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I. The development of mini hydro power plants in the 

Federal Republic of Germany 

1. Energy - resources and supply 

In the industrial countries - such as the rederal 

Republic of Germany - consumption of energy increased 

considerably during the past decades (Appendix I) . 

Pressure groups in politics and private industry see a 

possibility of meeting the expected increase in demand 

by extensive utilization of nuclear energy. 

However, the unsolved problems connected with the use of 

nuclear energy and the shortage of raw materials available 

only to a limited extent make considerations necessary 

concerning the saving of energy and the improvE~ utiliza­

tion of regenerative energy sources. 

The water power potential has been utilized for centuries. 

Today more than 60% of it are harnessed. To meet the 

varying demand for electrical energy, thermal electric 

power plants and river ran power plants as well as water 

storage power plants have been erected (see Figure 1). 

4.5% of the demand are coverea by hydro power plants. 
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compensation of peak loads is mainly effected by pump 

storage plants, a type of p<>wer plant that has only 

been developed and construc·:ed in the last few years. 

The reservoirs of these plants are now being constructed 

big enough to compensate apart from the daily variances 

in demar.d also for the weekly variances and even for a 

failure of thermal electr~.c power plants up to a period 

vf approx. 5 days. 

River run power plants (see Figure 2) by which it is 

attempted to utilize all available energy ac~ording to 

the water supply and the existing height of f al~ are 

serving to provide the basic load. Compensation of peak 

loads by ~ise-operation of chain-type river run power 

plants is of local importance. 

JAN FEB ~RZ A?R '1A I JUN 1 JUL I AUG SEP OKT NOV DEZ 

Fig.2 Average annual flow of a german river "Donau" 
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Also with regard to energy generation in general, mini 

hydrc power plants - most of them being r5.ver run power 

plants - are ranging very low. For regional industrial 

development, however, they are rather important. Statis­

tics for Germany are not available. 

2. His~orical development of water power utilization 

The first utilization of running water for generating 

energy might date back as far as the invention of th~ 

wheel. River bucket wheels have been k..~own in the 

Orient since the 7th/6th century B.C. The Romans 

developed a water wheel with horizontal shaft and 

toothed angular gear in the 1st century B.C. In the 

Middle Ages and with the beginning of modern times 

corn mills and hammer works were the most popular 

means of using energy generated by water wheels. 

Fig. 3 ~Iill and turbine wheel 
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In the 15th century the first horizontally positioned 

free jet turbine was constructed, enabling an improved 

utilization of water power. (The name 'turbine' appeared 

first in 1824. A F=ench teacher called c. Burdin used it 

for his reaction engine. Since then all rapidly moving 

hydraulic engines are called turbines). Industrial utili­

zation of water power started in 1848 with the develop­

ment of the Francis tur!:>ine in the USA. 

In 1875 the capacity of all hydro power Elants in 

Germany amounted to 118 MW wi+:h an averag~ capacity 

of 20 kW per plant. By 1895 this output ha l. oeen 

doubled along with the rapid industrial development. 

The energy supply was in most cases transmitted l'\echani­

cally and used for local consumption. 

Utilization of water power for generating electrical 

energy became more popular after 1890, when the asyn­

chronous alternator and the high-tension transfor:ner 

were iLvented. Until to the outbreak of World War II 

the installation of turbines - especially of the small­

siz ~ turbines - ~ncreased rapidly. 

From 1910 on there was a stagnation in the harnessing 

of mini hydro power. The number of newly constructed 

plants decreased and repair works on existing plants 

were often omitted for cost reasons. 

Instead, the big energy supply companies bought the 

water rights from owners of small plants and of ten ~hey 

put the plants out of action. Electricity was n1ore and 

more provided bv steam power plants, which - with 

increasing demand - became amortizable within less time. 

I 
' 
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After 1920 it was started in Germany to harness large­

scale water power. Turbines for the generation of 

electricity were installed on the weirs along with 

training works on the big rivers Rhine, Donau, Elbe, 

Oder, Main etc. From this time are da~ing the first 

networks interlinking various generating stations. 

B·: 1940 all big towns had been connected to the differ­

ent local mains systems. 

After World War II there was an increase in the 

utilization of water power, especially with large­

scale plants. 

At that time the generation of elect:ical energy by 

water power amounted to approx. 19% of the total energy 

ou~put. 

Until 1976, this quota decreased to 4.5%, still amount­

ing to 13.3% in 1966. .L'his was not only due t.o the 

increasing demand for energf in general but also to 

the closing of more than 1,300 (mostly small-type) 

co=n mills which so far had been run with water 

power. 

At present there are still approx. 500 large-scale 

and more than 10,000 small-scale hydro power plants 

in the Feceral R~public of Germany, the lar1e ~lants 

being owned by the supply compa.'1.l~s and most of the 

small ones being run ~y private owners. Several 

experts estimated independently from each other that 

until 1985 the share of water r,ower for generating 

electricity w~ll decrease down to 1%. 

' 
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Utilization of water power and river training 

In the 19th century the utilization of water power in 

Germany was mainly effected by private owners of, for 

6xample, mills or sawmills. They had boug~t the rights 

for utilization of water power from the national govern­

ment authorities. 

Since the plants were of very small type and since they 

were adapted to the local conditions, there were only 

slight ecological changes caused by this interference 

with natural processes. On the other hand, there was 

in many cases a most positive development for the water 

resources. Bad erosicn upstream to the retaining weirs 

could be stopped and further lowering of the subsoil 

water level could be prevented. Furthennore. cleaning 

of the river water was effected on the plant inlet 

trashrakes, and the w~ter was partly enriched with 

oxygen at the water wheels and turbines. 

Goverrunent authorities and local energy suppliers started 

in the beginning of the 20th century to train the riv~rs 

by means of large retaining weir~ in order to prevent 

recurrent annual f loodings and to produce low-cost electri­

cal energy. Wlde river ·.;alleys which up to that time 

had been flooded even by low w~ter could now be cultivated 

for farming. ~ogether with training there was very 

often a correction of the ri~er course being made, the 

problematic consequences of which we still have to bear 

today. 

Although the construction of big retaining weirs showed 

the desired useful effect, such strong interference with 

nature caused considerable disturbances in the existir•g 

ecological circulation systems. 
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Importance of mini hydro power plants 

The dacline of water power in the total energy output 

can only show that part of the significance of water 

as an energy source, which is calculabl~ in terms of 

quantity. Important aspec~s of quality, however, are 

not taken into consideration, these lying mainly in 

the field of subsistence economy and supply of decentra­

lized units. 

From the historical point of view, in Germany th~ utili­

zation of water power was the basis for development and 

growth of small industrial companies, especially in 

rural areas. 

Fig.4 Ship~ill 

Wherever energy was required, water power was utilized 

f iLst. In the beginning the company works were located 

next to the hydro power plants, since there was only 

' 
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mechanical transmission of energy possible. After 

1890, when electrical energy enabled a transmission 

over long distances, the various villages could be 

supplied, too. 

A development of several bra.~~h~~ of industry took 

place in the areas around the power plants. For this 

reason hyaro power plants can be said to belong to the 

most ililportant installations for infrastructural develop­

ment of Germany. 

From the statistical point of view the importance of mini 

hydro plants is at present rather negligible. Their real 

importance lies with the regulation of water resources 

and with the possibility of providing company works 

connected to them with low-cost energy. 

For the government authorit~es, however, this is rot 

reason enough to act against further closings of mini 

hydro plants or to offer financial aid for maintaining 

and overhauling existing plants. 

3. The economic efficiency of mini hydro power plants 

The-economic efficiency of plants for generating energy 

depends on the general level of prices and especially 

on the prices of other energy sources. 

The importance of water power was during the past 50 

years diminished with the construction of steam power 

plants which were first heated with coal and later also 

with oil, too. After the recent increase of oil prices, 

hydro power plants are getting tn~o the rehabilitation 

range more easily. Mini hydro power plants are subject 

to special c~nditions in this context. 

I 
' 
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The effect of economics-of-scales can also be observed 

with hydro power plants, i.e., the costs per in~called 

kW will be reduced along with the increase in :>ize. 

This applies both for turbines an~ for construction 

works of plants. 

Still, as regards the economical aspects, mini hydro 

power plants are working profitatle. This is mainly 

di.;.e to 

simplified construci:ion of weirs 

- adaption to environmental conditions 

- investment vf ownership capital. 

In most cases economic efficiency is provided if the 

generated electricity i~ being used by the owner com­

panies themselves. However, if the mini hydro plants 

feed a network interlinking various generatin<;i· stations 

this ne~#ork being provided by local energy companies, 

the generation of energy might of ten be uneconomical 

for reason of the disacvantageous contracts made with 

such supply companies. 

Also seen from the position of national economy, ..... 

quantifiable estimate of the efficiency of mini hydro 

power plants can be made. When feed~ng the interlinking 

network, they are providing approx. S1% of their long­

term annual average .:is a guarauteed output. Temporary 

failure of a mini hydro power plant will not cause a_,y 

dj.fficulties with the interlinking net;..rork, ana as well 

there will be no expensive provisions necessary for 

replacement supply. 

In addition, the costs for supply networks are being 

reduced because feed lines to the con; mers are becoming 

less expensive. 

I 
~ 
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Anoth~r favourable argument in natio1al economy is 

the utilization ~f water in general, being a regener­

ative energy source which is not depending upon 

internatio: ~.l currency exchange rates. 

Taking all these economic argume~ts into consideration, 

it is ~ecoIIllllendable to utilize water power potentials, 

especially small-scale hy~ro power. 
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II. The situation of mini hydro power pla~ts 

1. Existence, construction and conditions of mini 

hydro power plants 

Location and planning 

Most of the mini hydro power plants are located on 

small rivers, either being diversion plants or river 

run plants. They are located at such places where 

water power nas ever before bee1 utilized. Especially 

in the f oreland of the Alps mini hydro ~lants are being 

used for the utilizaticn of small water quantities with 

very high falls. These plants have in common that there 

is only s·eldom a reservoir under management belonging 
to them. 

The conditions these plants are in, dif ~er to a large 

extent. Some of these plants have been shut down and 

have fallen to ruin, some are being run without mainten­

ance until they fall to ruin, too. Part of them, how­

ever, are being overhauled and repaired and are - after 

modernization - in good conditlon. New construction 

of mini hydro plants is not being planned very often. 

If so, it is only being done at places where water 

power has been used before. Construction works are 

at present limited to overhauling and modern.ization 

especially of the plant weirs, always trying to achieve 

optimum utilization of existing energy sources. 

Lately some new locations have been found for the 

erection of mini hydro power plants, following the 

desire to save energy. For instance, so-called com­

pensating turbines have been installed at the end of 

long distance wa~er supply lines, to compensate the 

remaL.lng pressure energy which has not been used. 
(see Figure 5) 

. ' 
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Such recovery of energy is given much consideration 

in ~ll fields. This applies also for places where even 

low water potentials are utilized by means of structural 

alterations made, for example, at the different annexed 

plants of dams (entry storage basins, delivery lines, 

bottom outlets and partly ~lso at spillways). 

For an economical construc~ion and operation of the above 

plants it is important to have an exact calculation of 

the designed capacity. For many plants this is difficult 

since there are often not enough measuring data available 

or - like wit.h long distance water supply lines - the 

exact quantities taken by the consumers are not known. 

a,< o 
rncur 

compensction 
turbine 

H I 

Fig. 5 Hydraulic System of a long distance wate.!' suppl·' 
line 

,, 
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Building construction 

Reconstruction and new construction of old weirs, some 

of which are solid-type weirs and some of which can be 

regulated by means of boards and stop planks and re­

construction works on the station building themselves 

which became necessary with installation of new machines, 

are the most frequent modernizing works. ~ith the old 

small-type high-pressure plants the pressure lines of ten 

have to be repaired and if possible have to be provided 

with a smooth inner lining. 

Investment costs for complete new constructions of mini 

hydro plants (including machines) are at present 

amounting to 5,0<.0 - 10,000 OM/kW for low-pressure 

plants and 3,000 - 7,000 OM/kW for high-pressure plants. 

Not much progress hat yet been made with efforts to reduce 

costs by means of standardization of construction parts. 

Turbines 

Many of the old existing turbines are having a low 

efficiency. Therefore, modernization plans for mini 

hydro plants of ten include the install~cion of a new 

turbine. 

The Mit::hell-Ossberger cross flow turl:.i.ne holds a lead­

ing position in the market, although othe':' turbines 

designed for large-scale hydro plants can also be used 

- with slight simplifications - for installation in 

mini hydro plants. This is mainly due to the high effect 

achieved by restricted and medium water supply. If 

desired, this turbine can be delivered completely with 

generator and regulator, mounted on a foundation frame. 
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A~ present the turbine manufacturers are trying to 

reduce the prices of small-size turbines by standard­

ization and thereby to hold and expand their position 
in the market. 

Generators 

For the range of up to 200 kW connection of almost all 

mini hydro plants to interlinking networKs has led to 

an increased use of asynchronous alternators, being 

less complicated in operation, while for higher capaci­

ties the energy supply companies require synchronous 

alternators im~lying higher cost and labour for regu­
lation. 

2. Operation of mini hydro power plants 

The pl~nts still being in operation have meanwhile -

as far as they are still family-owned - partly been 

adapted to semi-automatic operation and the tendency 

is leading to fully-automatic operation. 

The mini type semi-automatic plants require for opera­

tion and maintenance a time of approx. 2 hours per day, 

while the fully-automatic plants only need a one-week 
overhauling ti.:ne per yea=. 
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III. The future development of mini hydro pcwer olan~s 

For an estimation of the future development of mini hydro 

power plants, not only business data and political economy 

must be taken into consideration but also the interests of 

environment protection and water resources. According to 

estimates given by experts, the following development is 

to be eY.pected with regard to economic efficiency: 

Micro hydro power plants up to 10 kW will be con­

tinually shut down. 

Mini hydro power plants up to 100 kW will continue 

to exist under family owner~hlp, provided that no 

high-cost repair work is required. 

Mini hydro power plants up to 1000 kW will continue 

to operate with economic efficiency if they are 

fully automized. 

For mini and medium hydro power plants from 1000 kW 

on a new construction will in most cases be profitable. 

Ho~ever, considering not only the economical but also the 

other above stated arguments, maintaining of all mir.i hydro 

power ?lants is desirable. 

A close look to ~he activities which at present are taking 

place on the energy sector, this aim seems to be not too 

far away. For example, increased efforts can be observed 

on the side of private owners to modernize their plants. 

As well, industry and consultants have shown new interest, 

mainly with r~gard to expected trade and cooperation with 

developing countries. 

As well, research institutes and government authorities 

dealing with the cooperation with developing countries, 

intend to give a new priority to mini hydro poWf!r plants. 

It might be expected tha~ all this will make such plan~s 

to remain an important and essential part of our environment. 
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