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Introduction

Decentralization of power generation 1s nowadays
zencrally accepted zs a potential and cxpsdient way of de-
veloping 2nergy rescurces to neet in
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rated rural requi-
rements, as well as to support projacts- and programnes

for small-scale rural industrialization in developing
countries. Past effarts at achieving these objectives
through the expansion of centralized national distribution
grids seem not to have always achieved the desired results.
In addition to this, the growing shortage ci energy
sources has become cthe most serious limiting tactor of
development in recent years. The plight of the developing
countries is particularly bhad, because they can hardly
possessinz only -smell known -cserves of coal and/or

other energy resources.

As most of the developing countries have rich and
hitherto often not fully cxploited hydrological resources
such as streame and rivers, brcoks, rivulets, waterfalls,
étc., it is felt tust these sources couléd vz profitably
exploited by setting up deéentralizced minl hyaro-generation
(MEG) plants. There sxist various definitiong-and criteria
régarding such plénts, but the zost conmon classification
is as foliows:

(1) micro hydrc.power-stations .... up to loo kW

(2) wini hydro-powcr-stations...... Joo - looo kW.

By now a nunber of developing countries have set
up such facilities and have thus been atle to extend the
henefits of modern technclogy to rural arcas, cut-down their
growing energy expenses, and derive othor socio~economic
benefits. A number of other developing countries have-long-
term plans to cstablish dG facilitices 2nd are taking




affzctive steps in this directicon. There is yet =z thirc
cztegory of countries which, although Thel posséss the
3
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essary potentisl, have not onsidered, or have

been unable, to develop their rescurces bocause they lack

S
the requisitc technical capebliitl

£

i¢s and/cor require
external assistance ia this rcgard. This is why thers ssems
to be a great need for streagthening co-opération anong
daveloping countries, for zn exchamn=e of sxperience,

arnd for technology trznsfer in the arca of minl hydro-
ceneration, as emphasized by the Dezlaration adopted at

th= UNIDO/ESCAP Seminar-Workshep on this topic held in
Katiamandu (Nepal) in Sephember, 1979.

It is along these linecs that the present paper

]

discusses YTugoslav experiznce and zcial
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nents as well cs
possibilities of co-operation with other developing
countriss.

Yugoslev Apvproach to MIEG: Socio-Econozic Razksround

The latest survey cf the structure of completed
hrdrz~electric powsr-stations in Yugoslavis published in
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S ately facilities with an
sutput of 1 MW cr less, but only records that hydro-clactric
power-stations of up to 10 MW have a total output of 140

MW and that, according to technical and c¢conomic estimatos,
further construction of power-stations of this type would
make it possible to include into production still
un:xploited hrdro--potentizls ¢f a Total output of 335.E MW,

In the total cutput of Yugoslav hydro-clectric
gneration facilities, and even 4n the totel still unexplci-~
2d hydros-potential this accounts for a very small percon-
tarz. However, since ninor strcacs, Srooks, waterfalls
ztc,, mostly <situated in mountalnous regions, are
ryarclosically proctically uninvestigated ard tochnically
r~t yet defined, the indiceted 335.2 LW of non-utilized
potentials should be und.rstzod as thc most rustrictive
sstimat., which might Ye groatly —ultiplicd chrough the




investigetion of ninor flowing weters, so that thelr shax
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in estimatis of the countrr’s Total, still uncexploited
hydra-potentials would greatly incroasc. This becomes

tha more important if ths fact is considercd that because
of the high degree

ials suitadl
projects, Yu
tera period 2 on The criction of mediun-
power plants (mostly Shosc detwesa 10 and S0, or 50 and
100 ¥Ww). 1In the light of this it is cdvious that the
Yugoslev power g2 nefating industry and other intcrested
social factors will soon scc the importance of MHG in an
entirely rew light.

Hewevar, the high degrec of cxploitation of hydro-
power pohentizls suitable for the instzllation of major
power plants is only oaé of thz factors which, in Yugoslav
conditicns, iopose the need for widsr iavestigations and

a speedizsr cdevelopment :f’snall-hyiro—cleotric.poverrs tions.

- The seesnd imtortant reascon is the ccntinuing riss
f-1lowins the 211 crisis in the
n1id=-1%70s wnich inflicted 2 hecr burden on Yugoslavia'’s.
salance of pay—ents, the ount4y Bo1ny 3 net ioporter of
¢narsy. For illustration let us add that Yugoslavia’s net
import of primary end secondary cnerzy during the 1975/1930
period has been increcasing &t an average ennual rate of

11.8 per cent, so that this year it is expected to total
47 .47 units expressaed in 1015 joules, or 2bout #41.30 of

[V}

the country’s total encri consumption thls vear.
o Qv & -

- Finally, the third iaportzat reason for ziving
priority to the devclopni.at and crcetisn »f sazll hydro—
electric powar plents in Yugoslavia is the fa -t that ths

country’s existing intezrated clceetricel power systcem and

distribution nciwork 2roe Aesigned primarily for peace-tipe
utilization, thelr infrastricturs containing Too nany
nilnerable points ©o 1aks thew Jully roliable in war

conditions.




This is why the country, beeriaiy i =ind the long-
term consradictione inherent in inTternational relations.
and tne srmed con_licts spreading Shrougiout The world,

ue attenticu to incressins its defance
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nas been payin

capacitiss, the ctive coanclusions neing that the
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existing power system and distribution network must be
sccompanied b a parallel, highly decentralized nevwork

of power generating facilifties for use In case cf war, SO
that demaged or destroyed facilities of the existing power
system could be replaced and/or replenished. This progranne
gives an important place to small and MEG units. qutalled
oa rivulets, Drooks and waterfalls in reuzote mountain
areas, they would be less visible anc oubt oi easy reach

of an aggressor, and serve the purpose of total nationzl
defence the stronzholds of which would e situatad 1n the
country’s mountain regions anyway.

Institutional Framework: Problems and Prospzcts

The Socialist Federal Kepuulic of Yuzoslavia
consists of six republics and¢ two autonoious provinces.
Its socio-economic system is Lased on freely associated
lebour =nd on the system of self-manasezent by the working
people in 211 spheres of puvolic affzirs.

3eing a comunity of veluntarily united peoples and
their reputlics and autonomous provinces, the Federation
safeguards only the fundamental conmon interests such as
nztiodal freedon end defence, territorial intesgrity and
soverai~nty, i™e system of soclio-econonic Telaticns, aand
the foundetions of the couwnatry’s political system, waills
all other common intarests, primarily taose in the spheres
of econoric and social development are fulfilled through
various forms of self-management co-cperation and agreerent
Detween caz individual republics and provinces.

Thus Yuroslavie’s unified electro-enersy svstem and
4is*rinhution anetwory rest upon thz co-ordinated actlvitiszs

of ei;ht rcnublicen and provincicl Coummunicies for Electro-
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Energy, which are specializeld orgznizetions COncerned with

the planning, fimeancing, producticn énd distribution of
snergy within their respective territories.

A study of the activities of these Commuhities will
show that differeinces in economic developmant betwesn the
individual repudlics and, still zore, the specizl probleis
of energy supply and different geolozical and hydrological
conditions have produced different levels of interest and
experience in the sphere of small-scale hydro-power facili-
ties. To date, the greatest successes in this respect have
been achieved where the existing hydro-power potentials's
suitable for the inutallation of medium~ ené high-vower -
plaents have already deen more c¢r less exhausted, where no
major coal deposits and/or no z2lternative energy resources
are available,'or where there exist inhadited but remote
aountain regions with abundent, untoucned water courses.

In %this sense the Socialist Renublic -of Slovenia
offers a vpercent exziple.

Core

*3

o

inT the 2rea o The south-easrtern flank of
1on, cnis Yuroslav federal republic
11 its existing weterfalls suitable

for mediun and aigh-vower Qycro-c¢lectric plants, while its

the Duropeen 217 . ¢ I
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has almost exhauntcon

co2l resarves eace rap.dly diminishing. dowev er, it possesses
considerahle hycrological resourcces in the form of small
vivers, streans, brooks, etc. in its remote though fairly
vopulated hilly areas.

In order to lessen its dependence onr energy

‘imports froa other Yugoslav republics an¢ from zbroad, the
Slovenian Community for Electro~Energy decided a few years
ago to direct part of its efforts and rasources towards:
research and development and the practical introduction of
small, mini and micro aydrozlectric fazcilities. For this
purpose they havec set up 2 special 3usiness Comzittee for
the construction of small hydroelectric plants which has
drawn up a programme ander wiich as nany as 100 MAG units
are ©o ve vrected during twe 19521/1985 period. The Community




n1as also included in the prosramne inverested zanufacturers
of equipment both from Slovenia ("Litostroj", "Eletrokovi-
narstvo") and from other revuvlic ("Rade Konalr", Zagrebd.
"Sever", Subotica, etc.), and organizations for scieatific

research and »roject.desiznin: (Institute for Turbo-

SR1is
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Engineering, Ljubljana, "Zlek opLOJe“+", Ljubliana).

The erection of smz2ll and pacrticularly of HHG
units is a complex task involving highly- varied work
}anging from finding, resisterins and measuring suitable
sites, to standardization of equipmznt and settiing of
numerous still unsolved sysvemic, financial and adaini-
strative questions.

The instith ional s:stem for the erection of small
hydro-power units can therelore still not rely exclusively
on the activity of central institutions on the republican
level or, still less, on the federsl level; initiative is-
also needed on The part of other interested factors,
primarily the citizens, i,2. the end users of enersgr,
their local communities, the enternrises in whicn they wori,
azd organizations wheill manufecturs equiosment for this type
of hydro-ezlectric power~stations.

In this sense, the Yugoslav socio-economic systen,
beinz based on s free association oi labour ar i resource
and on the system of self-nranagerment, enahles working
peopie and citizens to realize to a mexiamum their own and
their common interests within the framework of their.
enterprises, socio--politicel comzunities and crgenizations,

or sgain ec private larmers or craivsmen.

It may perhaps be best To suaow how this syster
operates in practice by describing a concrete exauple.

Tolmn
Case_Stud? of the-Tomdin Conmune

Whea 2iscussing concrete nossivilitles for ¢
decentralized cecision m Ang svsten in the gphere of MG
unite =zt the local level  we nust Turn to an exanple from
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the Socialis® Republic of Sloveniz, - a7re crecisely, fronm
its lergest commune Telnin.

Situated in the hill: pert of Yest Sloverie, this
commune lacks in zajor rivers -~ut is rich in small streams

and mountain Hrooks f=2d o

(€3]

loveniea’s heaviest-averezze
eanual precipitztion. This caused the electrification
process in the Tolmin comzine ©o proceed &t a wvery slow

el

rate, s0 that electricity did not reach the last village
before 1978. However, even today nany isolated farms and
hamlets situated hizl up in tre mountains are not supplied
with electricity from the central national power system
since current ecomomic calculations znd possibilities
would not justify the erection of tTraasczission lines and
transformer substations. For “hese reasons the inhabitarmts
of the Tolmin commune had to‘dépend on their own supply
of electricity which they ensured by installing private
‘aggrecates on small rivers and Hrooks in which their
region abounds. Thus o the Zasis of their own techniczal
signs and skill and using second-hand or even waste

rials, or with the =assistance of indiviiual experts,

8
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erected private flour-1ills, saw-nills and MAG. units

on mountain brooiks, ranids znd waterfalls irom which they

obtained electricity for The requirszexnts of house—@olds
or/zn¢ swall-sczle industries. At one tize, zccording to
current data, more than a hundred such facilities were.in
operation in the area of the Tclmii commune. However, .the
electrification of the conmune fron the ceatral distribution
netws™c led to the closure of most of these private power
zenerating facilities since thzir price znd maintenance
costs exc~eded the cost of electricity fror the national
grid.

However, in recent years, induced by the general
increase in enerzy prices anc the Aininished possibilities
of emnhlcr—ent in the vallwy,‘the inhehitants of the Tolmin
comuune, caiefly farners -.nd craftswizn, aave turined to
reconstructing thelr Ziscused TG univs and setting up
new ones.
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However, as it turn:zd out, ther were hammered in

these efllorts 2 a series o Qifficultiés. lack ofiexpert
Tnowledge required for identifying suitatle water courses

zad for measuring the aydérologicel :and technical charac-
teristics of indiwiduszl micro sites, lack of inexpensive
standar~dized ecquipzent in the market of electriceal equipzert,
and also unsettled lezal questions and finencial problems.

At the initiative ol inverested citizens, in spring this

vear a Section for MIHG Units was set up with the communal
Federation of Organizavions for Tecinical Culture, with

the task to study, promote-and support the erection of

IEG units zccording to the. interests of citizens and also

so those of the Tc¢lmin socio-pclifical community in:view

of its responsibhilities-and plans cornected with the devzlop-
ment of the material basis of voval national defence.

The first tasl: To be accomplished by the Section
was the registering of existing smell hydro-power uniss wihin
the area of the commume. an official ingiirx in all local
cennunities has shown that 11 MHEG v-its, 5 saw-mills and
4 flour-nills utilizing the Hower o7 ihe Tolain®water
courses are currsn:ly in operacion in the Tolmin zrea. OF

The IiZC uvnit
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¥, three have~i15 kW

each, and the rest 12 kW, O W, 3 X/, 5 ¥V, 3.2 XW and 3

one n1as a capacity of 30

‘_J

- i.e. a toval of 115.2 kW. These ITHG units produce a
monthly total of C3,3G64 kWh which, of course, is very
little even in relation to the comnume’s total consumption.
However, if & is considered taat, in the case of war,
nmonthly consunption per nousenold in envisasged to total

N kWn, ithen trhe existinz MIG units in the Tolxi: communs
alone ¢nt on the present leow technical level could - in
wal conditions - supply with electrical energy 83%4
housenolds or other, similcr coasuners. The ilaguiry has
further shown tha® if to the =xistinc facilities were
added 2ll the registered disused G plants znd the sites
vhere once flour-mills, saw-m:1lls or siniler facilities

vere in operation, then the s -ea of the Toliin comzune
inclucdes at leas: 153 nicro sites suitable for the erection
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of MEG unlts. Aware of il
u@@t*ﬂb the electriciliy requirezents of iscleted ferms
end small-scale industroy cnd zlso tThose of 7¢Tal nmational
defence, the Tclmin Communal issendlr, o1 the Hasis of

the results of thne iacuiry, zas ¢ issicnec the Institute
For Turbo-Fngineerins in Ljudlians to work ous a study of
all availcble hyd.o-poientials, prepare hydrolozical and
technical esnalyses both cf the reristered zni of new

micro sites, and determine the opvimum types and outpurs

for future MIG units within the comuune’s zres. Under the
same contract, over the next two years che Institute is tc
construct and set up five MHG unifts within the Tolmin

area, l.e. two micro aggrezetes for & £211 of water of 5 or
15 metres, one mini aggregate adepted to the requirements

of total national defence with an outdus of 50 %W, and

two aggregsates of 100 W and a fall of water of up to 100
metres, or of 80 YW with =z f£211 of water of up to 10 zmetres,
designed for connection with the exigtin~ Jistribution

Tid.

(R

AT Tthis point it sikould He zentionzac that the
Tolnin Federatiocn of Orgenications for Technical Culture
is linking ivs action regarcing tie developnent and
erection wisain ite area. Accordinzl:y, 1% has given the
iniftiative f2r a2 wide resezrcn acTion vo Hé orgenized at
the level of the Republicexn rederation of Crza anaulon$ for
Technical Culture in which students, members of schoolf
orzanizations for technical culture, would be engaged on
measuring hydrological and other paremetars of all suitable
water courses in Slovenla 1in ceénexal and in the Tolnin
commune 1in particular. For :nis purpose a3 special publication
is neing prepared which is Yo contein instructiomns for
measuring the fall and flow of water and all necessary
technical parameters and include crawiags of HG units

cs

suited to the characteristi of ¢ifferent water courses.

All these initi.tives Urlien atv vie level of loczl
socio~political comnunities and or cnizevions, end also of

interesced incdividual citicens, r2quire tecmical lnowledge,
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expertises and s¥stenic mzasures whicih cre impossidle to
1

- p

provide and put iato =ffect a2t the loczl level alons.
Therefore in Sloveniz., znd zlso in other Yugoslawv repuvlics,
steps are ncw ~eing tvaken effectively to ccanecw. the

\'

initiatives tarited in central repudlicen organs:ané-in

Communities for Electro-En ersy with those in the-rlield.

For instance, the question oi financing the construccion

of mini hyaro—power—stati ns for the regquirenents ol
isolased farms and szell-scaie infdustry in hilly reglons

is to be solved 57 means of favourable credits for wiich

vhe necessary fuinds are To be provided by the Republican
Communitr for Electro-Ener:y and b interested manufactuyrers
of equipment, while the constructior of Iacilities. for.

the requirements of total nztional defence is to be financed
from funds specizlly earmarzed for these purposes at all
levels, - from the republicun to the comzunal levecl. As
rezards soientific researcn work oz th2 *tvpilication and
standardization of equipzent for .:inil avdro-electri

Y

power-stacions, most of the reculrsd funds are at present
made avreilable »- wort orgerizations wiich nanufacture such
equipnent, walle part 0f the funds is.provided »y <The

e
Republican Commuanitices Jor Scientific Aceivities.

AS can De sezn, the davelonnent of small, hydra-
electric power-stations in Yuzoslevia nas already mede jood
progress, z2ltnous’: the cescrived experiences and acihievements
show %thzt much vorit will still have to be doned

Possinle Areas of uo—QpeLa ion with Cther Devzlopinz Countries

As mentioned Lefore, considerable succes has been
achieved and valuable experience ¢2ined in Yuzoslavia in
the developren: of appronriate tcclhnolocy in the sphere of
small and MHG uaits.

Among the Yugoslav menuflacturers o7 equipment,
perhaps the hizsest Tesults have cen achieved so far by
"Litostroj" of Ljibljana., This orcanizatilon, specializing
in %the manufacture of Francis, Ceplan end Pelton turbines,
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susonatic speed and dischars- foverzors, idine inlet

valves, lubricating, coeling and cdrasining devices, draft

crhe

o

ates, head wz2lves, etc., nes thirly éars cf
v 2xperience in the construction of Turdinzs or aydro-rower
agsregaces. AS reqards 4G plamts, "Litosircj" built and
delivered these in Zreatast uumtezd 4 tae first
years of its activity (1345-1350), to comcentrate
subsequenily - as the soclo-econoaic dsvzlonient of
Yuzoslaviz gathered nenentum - o he construction of big

turbines and aggresetes of up te 150 W and oore.
However, in recent yeers, cue to Tising energy

prices and the cdevelopment of the ccneept and niaterlal

hasis of total nztional defeunce, "Litostroj" hes sgain

cevoted part of itTs reseerch and production facilities

to the manufacture c¢f s3zll and zinl Turbilnes, or'aggregates,

for the generation of elactricity. Thus, in addition to
supplying domessic Huyers, "Litestro:" has supplied

-

equipnent for nrdro-eleciric Dover Jroliects 1a a numder

~
L

of friendly develcping Couloriaes si¢ 23 ¢ae RKeamburw

proiect in Kenra, Ca®rz Corr-l in the Arzen”ine, Rimu I in

New Guinea, Kidetu in Texncaniz, znd the Jemren Dam proiect
b ] 9 (%

in Irag.

It should -e enphesized hzre That in keeping with
Yusoslavia’s policies of non-aligaonent and of streagthenirg
collective self-reliance of dzvelopi: ng count ies, Yugoslav
orcaniz~svions do not limit the business orveration by
strictly conmercial criterie but, co-operatlng with
ceveloping countries, clso seek to vrovide technical

agsistance by investins consider:itle funds 1n the research

L]
and development of appropriate technolojies and into
) progrenmes for the craianing of technical personiel frem

fellow developing countiies.

Onz of the lotesc actions of this kind was
orranized 2n¢ put invo ellect Ly ILGRL, 2 -7
hasis of the Lgreement on Technical Co-operation and
Assistance concluded hetween Yugoslavia znd wepal. As part

of the Iull er_ineerin, service coutracied with several
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Yusoslav enterprises, "Litostroj®, Ior imstiace, ad The

task tc carry out 1nvestication wor't in the field,

deternine the most suitzSle cecanslooy, 2al coascrucy

K

[NN]
Ve
i
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z2nd ianstall twe tursines, wihile "Racde mondaz®,
supplied the generators ané ouvhsr eguinment for am l.i:
wnilt et Silghecy wvovi. The Teskt was cemrleted suichizy anc
successfully and thas oespective i, eliinlel. YL TWO
Trancis turzinss (of 1095 capacit: each) witl hormscontel

shafss axd fully desipned, constructed cfund iastalleld uy

Yugoslav enterprises and on tie basis of Tujzoslev technoler),

nas since been operating to the full satisfaction of the
Government- of Nepal.
AS indicated befere, apart from "Litostroj" there
are several other Yugoslav enterprises waich nanufacture
aggregates for MG units or certaln importent components of

these aggregates. Especislly noteworth;r are the &

(@]

of the Electrical Machinery and Equinnent Section o
"Uljenik" shiphruilding industrr in Pola in thes Socislist
Rzpuslic of Croatia. Tliouvrn "aving 1ess eXpsarisnce Thnan

T~ 2 Ziilo DS IS
5

nyT .4 s 1 el s - e [ . 1777 2 e S, [,
Litostro enginscrs end tachnalcicns of Pl aniv! ma
(W] .

< e - L 3 < - . . enld L — e
2ooTessiveness 1o ¢l 3pnere 9I refeircl sad 16431013_.:&;;‘.4

. o
S .

anc in the procductio gigectric plzats, Within
a2 comparcitivelr short Tims ther davelopel hcro-eleciic
generation units with water turbines suitehle for whe
exploitation of virtuelly any falls znd gunntities of
water and for continuous or interzitient water supplies
(dependins on water conditions). Their wvachrolozy meizes
it possile to imstzll sucelh uwnits ia places whare falls »
water are availbele such s disused. "dro-electirical
plants, temporcry accumulacions, wateryates

remote nmountain strecns, Hrook wnterlzll
"Uljanik’s" mini hydro-electric ch“,s ¢inensionel 10T
different quantities and fzlles of water, cen elvhar onerate
individvally for a cesrtailn consuspilon ~rss, Or can DE
connected with vhe existing cistrihuvion networic, The nost
important property of "Uljenil’s' nini hydro-electric

T

—_——m
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ceneration units is the fact that, thouzt fully zutomatic

J

and desiznad to coperate without humca aviendance, they are

r

technologicz 11y so simple that the, can e rzpaired or
even constructed at any local workshop. It is also worth
mentioning that "Uljanik's" nini MEG uvrits are delivered
for installation in existing engine rooms or in buildings
designed end coastructel by "Uljenix", or are supplied in
specielly designed coantainerz fcr trensportation and
installation in remcte aress acc2s5site only H7 tractors
hélicopters.

In endéavouriang to widen the range of its services
to fellow édevelonins countries, "ﬁljenik“ is ready to supply
its custoaers with the conplete cdesizn cdocumentatvion
necessary for the construciion or adzptatioan of facilities,
with docunmentation for comnectiag the unit with the switchgear,
and, finally, wish the nzcessary inow-how regarding the
¢imensioning of the turbine znd The conplete generation
unit, irn accordance with the hrdrological and technnical

et nm - et i i am
characteristics ¢l & porticular weter flow.







