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Introduction

Decentralization of power generation is nowadays 
generally accepted as a potential and expedient way ¡of de­
veloping energy resources to meet integrated rural .requi­
rements, as well as.to support projects-and programmes 
for small-scale rural industrialization in- developing 
countries. Past efforts at achieving these objectives 
through the expansion of centralized national distribution 
grids seen not to have always achieved the desired results. 
In addition to this, the growing shortage c l energy 
sources has become che most serious limiting factor of 
development in recent years. The plight o f the developing 
countries is particularly bad, because they can hardly 
catch up with the continuing rise in oil' prices', while 
possessing only small known reserves of coal and/or 
other energy resources.

As most of the developing countries have rich and 
hitherto often not fully exploited hydrological resources 
such as streams and rivers, brooks, rivulets, waterfalls, 
etc., it is felt that these sources could be. profitably 
exploited by setting up decentralized mini hydro-generation 
(MEG) plants. There‘exist various -definitions'- and criteria 
regarding such plants, but the most common classification 
is as follows:

(1) micro hydre.power-stations .... up to loo kW
(2) mini hydro-power-stations.....  loo - looo kW.
3y now a number of developing countries have set 

up such facilities and have thus been able to extend the 
benefits of modern technology to rural areas, cut -down their 
growing energy expenses, and derive other socio-economic 
benefits. A number cf other developing countries have-long- 
term plans to establish MHG facilities and are taking
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effective steps in this direction, Thar., is jet » third, 
category of countries which, .although they possess the. 
necessary potential, have not jet considered, or have 
been unable, to develop their resources because they lack 
the requisite technical capabilities and/or require 
external assistance in this regard. This is why there seems 
to be a great need for strengthening co-operation among 
developing countries, for an exchange of experience, 
and for technology transfer in the area of mini hydro­
generation, as emphasized by the Declaration adopted at 
the UNIDO/ESCAP Seminar-Workshop on this topic held in 
Kathmandu (Nepal) in September, 1979*

It is along these lines that the present paper 
discusses Jugoslav experience and achievements as weld as 
possibilities of co-operation with other developing 
countries.

Yugoslav Approach to MHO: Socio-Economic Background

The latest survey of the structure of completed 
hordro-electric power-stations in Yugoslavia published in 
December 1979 does not list separately facilities with an 
output of 1 MW or less, but only records that hydro-electric 
power-stations of up to 10 MW have a total output of 140 
MW and that, according to technical and economic estimates, 
further construction of power-stations of this type would 
make it possible to include, into production still 
unexploited hydro-potentials- of a total output of 336.8 MW.

In the total output of Yugoslav hydro-electric 
generation facilities, and-even in the total still unexploi- 
ted hydro-potential this accounts' for a very small percen­
tage. However, since minor streams, brooks, waterfalls 
etc., mostly situated in mountainous regions, are 
hydrologically practically uninvestigated arc technically 
rot yet defined, tlu- indicated 336.3 liw of non-utilized
ootentials should be understood as the most restrictive *■ *
estimate, which might be greatly multiplied chrough the



investigation of minor flowing waters, so that their share 
in estimates of the country’s total, still unexploited 
hydro-potentials would grc-atly increase. This becomes 
the more important if the fac.t is considered that because
of the high degreCw *J±. xpioitation of hydro-power poten­
tials suitable for tho construction of major power
projects, Yugoslavia will be forced during the next medium- 
term period to concentrate on the erection of medium- 
power plants (mostly those between 10 and >0, or 50 and 
100 kirf) . In the light of this it is obvious that the
Yugoslav power generating industry and other interested 
social factors will soon see the importance of MEG in an 
entirely rew light.

However, the high degree of exploitation of hydro- 
power potentials suitable for the installation of major 
power plants is only one of the factors which, In Yugoslav 
conditions, impose the need for wider investigations and 
a speedier development of 'snail- hydro-olec-tric. power-stations.

- The second important reason is the continuing rise 
in'prices of imported oil, f:1lowing the oil crisis in the 
mid-1 9 7 0 s which inflicted a heavy burden on Yugosla^rLa’s- 
balance of payments, uhe country being a not importer of 
energy. For illustration let us add that Yugoslavia’s net 
import of primary end secondary energy during the 1975/ 193o 
period has been increasing at an average annual rato of
11.8 per cent, so that this year it is expected to total 
74-7*4-7 units expressed in lo"^ Joules, or about 4-1.3/ô of 
the country’s total energy consumption this year.

- Finally, the third importent reason for giving 
priority to the development and erection of small hydro­
electric power plants in Yugoslavia is the font that the 
country’s existing integrated electrical power system and 
distribution network are designed primarily for peace-time 
utilization, their infrastructure containing too many 
vulnerable points to oako the . fully reliable in war 
conditions.



This is why the country, bearing ir. sand, the long- 
tern contradictions inherent in international relations, 
and the armed conflicts spreading throughout the world, 
has been pa3'ing due attention to increasing its defence 
capacities, the respective conclusions being that the 
existing power system and distribution network must be 
accompanied by a parallel, highly decentralised network 
of power generating facilities for use in case of war, so 
that desaged or destroyed facilities of the existing power 
system could be replaced and/or replenished. This programme 
gives an important place to small and MEG units. Installed 
on rivulets, brooks and waterfalls in remote mountain 
areas, they would be less visible and out of easy reach 
of an aggressor, and serve the purpose of total national 
defence the strongholds of which would be situated in the 
country’s mountain regions anyway.

Institutional Framework: Problems and Prospects

The Socia-list Federal Republic of Yugoslavia 
consists of six republics and two autonomous provinces.
It's socio-economic system is based on freely associated 
labour and on the system of self-management by the working 
people in all spheres of public affairs..

Being a community of voluntarily united peoples and 
their republics and autonomous provinces, the Federation 
safeguards only the fundamental common interests such.as 
national freedom end defence, territorial integrity gnd 
sovereignty, the system of socio-economic relations, and 
the foundations of the country’s political system, while 
all other common interests, primarily those in the spheres 
of economic and social development are fulfilled through 
various forms of self-management co-Gperation and agreement 
between cha individual republics and provinces.

Thus Yugoslavia’s unified electro-energy S3’-stem and 
distribution network rest upon the co-ordinated activities 
of eif.bt republican and provincial Connuni oie.s for Electro-



Energy, which яге specialized organizations concerned with 
the planning, financing, production and distribution'"of 
energy within their respective territories.

A study of the activities of these Confhufii ties will 
show that differences in economic development between the 
individual republics and, still more, the special problems 
of energy supply and different geological 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 installation of medium- and high-power - 
plants have already been more or less exhausted, where no 
major coal deposits and/or no alternative energy resources 
are available, or where there exist inhabited but remote 
mountain regions with abundant, untouched water courses.

In this sense the Socialist Republic of Slovenia 
offers a percent example.

Covering the ares, on the south-eastern flank of 
the European alp-..е i -gion, ¿his Yugoslav federal republic 
has almost exhausted all its existing waterfalls suitable 
for medium and high-power hydro-electric plants, while its 
coal reserves are rapidly diminishing. However, it possesses 
considerable hydrological resources in the form of small 
rivers, streams, brooks, etc. in its remote though fairly 
populated hilly areas.

In order to lessen its dependence on energy 
imports from other Yugoslav republics and from abroad, the 
Slovenian Community for Electro-Energy decided a few years 
ago to direct part of its efforts and resources towards: 
research and development and the practical introduction of 
small, mini and micro hydro-electric facilities... For this 
purpose they have set up a special Business Committee for 
the construction of small hydroelectric plants which has 
drawn up a programme under which as many as 100 MHG units 
are to be erected during the 1931/1935 period. The Community
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has also included in the programme interested manufacturers 
of equipment both from Slovenia ("Litostroj" , "Sletrokovi- 
narstvo") and from other republic ("Hade Konacr", Zagreb. 
"Sever11, Subotica, ere.) , arid organizations for scientific 
research and project^designing (Institute for Turbo- 
Engineering, Ljubljana, "Slektroprojekt", Ljubljana}.

The erection of snail and particularly of KHG 
units is a complex task involving highly-, varied work 
ranging iron finding, registering and measuring suitable 
sites, to standardization of equipment and-settling of 
numerous still unsolved sysienic, financial and admini­
strative questions.

The institutional system for the erection of small 
hydro-power units can therefore still not rely exclusively 
on the activity of central institutions on the republican 
level or, still less, on the federal level; initiative is 
also needed on the part of other interested factors, 
primarily the citizens, i,s. the end users of energy, 
their local communities, the enterprises in which they work, 
ar-d organizations v/hcih manufacture equipment for this type 
of hydro-electric power-stations.

In this sense, the Yugoslav socio-economic system, 
being based on a free association of labour ari resources 
and on the system of self-management, enables working 
people and citizens to realize to a maximum their own and 
their common interests within the framework of their. 
enterprises, socio-political communities and organizations, 
or again as private farmers or craftsmen.

It may perhaps be best to show- how this system 
operates in practice by describing a concrete example.

Case Stud'/ of t^a-^oa^y  Commune

When discussing concrete possibilities for p 
decentralized decision nr king system in the sphere of KHG 
units at the local level, we must turn to an example iron



the Socialist Republic of Slovenia, - mars precisely, from 
its largest c o m m e  fclmin.

Situated in the hilly part of 'test Slovenia, this 
commune lacks in major rivers cut is rich in small streams 
and mountain brooks fed by Slovenia’s heaviest•average 
annual precipitation. 'This caused the electrification 
process in the Tolnin commune to proceed at a very slow 
rate, so that electricity did not reach the last village 
before 1978* However, even today many isolated farms and 
hamlets situated high up in the mountains are not supplied 
with electricity from the central national power system 
since current economic calculations and possibilities 
would not justify the erection of transmission lines and 
transformer substations. For these reasons the inhabitants 
of the folmin commune had to’depend on their own supply 
of electricity which they ensured by installing private 
aggregates on small rivers and brooks in which their 
region abounds. Thus on the basis of their own technical 
designs and skill and using second-hand or even waste 
materials, or with the assistance of individual experts, 
they erected‘private flour-mills, saw-mills and MHG; units 
on mountain brooks, rapids ann waterfalls from which they 
obtained electricity for the requirements of house-holds 
or/and small-scale industries. Ac one time, according to. 
current data, more than a hundred such facilities were.in 
opération in' the area of the folmin commune. However, .the 
electrification of the commune from the central distributi 
network led to the closure of most of these private power 
generating facilities since their price end maintenance 
costs exceeded the cost of electricity from the national 
grid.

However,' in recent years, induced by the general 
increase in energy prices and the diminished possibilities 
of employment in the v&llwy, the inhabitants of the Tolnin 
commune, chiefly farmers and craftsmen, have turned to 
reconstructing their discused TIHG units and setting, up
new ones



However, as it turned out. the;* were hampered in 
these efforts by a series of difficulties, lack of '"expert 
'knowledge required for identifying suitable water courses 
and for measuring the hydrological ;and technical charac­
teristics of individual micro sites, lack of inexpensive 
standardised equipment in the market of electrical equipment, 
and also unsettled legal questions and financial problems»
At the initiative of interested citizens, in spring this 
year a Section for MHG Units was set up with the communal
Federation of Organizations for Technical Culture, with 
the task to study, promote"and support the erection of 
MHG units according to theinterests of citizens and also 
to those of the Tclmin socio-political community in: viev; 
of its responsibilities and plans connected with the develop­
ment of the material basis of moral national defence.

The first task to be accomplished by the Section 
was the registering of existing small hydro-power units wihin 
the area of the commune. An official inquiry in ail local 
communities has shown that 11 MHG units, 6 saw-mills and 
3- flour-mills utilizing the power of the Tol.niir water 
courses are currently in operation in the Tolmin area. Of 
the MHG units one has a capacity of 50 k W , three have”! 5 kW 
each, and the rest 12 k'W, 9 kW, 3 kb, 3 kW, 5.2' kW and 5 kW,
- i.e. a total of 116.2 kW. These HHG units produce a 
monthly total of 25,663- kWh which, of course, is very 
little even’in relation, to the commune’s total consumption. 
However, if it is considered that,' in the case of war, 
monthly consumption per household in envisaged to total 
90 kwh, then the existing HHG units in the Tolmin commune 
alone and on the nresent low technical level could - in
war conditions - supply with electrical energy 85S' 
households or other, similar consumers.. The inquiry has 
further shown that if to the existing facilities were 
added all the registered disused MHG plants and the sites 
where once flour-mills, saw-mils or similar facilities 
were in operation, then the a *ea‘ of the Tolmin commune, 
includes at lease 15 5 micro sites suitable for the' erection



of MHG units. Aware of the importance ci this Tact, for 
meeting the electricity requirements of isolated ferns 
and snail-scale industry and also those of total national 
defence, the T drain Communal Assembly, on the basis of 
the results of the inquiry, has commissioned the Institute 
for Turbo-Engineering in Ljubljana to work out a stud;* of 
all available hydro-potentials, prepare hydrological and 
technical analyses both cf the registered and of new 
micro sites, and determine the optimum tj-pes and outputs 
for future MHG units within the commune’s area. Under the 
same contract, over the next two years mhe Institute ̂ is tc 
construct and set up five IIHG units■ within the Tolnin 
area, i.e. two micro aggregates for a fail of water of 5 or 
15 metres, one mini aggregate adapted to the requirements 
of total national defence with an output of ?0 kW, and 
two aggregates of 100 kW and a fall of warier of up to 100 
metres, or of 80 kV/'with a fall of water of up to 10 metres, 
designed for connection with the existing distribution 
grid.

At this point it should be mentioned that the 
Tolnin Federation of Organizations for Technical Culture 
is linking jts action regarding the development and 
erection within its area. Accordingly, it has given the 
initiative for a wide research action to be organised at 
the level of the Republican Federation of Organizations for 
Technical Culture in which students, members of school 
organizations for technical culture, would be engaged on 
measuring hydrological and other parameters of all suitable 
water courses in Slovenia in general ant in the Tolnin 
commune in particular. For this purpose a special publication 
is being prepared which is to contain instructions■for 
measuring the fall and flow of water and all necessary 
technical parameters and include drawings of 1'IHG units 
suited to the characteristics of different water courses.

All these initi..wives trken am the level of local 
socio-political communities and organizations, snd also of 
interested individual citizens, require tec'mical knowledge,
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expertises and systemic measures which are impossible to 
provide end put into effect at the local level alone.
Therefore in Slovenia, and also in other Yugoslav, republics, 
steps are new being taken'effectively to connect.the 
initiatives tanted in central republican organs - and-.in 
Communities for Electro-Energy- with those in'the-field.
For instance, the question oi financing the construction 
of mini hydro-power-stations for the requirements of 
isolated farms and small-scale industry in hilly regions 
is to he solved by means of favourable- credits for which 
the necessary funds are to be provided by the Republican 
Community for Electro-Energy and by interested manufacturers 
of equipment, while the construction of facilities.for . 
the requirements of total national defence is to be financed 
from, funds specially earmarked for these purposes at all 
levels, - from the republican to the communal level. As 
regards scientific research work on the typification and 
standardisation of equipment for .uni hydro-electric 
power-stations, most of the required funds are at present 
made available by work organizations which manufacture such 
equipment, while part of the funds is.providèd by the 
Republican Communities for Scientific Activities.

As can be seen, the development of small-, hydro­
electric power-stations in Yugoslavia has already made good 
progress, although the described experiences. - and achievements 
show that much work will still have to be done;

Possible Areas of Co-operation with Other Developing Countries

a s  mentioned before, considerable succes has been 
achieved and valuable experience gained in Yugoslavia in 
the development of appropriate tec’mology in the sphere of 
small and MHG units.

Among the Yugoslav manufacturers of equipment, 
perhaps the biggest results have been achieved so far by 
"Litostroj" of Ljubljana. This organization, specializing 
in the manufacture of Francis, Capian and Pelton turbines,
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automatic speed and discharge governors, -'w^ine inlet 
valves, lubricating, coding and draining devices, draft 
tube gates, head valves, etc., has thirty ya?js cf 
experience in the construction of turbines or hydro-power 
aggregates, ns regards MHG plants, "Liiosircj" built and 
delivered these in greatest numbers during the first 
years of its activity (1 9AS-I9 5o)., to concentrate 
subsequently - as the socio-economic development of 
Yugoslavia gathered momentum - on the construction of big 
turbines and aggregates of up tc IpO KW and more.

However, in recent yeans, due to rising energy 
prices and the development of the ccncapt and material 
basis of total national defence, "Litostroj" has again 
devoted part of its research and production facilities 
to the manufacture cf small and mini turbines, or aggregates, 
for the generation of electricity. Thus', in addition to 
supplying domestic buyers, "iitcsuucj" bus supplied 
equipment for hydro-electrie povar projects in a number 
of friendly developing countries such as the Kaaburu 
project in Kenya, Caere. Corral in the Argentine, Ramu I in 
New Guinea, Kidatu in Tanzania, and the Hempen Dan project 
in Iraq.

It should be emphasised hare that in keeping with 
Yugoslavia’s policies of non-alignment and of strengthening 
collective self-reliance of developing countries, Yugoslav 
organizations do not limit their business operation by 
strictly commercial criteria but, co-operating with 
developing countries, anso seek to provide technical 
assistance by.investing considerable funds in the research 
and development of appropriate technologies and into 
programmes for the training of technical personnel from 
fellow developing countries.

One of the latest actions of this kind was 
organized end put into effect by INORA, Z .-.greb on the 
basis of the Agreement on Technical Co-operation and 
Assistance concluded between Yugoslavia and Nepal. As part 
of the full engineering service contracted with several
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Yugoslav enterprises, "Litostroyj", ior instance, had tie

unir ¿'c ciig:

ion wo-r** ~ in tie ield 1

;eci*iv' lor.:.7 » coustruct
die "RS-Clc i**.or.carll r~f _, 0 -grsb
ether .0  r*'. •*iprneiTC for an MUG

v/sS C cm» 1 p ■*- 0d TL.—ckl” and0

— -• 1 c . JUÎP-»*wr\ T*/lth two
I'rancis turbinas (of lop capacity each) with horizontal

installesshafts and fully designed, constructed rr 
Yugoslav enterprises and on the basis of Yugoslav technology, 
has since been operating to the full satisfaction of the 
Government-of Nepal.

as indicated before, apart from "Litostro.j" there 
are several other Yugoslav enterprises which manufacture 
aggregates for MHG units or certain importent components of 
these aggregates. Especially noteworthy are the achievements 
of the Electrical Machinery and Equipment Section of the 
"Uljanih" shipbuilding industry- in Pula in the Socialist 
Republic of Croatia, uhovuh having less experience than 
"Litostroj" , engineers and technicians of "Ul'mih" have 
shown an impressive technological creativity end industrial 
aggressiveness in the sphere of research and development 
and in the production of mini ; ydro-electric plants. V/ithin 
a comparative!” short tine the” developed hydro-electric
generation units v a n  ware: turbines suitable for
exploitation of virtually any falls and quantities of 
water and for continuous or intermittent water supplies 
(depending on water conditions), uheir technology mares 
it possible to install such units in places where falls of 
water are availbale such \s disused hydro-electrical 
plants, temporary accumulations, watergates, overflows, 
remote mountain streams, brooks, waterfalls, etc. 
"Uljanik’s" mini hydro-electric plants, dimensioned for 
different quantities and falls of water, can either operate 
individually for a certain consumption ares, or cen be 
connected with the existing distribution network. The most
important property/ of "Uljanilc’s'1 .ni hydro-electric



generation units is the fact that, though fully automatic 
and designed to operate without human attendance, they are 
technologically so simple that the, can be repaired or 
even constructed at any local workshop. It is also worth 
mentioning that "Uljanik’s" mini MEG units are delivered 
for installation in existing engine rooms or in buildings 
designed and constructed by "Ul.ianik" , or are supplied in 
specially designed containers for transportation and 
installation in remote areas accessible only by tractors 
and helicopters.

In endèavouriang to widen the range of its services 
to fellow developing countries, "Uljanik" is ready to supply 
its customers with the complete design documentation 
necessary for the construction or adaptation of facilities, 
with documentation for connecting the unit with the switchgear, 
and, finally, with the necessary know-how regarding the 
dimensioning of the turbine and the complete generation 
unit, in accordance wish the hydrological and technical 
characteristics of a poruicular water flow.




