-
lability of water for other purposes st higher leveis. .

- To take acooumt of increased requirements of inatalled capacity,

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

- To anticipate construction problems when defining projects.
- To ascertzin sltermative mclutions and projects.

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

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




)  Assien orelimi iorities to projects

This is the fundamental basis for defining the "develcopment plan" and its
"implementation programmes®, which is the responsibility of the Plamming Unjt.

Weighted evaluation criteria must be esiablished ip order to deitermine the
priorities, while taking due ascount of economic, technical and social factors;
the following general factors are suggested:

FACTORS FOR ESTABLISHING FRIORITIES FOR THE IMPLEMENTATION OF PROFECTS

- Size and cost, including cost of transmission lines,

- Population to be serviced; load factors.

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

- Availability and permanency of the hydraulic rescurce.

- Possibilities of mutually complenmentary use in the case of multiple
projects or possidilities of interference with the use of water for
other purposss.

- Pogaibilities of using local labour and materials for ccmstruction.

-  Possibilities of organized participation on the part of the community
by contributing with labour and materials.

- Availability of access roads and roed connexicus.

- Posaibilities of creating local employment.

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

- Posaidilities of supplying equipment, preferably of national origin.

- Engineering requirements snd problems involved in the project.

Table 1 illustrates scme activities which can be developed in isolated
localities and alaso shows the approximate requirements of installed capacities.
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Table 1

Jdentification of productive activities in isclated localities and the rural
area, which could utilize the energy generated by the SHPS.

ACTIVITIES

Carpentey shops
Bakeries

Artesanal activities
Small savemille
Sugar can mill
Grain mill

Heawving

Coffee beneficiaries
Qarries

lce=making
Irrigation pump
Brick-making
Lodging (20 gueste)
Restaursnt

Vegetable canning

" Dairy products (butter, cheese)
Milk-procassers {cooling and pre-svaporstian)
Silos

Zectrical and mechanical workshops (repairs)
Casolins pumps

INSTALLED POWER FOR
CONSUMPTION (kW)
S=15
2«5
1=-2
15 = 30
10 = 20
3=20
0.5 =6
5= 30
6 - 30
6 - 6D
2 = 100
l1e5
2-5
l1e2
5 = 20
2 =10
5= 20
J-5
5=15
0.5=5
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With this evaluation, it will be possible to prepare lists of projects
in order of priority which car be used for plamning and programming activities,
although this will not automatically ensure that these projects will be included
in the programmes, ®since the Planning Unit will have to egtablisL other series
of priorities with respect %0 gquestions of regicnal dewvelopment, rural industrial
development avd sectoral pelicies.
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FIGURE 13 UNIT FOR THE EVALUATION OF RESOURCES AND DEMAND
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S.4. PRE~INVESTMENT STUDIES

In tkis chapter we zhall be mainly concerned with pre~investment
studies for specific project, on the basis that studies relating to
over—-all analysie of rescurces and demand have been dealt with in Chapter
5.3., although the dividing line is not alvays sasy to draw, since siudies
for specific projects may bs related tc the pirocess of identifying projects
and sstablishing pricrities.

Specific project studies serve two basic purposes: -
- Technical and sconamic justificationg
- Guidolineas for the project's exscutiaen.

It may be said that pre—investmant stuties constitute one of the
fundamantal differsnces betwen MHG and larger-sizs planta, and for this

reascn preparing stulies often poses the following problems:

COMNONEST PROBLENS IN MHG STUDIES

- High study costs, ofter amounting to beiwesn 3C and 50 per ceni
of total investments. '

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

= Over-gbundant information, processing of data of little signi-
ficance and lack of relevant facts; lack of correlation batween
the study and the realitiea of the project.

- Limited practical value for determining investments required
or for guiding plant construction.

The above drawbacks can be attributed to the following causes:
EEASONS

- Uneritical transfer of terms of refsrence commonly used for
large hydroe=electiric projects.

-~ Boutine division of studies into successive phases (pre-feasibility,
feasibility and detailed engineering) without taking account the
aim of the particular study.
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Formalistic demands and excessive data requirements made by
financing inetitutions.

Lack of definition of targete enabling proportions toc e esta-
tliched between study costé and total project investment.

Lack of compichenmive rtuiies on resources =nd demand by basins
and micro-regions respectively.

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

lack of technical and sconomic manuale cn project development.
Limitations in ccnsultancy systems and in the capacity of public
institutions to carry out studies.

Little consideration of technological alternatives.

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

It is important that targets De set at the Planning Unit stage regarding
the maxrimm cost of studies as & per{:mta.ge of the total investments and
accorging to the gize of ihe power statien. These targete ahould obviously
be set for each country as part of an approximate calculation of the cost of

the components of the studies and the eetablishment of their ecope.

not be forgoiten that the studies are a rough guide for future operatioms and

a meane of protecting the project's total investments; they should consequently

be kept within resscneble propertione to prevent their becoming a higherisk
invegtanent in themselves which could significantly increase total investment
or even lead to the absumd gituation where their cost could sericusly affect
the project's feagibility.

Definite targets must be set for each country for ithe maximum cost of
pre=inwetpent studies with respect to total investments in an MHG, which
in turn will define the studies' scope. In Chapter 7.6 on costs, there is
& referance ourve based on the following table, showing that the percentage
cost of studies for smaller power values ought to increase within reasanable

It ghould
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POWER IN KILOWADTS % MAXIMUM PERCENTAGE OF TOTAL COST
7O EE ALLOCATED TO STUDIES
i0 15
100 11
1,000 8

The scope of the gstudies is closely related to the proportion desired
betwean their coets amd total investment and to whers the project stands in MHG
development plannming, in cther words, whether or nol comprehensive information
an basing and areas for groups of projecis is available - znd depending en how
thorongh the studies were which determined the specifications of the projects
identified in the over=all evaluations refemq to in 5.3.

Bearing these ccnsiderations in mind, we shall offer in the following
paragraphs acms gensral guidelines for preparing pre-invesiment studies for
the three conventional phases of pre-feasibility, feasibility and detailed
engineering.

a)  _Pre-feasibility/Rscomnaissance Study

In the case of MGH it is desirable toc establish minimum requirements
gt this lewvel, and the notion of "pre-feasibility study" could be replaced
by the concept of a “reconnaissance study”, implying something of more
regtricted scope.

(a the cther hand, it is useful to ensure in this phase that the data
needed to settle the investment question are awvailable, se that, if pomajidle,
tbe preparation of a feasibility etudy will net be sasential.

The degree of approximation to a pre-feasibility study will differ
depending on whether the project in question is or is not indepepdent of
the planning and over—-all evaluation process, as is shown in the following
tabular swwaary:
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CHARACTHRISTIOS OF PHE-FEASIRILITY STODIES ACCOEDIEC TO

HOW THEY ARE RELATED TO PLARNING AND OVEB-ALL EVALUATTION

PROJECTS WHICH FORM PART OF THE
PLAF AND OVER=-ALL BVALOLTION OF
HESOUECES ARD DEMAND

The decision %o carry out studies
bas been taken at the planming
stage and was baged op over=all
evaluxtions made; it remaine for
the pre-feasibility study to
apalyws alternatives, define plant
specificatione, determine the
scope of project engineering and
assepe its feasibility proepects.

The over-ail evaluation can
contain adequate data on bydroe
logy, the assessment of resources,
energy demand and installed
capacity requirements, so that it
only rezaing to azmess this data
in a field study, to make some
water guaging (flow naﬁmm’t)
messurenexts and to supplement
inforoation or give more details.

INDEPENDERT FROTECTS OUTSIDE THE
CNTEYT NF OVER=-ALL EVALUATIONS
AND PLANS

= If the projeet locke promising
irn & preliminayy survey, the
pre-feagibility study can have

the Bcope of the projects plamned;

if not, it should give altermna=-
tivei and approximations as to

their specificatione and investw
ment reguirements, and assess the
desirability of going on with the
studiss.

« Evaluation of rescurces and
analysis of demand fall withinm
the Bcope of the study.

Also of importance will be the gize of the project, whick will deter—

mine the scope of the pre~feagibility etudy in proportion to the estimated

investment reguirements, and other factors relating to the projectts size,
as can be mear in the following table, in which power stations are tente-

Sively separated intc two power ranges:
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These recommendations should of course be regarded as iremds, for
the scope of eack individual project must be decided in the light of the
objective characteristics of that project.
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Checklist of gro-feui'bilitv etudy of MHU

i.

2.

3.

4.

5.

6.

Summary - & synoptic review of all the essential findings of each paragrapns.

Project background and history

(a) Project sponsor{e)

(b) Project history

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

Market and plant capaciiy
(a) Load demand and market
Its past growth, the estimated future growih, ithe connexion with
the .grid.
(b) Sales forscast and marketing
(i} Competition with other emergy resources
(ii) Estimated snmal sales revenues from power supply
{(c)} Pows> estimation
(i) BHydrologic stuty
(ii) Mrm power
(1ii) Secondary power
{iv) daste water
(4) Determination of installed capacity

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

. Project engineering

(a) Prelininary determination of scope of NHG project
(b) Techmology(s) and equipment
(i) Rough estimste of costs of local and foreign technology
(ii) Rough layout of propomed equipment aml power—house.
Turbine, gensrstor, gate and valve, auxiliary squipment, ete.
(iii) BRough estimate of investment of equipment.
(e) Civil engineering works
(i) BRougk layout of instake, conveyance structure and powerhouse
{ii) Rough estimate of investment cost of civil engineering works
(local/foreign)

Flant organization and overhead cost
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7. Manpower
(a) Estimated manpower requirement broken down imto major
categories of skills ’
(b) Estimated anmual manpower coEts

8. Implemeniation scheduling
(a) Main construction method and implementation time schedule .
(b) Estimate implemertation costs '

9. Financial andi economic evaluation
(a) Total investment costs
{(v) Project financing
(1) Proposed capital structurs and proposed financing
(local/foreign)
(ii) Interest
(¢) Production Cost
(4) Pinancial evaluation based on above estimstion valune
{i) Pay-off porind
(ii) Simple rate of return
(iii) Break-esven point
(iv) Intemal rate of return
(e) National eccnomic evalustion
(1) Prelinipary tests
(ii) Approximate coste-benefit analysis, using estimated
weights and shadow price (foreign exchange, labour,
capital) ‘
(4ii) Economic industrial deversificstion
{(iv) Estimate of employmant=crestion effect
(v) Estimate of foreign exchange savings -

b} Feasibility

It is desirable that the pre=feasibility or reconnaissance studies
Tor MHC cover the elements needed to take a decimion on investmemts, with
a view to cutting out feasidility situdies and proceeding directly Yo project
eagineering studies.

However, feagibility studies are desirable for projects presenting
doubtful situations on their tecinjcal and economic aspects, or whemevwer ..
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alternatives have tc be compared and as long as the ecale of the project
seeme to call for it.

¢} Detail ineer

Thiz should cover the following general aspectis:

SCOFE OF DETAIL ENGINEERING

~ Supplementary topographic detaile.

= Supplementary geotechnical study (whem the =mcale of the
project seems to call for it).

= PFinal ppecifications of the project.

= Detailed design of sach civil engineering item and
specificatiens of materials.

- PFingl gpecifications of elsctiromechanical and auriliary
equipment; quotations, evaluation of alternatives and
proposed purchases. '

= Electrical design of tranemission lines znd installatioms.

= Hecommendations for comstruction, installation and start-up.

= Implementation schedulecs 2nd work programme.

In the absence of feagibility studies, the engineering study should
include s supplementary financial ecoromic mmalysis dealing with the
Tollowing peints:

FIRARCIAL AND ECORCNIC SUPPLENENT TO ENGINEERIRG STUDIES

~ Invesiment and financing.

- = Schedule ¢f payments.

= Personnel requirements.

= QOperating and amortizaticrn costs.

= Coneideraticn of tariff schemes.

= Anslyeis of sepgitivity of investmente.

= Organizational aspecte of construction and operstion.
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The scope and depth of the enginesering studies will also depend on
the scals of the proposed investments; the main features can be classified
as follows:

CHARACTERISTICS OF ENGINEERING STUDIES ACCORDING TO SIZE OF MHC

LOWER POWER RANGES
(1ESS THAN 100 KW)

Less gstudy of detail in desmigm,
detaile to be mupplemented as

work proceeds.

larger aai‘e'ty factors for desipgn,
Proporticnately greater use of
local materials. '
Drawings coumensurate with cape=
bilities of a construction foreman.
Conmiderations of price and
simplicity will be major items

in the final selection of equipment.

Nore sxtended use of unconventional
tachnologies.
More use of semi-gtandard deaigna.

HIGHER POWER RANGER
(CREATER THAY 10O XW)

More study of detail in design.

Smaller safety factors for design.
Proportionately lesser use of
local materials.

Drawings commensurate with capa-
bilities of a civil engineer.
Considerations cof reliability

and service life will be major
itema in the fingl melection of
equipment. _
More extended use of conventional
technolegies.

More use of "taylor made” designa.

Standard equipment, including turbines, should be specified and selected

for all MHEG stations.

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

- Projects and engineering section of an Rleciricity Board or
undertaking responsible for implementing MEG.

- Specialized hydro project institution or agency.

- Independent consultants and expenrts.

The choice will depend on a country's policies, social and economic
system, and technical capabilities.




- 87 =

I4 is usually helpful if the Electiricity Board or enterprise aciing
as executive agenmt for the MHG programme has a projecis and engineering
section capable of making the necessary pre—investment studies and of
sub=contracting and cver—seeing studies, when its own project development
capabilities are overloaded.

Contracting good consultianis is ofien difficult and the supervising
agency needs a high level of technical capability in order to be able to
define the scope of the gtudies clearly, evaluate costs and cheek on the
quality of the study contente. The common mistake of developing studies
which contain little substance and 2 mass of irrelevant information should

be avoided.

It i alpo frequent that scme financial institutions establish such
requigites regarding consulianie' qualifications and the scope of studies,
that pre-investment costs tend to be very high and the studies centain
formal elements which for the most part are nseless for project evaluation
and implementation.




From

training (D) —

wit

FIGURE 1% UNIT FOR IMPLEMENTATION OF BTUDIES AND WORKS

1A} From planning unit

¥From
unit

Bchedule of capabilities for studies and works {F)

equipment production

i

|

-
!

Petermination of needs for
carrying out atudies and

works

Determination of equipment

Determination of needs for
carrying cut works

end materials requirements

Capability fio
of carrying out (D) Capability -
project of implementing technologies are
studies To vorke needed
training
wmit
Preparation of
studies Yes (R) To technological
) I {(H) From techno- development unit
From (D) logical develop-
training ment unit
unit ! +
Implementation
of workse N

Nev

Availebility
of equipment and
materiale

Yes

No

To regources and
demand evaluation

unit

!

(1)

To operations unit

L
(¥
To eguipment pro-
duction unit

L 99 ,-



- 69 «

5.5. FIRANCIRG
This mection will deal with the general problems of financing invest=
ments for MBG, witbh the emphasie on aspacte likely to reduce investment or

its financial and foreign currency requirements.

COMMOX PROBLEMS IN MHC FININCING

= Beavy invesiment per installed kW.

= Substantial foreign currency requirements.

= Eigh study costs and irrelevancy of studies to
operation sni implementaticn of project.

« Individual projects are on too small & scale to be
imteresting financially and are expengive to gdminister
and to evaluate financially.

= Little experience of systems for financing groups of
projacts. _

« Difficulties of including national engineering in
pre~inveastment siudies.

= Uhestisfactory schemes for financing naticnal supplies.

« TUnderestimating potential community contritutions of
manpower and materials.

= lack of MHG financing policies.

« Inadequate sconomic capability of commnities.

~ Misoonceptions of "rural electrification™ Dased on
spoatanecus developnent of productive activities
requiring ensrcy.

To deal with the sbove-mentioned typical problems, the recommendations
"given in the following table are worth bearing in mind when schemes are
being devised; nany of them will bs commentied on in scme detail in this
section,




GENERAL GUIDELIRES POR IMFROVING FINANCING PROSPECTS OF MEG

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

= Increase relevmnce and reduce cost of pre=invesgiment studies
by over-all assessments of resources and demand by zcnes and
basins, preparation of guidelines for formulation of projects
and design handbooks, etc. '

~ Finance groups of related projecis.

= Ilnerease community participation in the building and operation
of plants. _

= Increase the share of national engineering in projects by
strengthening the engineering capabilities of the imstitulions
respongible for implememting MEG projecte and giving preference
1o suitable domestic conmultants over foreign conmultiants.

« Develop systems for financing national supplies.

- Stimmlate compunity participation in project implementation
by emphasizing this factor in the stuiy of priorities, developing

_ appropriate systema for the financial evalustion of commnity

contritutions and the requiremente for technical assistancs.

« Determine a national MHG financing policy.

= Promcte the parallel development of energy intensive productive
activities.,

« Develop guidelines on the rational use of energy.

Special attention should be paid to reducing investment needs including
pre=investment studies, and to reducing foreign currency requirements.




GENERAL GUIDELINES FOR REDUCING INVESTMENT COSTS AND
FOREIGN CURRENCY REQUISEMENTS

= {ver-all evaluation of demand and resources should be broken
down by zones and basins, thus reducing the costs of individual
stulies and achieving economies of scale in the multi=-disciplinary

. study of areas posaibly invelving & number of prejecis.

= Wherever possihble, proceed direcily from pre=feasibility studies
10 detail engineering studies.

= Simplify terme of reference of studies and prepare gnidelines for
their elaboraticn.

=~ Prepare mamuzle/handbocks on design.

= Coneider uping non=conveniicnal teckmologies and the intensive use
of local materials right from the pree-investment study phases.

« Use domestically produced equipment and materdiczls and, if possible,
naticnally developed or adapted technologies not subjest to royaliy
payments or large numbers of imported parts. '

= Use standard items of sguipment; coneider cheaper and shorter=life
alternatives for low=power installatiocns.

= Semi~standardization of civil engineering works.

= The use of naticnal engineering in projectis helps 10 save foreign
currency, reduce relative costs and improve adaptation to actual
¢onditions in the country.

= Community participation helps to reduce apparent investment and
therefore reguires less domestic financing. '

To promote the development of MEG prejects, appropriste policies must
" be defined, such as setting up an MHS development fund which cen be adminis-
tered by a government-financed sgency or by the electricity board or ineti=
“tution concermed.




NATIONAL CREDIT | INTERNATIONAL CREDIT

FURD
CONTRIBUTIONS FROM / COMMUNTTY CONTRIBUTIONS
NATIONAL BUDGET OR {MATERIALS, SERVICES,
ELECTRICTIY DEVELOP- MANPOWER )
MENT UNDERTAKINGS

PROJECTS

MHG financing should be organized aleng the following liness:
a) Internaticnal credit lines

A elear digtinction is necessary between untied credit lines, such
as some international finance agencies can provide, and tied credit lines
from financial institutions in countries wisking to promote their equip~
ment and engineering salee via financial prometion.

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

Specific credit lines defining some finameing conditicns should be
negotisted in order that the linancing of groupe of projecis may be
negotiated subsequently.

The oriteria and temms of reference for studies should be realistic,
and preferably be made kmown by the publication of guidelines for project
preparation and assessment.




b) National credii lines

These should be used mainly to finance domestically produced supplies
of egquipmernt and materials.

They can be arranged with agencies concerned with industrial promotion
financing,

Credit lines for site development and works can be arranged with agencies
concermed with rural promotion financing.

¢) Contributions from natjonal budpets or electricity
development undertakings.
| 4

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

Some of the investment finance cgn be in grant form.

4 propertion of the profits of electricity "leost fund" boards can be
used for financing MHC development,

d) Ceptributions from the commupity
This should be determined during the studies phase.

The comrunity conmtritution should be regarded as part of the total
. investment end therefore needs to be assesged properly.

Community comtributions usually consist of unskilled Ptuilding labour,
materials (mainly aggregates for the civil engineering works) and services
(locel certing, local trensportation, storage, site, security, ete.).

Where investmente are financed on & basie of partial repsyments,
financing would be of the nature of a revelving fund.




However, irrespeciive cf the scheme cf investment repayment and even
in the case of outright grants, projects must earn at least enocugh %o cover
cperaticn and maintenance costs, otherwige the plant mey be brought tec a
standstill by the first operating problem to arise or to have its installa=-

tions threatened by eventual damage. Also, it would be difficult to devise
| o scheme in which permanently nen=-recoverable contributions went hand in
hand with sustained growth of MHQ.

The proportiona of financing to come from credits, budget conmtributions
and commuaity contributions should be defined in their general terms. Scme
countries adepied a method irn which the investment is divided intoc three
roughly equal parts, the first 4o be financed by credits, the secend by
budget contribtutions and the third by community centributions.

Investment recovery c¢riteria must alsc be considered in finance policy
in the lighf of tariff possibilities and the aims of rural electricity
development., Three typical cases will now be given, but intermediate soluw
tions are possible.

e¢) Outright grants
There is no question of recovering investments; tudgzet contriltutions

ard financing are a matter for the State or the electricity development
board and the tariff systems merely cover operation and maintenance cogts.

Tais system can be used io develop MHG in areas where incemes are very
lcw, but because of its limited financial capabilities, only relatively few
MHGe could be built.

T} Partial grant

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

g) Total recovery of investment

Though ideal financially, it usually proves to be impossible for a
rural electricity development since it greatly hampers implementation




-T5 -

by restricting it solely to cases in which the likely income from supplying
electricity will cover capizal amortization and loan service charges cver

& given period.
Sehemes of this type can be used for MHG installed mainly %c serve

profitable productive activities, such as mining, agre-indusiry and sc on.

FIGURE 15 FINANCING URIT

(A} From planning unit

Igentification of
finance =equirements

v

Identifieation of
finance sources

h 4
Obtaining finance

4

Preliminary distribution
of finenee to ths
varions units

L

(A) To pleoming w=it




-7 -

5.6, CQUSTRUCTION AND START-UP

Qur discusEion will deal mainly with the problems and methods of
construction as they relate to such aspects as excavation work, civil
engineering, the installation of electromschanical systens and equipment,
and +he actual starting-up of the plant.: .

Of all the various types of alternative sources of energy, MHG pose
the most exacting censiruction requirements because of the relatively
large scale of the building operations and the considerable size of the
instullaticns.

The construction processes will vary according to:

- The planned installed power;
- The nature of the terrain;
- Te location of the zite;
- The mode in which the plant is to be used
{ independently or inter—connected);
- The availability and skilles level of labour;
- The construction technology;
- The ease of accees and iransport;
- The technological sophistication of the equipment;
- The clinatae;
- Particular factore in the case of mulii-purpeose projects.

The consiruction process may be represanted, in simplified terms,
by the flowing flowchart, whose elementa are analysed in the discussicn
thereafter.
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a) QRevision of studies and inspection

The office respansible for carrying ocui ihe preject (this office may
Pe a par:t of the electricity board of enterprise) must first of all define
the areas of responsibility for the management and supervisicn of the
project.

The next step will be a revision of the studies and a site inspecticon
concentrating on characteristics, specificaticns, and conetruetier guidelines.

The task of revision may be entrusied to independent professionals or
consultants if sufficient trained personmnel of this kind are not available
or when a f.vrojec't is designed for direct implementation under the auspices
cf a municipal gevernment or private firm.

f

b) jsition i iza

Considering the possibility of problems with delivery schedules,
arrengemants should be made for the acquisition of the eguipment as socon
ac the revision of the studies hnas been concluded. In some cases, these
arrangements may be begun as early as the engineering siudy stage.:

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

¢) Go=ordinasicn with the financing umit

This co=ordination iz required in order to determine the modalities
and time=tables of the release of funds for the various stages scheduled .
in the Project Constmetion Programme. At the community level, this co=
ordination may also be tied in with co=ordinaticn of distursements and
comunity contributions. In addition, the procurenent of the equipment

must be co-¢rdinated with the financing unit.
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&) Cowordinatior of cemmunity support

Specific arsas of possible comoperaticn must be identified as early
as the gtudy and implementation-decision stage. Co=ordination is required,
prior to the commencement cf canstruciion, in order to produce some scori
of formal agreement with the community covering, among other things, the
Toliowing poinis:

- Manpower: +types mnd number of man=houre for each phuse of
conetruction; supervisory responsibilities;

- Materials: {generally inert filler materizls such as stene
and sand, wood for formwork, etc.); cuantities, locaticn, eic.

- Services: {transjort, storage and warehousing c¢f materiuls,
persannzl transport facilities, provisien for security, etc.);

definition cf responsibilities.

Depending on the type of social organization and the tradiiions of the
couniry, such agreements will be concluded with the mosi representative
anthorities capable of mobilizing the support required. These authorities
may be community leaders, the senior officials of co=coperative organizations,
or the members of the municipal govermmeni. It is alsoc essential to make
certain that these agreements are brought to the attention of the local
eitizens and are supported by them. )

e} Construetion programme

The scostruction programme must be drawn up in harmeny with the actions
referred to in the preceding sections.

The characteristics of the construction programme are determined by
the nature of the project. In the specific case of MHG, allowance must be
made for considerable margins of uncertainty in the various phases of execu-
tion, this uncertzinty being the result principally of the tentiative nature
of the studies, the logistic problems inheren: in any project vhich involves
caly a minimum of administrative apparatus, and the difficultires that fre-
quently arise, vith respect itc organization and adherence ‘o progress sche-
dules, in activities in which theve is an element cf relatively voluntary
comunity participation.
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QUESTIONS TO BE CONSIDERED IN PRI ECT CONSTRUCTICN PROGRAMMES

- Excesaively detailed programmes should be aveided, and
programmes should be limited to a discussion of the
principal elements only.

- The plamming should include sufficient latitude for
uﬁfuresun developments, particularly with regard to design
medifications, supplies, and work to be performed by the
commmity. -

- Preference should be given to the use of logical systems
for the progress time=tables as 2 means of clearly defining
the Tcritical paths", but with only the. principal events
coneidered.

- In pregranming the vork 4c be performed by the lecal community,
cengideration sheuld be given to the poseibility of interference
vith other activities requiring the attention of the inhabitants,
surticularly during the planting and harvest seascns.

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

- In plamning for the transport of materials and equipment from
cutside the arsa, consideration should be given to pogsible
problems of access, especially during the rainy ssason.

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

- 411 work-related respensibilities must be =et forth in the
Programme.

f) Personnel recruitment and o ization c +
The basic constructieon team may be crganized along the following lines:

=  One supervisor (generally an engineer, whc may be in charge
of more than one project):;

- (ne site censtructicn foreman;

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




Toe supervisor engineer normally reporis tc the office responsibie
for the implementation of the preoject.

The construction foreman is frequently 2 comtractor in charge of
his ovn crew of skilled workers; the unskilled work force is provided
by the local community. In eituatione of thie kind, provision must be
made for the prevention of any conflicts of ﬂqpmsibility between the
contraétor and the community. '

In organizing community support, epecific personnel should be
assigned to the comstruction managsr.

The installation phass will require a supervisory engineer (mecha=
nical or electrical) st the head of z team which might consist of:

-~  One mechanic/fitter;
- One installation electrician;
P Azgistants

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

Obvicusly, these recommendations regarding the compasition of the
¢onstiruciion crews are intended as guidelines only and are subject to con=
gsiderable modification depending on the size and particular features cf the
project., The genmeral aim sbould be to keep the techniczl team to the indise
pensable minimum, coneidering that it is 2 mejor cost factor, particularly
in the case of small plants of less than SO kW cutput.

It is esgential to remember that the presence in the cemmunity, during
the exscution of the project, of skilled technicianc and werkers may give
rise to ummsual socio-economic situstione. The effect of these situations
mey be beneficizl, by providing an opportunity for socizl and cultural
exchaunges, but it may alsoc be negative if the cutside personnel fail ¢
adapt themselves to local cusitoms or if, by their behavicur, they create
problems.
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yier to facilitate the particisation of local communities in
<ihe project, consideration sheould be given to the formation of work grours
or brigedes, encouraged to fulfil assigned plan objectives.

g)  Excavation

Eigher or lower levels of mechanization will be employed, depending
cn +he structure and socio-economic development of the country and on the
size ané characteristics of the project. In the case of MHG, frequent
intensive use ci local manpower wiih lov levele of mechanization is pre-
ferred. On the other hand, it is important to awoid underestimating the
value of the community effort simply because it im not included in the
cagh budget, since 2 freyuent error is to fail to provide for a minimum
of mechanization capable of economizing on a large mmber of man-hours.

The excavation of the chammel is the major taak at this stage.
After this ccme the intake and the surge cbamber with the silt basin and
finally the power house and the penstock support siructure.

h}) Censtroction

The civil enginesring worka pose greater requirements with respect to
skilled labour, which may be supplemenied through community efforts in the
form of aseistants and personnel engaged in hauling the materials, 4s a
maans of broadening compunitiy participation, consideration should be given
to the possibility of itraining local persononel, particnlarly as masons.

The timely transport of mateprials is one of the most important facters
in aveiding excessive costs and delays in scheduiing.

Depending on the conditions in the country and the nature of the
terrain, the use of locazlly available dranght animals may be of great im-
pertence. In instances when these animals are used, it is necessary to
arvenge for the preparation of appropriate paihs and <o plan carefully

the movemen:t of <the loads so as to aveid interference.

The safety of the perscnnel requires that comsideration be given to
their skill levels and experience, and that there be no serimping cn the
use of the materials and equipment needed to ensure this safety.




Sinoe the engineering plans are to be supplemented or corrected
during the actual work on the project, the experience of the construction
foreman ie a critical factor. In the came of wodifications which depend
mainly on the terrain cr on exisiing etructures, the views of the local
inhabtitante may be very useful.

i) Installation of equipment and electrical systems

The installation of the equipment normally requirss skilled and
trained perscnnel. Levertheless, an effort should be mede to involve in
this work any local inhebitants who appear potentially capeble of being
trained ar operators, in order tbat they may become familiar with the
equipment and the installation.

Toe safety and security of the electrical systems is a matter of major
importance for the comtimging good cperstion of the plant and the proiecticn
of its operating persconel. It oust be assumed that the plant itself will
not ba inspected or repaired with any grest frequency.

j) Stert-un and aecepimnce trials

In this stage, which is cne of trmmeition to normal plant operation,
the following points met be kept in mind: '

- The acceptance irials must be standardized in documentary
form according to plant type mnd size.

- The astual start=-up of the plant pmst be carefully planned,
with duties and responsibilities clearly assigned and safety
aspoects provided for. The emergency procedures must be clear
and well understood by all thome taking part in the trials.

- As part of the start-up operation, the indigenous operators
degignated tc de responsible for plamt operstion muet be
evaluated and their competence certiflied,

- It is desirable that the suppliers of the main equipmemt be

present at the start—up of the plant.
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5.7. OPERATION IFD MAINTENANCE

In the four preceding sections our analysis has been chiefly concermed
with MEG implementation from the point of view of the comprehensive evalna-
ticn of rescurces and demandi, pre-invesiment studies, financing, constretion
and start-up, and indirectly with operation and maintensnce.

In this section, 2 mumber of considerations are discussed regarding the
pert phase in the establishment of the MHG, namely its use and om=going
operation. This phase is, of course, of decisive importance, since even
projects which have been efficiently managed throughout their implementation
may fail unless organizational echemes and opersting medalitier are established
which guarantee the optimal utilization of invested capital.

FPREQUENT PROBLEMS IN NHG OPERATION AND MAINTENANCE

- Unsuitable aimirigtrative, organizational, and financial
arrangements.

= Insufficient liaiscn bdetween the plant management and the local
commnity and its organizations.

« Limited capabilities for plant management and operaticn in

© rural commanities. o .

= QOperating and maintenance costs disproporiicnately high in -
relation to the snergy produced.

= Excesgive buresucracy in the centralized manasgement of small
plante.

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

= The frequently inadequate skill levels of locally recruited
operators.

= Ercessively high tariff rates, inbibiting development in rural
areas.

= BRates 400 low %o cover the costez of operatior and mairtenance.
= Absence of technical support for maintenance ard repair.
= Inadequate compenent standardization and lack of spare parts.

Per se, the problems of MHG opersticn and maintensnce are simple,
as described in grester detail in Chapter 7. The chief difficulities are
_ instituticnal in nsture and bave to the mansgemezt of
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the plapie as well as with the origin and techmica'® background of ihe
operaiore and raintenance personnel.

dmong the various administrative arrangements that may de adopted

for NHC msaagement, three typical onee are dimcussed below.

a)

Direct sup-ordipation 4o & state or remional electric

‘po¥ex guthoxity

Advantages

The possibility of cemtralizing scticns of grester techpical
complexity and of taking advantage of the economies of scale
igherent in the over=all manegement of groups of plante.
Eigh skill levels on the part of the perscmmel.

Solid financial and technical backing.

Disaivamtages

b)

Each plant is by itself too small in the coemtext of a large
orgamizaticn, with the result that, becsuse of the ertended
decigion-making channels, it may be neglacted.

Bigh operating coets as a consequence of high general er-
penses (overhead), operator and maintensnce costs.

T™he remoteness of the authority, and thus of the plant,
from the local commmnity and its problems.

Problems in recenciling the needs of water for irrigation
apd generation.

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

i Commmity Energy Enterprise, possibly ia the form of a

municipal enterprise, co-operative or vther kind of agsociation

Advantages

Activities ceptralized at a level facilitating service-related
decigion-meking.
Grester ease in mobilizing community support for maintenance work.
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- Te resclution, within the community, of conflicts of interest
regarding the use of the water.
~ Lower operating costs.

Disadvaniages .

- Little experience and know=how in business management.

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

- The possibility of fanlty mairntenance,

- Poor opportunities for economies of scale.

e) Private Power Enterprise

This arrangement, even in countries with a market economy, runa into
problems when applied to public-service MEC in rural areas, since generally
speaking, these plants are not regsrded as invesiment opportunities offering
an sdequate profit margin, but as tools for the promoticn of development.

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

Te selsction of the appropriate administrative arrangement will depend
on the mocio=economic gtructure of the country, the extunt to which such
Plants have Leen developed there, the capacity and nature of the slectric
Pover enterprises, the size and remoteness of the plantz, and finally the
traditions, work experience, and menagerisl skills of the community.

Without advocating any one particular scheme, it is of'ten possible
to adopt a combined model involving a communal, municipal, or co-operative
enterprise in association with the state electric power authority.
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5.8. RBQUIREMENTS IN THE AREA OF EUMAN EESOURCES AND TRAINING

The successful carrying ont of MHG plans, programmes, and projects
requires as a necessary comdition to promotie traiming including aspects
related to non-conventicnel technologies applied tc pre-investment studies,
civil engineering design and construction and eleciromechanical equipment
and repair and maintenance.

STEPS T0 BE FOLLOWED IN ORGANIZING TEE COURSES

« Infrartructare survey of training establishments.

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

= ZEstablishment of a pilot training programme on the subject
of the development of water resources, with particular
reference ic rural areas.

= Egtablishment of programmes to provide specialized

training in MHG.

It would be advizable to carry out a survey of the capabilities of
the country with respect 1o centres of higher education, research insti-
tutes and special schools for the training of intermediate-level tecimicians.

Az sn initial step, it would be well to esiablish a pilot technology
training progroame oo the dsvelopment of water rescurces in rural areas.
Gn the basis of the experience gained with this programme, 2 decigion could
be reached as to the possibility of organizing a specialized course in MEG.

- It would be best if developing countries began by organizin; exchanges
of experience among themselves before seeking to supplement this information
; from outeide sources.
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The various types of engineering treaining courses are discussed balow:

TYPES OF MHC COURSES FOR ENGINEERS

= Training courses.
= Undergraduate regular courses in the field of .

non=conventional technology. ’
- Specialized post=graduate courses.

The training courses, which are of short duraticz, are designed to
provide current information om all phases of NHG design end installation
for enginsers wWhoas activities are related to MG dewvelopment in their
various phases of exscution.

4 very important factor is the need to improve the standard curriculs
of the sngineering departments of Univeraities and Institutes of Technology
by including in them courses on MHG and applicable non-canventiocnal tech-
nologies. -

Post=graduate courses as such will be conducted at & more aivanced
theoretical level and may, in principle, extand over an entire scademic '

year.

It is recommended that engineering courses be demigned with the
following points in minds: ’

CHARACTERISTICS CF COURSES FOR ENGINEERS

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

= The courses will be organized for all areas of specialization
and will be graded differently according to ares. The smphasis
will be on the preparation of monograph studies by inter-diaciplinary
ETroups. _

« The courses will cover the areas of civil, electrical, and mechanical
and industrial enginesring, seccnomic administration, and operations
ressarch.
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The following are the rscommended criteria to guide the preparation
of the courses for intermediate~level technical personnel:

CEARACTERISTICS OF COURSES FOR INTERMEDIATE-LEVEL TECHRICIARS

= Theoretical aspects will bDe congidered within the sane programme
for engineers and % & part of ineplant training.

= It is pecommended that a "plant for training™ be established for
the training of techmical perscrmel and skilled workers. Experi-
mentation in the use of non-conventicnal technologies might also
be conducted at such plants.

= The courses will cover civil construction, electro-mechanical
squipment, and administration, all primarily from ihe technical
stardpoint .

« It is very important to undertske the training of mechanjcs
apd maintenance electriciang through the establishment of training
unitz in tbhe major repairshops.

The basic objective of these courses is t¢ help to narrow the
existing gup betwesn the number of pecple with higher sducsticn, where
therse has bean & relative advance, and the shortage of intermediate-
level technicisns, which is a general phencmencn in developing countries.

With pespect to training of MHG operstors, here the preference shemld
be given to institutionalized arrmngepents designed to train cperaters from
rural sress. It has been concluded, on the basis of a certain ameunt of

. expsriance, that the first part of these courses should be carried cut at
the "sshool plant™ and continued at existing NHG plants.

"Yhe firpt part should be of a theoretical and practical nature, ip
keeping with the educational ieswvel of the operators. In the case of
rural operators, it should be expacted that they will have completed at
least thelr primary educstion. The course would run three mepths and
cover the follewing subjects:
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SUBTECTS T0 HE COVERED IN MEG OPERATQRS' COURSES

- Bagie eciences (fundamentals of mathsmatice, physics,
and chemistry).
= Dasic operating principles of an HHO and its equipment.
= MHG operation and the interpretation of cperating manuals.
= Preventive maintenance principles and methods for MHOG.
= Maintenance and repair of tuilding structures and
installations.
= MNaintenance and minor repairs of mechanical equipment.
= Naintenance and minor repairs of elecirical eguipment.
= Mechanical and slecirical "trouble shooting”.
= Jdentification of mechsnical and electrical malfunctions.
- PFMupdumentals of technical drawings and diagram reading.
= Fundamentals of alectirical installatioms.
= The reading of instruments.
= 3Bench werk mechanice {fittings).
= Safety in operstion.
- Fundamentals of administration and bookkeeping.

The sscond part would be essemtially of a practical nature and would
cousist of a {uwewmanih periocd of operstor training at an existing MEG
under the supervision and instrucitions of a akilled cperztor.
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IDENTIFICATION OF MANPOWER REQUIRFNENTS FOR EACH STAGE
OF 4N KHG PROJECT

A,

E.

D.

c.

Flanning and Programming

- Engineers

- Economiste and socisl sciemtisis

Global Bvalurtiocns of Resources and Demands

- Civil angineers

- Bydrologists

- Geological angineers

- Geomorphologists

- Ecologisis

- Electrical engineers

- Mechamical engineers

- Energy economiste

- Social sciembists

- Topographars

- Eydrometry specialists

- Dreughtamen

- Enginesring assistants

Studies of Speecific Projecis

= Civil engineers (mainly structural enginesrs, supported
by specialists in hydraulic enginsering)

- NHechanical sngineers

- Electrical engineers

«  Topographers

- Teclnical draughtsmen

- Engineering zszistants

‘=’ Test inspectors

Construction

- Civil sagineers

- Electrical engineers

=  Mechmnical enginesrs

~  Topographers

- Draughtsmen

- Bilding inspectors

- Electrical technicians

Cperation apd Maintsnance

=  Eectronechanical engineers

- Nechanics gnd electricians

Bach country smst determine its manpower requirements for technology
development and producticon of equipment and materials in accordamnce with

pa—l
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This statement of manpower requiremsntis represents mn ideal =zituation.
In actual practice,. countiries may begin iSeir programmes with fewer homan
resources, since it may be expected that as the work proceeds they will
be able %Yo find solutions to their temporary deficiencies in qualified

perscrmel.

Figure 17 contains the flowchart for the training unit.
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5.9. SINTEESIS OF THE MHG BUILDING PRCCESS ( FLARNING THROUGH CCMPLETION)

As indicated in the preceding sections, the décision-making process
involved in the building of MHGC must be of a comprehensive nature, for
the reason that a mumber cf different factors need to be considered.

45 may be seen in Figure 18, <this process begins with a preliminary
aspeszment cof the prospects for these stations. This phase must inelude
a study covering the problems 1o be sclved, the available water resources,
and the country®s capacity to undertake a project or projecte in this area
within the context of its national dewelcopmeat planming, specifically in
the area of energy developmemt. Pollowing the completich of this prelimimary
study, a political decision must be mede as to whether to mount the neces=
sary effort to build these facilities.

If it is decided to move forward in this direction as part of the
ﬁational development pelicy, the next step is to establish an organizaticnal
framework for planning and programming and to devire procedures for the
evaluation of rescources and demand at the basin and gub-basin level to
gserve as a basis for the formulaticn both of a short-term development plan
permitting the immediate implementation of specific pro.‘jécts end of a more
long range plan envisaging the building of MAG on a large scale. In paral-
lel with this process, policies must be defined and actions taken in the
areas of financing, the development of human rescurces (training), com=
munity participation, and technological development. This final aspect
ig eritical to the determination of guidelines regarding the transfer of
tecinology and the promotion of domestic eguipment production.

It is within the comtext of these plans and policies that the under-
taking ¢f specific projocts should be approached. The first gtage in
this comnexion coneists of the pre-feasibility ( survey) study, where re-
quired. 4 pre=feasibility study should be consjidered only in doubtful
sitnations requiring thie kind of preliminary analysis, the fact being
that in many cases it inay be eliminsted aliogether in favour of moving
immedigtely to the detailed engineering study, which will then merely
include a2 supplementary economic mmd financial analysis.




The next phase of the project is concerned with the actual
Puilding of the plant and the installation of its eguipment, followed
by the start=up of the facility (for details see sections 5.6 and 7.4).

Finally, there is the task of establishing the plant'e cperating
procedures, which alse include the areas of maiuntenance and administration.
The essential work of tnis stage is described in msections 5.7 and 7.5.
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DEVELORMENT OF TECHNOLOGICAL CAPABILITIES
6.1. ASSEISSMEXT OF IECHNOLOGICAL CAPABILITIES

The technological devslopment of 2 country should be started with an
inventory of its human resources and incustrial petential. In the case of
technclogical development for the construction and equipping of an WHG,
the inventory sbould have as & point of reflerence identification of hwnan
rescurces and also of the production of the egquipment ard materials as shown
in the following two tables.

As regaris the materiazls or sguipment nct produced in the count-y, the
possitility of developing technology for the production of such equipment

or acquiring foreign technology, provided the national or regional market

Justifies doing ®mo, should be censidered. Otherwise, the aiternative will
be to import the mxterisl or equipment.
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TDENTIFICATICN OF FRODUCTION OF MATERTALS
AND EQUIFMENT USFD IN MHG

A.

3.

c.

D.

[ SO IO DN IR N BN O N B |

terigls for civil engineering work

Granular materials; clay and silt.

Cenent.

Steel construction bars.

Pressure pipes for penstocks (steel, PVC, polysthylene,
asbestos~cament ).

Cate and butterfly valves,

Grates and gates.

Wood.

Steel cables

Bricks.

Tiles.

Hails.

Exrplosives. .
Galvanized wire mesh.

Bolts, nuts, washers and =crews of various types.

Production of squipment and tools for civil engineering works

Pick=axes.
Spades.
Wheelbarrows.
Motor pumps.
Concrets mixers.

Production of slectroemechanical materials

Copper and alloys.
Strmuctural steel.
Stainless steel.
Shafts.

Bearings.

Electrical conductors.
Posts and accesscories.
Electrical materials.

Production of electro=-mechanical squipment

Hydraulic turbines.

Speed regulators.

Electricity genersters. :
Meamuring instruments ( volimeters, ammeters, power factor meters,
frequency meters, kilowatt msters and energy meters, mancmeters).
Mechanical transmissicn systems (gears, belts and couplings).
Heasurement and high-tension pouer transformers.

Industries

Casting.

¥Metalworking ané emgineering.

Preciszion engireering.

Elecirical engineering and allied industiries.
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EQUIPMENT
a) Mgmfacturing capacity

tnce the materials and equipment for MHG produced in the country kave
been identified, an analysis must be carried out to determine the advisability
of producing the equipment not being mamufactured., Some of the requirements
which should be taken intec account for the production of MHG equipment are
given below.

REQUIREMENTS FOR THE PRODUCTION OF MHG EQUIFMENT

- Adeguate technical infermetion for production is required., There

are the lollowing alternative scurces of technelogy.

- Research by the manufacturer himsell;

=~  Research by centres and insiitutes in the country;

- Purchase of ttﬁhnology from foreign mamufaciurers
and research centres.

- °~ In order to supplement the requirements in respect of production
of squipment, emphasit should be placed on those items which are
of a Bize and type making them appropriate to the productive
infrastructure of the individual country. '

- The use agnd adaptation of materials of domestic or regional origirn
should be maximized.

- The equipment produced should be standardized.

- Production lines a=sasocigted with those for related equipment should
be met up, sinces exclusive producticn of equipment for NHG is not
Justified owing to small-maricet size.

- The production of spare parts, mainly thoee subject to wear, should
be contemplsted, and a permanent stock of such parts smaintained.




FIGURE 10 EQUIFMENT PRODUCTION UNIT
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LLLIED lIDUETRIES FCH THE PRODUCTION OF SGIZ MHC EQUIFRNENT AI'D MATERILLS

EQIFIENT OR MATERIAL ALLIED INDUSTRY

PEESSUEE PIFES FOR PENGTOCKS FACTORIES MANUFACTURING PIPES WROSE
RABKET IS DETEEMINED BY DOMESTIC
INDUSTRY RATHER THAN MHG.

’ HYDRAOLIC TURBINES AND SPEED NMETALWOBKING AKD ENGINEERING ENTER-
REGULATORS FRISES, FACTORIES MANUFACTURING

CENTRIFUGAL PUMPS, VALVES, VACUDM
EQUIPMENT, PANS, MIXERS AND FOUNDRY
SHOPS.

ELECTRICITY GENERATOES FACTORIES PRODUCING ALTEENATORS FOR
THERMAL ELECTRICITY GENERATION UNITS
PACTORIES PRODUCING ELECTRIC NOTORS.

TRINSPORMERS, ELECTRICAL ELECTRO-MECHANICAL M'CEINARY

KATERIALS AND ACCESSORIES . INDUSTRIES.

3) _Development snd adsptstion of technology

Tecimological ressarch and dewelopmesnt can be one of the basic tools for
promoting snd sustaining programmes for the construction of NHG in individual
countries, sinos the teclmeclogies invelved are mature, and cnly adapiation
and innovetion processes of & non=cocnventional nature, permitting adjustment

- to the specific conditions of the individual country, are reguired.

. Since it is not possible to establish a single orgmizatiocnal psttern
for the developmant and sdaptation of technologies which would be applicable
in all third world couniries, owing to tbe great diversity of eristing situs-
tione in respect of research activities, programmes for the canstruction of
MHG and industrial development, only s few general recommendations and alier—
netive organizational patterns are presented in the nexi table, for the guidance
of those countries which are interssted in promoting their programmes fcr the
development and adaptation of technology in respect of NEU.
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In t.e HHG national development plans of esch country, the development
and adaptation of technclogies for equijment will have to be lccked upoen
as part of the planning, and fcr this purpose it will be necessary to
determine specific policies, general objectives and the resources to be

allocated.

ESONITOATICES R MGEIIIIC PROCRAES FOR TIE DEVELOMIAYT AND
ADAFETICE OF TICESOLOOT Mt NED

= Frea the miage of pregrumne dotoyminiciicn, therw aust W & wll-defined
financing prespect sc a8 to avoid the frugtestion of ressarek projects.
owing to shovtage of fumds.
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owrt W sleariy dafimed (see figure 6.2).
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related groups of projects. Rash of thees require & Wrief Wt olear
specific farslasien prier to imitintiac.
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i pretuctien of ogmipeext sod mpteriale.

= Ich projert aiould e s wiledefined szseution swpmewme. Pigete 6.1
showe 2 typisal ssthoinlogy.

= s EorEmEzecution tass Runl S0t nesaEsarily ceReist of “sxperis®.
Ely e or tw aperimosd jrofemsicsals are Teguired, end the resainder
way W youmg profeswionals with & gecd asadecic hesicgremst.

= Oclislioss should b esteblisasd for the preparatich, st Wb wiage of
the project, of donrests aml reports, waliok sheald yefleot pesitive st
oigtive aspeTie wid fallures w0 A8 ¢ NP omtimuity end the ADRWEG-
mumupmmmmm.hmnnmmar'
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tart Mvigen the imiestry aml the aNeTprise redpmrills for slewiyifines
tiam, in srder te askiow pemnlts Witk prastisal epplisetiss. -

= DRisseminsiies of resulls say tais plass threegh ssmals mwi/or Wroohnres
in the cane of fnrtallistiss s cwnmtrestion of civil enpimsering weres.

= I8 Al cxse of squipsamt, results may be tyensfersed te industyy in onler
o pramvte the imiustrial preduction <f sosh equipaant, the amteypries -
wing previded with all resinical infyrmetisn rowniret.

= Tha dowslersent sed adeptatics of tocimolagy s reasds equioment should =
fecused en davalcs of chal tecanclogies, taking a8 & peint

of relferumes the irdustrial sapacity of ssth counvry.
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FIGURE 2p TECHNOLOGY DEVELOPMERT UKIT
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FIGURE 21 TYPICAL SECUENCE I TEE EXECUTION OF A
’ SPECTrIC TECENOLCGICAL RESZARCH PROJSECT FCR
‘ MHEG EQUIPMENT
: Gathering and supplementing of
specific technical informaticn

Msthodology o functional design ' :

. Methodolo ? mechanical desi h
i & ot m it Model design
; and testing

Preliminery standardization ‘
system

N -

Revision

Prototyve design
Prototype production

|
Erototype testing A
{leboratory spd pilot plant)

Revigion >

Final standardization and
detailed design of series of sizea‘

Equipment selection methodology




FIGURE 22 STACIS IF THE PORNTLATICN OF A NHC
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&) Acguisition of technglozy

Depending on the level of development of each country as regards capa-
¢ity to geterate uszble technologies, projecteexecuticn possibilities and
prespects for the implementation of production of eguipment, it will be
necessary io acquire a gresier or lesser amount of technology from other
countries.

The varicus means of acquiring knowledge which can be used in production,

i el g am B ot Bt m ] o dmmed meh matm e memd e s e aet e FaT  p———rey

ranging from technical assistancs and the provisicn of information 1o the
purchase of technological packages ito met up production lines, including
destailed plane and instructions for manufacturing, assembly and technical
services, can be looked upon at purchases of technelogy.

Most countries have their own legislation regulsting the acquisition of
technology, apd it ie therefore impoamsible to lay down specific guidelinee on
the matter, tut general recommendations can be made regarding the acquisition
of technology for mamufacturing MHG equipment. '

As regards HHG, the acgquisition of technology relates primarily teo the
electro=mechanical squipment and accessories.

Some consideratione and recommendations which should be borne in mind
in connexion with the acquisition of technology are given below:

- With & view to achieving technological development in keeping with
the characteristice and industrial cepasiiy of a counmtry, it is advisable
%0 limit the acquisition of technology to those cases in which the develop=
mext of technoclogy is not congidernd to be of imterest, or when ressarch
work does not sfford prospects for the &pplication of results in pericds
of time shorter than those required for achievement of the same resulis
by industry.

« The goquisition of technelogies should take place through a pro-
osss of selection of alternatives and shomld be limited to those parts im
respect of which the level of technological development attained makes
posgille full productior, in keeping with the priorities laid down for
nativnal techneological development. The acquisition of technology should
be organized in such a way that it constitutes a real coniribution to this




development in that it permits the assimilation of knowledge by national
technicians. Disguised comercial elsments of acquisition of techmology
and technical aszistance, aimed only at the granting of exclugive licenses
under the appearance of bilateral assistance programmes, must also be
avoided. ’

= The acquigition of technology will be justified when the complexity
of the equipment or of mome of its parts surpasses the development capa-
city of the country. Acquisition should be confined to those elements
which are neceseary mnd canuot be designed and/or mamufactured in the
country without foreign assistance. Restrictions making it neceszary to
import parts which could “e locally produced should be avoided and, on the.
contrary, the local mamfacture of compcnents and use of materials available
in the country should be promoted.

= The fullest and most careful analysis pomsible should be made of
alternatives prior to any procese of transfer of technology. Imclusicn
of the largest possible nunber of alternstives under the same terms of
reference should be ansured, zkd evaluation eriteris should e laid down
prior to the analysis. Technclogies appropriate to the industrial and
technological level of development of the country, uszing mainly local raw
ma&terials and labour, should be given favourable consideration.

~ Contyacts for the purchase of technology should be concluded with
fixed pericds of duration, at the end of which, the obligation to pay
royalties ceases, and the royalties should be fired only on the basis of a
percentage of sales, avoiding the inclusion of minimmepayment obligations.
Restrictions with regard to the scope of the market for products should aiso
be avoided, and obligations to purchase raw materials from a given supplier
should not be accepted, thus preserving the freesdom to purchase op the
mariket if more favourable terms can be obtained. ’

= In order to improve national enterprises' negotiating capacity
in respect of the acquisition of technology, it is important that clear
policies should be defined with respect to the acqmisition of technology
and that legislation should tend to limit the imposition of restrictive
clauses by suppliers and technology.

et oo ]



a) mport of egquipment

If the specilic characteristics of 2 country as regards its industrial
policies or production capability are such that the local mamfacture of
some types or tizes of equipment is not justified, these items must be
imported. In these cases, personnel trained in the analysis and selection
‘ of alternatives anxl the technical equipment required for carrying cut ace

ceptance testiing are necessary. 'The support which can be extended in this
field by institutions engaging in technological research is important.

In purchasing equipment, the following technical ecnsiderations must
be taken inte account:

- The capability for the manufacture and repair of components
and spare parts in the country;
- Characteristics of maintenance and operaticn appropriate to
the conditions of use;
-  Ability to withstand situations arising cut of errors of
' operstion;
- Ease of assenmbly and disassembly of parts and accessories.

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

- Caneral drawing of equipment;

- Information on the materials used in the main components
of the squipment which are subject to repaisns

- Lists of spare paris;

- Instructions for assembly, disassenbly and repair;

- Technical assistancs for the training of local personnel
responsible for the maintenmce and repair of equipment.

For bhidding or temdering for the acquisition of electroemechanical
equipnent for MAG projects, it is important that the following technical
data should be provided:

=  Usable head;
- Naximun genersting power at the comtacts of
the gensrator;
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- Generating f{requency;
- Generating voltage;
- Environmental conditions under which the equipment operstes.

The suppliers of ithe main pieces of equipment shéuld also be agked .
to provide the following technical data:

- Type of turbine and its specifications;

- Efficiency curves of the turbine operating under differemt
lead cenditions;

- Type of speed regulator and its specificatioms;

- Characteristic curves of operation of the regulator;

- Type of mechanical transmismgion or direct coupling between
turbine and generztor;

- Specifications of the sontrol panel or switchboard, ineluding
ranges and sccuracy of the instrurents integrated into it.

¥When bidding or tendering iz carried out, it is recommended that a
list of possible suppliers should have been identified ir advance. Thess
should be asked tc provide information on: ~ '

- Reliability and efficismey of their squipmant;

- Cost indexes;

- Credit fagiliiies;

- Expected life term of equipment;

- Pulfilloent of delivery dates;

- Eass of adaptation of equipment to locxl industiry
for the manufacture of spare parts.

6.3. DEVELOPMERT AED ADAPTATICN OF TECHFOLOGIES FOR CONSTRUCTION

In this connexicn, it is essemtial to stress the need for resssrch
both cn methods of construction as such and on the use of non=conventicnal
materials. The research must be linked with investment projects by meamns
of pilot plants.

Although the desmign and comstrnetioz of civil engineering works are
largely determined by the nature of the site, the possibility of preparing
manuals envisaging standardization or semi-standardizaticn of civil
engineering vorks must be investigated.
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Furthermore, it is very impertant to organize research relating to
the prefuction of pre—fabricated elemenis for civil engineering works.

The institutions carrying out research on msterials and various elements

for MHG, should co—ordinate their activities with the uniie engaged in engi-
neering activities in the field, which may be carrying out research in the
context of investment programmes during and after construction.

The ressarch concerning materials should be oriented towards sstablish-
nent of their hydraulic and mechanical properties.

In genepal, therse are two technological alternatives as regards civil
engineering worka, namely, a canvantional cne based an the use of concrete,
reinforcing stesel and structurel steel as well as censidering separately
the structures canforming to a NEI, and ancther which involves s minimum
utilizstion of these materials and endeavours toc integrate struciures (such
as censtructing the silt bazin and forebay in a single structure), and
utilize existing infrastructure (such as existing irrigation canals). As
regards methods of construction, menticn can be made.of the ones based
mainly on intensive use of labour (in the optimum case, with participation
of the community), the cnes based on intensive use of machinery and mixed
cCases.

It would be wery advisable to promote or support surveys to increase
knowledge of sxisting production capacities of materials so as to be able
to dewslop their supply.

Construction technologies should bs disseminated by means of mamuals
for the design and exscution of works.

CHECK LIST OF TECHNOLOGICAL ALTERNATIVES

The tecknological alternatives most suitable for esch country cannot

-be rigidly stated becanse the conditions calling for the establishment of

programmes for the development and adeptation of technology for MEC will
also vary, as will cenditiens relating to geography, hydranliee, labeur,
availadility of skilled manpower, appropriate financing, etc., all of which
have s bearing on determinatien of technological alternatives.




Taking into account the above comments, a selection of pessible areas
of ipterest for technological devalopment is presented below.

a) Copstruction

The various materials which can be used in the civil engineering werks
for MEG are analyssd balow. JI{ is important o stress that, in the context
of non=conventional technologies, the following is takem inte account:
uss and improvement of exisiing intakes and irrigation canals; forebay

rtalled Hnoline” with the pcanal and inclpdine the silt hosin vy ol

in .- -
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conduit in non~metallic materials, dam= of artisanszl construction, reduction
tc & mipimum of the use of costly materials such as concrete, and wuss of
neneconventional materials such as ferro cement, acil cement, ete.

It is advisable to specifly materials taking into consideration the
applicable national standards, and when these &re not available, use appro=-
priate foreign standards and norms. It is importamt to promcte the deve-
lopaent of national standards for the main aaterials amployed in MHG, in
order tc eniure the drafiing of adesquate mpecifications and a good quality
contrel.




TECHNOLOGICAL ALTERNATIVES IN RESPECT OF MATERIALS

MATERIAL

USE

ADVANTAGES

DISADVANTAGES

Clay and eflt

Granular
materinle

Wood

Gabions

Concrete

Ferro-cement
Soil~-

cement

PVC

Polyeth¥lene

Dame or core walle

Dama' or core calle

Dams, penctooks, powsr
house, gates

Dams, canals,
protection of slopes

Pame, oanals and ancho-
rages, oore walls, fore-
bay, power house

Linings, silt basin,
foreabay

Linings, dams

Panatock

Penatook

High degree of impermeability

Low degree of impermeability

lov price

iom coat; easily adapted to
the site

Durability; resistance to high

compression

low costi high general resistance

Iaw cost

Low cost, light weight, rapid
installation, eany ndaptation to
profile, low head loases

Continuous lengths, withatands
considerable deformation, ease of

'trnnsport and installation; good

resistence to impact and solar
radiation

Posaibility of fracturing

Better performance under externel stresa

Short life

Permeable during the initial period

&

Righ cost; poor performance in torrent,
works b
Y, |
'

Low resistance to concentrated and
pearcing loads, eracting cons!ructicn

Poor durability, low resistance

Relative Cregility; it 1e convenient to
bury them; low resistance tc solar

radialion

Jointe require special steel couplings
whick are exacting to inetall; high
head losses




-

MATERTAL USE ADVANTAGES DISADVANTAGES
Aabestoa- Penstock Lower cost than in the case of Relatively heavy and fragile, eo that
cement PW; good adaptation to She . it 18 advisable tc bury them

profile of the fallj no
expangion jointe required;
reduced head losbes
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b) Egquipment

The list below describes the principal items of equipment used for
MHG, together with a number of recommendations for the development of
technology research projecte.
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EYDRAULIC GENERATORS

TYPE GENERAL CEARACTERISTICS

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 toc low specific speeds. Opersting with
high heads ard reduced flows, this turbine can give
an efficiency of approximately 85 per cent.

= Iis mamfacture requires an industrial plant
equipped to perform operations of casting, welding,
cutting and bhasic machining (turning, planning, and
drilling). The runmner and nozzles are normally
produced by casting.

MICEELL~BANKI = This is a particl-admission, crose=flow, action
turbine with radial intake, and consists of an
injector and s runner having a certain number of
curved blades.

= This turbine's range of application lies detwsen
that of the double=nozzle Peltor and the high=speed
Francis turbine, in situaticns invelving medium
hseds and moderate flows. This turbine can operste
with efficiencies in the order of 80 per cent and
generate up to 1,000 kW of power.

= Because of its particular geometry, the Michell-Baniki
can be easlly produced and is regarded as & low
cost turbine.

« Its manufacture requires an indusirial plant
equipped to perform welding, cutting, and Bbasic .
machining operatione (turning, planing and drilling).
This turbine can be preduced using welded parta.
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GENERAL CEARACTERISTICS

FRANCIS

The use of this turbine ig resitricted to mediuwn
specific speeds and, like the Michell-Banki type,
10 medium heade and moderate flows. Its efficiency
lies between 83 and 9C per cent.

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

AXIAL-TYFE

This ig an arial-flow reaction turbine, whose speed
control system is incorporated in the runner in
the particular case of Kaplan Turbines. 1Its area
of application is limited tc failrly high specific
spasds. Operating with very low heads and large
flows, it is capable of achieving efficiencies of
about 90 per cant.

Its manufaciure reguires an industrial plant set
up for casting, welding, and cuiting, und equijped
with the usual basic machine=tools. :




SPEED REGULATORS FOR EYDBAULIC TUREINES

TTPE GENERAL CHARACTERISTICS
TH.ICAL-ELEC TRON IC = This reguiator consists of an slectronic device
with flow comtrol) designed to detect variations in the speed of the

turbine on the basis of the variations in gene-
rating {requency that sccompany a change in load,
and an electric motor which drives a mechanimm
opening or cloging the turtine's flow regulation
valve in either direction.,

~ A the electronic unit is the same in all cases
and does not depend on the power, this regulator
is inexpensive to mamufacture, the slectric motor
being the principal variable cost factor.

= Iis manufacture requires un industrial plant spe=
cializing in electrical and mechsnical work .and
with its own electronics shop. )

[mar-nmr?m Yre ~ This regulator consists of an eleciromic device
K electrical=slectronic) designed to detect variations in the speed of the

turdbine on the basis of the variations in gene-
rating frequency that azcompanies a change in losd
and a system of slectrical resistences that in-
crease or reduce fictitious loades to maintain
constant load on the turbina.

~ The electronic devise is gimilar 4o the one re-
quired for the slectric-slactronic regulator with
pogitive water control.

= Jts mmufacture requires an indusirial plamt with
an eilsctronice shop.




GENERAL CEARACTERISTICS

JOLEO-KECEAR ICAL

- Thie kind of regulator consists of a gpeed

sengitive elemert, usually in the form of a
centrifugal pendulum, a force Qisiribution element
incorporating a pressurized oil distribution valwve
and a servomotor, a compensation and reversing
sysiem designed to stabilize the velocity of the
group, & gear o> sliding vane pump, and a number
of actusting devices to control the flow—regulation
valve of the turbine.

The cost of mamufacturing this regulatoer is,
comparatively speaking, higher than the cost of the
slectro—electronic regulater, and ites production
requires an industrial plant equipped to perform
welding, cutting and precision machine-tool
cperations.
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ELECTRICAL GENERATORS

TYPE CENERAL CHARACTERISTICS
|ALTERRATOLS « These are genecrators whose design incorporated a
voltage regulator and reinforced coils capable of
withstanding turbine runaway speeds. .

= For economic reasons, the use of two- or four-
pole alternatorz is recommenied for MEG.

= Hanufacture requires ar electiro~mechanical plant
with bagic machine tools mnd equipment for the
winding of coils, walding, and cutting.

INDUCTIOE GRNERATORS = These are inductiocz motore opersting am gensvators
aither independently or in parallel with an
altsrnator.

= Their falrication requires no more than the adapta—
tion of existing eiectrical moters and can be under—
taken at the manufacturing plant itself.




7. APPROACHES 10 SPECIFIC PROJECTS

7.1. SPECIFIC ASSESSNENT OF DEMAND IFD RESCURCES
a) Demand

An important poini to remember is thet the demand estimated in
the planning phase will be used for the specific projects phass.

Demand is sssessed in the light of local snd regional conditicns.
The potential sleciricity demsnd is calculated and & global estimate of
future dsmend growth iz prepared dy establishing a plamming target teo
te achieved in a time equal to the estimated time required for a grid
supply.

Tiese mnalyses require field investigations and processing of the
data discovered.

ACTIVITIES RBQIRED FOR SPECIFIC DEMAND ASSESSMENT

- Identification of the major development complex of the zone.
- ldentification of arse of influence of development complex.
- Inventery of socio—-economic activities.

- Identification of possible future growth factors in the zone.
- dnalysis of data yielded by field vork and other sources.

Ssquence of phases in demand estimation might proceed in accordance
with the following block schematic diagram:
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Genersl anelysis of socio-
economic activity

Jdentification of most

e .

r

Celeulation of capacity
near=st to potential demand

h

Regional aneslysie, economie
growth trends analysis and
| demographic analysis of
capacity

Determination of basic
allocation or cepacity of
family unjit

Mazkat study

Estimates of payment capabie
lities of commmities.

Study of alteymative costs
of diesel generation




702.

- 125 -

b) Rescurces

Remources are estimated on the basis of snalysing existing cartegraphic,
geological, geomorpbological, hydrolegical and ecanclogical data, supplemented
by field surveys, headwsier surveys and iopographic surveys. '

Poagible headwaters are jdentified from infommation supplied by the
lpcel populstion. BEHeadwaters near = ji.s. within approximately 15 km -
settlenents in the basins under study are researched and their discharges
surveyed.

The available head is determined by =imple topographic methods. 4
pocket altimeter ie satisfactory for high falle. A precision altimeter
should be used for low falls., In both cames a spirit level can be used
as well.

SELECTION OF TECHNOLOGY FOR THE DEVELOPMENT AND DESIME OF MHG SYSTEMS

GENERAL DESIGHN CRITERTA

= Charsoteristice of region, such as access facilities for possidble
future use of bujlding equipment,
- Availability of local btuilding materials.

a)} Only intake works

mmnmsxmcmms .

- Look for maximum narrowing of stream channel in order Yo minimize
spilluxy length snd, therefors, sxcavations and structural work.
- Look for mite ix accordance with sediment cenditioms.

- Search for best foundation for structure, praferably on reck out-
croppings to emsure stability.

- Choose minimum length of conduit in comtact with maximum watere in
order to reduce amounts of reinforced concrete.




b) Conduit system

DESIGN CHITERIA FOR CONDUIT SYSTEM

- Suitable design on plan to minimize sxcavations.

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

- Duet cross=section close to optimm hydravlic value.

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

e) 8ilt basin - surge chamber

CRITERIA FOR DESIGNING SILT PBASIN AND SURGE CHANEER

- Check capacity ic ensure appropriste supply to penstock,
absorption and damping of oscillatioms arising from opening
and closing of inlet valwver due to waristions in turbine
losding, and comirol of water level at panstock inlet.

- The design dimentions of the silt basin should be determined in
the light of the parmisssble mize of the particles that caz e
allowed to snter the turbtina, and the characteristica of the solids
in the water.

- The depth of the. silt bawin shonld be such as to preciunde dis-
tarbances dus to rising and descending flows cansed by temperstare
changes.
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d) Peastock

CRITERIL FOR PEHSTOCK DRSIGH

- Various materials are suitable.

- Various types ani sizes can be used in combination to achieve
optimum solutions.
The following shows the various materials which can be used under
different heads (ir metres).

&= 30m 100w 150m A, 600 80tm

————
o BBl

MALLEABLE IRON

PLASTIC

CEENT ASEESTOS

FRC

POLYTHENE

| In order to withstand the maximur pernissidle wster hammer for power
stations, the rated pressure of the tubing should be something like 30
por oent more than the gross drep. Water hammer surging cam be con=-
trolled by appropriate closing timing of the controller.

«  Duilding costs, which increase with diameter as well as
with ground conditions, mhould be balanced against tubing
pressure drop, which reduces output. This comparisen will
help to datermine the optimum dimmeter.

- Anchorages should be degigned for safety factors based on
overtuming, sliding and besgring capscity. The tubing should
alsc be studied for three differept kinds of lead - dynamic
pressure load on tubing, static pressure losd on tubing and
load on empty tubing. It is aleo advisable to design a filter
to extend alang the whole length of the pemstock to drein
possible meepages.




Powerhcune

DESIGN CHITERIA FOR POWEREOUSE

The area to be built on depends upon plant reqnirtn'untl, on bead, wgter
flow and number of units. II enough funde are available, & residemtial
area can be provided for the operator. A4 water supply system with filter
bed purification snd a sevage system wi_'l'.h septic tank can be provided.
Drains and/or scme other systam should be provided arcund the power-
house perimeter to intercept surface water and keep dow the lewvel of
the water table.

DESIGN CRITERIA FOR TRARSNISSION LINE

DESIGH VARIABLES:

Line woltage.

Capacity.

Power factor.

Length,

Height above ses lewsl.

Average, mazimum and minimm ocutszide temperatures.
Wind spead.

7.3. BULLDING

The various possible methods for building the elements which meke up an
MHG will mow be considered. .
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PROCESS OF EQUIFMENT SELECTION FOR MAG .

Specification of MES

b4

Selecticn of : Selection of Selection of control
turhine generator ' panel

r B r
Selection of mechenical Selection of
transmission betwmen . transformsr
generator snd turbine

Salection of speed Selection of primary
troller netwvork

Selection of sube
stetien

h

- Purchese of |, Selection of secondary
equipment network

Installetion

* The selection procems can alsc be started from the turbine.
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7.5. OPERATICR, MAINTENANCE, AND REPATR

Operstional characteristics depend mainly on:

= Tos size of the plant;

= The typo of service;

= The level of control automstiom;

« The reliability of ithe egquipment;

= The ingtitutional structure of the electric power systiem.

Aswumming an NHG having a low level of automatian, limited to the velocity
and voltages regulators and the sefety systems, mnd designed to operate anly a
cortain pumber of hours a day, & single operator might be all that ie required.
For a centinmuously opersiing MHG, on ihe other hand, twe operatore working in
shifte would De needed.

Thene operstors must be able to perform their duties with competence and
to handle *tasks involving preventive maintenance and minor emergency repairs.

An MHG operator must hawe at least basic houledgt in the following areas:

~ Pondasentals of industrial elsctirical systems;
- Danch mackiming; '

= Welding;

- Adninistestion;

= Operstional sequences.

Naintenanoe snd repair opsrations may be distributed as follows:

- AGTIVITY RESPONSIBILITY
‘= Preventive maintanance of squipment Operator
= Provantivwe maintenance and general repairs to Operator with commnity support
the civil angineering structu-es.
= Ueneral equipment repairas. "PFlying maintenance squade® of
the electric utility and/or thel
. operator.
~ Kajor sgquipment repairs Specialized workehops or the
masufacturers .




BECOMMENDATIONS FOR THE CIVIL WOEKS

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

of the inspections varies according to climetic conditioms.

During flood periods daily inspections must be carried out with a view te
detecting threatening conditions caused by rising waters or slides. Such
thregtening situations may include: ercgion of supporting pillars, wmsual
loads an the ducts at or along the riverbed, the accumulation of waste material
at the grids or gates of the diversion dams, unaccepiable erosion below the
diversion dams, or almommal downchannsl water levels.

Flooding may be mors of a problem &t lew=head ingtallations than at highehead
plants for the reagson that it may damage the dam and the generasting unite.
5lide may damage the canals and ducts, in some instances filling them with
debris ard causing overflows and atnormally high sesdiment loads on the turbines.
The inspections made during periods of emergency must be carried ocut by expe=
rienced personnel who are familiar with the operation of the facility.

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

Any structural fissures or leakage through the dam opr its abutments sust be
the mubject of frequent and careful inspection for the purpose of detecting
possible changes.

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

Piezcmeters must be installed in the foundation of the dam, and their readings
must be checked at least once a menth for the purpose of detecting any sudden,
changes in pressure below the dam.
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RECOMMENDATIONS POR THE ELECTROMECHANICAL EQUIPMENT

= The machinery and valves must be regularly serviced so as tc ensure
that they will operate properly and relisbly when weguired.

« All gates and valves must be operated through their full range of
travel at least cnee & monmth.

- In the case of small plants, defective valves and gates mey be replaced,
with the defsctive parts taken to a central workshop for repair. This
may alse be dene in the case of turbines, regulators, generstors, and
transformers when they are amall enough.

= In both high and low=head projects, the valves and gates oust be test-
cparated &t least cnce a momth to snsure that they will perform reliably
vher requirsd. If there are a number of gates, they should preferably
be of identical design, and consideration should be given to the acqui-
gition of & replacement gate to be und' in the event of damage caused
by floating debris or wear..

= Qenerators mst be inspectal esvery six months and disconnected once a
year {for preventive maintenance.

= Tha turbines must be discommected and inspected every year for faults.

= The control panels must be inspacted every four months and disconnected
every year for preventive maintenance.

= The busbars, especially théeir comneriens, must be inspected every four

. menths.

= The transformers must be inspected every cix monthe and disconnected
svery year for preventive maintenance.

= The cireuits must be inspected every gix months and must dbe checked for
faulte at the time of the ammual majntenance.

= The substations must be pericdically (every three months) checked for
short cireuits.

7060 003'15

In this siction, a mmber of quantitsiive guidelines are discussed which
may be used to estimzte the costz of an MHG for purposes of planning and rough
calculation only. The fact is that reliable cost predictions for specific pro~-
Jects on the basis of over-all indicators are not peossible, since sach individual
case ﬂmm a detgiled cost analysis taking into acceount the preject's partie-

khinliiny T i
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ag well as for the three principal investment cmpbnmtn: pre=invesiment siudies,
equipment, and civil engineering. A4s the curves in these graphs are bHased on
available information pertaining to varioue Latin American countries, it ia re-
comnended ihat tbe office responsible for NHG plamming in each couniry should
adap"t. them to their own actual in-country conditions. This can be done in at
least an approximate way by experimentally detemining certain correction factors

I The graphs presemted below indicate unit costa for the total MEG investment
I for use with the graphs pressntsd below.

a) TUnit costs of the total MHG investment

Pigure 23 =shows the total unit costs for an MHG in dollars per kiloe
watt of installed power for different power ratings (output) and heads. The
table below cutlines the elements and hypotheses congidered in the preparation
of this graph. .
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ASPECTS CONSIDERED IN THE FREPARATICF OF FIGUEE 23

= The data processed were drawn from 35 prcjects in three Latin American
countiries, the correlation factore with respect ‘o ihe graph being in
the crder of TO per cent.

= The lower curves, for the non-conventiocnal techmology option, were
plotted by adding the coste of the studies to those of the equipment
and the civil engineering works (assuming demestically manufactured
equipment ).

— The costs are based on 1980 prices, whereby the data used were aljusted
according to the indices given in Pigure 24,  which is a very rough indicator
of the variations in iimes employed in this mamual. Fer specific cases,
it is advisable to etudy the variations for eack equipment component and
the civil work cosis according to the particular conditions given for each
country.

= The curves presented are of ocnly relative statistical value, since in the
case of gpecific projects one must expect significeant varisticns from che
courrtry to ancther. '

= The variations from countiry to country mey be due to the following factors:

Availability and cost of labour;
Availability and cost of materials;
Equipment purchase and freight costis;
Engineering coets;
Gesographical comditions and problens of access;
Dollar exchange rates;
Currency market conditions and controle;
Yariaticns in cost indicators over time.
« Varistions with respect to sach specific project are dune to:
Distances and access conditicos;
Prysical conditions (geolegy, bydrelogy, geomorphology, scil
mechanics, ecology, etc.);
Significant differences in tbe scale of the sivil ceonstruction.

= The graph refers to statione having only one alectromachanical unit.

= The definition of high, medium, and low heeds is taken from the power
gnd head clapgification of the Latin American Energy Organizatiom, which

appesrs on page T.
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CONCLUSIQONS TO HE DRAWN FROM THE TOTAL INVESTMENT CCST CURVES
- MHG costs may vary between $US 1,000 and 5,000 per installed kW.
- it costs rise rapidly as power retings decreage.
- Plants operating with low heais are more costly than those with high
heads.
- The use of non=conveniional technology for the civil comstruction and '
of domestically produced sguipment and technology makes for lower unit
costs than conventional techmology and imported equipment. This advan- .
tage ienda to become less significant as t!:s power rises.
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1t comis of pre~invesimant studiss

)

As pointed out in sectiem 5.4., study costs are freguemtly disprepor

Por this resseon, it is

advisable to pet limits to study costc as s percentage of the total cost of

the project.

ticnetely kigh in temms of the total investment,

For purposes of guidsnce, Pigure 25 ghows & proposed greph of mpazimum

In sctual practice, it

deriradle stuly costs &g a funciion of plent omiput.
i recommanded thet each country plan these corts as part of ite MHC policy

and in accordance with the minimum depth mnd coversge of the studies themselves.
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FIGURE 25 STUDY COSTS AS A MAXIMUM RECOMMENDED 'PERCENTAGE OF
TOTAL PROJECT CNST, AS A FUNCTION OF MRG OUTPUT

i o=m=T

e e —

e) Unit costs of electromechanic equipment

Figures p¢ and 37 indicate the unit costs of electromechanical
equipment in the case, respectively, of equipment imported from memfacturers
in dewelcoped countries and equipment mamufsctured domestically using tech- .
nologies developed or adapted in the country end mot subject to the payment
of ‘reyalties.

ITEMS INCLUDED IN THE ELECTROMECRANICAL EQUIPMERT

= Turbine

= Velecity regulator

= {ensrator

= Electrical control panel and instrumentation
-~ 1Installation (excluding anchoring aystems)
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ASPECTS CONSIDERED IN "SIF PREPARATION OF FICURES 26 ana 27

o

-~ The dats used in preparing Figure 2° were iaker from 25 cases,
the curves having a correlation facter of 97 per cent.
= The data used in preparing Figure 27 were taken from 10 cases,
with the equipment mamufactured in 2 single Latin American
country. The curves were plotted on the basis of Figure 26,
the correlation factor being lower than in that figure.
- The gosts are given in 1980 dollars and are based ¢n an
sdjustment of the valuee given in Figure 2k.
= Variations from country to country may be due to:
Freight and insurance
Imppyt duties
Taxes
Local tranzport
Laws deeigned to promctie industrial development
Exchange rates
Currency market conditione and cantrols
Variatione ip cost indicators over time
= Varigtions from one particular project to another may be due to:
Conditions of access and local freight charges
Installation costs
= Implicit in the squipment costs is.the selection of the optimum
turbine type according to the head and power of the station
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4 mmber of genersl conclusiont may be drswn from Pigures 26 end 27
for guidance in the selsction of equipment.

CONCLUSIQNS TO BE DRAWN FROM THE INIT-COST CURVES FOR ELECTROMECHANICAYL EQUIFMENT

= The unit coste of the electromechanical equipment fer an MHG may
vary between $US 300 and 3,000 per installed kW of power.

= Urit costs rise rapidly for the lower power retings.

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

= (eperally speaking, domestically manufactured equipment and
domestic technology may be priced at sne-half the cost of
eguivalent imporied equipment and technology.

4) TUait costs of civil construction

Figure 28 sbows ths unit cost indicators for the civil works _
ssgociated with an MHG project. As we shall see later an, the disgram is
intended for referencs use emly.

ITPE INCLODED UNDER CIVIL WORKS

= Dams and intake

= Canal

= Torebay

« 8ilt bamin

. - Penstock and anchoring

= Acosssories (gates, grids, ete.)

. « MNachine room (power house) and equipment support systems
= BEatepff canal

It shonld be noted that these cost elements do net include the power
trmmission and dietritntion systeme. In the table below some of the
factors involwed in plotiing the civil conmtyuction comt curves are discusses:




ASFECTS CONSIDERED IF THE PREPARATION OF FIGURE 28

= The curves, which are based on data for 25 mimulmted projects
baving a correlation factor of about 60 per cemt, reflect the
approximate correlation of the differemce irn 4o%tal unit coets
lesn the comts of mtudies and equipment.
= The variations from one specific came t¢ another are wvery wide,
= The correlations for conventicnal technologies rest on the
assumption that the teclmological conditicns of the project
are as described in Chapter Two (point "e", page 8 ).
= The correlations for nonwconventicnal tecimclogies rest on
the assumption that the project's technological conditiona
sre as described in the preceding sectinon.
= The costs are given in 1980 dollars.
= Variations fpem courtry to courtry may be due to:
Costs and availability of construction materials;
Labour costs; ’
Geographical conditions and problems of access.
=~ Variations from project to project may be due tos
The phynical characteristica of the project
(geclogy, geomorphology, hydrology, soil mechanics,
canal length, topography, aggregate materials, etc.);
Building methods;
Depth of the angineering studies;
Experience in design engineering.
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FIGURE 2b MHG CIVIL CONSTRUCTION COSTS PER INSTALLED KILOWATT

Figure 28 suggests a number of general conclueions regarding the

limite of application of the graph itmelf and the trends revealed inm it.

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

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

The unit costp of civil works may vary between $US 450 and 1,800

per installed kilowatt.

Deit costs increase a5 the power decreases, but not as rapidly as
for the eleciromechanical equipment.

The unit coests of ¢civil works iperesse az the head increases, in a
relationship that is thus the inverse (and also less marked) of that
which erists between uhii equipment coste and bead.

All other factors being equal, the use of non-conventionzl ‘echnologies
is less costly ihan the uee of conventional technoelegies, this sdvane
tage being greater for the lower power ratings.
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INTERNATIONAL CO-OFERATICN®

The principal possibilities for intermational cceoperation in the
MEG fieid lie in the areas of technology, training, studies, and con=
atruction. Co=operaiive projects may be undertaken at the world, re-
gional, sub-regicnal, or simply the bilateral level.

Ae ussd here, the term “"intermational co—operaztion” ertunds to all
types of intermational relations which are designed to pursue the mutual
advantages of the co-operating parties and which are the subjsct of
international agreemants.

International co-operation is bamed on the following principles:
- Reapect for the moversignty of the parties;
- Bquality of rights for all parties;
- The voluntary participation of all parties;
- Nutual asaistance;
- Heciprocal benafitz.

8.1 INTERNATIONAL ORGANIZATIONS OPERATIRG AT THE WOHLD LEVEL

The following are some of the organizations that are in a positien
te provide support in the development of MHC.

-

This chapier im intended to be updated and exrpanded in the nexrt edition
subject to the collection of more detailed infommation on activities of the
organizations menticned in this marmal.
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ORGANIZATIOR

AREL OF ACTIVITY

Tnited Katicne Develcpment
Programme (UNDP)

United Natione Educational,
Scientific and Cultural

Organi zation { UNESCO)

Horld Meteorological Organization
(WMD)

ternational Labour
Organisetion (ILO)

United Fations Induetrial
Development Organization (WNIDO)

international Bauk for
Recemztmction and Development
{IERD); ¥World Hank

Organization of Petpoleum
Exporting Countries (OFEC)s
OPEC Fund for International
Development

Financing of development plans,
programmes, and projecte.

Co=gperation in scientific‘and
educational development programes.

Comoperation in meteorclogical amd
hydrolagical programmes on behalf
of development orojects.

Cowgperation in {raining programmes
for middle~level technicians and
Bkilled workers.

Co=operation in industrial develop~
nant programnes; currently engaged
in promotion of MHG programmes and
implementing a number of projects
in developing ¢countries.

Financing of development projects;
grants short= or medium=term loane
at interewt 4o beth the Gowmraments
of the member States and to public
and private institutiens, provided
they have the backing of the Govern-
ment of the country in tguestion.

Financial aseistance for development
prejects, perticularly in the aree of

alternative energy scurces and on
behalf of the countries mogt seriously
affected by the petroleum price
structure; currently financiang an

MHG programme.
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Probleme which arise in relatione with inteprnaticnal organizations and
methods for overcoming thems

FROBLEMS REMEDIAT ACTICH

Poor malection of axperis Bacquest, by the national organizations, of

a more sxtensive list of experts; provision
of adequate and sufficiently detailed infore-
mation to the international orglﬁization.

Failure to take full Formulation of a detailed plan specifying
advantage of the the activities the institution wishes to
expert's mkills have carried cut, with this plan to be

completed sufficiently in advance cf the
expert's arrival; assigmment of a counter—
part {or counterparts) sufficiently compe-
tent to work with the expert.

As part of their sffort to promote the use of NHC, the intematicial orga-
nizations must lend their support to the establishment of local infrastructures
in such areas as planning, studies, design, cperation and maintenance, administra=-
tion, financing, and technalogical dewelopment.

A9 2 general rule, contacts with these organizations should be handled
through their resgident representatives in the individual ceuntries.

Among the internaticnal banking institutions with worldwide operations,
mention should be made, in addition to the IERD, of the Erxport=Import lank
(EXIMBANK) and the Imternaticnal Finance Corporation.

8.2 RECIONAL AND SUEREGICQNAL CO-OPERATION

Thie form of co-operation may involve the areas of studiea and construction
apd can be undertaken by a group consisting of more than three countries. In
principle, the term "regional" refers to organizations operating on & cemtinental
or subcontinental basis, while “subregional” refers io groupe of countries within
__u_._lc_u o:tm:.n geographical zone.




ORGANI' ATTON AREL OF ACTIVITY
Organization of American ddvisory serwvices, consultation, and
States {QiS) support for econemic development
projecte.

Commont African and
- Nauritian Opganization
(ocax)

Afro=igian Oprganigation for
Bural Recomstruction

Rapt Aifricas Common Services Trade, financing, and studies of pocial
Organization problems.

Organization of Central American Seeks solutione to common problems end
States {OCAS) promotes econemic, seocial, and eultural

development through conceried coe
operative acticon.

Organization of African Unity {OQAN) Has & Gommiseion for Scientific and
Taechnical Research.

Latin American Energy Is conducting a regional=level MHU
Organizstion (OLADE) programma.

Special mention should be made of OLADE'e work in premoting, co-ordinating,
“ and adviging cn ¥HG projects mnd programes, as well as its sctivities in other
eNergy ATOAS.

1t is axrtremely importamt that all the supporting crganizations carry out
their work within a framswork of coe-ordination, promotien, and consultation, in
order that they may contritute to the gtrengthening or establishment ol the
necessary infrastructure in the various countries,
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Among the regional banks, the following in particular might be memtioned:

BANK , PURPOSES

African Development Bank 1te purpose is to contribute to the
economic development and social
pProgress of its membera. It has
established an African Development

Asian Development Bank (ADB) Unlike the African Development Bank,
this bank has extra-regional sube
gacribers in addition to thoee from
within the Asian region. It granta
loane for infrastructure investments.

Central American Bank for The principal financing inmtitutien
Economic Integration (CABBL) . for the Central American Integration
Programme and the main lending
ingtitution for regional economic

development.
Inter=imerican Developmant IDB'e purposﬁ iz to promcte the
Bank (IDB) development of the member countries,

individually and collectively, through
the financing of development and
techmical=asgistance projects; cu=rently |
5 studying the {inancing of MHG projects
’ in several countries.

8.3 DBILATERIAL CO=OPERATION

In the case of bilateral teckmical coe=operation, particular care and
attention must be given to how the cbjectives and scope of the progrumme are
defined, in order to awoid hidden forme of technology sales govermed by commer—
cial objectives. Where this ig unavoidable, the negotiating terms with reepect
to the purchase of the technology must be explicit and clear; moreover, the
sonditions of the agreement muat be favourable and must nect involve, under
the guise of an amsigtance programme, the granting of any exclusive rights.
Similarly, in all caaeg of international technical assistance, the means by
wihich the know=how in question iz tc be effeciively assimilated by the recipient
party must be clearly set forth. It is of vital importance that the counterpart
receiving the assistance be perfectly clear as to the objectives snd that 2
work programme be prepared in advance. "he counterpart’s gualificaticns must
be sufficient o enable him to assimilate effectively the knowledge being
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Dewveloping countries may request bilsteral asesistence through itheir
diplomatic missions or commercisl attachés,

As a general rule, it is to be recommended that, in order %o deal both
with MHG projects and with other matiers of technology and co-operstion,
the dewveloping countries shouwld create a government office for foreign tech-
nical assigtance to be respongible for co=prdinating international ce—cperatinn
in the country and advising the corganizaticns alffected on how to make the best
popeible use of this assistance.

8.4 NON-GOVERNMERTAL ORGANIZATIGRS

dccording to the definition used by the United Nations, nonegovernmental
organizations are intemational organizations which bave not been eestablisbed
en the basis of agresmeantiz beiwsan Governmants.

" The United Nations Economic and Social Council has devised prncedures
governing ccnsultative co=operation for s number of nin-govemmentzl organi-
gations of imterest to the Council. ‘ :

In 197% there were 2,500 non=governmental organizations, a rumber of
shich wers active in tbe area of science and technelagy. The Nen-Goveromental
Oprgmnizetions Sectiom of the Department ¢f Public Infommation of the United
Hations Secretariat is responsible for co—operstion with these bodies. It
almo convenss the Confersnce of Nen=Governmental Organizatiens, which has ite
headquarters &t Gensva and functions as the permanent organ of the non=govern=-
mental consultative organizations.

For the purpose of ascertaining which of these opganizations are engaged
in NHG programmes, they may also be contacted through the information services
of the warious countries at their diplomgtic or consular missions or thedir
informstion centres abroad.

Hon=governmantal organizations may suffer from limitations in the following
arean: financing, constitutional or policy restrictione on activities, lask
of acceptance by certain Governmente, etc.
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ANNEX A

REFERINCES USED IN 'FHE MANUAL

1.

"Fl Desarrollo de Paquefias Centrales Hidroeléctricas en Latinoamérics.”.
OLADE, Quito, Agosto de 1579.

"Situecifn y Perspectivas de la Teenclogfia y Pquipemiento para
P.C.H. en La%inoesmérica™. (E. Indacochea, R. Trejoc, F. Cuenca, ¥
C. Hernédndez). OLADE, Quite, abril de 1980,

“"Requerimientos y metodologia parsa la implementecidn masiva de P.C.H.
en latinosmérica"”. (E. Indacoches, 0., Chagues, L. Machzdo, R. Varses,
M. Fleites, E. Enriquez, F. Ferrdn, L. Haro, S. Mancilla). OLADE,
Quito, junio de 1980,

"Metodologia sintétice para el cdleunlo ¥ especificeciSn preliminar de
microcentrales hidvoeléctricas”. (Enrique Indacochea). OLADE, Quito,
Julio de 1980.

"WManual de microgeneracidém hidré&ulica”. (Sergic Valverde ¥
A. M, Martfrez), Instituto de Investigacionas Eléctrices (IIE), México,
1978.

*7iebilidad de las Microcentrales Hidroelaéctricas en Colombia',
{0. Chaques, J. Lobo Guerrercv, J. D. Burton y C. Casasbuenas).
Fundacién Marianc Ospina Pérez, Colembia, 19795.

"Problemfticas del Desarrollc de la Tecnologia de Microcentrdles
Hidvoeléctricas ¥ su contribucién & la Electrificacién Rural™,

(E. Indacochern). Imstituto de Iavestigacién Tecnolégicg. Industrial
v de Normes Técnicas (ITINTEC), Pard, Junioc de 1979.

"Desarvollo Tecnolbégicos para el Equipamiento de P.C.H." Imstituto
de Ipvestigacién TecnolSgice Industrial y de Normas Té&cnicas
(ITINTEC), Perd, Abril 1980.

"Bstudio del casc de la Mis-ocenmtral Hidroeléctrica Piloto de
Obraiillo”. (Emnrigue Iandecochez). Instizuto de Investigaciones
Tecnolégicas Industrial y Normas Téczicas (ITINTEC), Perd,

Septiembre 1979,




II1.

10,

2.

13.

1k,

15.

16,

17,

18,
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"Seminer-Workshnor on <he Exchange of Experiences and Technology
Transfer opn Mini Hydro Electric Generstion Units"; drafi Report
UNIDO, Bepz)l, September 1970,

"Semipar-Workshop or Mipi Hydroelectriz Power Generation at
Kathmendu, Nepel”. Norwegian Water Resources end Fleetricity
Board (RVE). Oslo, August 1979.

"Swedist Development of Mini Hydro Eleetric Gemeratiom Units",
Englesson Swedish Cepabilities for Assistence 1979.

"Guis pers ls eleboracidn de proyectos de P.C.H. destipades a
la elestrificacién Rural del Peri” (Nozaki). Ministerio de
Fomento y Obras Piblicas. Peri, Ji:li_o de 1968.

"La Electrificacién en Colombie"”. Instituto Colembienc de
Energfe Méctrice (ICEL). 1977-1978.

"Plan Facional de Electrificacidn con Peguefias Hidroeléctricas”.
Consoreio Hidroeléctrico S.A. Programe de Raciones Unides pars
el Desarrolle. Ministerio de Energfia y Mines. Perd 1979.

"Programe de Deserrollo de P.C.E. en Panam&”. Instituto 8e
Recursos Hidréulieos y Electrificmeidn en Panamié. Noviembre 1979,

"Reconocimiento de Pequefios Aprovechemientos Hidroeléctricos en
la regifn este de la Repiiblica Dominicana™. Corporaciéz de
Presas del Este (CPE). Repiblice Dominicans. Febrero 1977T.

"Develomment of equipment for harmessing Hydropower on £ Small
Scale”, (V. Meier). 3Balaju Yantra Shals Put Ltd. and Swiss
Association for Technical Assistence., Nepal, Septexber 1979,

OTHER REFERENCES

10

2.

"Metodologie de Cilcule del valor econSmico de wme plepte
Hidroeldetrica". Comisién Federal de Electricidad., México, 1975,

"Plan de Microcenmtralas. Reconocimiento Preliminer, Resimen
de costos v caracteristicas de los Desarrollos", por Tecmo~

¥

Comsulte lLtde. Imstituto Colembisnc de Energfe Elfctrieca (ICEL).

Colombia 1979.




10.

13.
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"Man de microcentrales en Colombia" por Merer Blanco d= Monton.
Grupo de Traba)o para el Programe Perspectivas del Desarrcllo
de P,C.H., &n Améyrice Latina 1579.

"“Fuentes de Energfa no Convencionmles", Inetituto Costarricense
de Plectricided (ICE). Costa Riece 1979,

"Une experiencia en Programacifn de Electrificacidn Rural” por
el Comité Téenico de Electrificacidn Rural. Ministerio de
Indust=>ia v Energfa, Espafla 19765.

"Microcentreles Hidroeliéctricas Auténcmas"” por Dr. Roger J. L. Soulier,
BRTAU S.A., Francia 1079.

"Metodologia pars el Desarrollc de Mipicentrales Hidroceléctricas™
por Grupo de Trebajo para definir el Programa Regiopal de P.C.H.
de OLADE. Ecquder 1979.

"Plan Nacioual de Flectrificseidn Rural 1979-1982" per Comisién

Tederal de Electricidad, México 1979.

"E] Desarrollo de P.C.E. en Latincamérica y El Caribe”,
IX Junta de Expertos, OLADE. Peanamié. HRoviembre 1979.

"La energfe ¥y sus perspsctivas™ por Ing., Hernmén Bustamante.
Ministerioc de Energia y Mines., Perd, 1979.

"Puentes de Energie para le Electrificmcién Rural en el Perf’.
ELECTROPERU, Sector Energia y Mines., Pertd 1979.

"El Progrema de Pequefies y Mediasnas Centreles Hidroelictricas en
el Perd"”. ELECTROPERU, Hidrandina, Perd 1979.

"Material sobre algunes de las investigaciones y Desarrollo
Experimentales sn Micro centrales Ridroeléctricas de 5 a 100 kW™
por Ingza. R, Trejos Glen Dewey y E. Doryan. Universided de
Coste Rica, Costa Riea, 19280.

“1lan de Implementacién de Microcentrales Hidroslgetricas" por
Ing. L. Gelarza. Instituto Ecuatoriano de Eleciricidad, INECEL.
Eeunador 1980,

"Feasibility Studies for Small Hydropower additions. A Guide
Marwal.’ The Hydrclogic Engineering Center and Institute for
s JUSA,  July 1978.




16.

17.

a8.

19.
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"Seminer-Workshop on the Exchenge of Experiences and Technolozy
Teansfer op Mini Hydro Electrie Generation Units. Prospect of
Mini Bydro Power Develormen:t in Bangladesh” by W. Choudhuri.
Tower Development Board, Nepel, Sevtember 1979.

“"Semina-=Workshop on the Exchange of Experiences and Technology
Trancfer on Mini Hydrc Eleciric Generetion Units. Mini Hydre
Power Development Program in Burme™., Nepsl, September 1979.

"Seminar-Workshop on Mini Hydroelectric Power Generstion in
Katmmandu, Nepsl 1979. A typical exemple of the development
and construction of & modern mini hydro power plemt in Norwey".
Voreonsult as, Osle, July 1979.

"“Eetado Atusl de desenmvolvimiemto da tecmologia sobre
aproveitamentos com 8 utilizacfio de méquinas tubulares no
Brasil., ELETROBRAS. Brezil, 1979, '

. Mini power staticns - Small Hydro Power 100-1500 kW" by VAST,
Stockholm, December 1980,
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ANNEX B
BASIC CALCULATIONS

This annex illustrates the steps involved in preparing a mini-hydro-
electric power plant project, using as an example the 16~kW pilot plant
projact at Obrajillc, Peru.

It should be noted that this project was carried out for research
purposes and thai an exristing irrigation channel was used in the design of -
the plant.

A llowshart indicating more or less typical steps that might be ex-
pected in 2 given projact ia presented on ithe following page.
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SEQUENCE FLOWCHART POR A SPECIFIC PROJECT

Survey study

- X
Determination of current eleciricity

demand for ten-year projection

Agsessment of hydraulic resourcesl

Do the
available

repources satiefy

Cancel the project
or redefine its scope

the demand?

Yes

Preparation of site and engineering
studies (intake, Gapal, silt basin,
fcrebay, penstock, power hcuse)
and gtudies on alternative building
technologies.

Selection of alternative for squipment

R

Desi_@ of transmiscion and distribution line

L

Civil works and installation

x

Start=up
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The prescedure described below was folleowed in designing the project.

Demand study

The commnity to be supplied with eleciric power had a population of
595 inhabitants and a growtih rate that could be conpidered zero, since
according to statistice there bai been no popula:tioh increaze in recent years
as a result of migration to the city.

The town had a bakery which obtained ite required electric power from a
head=-angine=powered genersating unit. There was also a small dairy plant which
had its own similar power supply. It should be noted that the town in ques-
tion lacked any street or house lighting.

In order to determine what kind of power would be required from the
future hydraulic power plani, the following factors were considered:

- The power coneumption by the bakery occuyred between 3:00 and T:00 a.m.
in the morning;

- The power consumption by the dairy enterprise occcured cnly between
B:00 a.n. and 5:00 p.m.; ‘

- House l:i.-ghting was to be provided only during the period from 6:00
to0 10:00 p.m.3

- Street lighting was to be provided only between 6:00 and 10:00 p.m.

(n the basis of theses factors it was ascertained that the genersting
plant's maximum load would be determined by the street and house lighting.
This consumption was celoulated ueing a figure of 25 watts per inhabitant,
yielding an spproximate required power of 16 k¥W (provision was made for the
poesibility of further expansion to permit a higher installed capacity per
inhabitant).

Bescurces study

In the case of this projeci s canal was already available, which
followed & course near the town and was used for irrigation. This canal
draws its water from the Chillém River, whose minimum anmual discharge is
1.2 m3/ sec.
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The water for the canal is obtained through an intake which is c¢leared
and otherwise mainiained every year, afier the high water, by the town resi=-
dents as a comounity acstivity.

The first step was to locate a fall, which was subsequently levelled
nsing topographic techniques. On the basis of the head determination (56.5 m)
and the required generator power (16 kW), the water flow was established
and simulianeously the optimum diameter for the penstock was selected. With
the B=ince PW pipe selected, the result wae 2 net head of 55.1 m and &
maximum discharge of 0.048 ms,fuc., derived from the following formula:

where
P is the generating power (16 kW);
E_ is the net bead (55.3 m);
is the total efficiency of the plant (62 per cent), selected from the
. table below.

(nce the discharge had been determined, a hydraulic analyeis was
carried out in order to determine whether the capacity of the canal was
sufficient to supply the plamt and provide for irrigation at the same time.
This study made it possible to identify certain eritical zones where the
canal had tc be widened.

TOTAL EFFICIENCY OF KINI-POWER PLANTS (%)

Turbine iype
Power (kW) Pelton Michell-Banki Prancis Axial
Up to 50 5865 . 5462 59=65 58-66
50500 65=69 62-65 66=70 66=10
5005, 000 69=T1 é5% 7074 70-74

d The Michell-Banki turbine operates tc a maximum power of 1,000 kW.
The above figures take intc account generator efficiency, which is
low in the case of the lower powsr rstings.
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Site seleciion and design of the civil structures

The existing intake had to be improved so as to make it possible ‘¢
regulate the admission of water into the irrigation canal.

The critical zones of the canal were reinforced and widened in order
to provide the necessary capacity.

4 forebzy wees built, which simltanecusly funeticned &s a silt basin
and provided a way of returning the overflow tc the irrigation canal.

An appropriately anchored PVC penstock was demigned. Although the
recomnended procedure is to bury a line of this kind, the pipe in question
was ingtalled above ground so as to make it poseibles to test it for perfor-
mance and weather-resistance, aml also t¢ test a number of proteciive coating
materials.

Selection of e ent

(a) Selection of the generator

The guiding assumption was the need for 16 kW generation output. On.
this basis, the mpecificatione called for a 20«kVA alternator with a power
factor of 0.8, generation woltage of 220 V, and generation frequency of 60
Hz. This generator satisfied the maximum power requirement. The rotatiom
speed of the alternator was 1800 rpm. A8 a ressarch alternative, an assyne
chronous generator was also installed, with a bank of cendersors to permit
indepandent cperation.

(b) Selection of turbines

Since it wam degigned to operate as a pilot plant, ome of the aime of
the Obrajillo project was to study and develop a technology for low=—gpecific
speed turbines. The specifie speeds of various turbine typee are shown in
the following table.
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SELECTION OF TURBINES ACCORDING TO THE SPECIFIC SPEEDS
Turbine type K | H

] g mexr admiegible

Single-nozzle Peltcn 10 to 29 3t 9 1800 to 400
Two or multi=mozzle Felion 29 %o 59 0 to 18 400 %o 3150
Michell~Baniki 29 te 220 9 to 68 200 40 80O
Slow Francis 59 4o 124 18 to 38 350 to 150
Hormal Francis 124 to0 220 38 t0 68 150 1o 80
Fast Francis 220 1o 440 68 1o 135 80 to 20
Propeller and Kaplan turkines 342 to 980 105 to0 300 i5 10 5

There are twe expressions for the caloulation of the specific speed.
The first depends on the efficiency of the turbine amd is writiem in the
forme

where:

P ix the net power, in hp;
Hn is the net head, in m;
N is the speed, in rpm.

Tha iacmd expression for specific specd mekes it possible to arrive
at efficiency-independent mimilituds criteria and im writien as:

Iq =R %z
vheret

Q is the flow, in n /sec.

With an eye to low specific speed, it was decided for this project to
uss Felten and Michell-Banki turbines, which were to operate under the same
head and flow cenditions.

In order to ensure that, whils operating under these conditions, the
turbines would perform within their customary specific rpm range, it vas
necessary to determine suitable rurmer dismeters {0 make possible an optimal

rotating spesd for the turbine.
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In the case of the Michell=Banki turbine:

g . 3985 JE

Derl:

where:

B is the rotating speed of the turbine, in rpm;
Hn ie the net effective head, in m;

b ig the external diameter of the runner, in m.

ext
For the Pelton turbine:
¥ - _41.46fE;
DP
whera:

Dp is the diameter of the Pelton runner, in m.

Burnar diameters of 200 mm for the MichelleBanki and 600 ma for the
Pelton turbine were adspted, making it necessary to use & mechanical belt
tranamisgion system between the turbine and the altermator.

Dssie of the powzr house

Tor this project, an existing mill, large enocugh to accommodate the
equipment aiid carry out research, was used as the power housas.
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LIST OF SIMBOLS AND ABEREVIATIONS

[} hatt .

kW Kilowatt

MW Negauwztt

kWh Kilowatt hour
« kih/gal ’ Kilowatt hour per gallon

1:13/3/1:::12 Cubic meter per sezond per square kilomester
. m3/acc Cuobic meter per second

mos/yr Konths per year

inhab/lmz Inhabitants per square kilometer

gal Gallon

hr Hour

m Meter

lom Kil ometer

MBG ' Mini-Hydro Generation

ot Extension of an Exigtirg Orid

INIDO United Nations Industrial Development

Organization

OLADE Latin American Energy Organization




