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1. Introduction 

The reliable provision of sufficient amounts of energy at 

reasonable costs is a prerequisite of economic growth and 

improved conditions of life. The future development of the 

energy sector of the economy is characterized by an increas

ing demand for energy, which is the result both of the great 

backlog demand of the developing countries and of the hope for 

worldwide economic growth. However, it is to be assumed that 

the reserves of low-cost fossil sources of energy, in partic

ular oil and natural gas, will become a scarce commodity in 

the foreseeable future. In order to be able to cope with the 

necessary structural changes, we must unite our efforts in the 

spirit of worldwide cooperation. In this connection, w~ attrib

ute great significance both to the global negotiations be

tween North and South on an improved worldwide framework and to 

the work of the multilateral development organizations as well 

as in particular to the efforts undertaken by the World Bank to 

create a new financing instrument. 

Energy policy in the Federal Republic of Germany aims to re-

duce the dependence on imported mineral oil and natural gas. 

For this reason, all the energy sources which might be econom

ically useful in the future, among them the new and renewable 

sources of energy, are being investigated and the pertinent 

conversion technologies developed. A decisive role is also played 

by new technologies for a rational utilization of energy. These 

developments are not restricted to technologies applied in the 

Federal Republic of Germany and comparable industrialized coun

tries, but also comprise technologies which may be applied to 

satisfy the needs of the developing countries. 

The basic guidelines for development policy which were decided 

by the Federal Government in June 1980 make provision not only 

for rural development and the protection of natural resources, 

but also for the energy sector, which is to be a major field 

of cooperation with the developing countries. 
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The sector of energy already accounts for a major part of the 

Federal Republic's bilateral cooperation with the developing 

countries, whose purpose it is to satisfy the basic needs of, 

and to overcome the economic shortages in, the developing 

countries. Nevertheless, special efforts will be made to de

velop the new and renewable sources of energy and to extend 

the scientific and technical infrastructure. 

This country paper, which is prepared for the United ~ations 

Conference on New and Renewable Sources of Energy to be held 

in Nairobi in 1981, provides a survey of the current status of 

energy policy in the Federal Republic of Germany, of the role 

of the new and renewable sources of energy in the Federal Re

public and of international cooperation existing in this area. 

From among the new and renewable sources of energy, the paper 

chooses water power, solar und wind energy, biomass, geothermal 

energy, oil shale and oil sands and, for each of them, describes 

the potential for the Federal Republic of Germany, the state of 

the art, R & D projects and cost and utilization aspects as well 

as any specific problems. In addition, it outlines the potential 

applications of new and renewable sources of energy, in particu

lar in the developing countries, on the basis of the experience 

gained to date in international cooperation. 

2. The current status of energy policy in the Federal Republic 

2.1 The structure of energy requirements and energy supply 

It is a prerequisite for an efficient energy policy and in par

ticular for the establishment of the right priorities for the 

utilization of the sources of energy available that the structure 

of energy requirements and energy supply including the relevant 

data be known. 
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Primary energy consumption in the Federal Republic of Ger

many amounted to approx. 390 million TCE in 1980. This is 

equivalent to approx. 275 million TOE. 

Of these, mineral oil accounted for 48 % 

hard coal for 20 % 

lignite for 1 0 % 

natural gas for 16 % 

nuclear energy for 4 % 

water power and 

other sources of energy for 2 %. 

Since most of the mineral oil (95 %) and natural gas (approx. 

60 %) must be imported, the Federal Republic of Germany is 

highly dependent on energy imports. The development of world 

energy prices as well as supply assurance problems are there

fore of critical importance for its economic development. 

In the Federal Republic the demand for energy is characterized 

by a great d~rnand for energy in converted forms. This is why 

it is necessary to take into consideration the losses occurring 

during conversion, which are, however, increasingly reduced by 

means of nen technological developments. 

The consumption of final energy accounts for a share of 66 % 

in the consumption of primary energy. 25.3 % are at present lost 

for technical reasons while 8.7 % are accounted for by non-ener

gy consumption. 

Approx. 45 % of the final energy are consumed by the sector of 

households and minor sources of consumption, while 34 % are con

sumed by industry and 21 % by transport. 

Another characteristic feature of the structure of the demand 

for energy in the Federal Republic is, furthermore, the great 
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demand for low~temperature heat. Of the final energy con

sumed, approx. 40 % are,accounted for QY space heating, 

36 % for process heat and 24 % for light and power. 

A long-term forecast of the demand for energy and the struc

ture of supply is difficult to make and involves uncertain

ties. It is, however, expected that in the Federal Republic 

of Germany the growth rates of energy consumption will grad
ually level off. 

~tis expected that by the year 2,000 the demand for primary 

energy will be just under 500 million TCE. Structural changes 

will come about only gradually. It is expected that by the 

year 2,000 oil and natural gas imports will still have to sat

isfy a major portion of our demand for energy. It is, further

more, expected that ~he share of coal in the supply of energy 

will remain the same and that of nuclear energy will grow while 

the share of renewable sources of energy will be quite signif

icant, if still relatively low. 

2.2 Goals of the Federal Government's Energy Programme 

Energy policy in the Federal Republic of Germany aims to re

duce the long-term growth of the demand for energy while at the 

same time broadening and securing the basis for meecing this de

mand. 

Extensive measures have been taken 

- to bring down the share of mineral oil in the supply of 

energy by means of energy conservation and substitution 

for oil 
- to limit the growth of energy consumption by means of an 

economical and efficient utilization of energy 
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- ~ogive priority to the use of German hard coal and lignite 

since only these t~o sources of energy ar~ available in 
significant quantities from domestic extraction 

- to expand to a limited extent the generation of nuclear 

energy while observing the principle of giving priority 

to the safety of the population and ensuring nuclear waste 
management and disposal 

- to reduce import risks by means of a diversification of the 

sources of supply as well as by international agreements and 
cooperation 

- to pursue energy research consistently in order to make use 

of all other technologies and renewable sources of energy 
available in our geographical situation. 

2.3 The Federal Government's Energy Research Programme 

The Federal Government is aware of the particular significance 

of research and technology for the medium and long-term 

assurance of energy supply. It therefore adopted an Energy Re
search and Energy Technologies Programme in 1977. This programme 

is to help display a wide spectrum of energy policy options by 
the end of this century. Emphasis of the programme is in partic

ular on 

- efficient energy utilization 

- advanced coal technologies 

- nuclear energy 

- new and renewable sources of energy. 

In general the research and development activities required are 

prolonged and expensive and involve a high risk so that the 
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effort made by industry must be supplemented by intensive 
government promotion. 

The programme is not restricted to the development of techno

logies which are needed in the Federal Republic of Germany 

and comparable industrialized countries but which are often 

less easily adaptable to the needs of developing countries. 

Therefore, the programme also supports the development of 

technologies which can be immediately applied in countries 

with a different infrastructure and with different geographical, 

climatic, economic and demographic constraints. 

Some of the measures taken under this energy research pro

gramme are in particular aimed at developing technologies 

for the utilization of solar and wind energy, of geothermal 

energy, oil shale, biomass and other alternative sources of 

energy. 

3. Assessment of the new and renewable sources of energy in the 

Federal Republic of Germany. 

3 . 1 Wa terpower 

Potential 

In the Federal Republic of Germany approx. 90 % of the econom

ically useful waterpower potential is used for electricity gen

eration. The annual output of energy produced by these water

power stations amounts to 18.7 TWh with a total installed ca

pacity of approx. 4 GW. For 1980, therefore, the share of wa

terpower in the overall electricity generation in the Federal 
*) 

Republic of Germany amounts to approx. 4 %. 

At present, therefore, the installed pump storage output available 
to meet peak load demand amounts to approx. 5,000 MW, or 6 % of 
the total installed electric capacity. 
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On account of the Federal Republic's topography and popula

tion density the further extension of river water power 

stations, pump storage power stations or conventional storage 
power stations is narrowly limited. 

Waterpower utilization is sophisticated and technically fully 

developed so that radically new developments are hardly to be 

expected. Advanced engineering methods which were developed in 

the Federal Republic make it possible today to comprehensively 
analyze the hydrological supply. Depending on local conditions 

various proven turbine designs are used to achieve optimal con

version of the energy contained in running or dammed-up water 

to mechanical rotation energy. Such turbines are manufactured 
in all power ranges and designs in the Federal Republic of Ger

many and they are used all over the world. 

Particular mention should be made of waterpower stations in 

the range of several kW to 1 MW for heights of fall from 1 m 

to 200 m. The turbines for such small waterpower stations are 

fully developed as regards their reliability, their minimal 

maintenance needs and their simple design. Early this century 
a large number of these plants formed the basis for electrifi

cation in Germany. During many years of use they have proved 
their worth all over the world under the most varied conditions. 

The structural parts such as dams, locks, supply tunnels, etc. 

can nowadays be constructed with the aid of advanced and vari

ously proven building technologies. Here, too, the Federal Re

public of Germanycan look back on extensive construction expe

rience. 
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The cost structure of waterpower stations is specific in that 
the prime cost is high and the operating expenses are low in 
comparison with thermal power stations. 

In the case of river water power stations the construction 
cost accounts for about 60 1, while the remaining 40 % are 
accounted for by electro-mechanical components. In the case of 
storage power stations construction costs amount to approx. 80 I, 
while approx. 20 % are accounted for by machinery. The power
related plant costs of large-scale waterpower stations are es
timated to amount to OM/kW 2,700 to OM/kW 4,000 depending on 
the site and the type of plant. Specific energy·product1on costs 
are dependent on the utilization rate of the plant. For 
peak-load power stations with 2,000 operating hours/a the 
energy production costs are, for example, in the range 
between OM/kW o.15 and OM/kW 0.21; for base-load power stations 
with storage and with 7,000 hours of operation these costs 

can be brought down to between DM/kW 0.041 and 0.061. 

In waterpower stations without storage the energy must be used 
as it is produced in accordance with seasonal variations. Large
scale facilities are therefore preferably operated as base-load 
power stations in connection with the electricity grid. However, 
in order to have a sufficient power output also in times of re
duced water discharge, additional thermal power must be made 
available. Power stations with storage can make it possible to 

compensate for supply fluctuations, and the time at which the 
electrical energy is called off can largely be chosen freely._ 
For this reason power stations with storage are used as peak
load power stations, as well as for back-up and regulatory 

purposes. 

. .. 
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Small-scale dece~tralized, usually river-based, power stations 

which supply industr!al firms require a relatively steady 

supply of water throughout the year if availability of the 
energy produced is to be sufficient. 

In addition to the construction of dams for waterpower stations 

structural measures taken at the same time could be significant, 
for example extension of irrigation agriculture, improvement of 

navigability, establishment of a fishing industry or a lessening 
of flood hazards. 

In contrast to electricity generating waterpower stations, pump 

storage power stations are solely used for the purpose of storing 
electrical energy. If there is a surplus of electrical energy, 

water from a lower reservoir is pumped to an upper storage re

servoir by means of a power-driven pump. At times of demand for 

electrical energy the upper reservoir is discharged again. 

In the Federal Republic of Germany there are various water man

agement acts which must be observed in the planning of water

power stations. As a rule, the restrictive provisions contained 

in these acts refer to the admissible distribution of water vol

umes and water levels in terms of space and time. 

Adverse effects on the environment are an essential aspect which 

was, however, little heeded in the past. Hydrological changes 

occurring in the wake of waterpower utilization and the resultant 

effects must be studied at an early stage of planning if damage 

to the environment, agriculture or the natural water balance is 

to be avoided. 

For many countries it will be important to increasingly identify 

and utilize waterpower resources in addition to fossil sources 

of energy, also because waterpower stations are particularly 

economical, simple and robust and because their operating and 

maintenance requirements are small in comparison to fossil 

energy technologies. 
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It can, for example, be assumed that ~nly 2 - 3 % of the water
power potential of Africa is at present being used for electri
city generation. In Asia this share is probably around 12 %, in 
South America around 6 %. 

The Federal Government is already promoting a large number of 

dam building and hydropower projects. Examples within the frame
work of financial cooperation are: waterpower stations in Turkey, 

Morocco, Tunisia, Nepal, Thailand, Sri Lanka, Burma, Kenya, Ma
lawi, Mali, Senegal, Burundi, Tanzania, Brazil, Honduras and 

Peru. In the field of technical cooperation energy planning pro
jects worth mentioning are under way in: Guatemala, Colombia, 

Peru, Argentina, Malaysia and Indonesia: under these projects 

hydropower is to be given greater priority. In the framework 

of this technical cooperation the Federal Government makes 
available existing know-how for the preparation of energy and 

water "master plans" to interested developing countries. A number 
of "master plans" have already been drawn up, or are being drawn 

up with support from the Federal Government. Other plans are in 

preparation. 
In addition, large-scale projects for waterpower utilization 

are carried out on the basis of private industrial cooperation. 

3.2 Solar Energy 

With a medium sunshine duration of 1,600 hours per year the 

average annual intensity of global radiation incident upon the 

area of the Federal Republic of Germany is 10 3 kWh/m2 • The most 

important constraints governing the technical utilization of 

solar energy in the Federal Republic of Germany are 
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- the low power density in this country (with direct solar 
radiation max. 900 W/m2 , annual average approx. 110 W/m2 ); 

this relatively low value (as compared to about 250 W/m2 in 
Texas) calls for the development of efficient technologies 
(e.g. high-efficiency collectors and storage systems); 

- the fluctuations in solar energy availability, depending 
on the time of day, the weather and the season, with 
the daily and seasonal·solar radiation curve being exactly 
opposite to that of heating requirements. 

For these reasons R & Din the field of solar energy is closely 
related to other areas of general energy technology (e.g. ther
mal insulation and heat recovery systems). 

Projections for the year 2~000 indicate that in the Federal 
Republic of Germany the contribution of solar energy to the 
overall primary energy supply through direct utilization via 
low-temperature collectors and through indirect utilization 
via heat pumps could amount to about 5 - 6 I. 

In recent years the development of components and investigation 
into solar systems has been strongly supported through government 
measures. 

Today, different types of flat plate type solar collectors are 
manufactured in the Federal Republic of Germany on an industrial 
scale. Flat plate type solar collecto:r:s with an overal"l surface 
of about 33,000 m2 were manufactured between 1974 and the end 
of June 1978, while in the last 6 months of 1978 alone, after 
the initiation of the OM 4,350_menergy conservation programme of 

... 
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the Federal and the L!nder Governments, 17,000 m2 were pro
duced. In 1979 production rose to approx. 53,000 m2 , and in 
1980 West German industry produced already more than 100,000 m2 

of flat plate type solar collector area. 

Unlike simple designs, including low-cost plastic collectors 
without any additional covers, more efficient solar collectors 
normally ha~e selective absorber layers and up to two glass 
covers. A number of high-efficiency special designs are also 
being manufactured, such as heat pipe collectors or evacuated 
collectors with additional reflectors, but also air collectors 
particularly for agricultural applications. Industrial processes 
have been developed to produce collectors at the lowest possible 
cost. 

The specific cost for solar concentrator systems presently 
amounts to about 1,200 - 1,400 DM/m2 , while the prices for 
systems with low-cost flat plate type collectors are in the 
range from 80 to 250 DM/m2 • The cost for standard collectors 
is 250 - 500 DM/m2 and for high-efficiency collectors 500 - 800 

DM/m2 • 

In the Federal Republic of Germany more than 30 different manu

facture.rs produce water heating systems. By 1980, a total of 
about 10,000 solar systems had ~een installed, primarily for 
water heating in private households during the summer months. 
Systems of this type are presently being offered at prices from 

DM 7,000 to 11,000. Results obtained by a representative survey 
on practical experience. gained with presently installed solar 
domestic water heating systems indicate that about 85 % of the 

users are satisfied with their facilities and in particular 

... 
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with their reliability and maintainability. 

Parallel to a large number of government-funded R & D and 

demonstration projects, solar industry companies as well 

as crafts associations involved have taken the initiative"to 

train craftsmen who install such facilities. Their aim is to 

provide reliable after-sales services which are a decisive 

prerequisite for the broader commercialization of solar tech
nology in the domestic market. 

An interesting application of solar systems, even under the less 

favourable climatic conditions prevailing in the Federal Republic 

of Germany, is water heating for public and local institutions, 

in particular for sports facilities such as public swirnrning
pools, and also for schools and hospitals. 

In view of continuously rising operational costs, the major part 

of which accounts for fuel oil costs, an increasing number of 
municipalities feel compelled to make use of all possibilities 

to reduce the current operational costs of these facilities. 

One such possibility is solar water heating in combination with 

measures aiming at a reductjon of heating requirements. In the 

Federal Republic of Germany there are about 2,750 public open

air swimming-pools of which, under present circumstances, 2,600 

could be heated in order to intensify their utilization by a 

larger number of· bathers and to prolong the swimming season. 

In addition, there are about 250,000 private open-air swimming

pools whose overall surface is already today larger than the 

surface of all public open-air swimming-pools together. 

In view of this considerable potential and the fact that in 

particular the equipping of public open-air swimming-pools 

with solar systems eases the not yet satisfactorily resolved 

problem of heat storage due to the fact that solar energy 

... 
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availability and warm water requirements coincide and that 
the pool itself serves as heat storage, a large public open
air swimming-pool in the Federal Republic of Germany was 
equipped with a combined flat plate type collector/heat pump 

heating system for research purposes. With a surface of 
1,500 m2 this facility ranks among the largest flat plate type 
collector systems presently existing in this country. 

As far as space heating, which accounts for almost 40 % of 
energy requirements, is concerned, there is an increased 
trend in the Federal Republic of Germany, especially in view 
of the prevailing geographic and climatic conditions towards 
the so-called indirect utilization of solar energy by means 
of electric heat pumps. These heat pumps extract the energy 
supplied by the sun and stored in ambient air, in the ground 
or in groundwater or river water via appropriately designed 
heat exchangers and raise it to a higher temperature level 
suited for space heating systems. 

In the strongly expanding German market about 30 different 
companies offer fully developed heat pump systems, especially 
vapour-compression heat pumps with a power range from 1 kW to 
about 30 kW for single-family houses, but also heat pumps driven 
by diesel or gas engines with an output of more than 50 kW for 
larger residential blocks, administrative and office buildings. 

By 1980 approx. 50,000 heat pumps had been installed in the 
Federal Republic of Germany. This figure is expected to rise 
to more than 250,000 by 1985. In 1979 only about 15,000 systems 
were in operation. These figures clearly illustrate the greatly 
increasing importance of electric heat pumps which, however, 

... 
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require the availability of an apprcpriate power supply grid 
and infrastructure. 

Depending on the coefficient of performance the specific costs 

of such heat pumps are presently between 500 - 1,000 DM/kW in
cluding installation cost. As compared to a conventional oil

fired heating system, about 30 to 35 % of the energy cost can 

be saved in this way. This means that heat pump systems are to

day very close to the break-even point and will become more at
tractive as oil prices increase. 

These data do not yet include smaller heat pumps driven by gas 

engines and absorption heat pumps which may be used in single

family houses and multiple dwellings. It does not appear un

realistic to expect these types of heat pumps to compete in the 

market with the electric heat pumps by 1985, in particular be
cause under ongoing R & D projects the improvement of heat pumps 

driven by gas and diesel engines as well as the development of 

absorption heat pumps are being pursued with great intensity. 

Larger heat pump systems driven by gas engines in the power 

range in excess of 50 kW are already in the market and are 
mainly used in administrative and business buildings, schools, 

hospitals and indoor swimming-pools. In the Federal Republic 

of Germany there are about 3,000 systems of that type. 

Long~term developments will possibly lead to thermodynamic heat

ing systems combined with large absorber roofs which hardly 
differ in appearance from conventional roofs, but in addition 

to weather protection assume the function of a heat exchanger 

to utilize ambient heat. 

Already today it appears quite possible that new technological 

developments such as energy roofs, energy facades and energy 

fences combined with heat pumps and low-temperature space heat-
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ing systems could play not an exclusive, but in any case a 
significant role, in particular in view of the geographical 

situation of the Federal Republic of Germany. It is ~uite 

obvious that during the summer months solar collectors will 
contribute to water heating both in the Federal Republic of 

Germany and in regions with more favourable climatic conditions, 

depending on the respective requirement profiles. 

In German agriculture energy requirements more or less coincide 

with the growth or harvesting periods. Interest is focussing 
on the technical utilization of solar energy, e.g. for drying 

purposes and for domestic warm water supply in addition to the 
traditional use of this energy source. This prompts the idea of 

reducing fuel oil requirements of conventional grass or grain 
drying facilities, especially with the aid of air collectors. 
A prototype system for a cooperative large-scale drying facil~ty 

(collector surface 1,500 m2 ) has now been successfully operated 

for about 2 years. 

In vegetable farming the use of translucent plastic foils for 

harvest advancement and for the extension of the cultivation 
period in autumn has been a widespread practice for years. 

Due to the climatic conditions prevailing in the Federal Re

public of Germany energy costs play a decisive part in green

house horticulture. It is the aim of broad-based R & D activities 
to optimize the plant-oriented thermal economy of these facili

ties by using solar energy. In addition to the greenhouse prop

er, novel heating and storage systems including the utilization 

of waste heat from industrial heat sources also enter into 

considerations. 

. .. 
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AsEects_of_utilization_and_Eroblems 

Solar energy offers an interesting approach to the decentralized 
energy supply 6f sunny regions. 

In spite of some differences between the individual countries 

the following major applications of solar energy in these 
regions have developed, based on experience gathered so far 

by the Federal Republic of Germany in the field of international 
cooperation: 

Hot water supply, process heat, cold storage, air conditioning, 

desalination, ·drying, thermal and photovoltaic power generation 
and solar pumps. 

In detail, these applications involve the following utilization 
aspects and problems: 

Hot_water_sUEEly: These systems are ready to be commercialized, 
and in general their local manufacture is possible. Solar systems 
installed e.g. in hotels, hospitals, government and public 

buildings as well as in dairies or similar facilities may enable 

considerable savings in oil consumption (up to 40 - 50 %) to be 
achieved. Such systems should be considered complementary measures 

to save conventional fuels and, in the case of oil-importing 

countries, also foreign currency. Major projects of this type 
have been realized e.g. in cooperation with Egypt. 

Process_heat: Fully developed collectors for low-temperature 

solar process heat generation (about 200°c) are available. 

With respect to the broad use of these components it is neces-
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sary to design the individual processing steps so as to make 

optimum use of energy and to study the various possibilities 
of integrating solar process heat by means of appropriate 

demonstration projects, which after all is also required for 

the better assessment of economic questions. 

£2!9_~~2[~S~L~!~_22ne!~!2n!ns1 Steam absorption systems are 
available for industrial testing and demonstration. Precise 
statements on their competitiveness, however, cannot yet be 

made. The Federal Republic of Germany therefore funds projects 
for the further development and evaluation of this technology 

(e.g. in Egypt and Indonesia). In addition, deep-freeze appli

cations are being examined. 

Q~~~1!~~~!2nl Small-scale simple solar distillation plants for 
fresh water supply are already being operated in many countries. 

Innova~ive designs can help to reduce costs, with the scope for 
further development being quite considerable. Such projects are 

being conducted in cooperation with e.g. Jordan and Egypt. 

Multi-stage flash desalination with solar heat is possible so 

that such systems may be used on a large scale as well. Prac

tical experience with the use of such facilities is being 
gathered, for instance, in Mexico. 

Reserve osmosis with energy supplied from solar cells is also 

being practically tested. In remote communities such systems 
might be widely used for the desalination of brackish water. 

However, costs are still high, and the selection of the type 

of system is governed by demand and by comparison with 
available conventional alternatives. But when the demand is 

sufficiently high, solar-assisted drinking water supply of 

remote areas may well be a viable solution, even if costs 

incurred are high. 

The Federal Republic of Germany cooperates with Mexico in this 

area too. 
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Q~Y!ag1 Different systems and designs are available, but 

there is a lack of drying temperature data for various fruit, 
vegetables and spices to be dried. For this reason further 

R & D acitivities are urgently required for the development 

of process parameters. The Federal Republic of Germany co
operates with Argentina in the field of tobacco drying and 

with India and Ghana in food and fodder drying. 

Because of their short periods of use in villages portable 
dryers should be given preference. 

!h~~~~!-EQ~~~-g~a~~~~!2Ul Solar-thermal power plants with an 
output ranging from seve·ral kW to some MW are being thoroughly 

investigated and further developed on a large scale by the 

Federal Republic of Germany in cooperation with other states 
and international organizatiors (EC, OECD). 

Special mention should be made of a large number of solar farms 

equipped with solar concentrators with an electric ou~put ranging 

from 10 kW to 500 kW which have been established in Algeria, 

Egypt, India, Greece, Spain, Australia, Mexico, Senegal and 

Kuwait and are partly already being operated on an experimental 
scale. It was found that as far as various applications are 

concerned, the combination ~small solar-thermal power gener

ation units and the graded use of waste heat at different tem

peratures may increase the benefit and the economy of such plants 
for villages depending on a decentralized power supply. The tes

ting of demonstration plants under different conditions will have 

to be continued in order to gather more realistic design and 

cost data as well as operation and maintenance experience. 

As far as solar tower power plants are concerned the Federal 

Republic of Germany· participates in the EURELIOS 1 MW project 

of the EC in Italy and in the OECD/IEA 2 x 500 kW project in 
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Spain. It i~ estimated that when the large-scale facilities 
have favourable locations and operational conditions, the 
breakeven point will possibly be reached by the year 2000. 

fh2t2Y2!S!!E~E2~~~-g~~~~!~!2~l At present numerous solar cell 
facilities are being started up for pumps, telecommunications, 
radio and TV facilities as well as for other applications with 
low power requirements in remote areas in order to gather data 
and experience. Although today costs are still relatively high, 
specific R & D activities in the field of base material pro
duction, solar cell manufacturing technology and optimization 
of conventional energy processing including possible storage 
pave the way for a drastic reduction of the cost of such energy 
supply systems. It is the obje~tive of these activities to lower 
the costs for the solar cell generator part to less than 5,- DM/W 
peak output by 1985. Another necessary prerequisite for cost 
reduction is field testing to acquire broad-based knowledge 

·of the requirements to be met by such systems and thus con
tinuoµsly improve the design criteria for photovoltaic power 
generation plants. 

The construction of mass production plants is also one of the 
indispensable prerequisites for further cost reduction. Mass 
production requirements, however, are more or less opposed to 
the desire to construct production plants in every user country. 
Several developing countries together could resolve this problem 
e.g. by establishing joint regional production plants which 
could supply the markets of several countries. The installation 
of a regional Solar Energy Center by the WestAfrican Economic 
Community>(CEAO), which is realized with the assistance of the 
Federal Republic of Germany ~at.serve as an example ~n this 
context. With regard to the establishment of production facil
ities it is only natural to focus attention first of all on the 

conventional part of such plants and consider the manufacture 
of solar cells only as the last, most risky step because of the 

... 
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complexity of s_emiconductor technology. 

In the field of photovoltaics the Federal Republic of Germany 
cooperates e.g. with Egypt, Argentina, Brazil, the People's 

Republic of China, Indonesia, Mexico, the Sudan and the Philip

pines. It may be assumed that the joint development and testing 
of photovoltaic po~er generation plants will result in the 

successful application of this technology in the countries 
mentioned. 

Solar_EUmEs: In spite of the importance of water pumping and 

the R & D activities conducted over recent years experience -
especially with thermal solar pumps - is still not satisfactory. 

Economic and feasible solutions for industrial applications have 
not yet been proposed. The R & D activities conducted together 

with the People's Republic of China, India, Indonesia, Kenya 
and Niger need to be continued. They focus on determining and 

testing the most inexpensive solar pump configuration tailored 

to operational conditions and especially suited for the various 

specific applications (pumping of surface water as well as 

pumping of water from a depth of 100 m). 

Conclusion: Although in the medium and long term the solar 

energy potential in the Federal Republic of Germany in rel

atively low, a great deal of technical experience in this 
field has recently been gained in Germany through broad

based R & D and demonstration projects, most of which were 

carried out with the aid of government funds. 

By way of international cooperation this experience is being 

utilized together with other states, especially developing 

countries, and developed further, taking into account the 

prevailing local conditions. Many results obtained from 

these projects may also be of interest to other countries. 
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It was found that the individual applications of solar 
energy display different development potentials. But on 
the whole solar energy will have greater opportunities 
in sunny regions than in Central Europe. However, the 
respective economic, social, technical and political 
constraints governing energy supply have to be considered 
and determined even more precisely by an adequate number 
of research and pilot plants • 

• 3 Wind energy 

Under favourable conditions, for example along the North 
German coast, wind energy measured at an altitude of 100 m 
reaches an average annual power density of 700 W/m2 and a 
specific annual power of 6,000 ~•~/m2 a. This is many times 
the density of solar radiation. 

In non-coastal areas the influence of ground friction on the 

movement of air increases considerably so that in the interior 
of the country wind machines can be used effectively only in 
exposed stretches of the German mountainous and alpine regions. 

The useful technical potential of wind energy, including any 
necessary restrictions, is at present under study. 

Under the "Solar Energy Technologies Programme" the Federal 
Republic of Germany has engaged intensively in the development 
and testing of wind power stations during the last seven years. 
Such wind machines up to a rotor diameter size of 10 m have in 
the past decades been used worldwide for pumping. The require-

••• 
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ments to be met by modern wind turbines are, however, deter
mined by the trend towards machines with higher drive speeds 
(generators, pumps, compressors). Although the high-speed 

wind machines required are already sold in the market place, 
their technical reliability in continuous operation has not 

been proved sufficiently. For this reason nine different wind 

energy systems sold in the Federal Republic of Germany in the 

range of 10 kW are at present operated and tested on the North 
Sea island of Pellworm. On the one hand the project is to study 

and compare the reliability and maintenance requirements of 

small advanced wind energy systems in continuous operation 
while on the other· hand the technical and economic parameters 

which are required to assess wind energy utilization are to be 

determined. In addition, a large number of other R & D projects 

are under way _to study the possibilities of storage, of heating 

with wind energy and of combining wind and solar plants. 

In the medium power range, a 265 kW wind energy converter is 

at present under construction. The plant possesses a horizontal 

high-speed two-wing rotor of a diameter of 52 m. 

A large wind power station, GROWIAN I, of 3 MWe is at present 

being established on the German North Sea coast. This wind 
power station is a horizontal axis machine with. a two-blade 

rotor running under the lee and a diameter of 100 mas well 

as a mast height of 100 m. The power house is mounted on a 
swivelbearing at the top of the tower. Given favourable winds, 

an annual electrical power of 12 x 106 kW/h can be generated, 

that is to say the plant could supply 4,000 households with 

electrical energy. Since the rotor blades account for a 
substantial portion of the overall cost of the plant, R & D 

projects at present concentrate on the development and testing 

of a new type of integrated fibre rotor. 

. .. 
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During three-year trial operation, the operating behaviour 

of GROWIAN I is to be tested and at the same time the suit
ability of wind energy systems for industrial-scale elec
tricity generation is to be proved. 

Also, other new designs with a one-blade rotor for large wind 
energy systems in the 5 MW range and with a rotor diameter of 

145 mare being developed under the title of GROWIAN II. 

For the current small-scale plants up to 20 kWe the specific 

plant costs amount to between around 2,000 DM/kW8 and around 
10,000 DM/kWe depending·on the type and design of the plant. 

On account of the small amount of wind energy available close 
to the ground the annual work load is lower than with large 

plants. It is estimated at approx. 1,200 to 2,500 annual full
load hours. Depending on the prime cost, the energy price there

fore varies between 0.4 OM/kWh and 1.0 OM/kWh. Given a fuel 
price of 08. DM/1 and investment costs of 5,000 DM/kWe a small 
decentralized wind energy system, which drives a water pump, 

for example, is able to compete with a small Diesel generator 

if situated in a favourable site. 

For large plants of the GROWIAN I type the prime cost in the 

prototype stage must be estimated at present at 10,000 DM/kW. 
On the basis of an exclusively economic assessment the prime 

cost should not be above 5,000 DM/kW given the present price 

of electricity. 

Plants in the lower power range between 1 kW and 10 kW, in 

particular when connected with a storage medium, are partic

ularly suitable for the decentralized supply of individual 

users (electricity for heating, cooling, lighting, communi-

... 
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cation, etc. or mechanical energy to drive water pumps, etc.). 

Potential users are to be found in rural regions with favour

able wind conditions, for example isolated farm-houses, entire 
agricultural units, single-family houses, weekend houses, 
village communities, camping grounds, etc. 

Medium-sized plants in the range up to several hundred kW 

are particularly suitable as "community units" supplying a 

fairly small number of individual users. Large plants in the 

range from 1 MW upwards can either operate independently or 

feed the energy they generate into the supply networks. 

The operation of wind energy converters will presumably not 
create any particular environmental problems. The extent to 

which the noise which may be created above all by large plants 

will be a nuisance must still be studied. 

The speed of the air current will be reduced by energy utili

zation. This effect will be found above all if the wind 
machines are rather closely spaced and is likely inter alia 

to prevent potential soil erosion above all in coastal regions 

or on plains not covered by vegetation. Compared with solar 

plants, wind energy converters require relatively little space. 

Visual impairment of the landscape, at least by small and 

medium-sized plants, is no more serious than that caused, for 

example, by pylons. 

Wind energy is a worthwhile option for those developing coun

tries which have windy and spacious regions and need a decen

tralized supply of energy. 

A prerequisite is that the plants be particularly robust and 

require little maintenance. 
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Against this background support is given to cooperation 
projects with numerous countries: 

- use and testing of small facilities (1 kW) also for low 
wind speeds with Niger, Kenya, Peru and Haiti (water pumping) 

- testing of several smaller facilities {1 - 10 kW) with Brazil 
- use of wind energy systems (10 - 20 kW) also for low wind 

speeds with the People'.s Republic of China 

- development and testing of a 20 kW Darrieus wind converter 
with Argentina 

- development and testing of wind energy converters to a 
maximum of 300 kW with Brazil, Greece, Indonesia and Malta 

including the study of the problems of an integration of 
several plants. 

The cooperation projects have shown that wind energy can have 
a certain application potential under favourable conditions. 
For plants in the upper range there is at present a lack of 

sufficient operating experience so that detailed statements 
on their economy and development ·potential cannot yet me made. 
To the extent that proven plants are available, increasing 

distribution is to be brought about by means of bilateral 
projects. 

3.4 Biomass 

As regards the use of the energy potential contained in bio
logical products, emphasis is on the utilization of waste 
material and of plants containing cellulose. 

In industrialized countries the utilization of waste products 
alone is quite sizeable. In the Federal Republic, for example, 
it is expected that there will be approx. 64 million tons of 
dry organic substance (straw 23.5 million tons, animal ex
crements 14 million tons, biomass such as beet leaves, potato 
foliage 13 million tons, domestic refuse 7 million tons) and 
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4.5 million tons dried ligneous wastes. If these quantities 

were converted into energy, the hypothetical potential would be 

around 19 million TCE (of this 2 million TCE wood). 

How much of this will be economically usefull will not least 
depend on the further development of the technical facilities 
for utilizing these products. 

In the Federal Republic of Germany advanced wood and straw 

incineration plants form several kW up to several MW for 

small users in the sectors of industry, agriculture and 

private households are offered at present by quite a number 

of manufacturers. The plants meet the requirements of optimal 
incineration in terms of the emissions admissible and the 

efficiency required. Loading is either by hand or automatic. 

If straw and wood is burnt locally, that is to say if no 

appreciable transport costs occur, the energy cost per kWh 
is lower than that of purely oil-fuelled plants so that an 

increase in the utilization of these materials is to be 

expected in the future. 

In addition to direct incineration, other major technologies 
for the conversion and utilization of biomass are anaerobic 

fermentation into biogas and ethanol as well as pyrolysis 

and gasification. 

~!QS221 

About 40 advanced-type biogas facilities have recently been 

built in the Federal Republic of Germany. Quite a number of 

German manufacturei:soffer biogas facilities of a size of 

about 20 large livestock units up to several hundred units 

with different types of container, heating system insulation, 

heat recovery, circulation system and mechanical devices. 
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Generally speaking, the utilization of biogas makes sense 

only where fairly large quantities of organic waste can be 

used on the site, i.e. without high transport costs. In the 

Federal Republic of Germany, this applies to sewage treat

ment plants, farms, enterprises of the food processing in

dustry and carcass disposal plants. Gas emissions, which 

would otherwise pollute the environment, can frequently be 

used to produce methane, and this helps to achieve economical 

operation at an earlier stage. 

In the facilities presently operated on farms, the gas obtained 

is used mainly for heating, cooking and drying purposes. Ad

vanced sewage treatment plants in the Federal Republic of Ger

many which make use of biogas can meet their own demand for 

heat and power. 

In the biogas field, the Federal Republic of Germany can offer 

comprehensive know-how and practical experience, which is at 

present being extended in a number of projects (undertaken e.g. 

in cooperation with the People's Republic of China, India and 

Cameroon). 

The operation of biogas facilities is of special significance 

because, by using the resulting nitrogen-rich fertilizers, 

countries can reduce their dependence on capital-intensive 

mineral fertilizers. 

~tha£Ol: A number of R & D projects for the production of 
ethanol from biomass have been executed in the Federal Re

public of Germany. They include studies to assess the potential 

suitability of various plants such as turnips, potatoes, corn 

and cereals and other raw materials such as waste paper and 

straw. In addition, microbiological, economic and process 

engineering studies are being carried out to optimize pro

duction processes. The technical development concentrates 

on bioreactor designs which ensure economic production 

even if the reactor is small; they also focus on the erection 

of pilot plants and training shops for developing countries. 

The cost of producing a litre of alcohol from plants 
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grown in the Federal Republic of Germany at the production 

site is at present estimated to amount to between DM 1.60 

and DM 2.40. In several developing countries the cost sit

uation is more favourable because high-yield plants such as 

sugar cane can be used as raw material. Present projects 

include one undertaken together with Brazil. 

Pyrolysis_and_gasification: In pyrolytic processes, i.e. 

thermal anaerobic digestion, the main types of biomass used 

are wood, peat, straw, organic waste and refuse. Depending 

on the raw material and process used, the energy obtained 

takes the form of gas, liquid fuel or charcoal. In the Feder

al Republic of Germany various pyrolytic processes are being 

developed; at the same time, a number of pilot plants are 

being operated, where development work has reached a stage at 

which the planning of commercial facilities could be start~d. 

In addition, there are a few instances where gasifiers which 

make use of wood are being tested for stationary applications 

in the Federal Republic of Germany and are being manufactured 

also for developing countries. 

In this connection, special mention should be made of cooperation 

with Indonesia and Colombia. 

The utilization of bio~ass is likely to be given considerably 

higher priority than other renewable energy sources, because 

the relatively simple technologies required (combustion furnaces, 

gas generation facilities, alcohol fermentation equipment) offer 

a wide range of applications (production of heat, electricity 

and fuels) and make energy supplies secure without the need for 

additional back-up systems. 

3.5 Energy supply in rural areas 

Apart from the above-mentioned technologies in the field of 
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new and renewable energy sources, it seems reasonable to give 
separate consideration to the problem of supplying energy to 
rural areas because in rural areas it is possible to combine 
several types of energy to establish an integrated decentral
ized energy supply system. 

The supply of energy to the rural areas of developing countries 
is of the utmost importance. Even the availability of relatively 
small quantities of energy can bring about a considerable change 
in the health, employment, education and general situati?n of the 
population. Clean drinking-water and energy for cooking are 
basic needs of rural communities. In addition, energy is abso
lutely necessary for irrigation, communication and information 
systems, processing of agricultural product~ as well as for the 
operation of small repair shops and manufacturing facilities. 

The type of energy made available should not be restricted to 
electricity and should be geared to the different types of 
final consumption. In each case the energy technology should 
be designed to make use of the locally available energy sources. 

Decentralized energy supply systems at the local level must be 
a viable and logical solution. 

This is the philosophy behind the concept of the so-called 
"solar villages". Appropriate projects have been designed in 
cooperation with several countries (e.g. Egypt, People'.s Republic of China, 

Indonesia, Mexico) in order to develop and test different facil-
ities which make use of solar energy, wind-power and biomass to 
meet the energy requirements of rural communities. This includes 
"single-source" facilities as well as facilities combining the 

use of various energy sources. 

. .. 
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New and ren,e~~le energy sources are used inter alia for 

water desalination and treatment, for hot-water generation, 

for cooling and drying food; biogas facilities supply cooking 

energy; communication and training equipment as well as irri

gation pumps are being provided with electric power from 
photovoltaic generators. 

The different designs and projects, which take into account 

the specific economic and social situation of the respective 

village, will serve to study the applicability of the different 
technologies, their economic constraints and their social impli

cations. Only after completion of the test phase, when the 
practical experience gained in these cooperative projects is 

availabl~, will it be possible to draw well-founded conclusions 
as to the future prospects for the application of these energy 

generation technologies in the rural areas of the countries 

con~erned. Initial results from these projects will be avail

able in about 2 years'time. 

3.6 Geothermal energy 

The heat stored in the rocks of the Earth's crust is called 

geothermal energy. 

The ttemperature of the Earth's crust rises with an average 

gradient of about 300 C per 1,000 m. This means that in the 

normal case high temperatures as required for power-generation 

occur only at great depths. This is why capital cost is so high 

that-with the present state of the art - no economica~ use of 

geothermal energy for power-generation is possible. Economical 

power-generation requires geothermal anomalies with high tem

peratures caused by volcanic activity, underground magma cham

bers or water rising from deep-lying aquifers. 
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In the Federal Republic of Germany the existence of natural 

steam or high-temperature hot-water deposits in near-surface 

strata, which would offer the financially and technically most 

favourable type of utilization, can be excluded. However, there 

are several small local low-enthalpy aquifers with water tem

peratures of up to 100° C in the Southwest and North of the 

Federal Republic of Germany, but they have so far not yet been 

commercially exploited for energy supply purposes. 

The Federal Government supports a number of R & D projects under 

which extensive geophysical, mineralogical and geochemical in

vestigations are carried out in order to obtain more detailed 

information on geothermal energy in the Federal Republic. Tem

perature fields are being determined, magma chambers explored, 

heat flux densities and the thermal conductivity of deep rocks 

are being measured. The exploration methods for this work are 

elaborated almost exclusively by universities and government

supported research institutions. German experts in this field 

can compete with their colleagues abroad. 

In addition to these exploratory investigations, the ·Federal 

Government gives considerable financial support to pilot 

projects at three different sites with a thermal output of 

10 MW each: first, the extraction of water of a temperature 

of about 100° C for space heating (at Buhl), second a facility 

for the combined supply of heat, drinking and industrial water 

for a number of different consumers (Saulgau Project) and third, 

a low-temperature heating for existing heating systens (at Frei

burg). 

In addition to R & D activities aimed at tapping the Earth's 

heat stored in hot water reservoirs, the Federal Government has 

invested very considerable funds to participate in the develop

ment of the hot dry rock technology, which removes the heat from 

deep-lying hot dry rocks. Since this technology can be applied 

\J 
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practically everywhere it offers good prospects for exploiting 

a vast energy potential. Apart from a number of small-scale 
projects in the Fe~eral Republic of Germany and extensive Frac 

investigations for creating underground heat-transfer surfaces, 

let me mention in particular the considerable German partici

pation in the Fenton Hill Project carried on in the USA. The 

field experiments carried out so far have shown that the 

application of this technology in the Federal Republic of 
Germany is promising. It is estimated, however, that one or 
two decades will be required to develop this technology for 

commercial use. 

Hot-water deposits with a low enthalpy can only be used for 

heating purposes and hot-water supply. Moreover, such use is 
only viable if the well yields a steady flow of 10 to 30 litres 
of hot water per second and the heating capacity is about 10 MW 

so that a competitive heating network can be set up for a certain 

minimum consumer density in a given area. In order to minimize 

corrosion and the precipitation of salts damaging the plant and 

in the interest of environmental protection, water with a low 

minerals content will be preferred. If the Earth's heat is used 

by tapping hot-water deposits or by means of the hot dry rock 

technology for heating purposes, the heat price would range 

from DM 0.04 to DM 0.06 per kWh. The cost of power generatiqn, 

however, in a hot dry rock power station would - this is an 
estimate by German industry - range from DM 0.30 to DM 0.40 per 

kWh, if water is extracted from a 4,500 m well at a temperature 

of 1so0 c and with an electrical output of about 15 MW. 

The utilization of geothermal energy in the Federal Republic of 

Germany is yet in its initial phase. In the long run, it may 
play a minor role in the energy supply to certain areas. Present 

estimates indicate that the contribution of geothermal energy 

to meeting the total primary energy demand of the year 2000 is 
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likely to fall short of 1 %. The technological experience 

gained so far can, however, be broadened in cooperation 

with interested developing countries. 

3.7 Oil shale 

In comparison with other energy raw materials, the hydrocarbons 

contained in oil shale have, in the past, been used to only a 

very small extent. Recently, however, in view of decreasing 

oil and natural gas reserves and as a result of the present 

development of the price of crude oil, oil shale has become 

an interesting subject in discussions of the energy supply 

and demand systems. Considerable financial and technological 

efforts are now being made in order to utilize this potential. 

In the Federal Republic of Germany there are several oil shale 

deposits, in particular in the North (near Schandelah). The 

presently workable reserves are estimated at 110 million tons of 

oil shale ("Presently workable" means that, for cost reasons, 

the only method applicable is open-cast mining.) The quantity 

just mentioned is more than twice the amount of established 

oil reserves of the Federal Republic of Germany. Domestic oil 

shale will replace about 2 to 3 percent of the German mineral 

oil imports in the years to come. 

In the past, in particular during the two world wars, Germany 

built several plants for the conversion of oil shale by means 

of pyrolysis. During the same period, initial experiments were 

made for underground conversion. At present, the quantity of 

oil shale processed in the Federal Republic of Germany is 

negligible. The only commercial plant in operation uses oil 

shale as an energy raw material, taking the resulting residues 

as additives for the production of cement. In recent years, an 
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avera~e annual amount of 320,00 tons of oil-shale has been 
processed. 

R & D projects include mappinq of deposits, geochemical, hydro

geological and soil investigations, feasibility studies and 

advanced mining technologies. Pilot plants are being set up and 

operated, which process oil-shale by means of advanced conversion 

techniques. The resulting liquid products can then be processed 

almost like crude oil. The development work aims at building and 

operating commercial plants. For this purpose, considerable 
capital investment is required. 

The extraction of oil from oil shaJ.e has almost reached the break

even point today. Provisional estimates of the total cost per ton 

of shale-oil in the Federal Republic of Germany are currently in 

the same price ran~e as crude oil traded in the world r:iarket. The 

conditions for shale-oil would be more favourabJ.e i:: the resuJ.tin~ 
residues cou1d, in addition, be used as raw materials. Cowever, 

it must not be overlooked that t~e production cost £or oil ::rom 

oil-sr..ale is rnere~.y estimated and that it therefore invoJ.ves an 

ele_ment of uncertainty. 

Oil-shale is without doubt an interesting energy potential, 
also in developing countries. Its commercial utilization, 

however, still meets with numerous technical and economic 

difficulties. Negative environmental effects of the mining 

of oil-shale and its processing should be avoided by taking 

the appropriate technical precautions. This will involve 

additional investment and operational costs. 

3. 8 Oil sands*) 

The hydrocarbons contained in oil sands are another consider

able energy potential. Although the information available on 

deposits is incomplete, it can be expected that global resP.rves 

amount to about twice the known oil reserves, which is just 

under 90 thousand million tons. 

*) including heavy oils and bitumen 
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If it were possible to develop competitive extraction and 
treatment processes for the utilization of heavy oil and 
bitumen deposits, the reserves for the world oil supply 
would be tripled as against today's reserves. Such processes 
would in addition increase the yield of conventional crude oil 
deposits, thus also helping to increase the available reserves. 

This means that the development of extraction and treatment 
processes for heavy oil and bitumen will gain decisive im
portance for the policy of securing adequate supplies. 

The oil reserves which can be extracted from oil sands in the 
Federal Republic of Germany are relatively modest. The mining 
of oil sands at Wietze near Celle and at Heide in Holstein was 
discontinued after the war. 

The knowhow and experience in the treatment of heavy residues 
were extended. This experience can be used immediately for 
treatment purposes in the exploitation of heavy oil deposits. 

A systema~ic extension of the knowhow available in the fields 
of exploration, production and treatment will help in the world
wide utilization of oil sand deposits. 

International cooperation 

Like the industrialized countries the developing countries are 

facing the task of reducing the high level of energy supply de
pendence on oil and changing to less limited and more inexpensive 
energy sources to the greatest extent possible. Many. developing 

countries, however, will not be able to manage on their own, 
especially as their energy requirements for development are in
creasing. In the framework of its development policy as well as 

its research and technology policy the Federal Government has 
therefore intensified its support of developing countries in 

making the necessary changes in the energy supply structure and 
in developing additional energy sources. The development of the 
scientific-technological infrastructure and of the planning capacity 
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of the developing countries in the energy sector plays a central 

part in finding solutions which are in line with the energy re

quirements and potential of the developing countries concerned. 

Only in this way is it possible to precisely determine the energy 
potential' and requirements of each individual country and to set 

priorities and selection criteria in compliance with the over
riding objectives of the countries concerned. 

In the wake of the 1 978 World Ec~nomic Summit Conference in Bonn 

the Federal Government therefore decided to substantially in
tensify its cooperation with the developing countries in the 

field of new technologies for the utilization of renewable energy 

sources in the form of a comprehensive special programme. In the 
framework of the international cooperation necessary here the 

further expansion of bilateral development cooperation plays an 
important part. 

It is planned to further develop bilateral financial and tech

nical cooperation in the energy sector. In this way developing 

countries are to be supported in exploring and developing their 

own en~rgy sources in order to reduce dependence on imported 

petroleum and meet their increasing requirements. The develop

ment of conventional energy sources such as hydr_opower, coal, 
petroleum and gas as well as the conservation, controlled genera

tion and efficient utilization of traditional energy sources 

such as wood will be promoted in the first place. The utilization 
of new and renewable energy sources such as sun, wind, biomass 
and geothermal energy is focussing on the.development, testing 

and dissemination of demand-oriented technologies. Science and 
technology will continue to be widely used in this sector for 

developing reliable solutions and permitting an evaluation of 

the extent to which the potential of new and renewable energy 

sources can be utilized in the individual developing countries. 

Instruments and ryrocedures 

4.1 Technical cooperation 

It is the purpose of technical cooperation to contribute to the 

transfer of technical, technological, economic and organizational 
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know-how and skills to developing countries as well as to 
improving the conditions for their application in developing 
countries. In the sector of the utilization of new and re
newable energy sources, individual projects have been supported 
since 1975. Cooperation has meanwhile been extended to 25 

developing countries. 

Since mid-1979 these activities have been combined and con
siderably intensified under a special programme on the utiliza
tion of renewable energy sources. Today the special programme 
is an important element of the Federal Government's develop
ment policy, as set out in its "Policy Paper" of July 1980. 

It is financed out of a supraregional grants fund meaning 
that it is possible to implement the individual projects in 

addition to the usual programmes of bilateral cooperation. 

It is the objective of this programme to develop, test and 
disseminate energy technologies oriented to developing countries 
which contribute to improving human living conditions, above 
all outside big cities. At the same time a contribution i? to 

be made to decentralizing energy supply, especially of minor 

agro-industries and small industries. Special attention also 
focusses on efficient energy utilization such as economical 
fuelwood consumption. 

Those energy technologies are preferably taken up jointly with 

the partner country which are already known there, but could 
not yet be commercialized on a broad basis. Together with 

suitable national scientific-technological and/or application
oriented institutions these technologies are further developed, 

tested and made ready for production. If necessary·, ful\ds and 
staff are provided for the development and expansion of such 

institutions. In order to disseminate proven energy technologies 

promotion has been given to demonstration facilities, consult
ancy and financing models as well as to service facilities 

and training measures concerning operation and maintenance. 

The final objective is local manufacture which is to contribute 

to adjusting the production cost to the existing purchasing 

power. R&D projects conducted in the Federal Republic of Germany 
also help to prepare these projects. 
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The Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ) 
(German Agency for Technical Cooperation, Ltd.), German 
Appropriate Technology Exchange (GATE) Department, is re
sponsible for implementing this programme. Under the programme 
priority is being given on a medium-term basis to the develop
ment, testing and dissemination of different demand-oriented 
technologies in Kenya, the Sudan, Tanzania, Senegal, Mali, 
the Niger, Upper Volta, the Philippines, Peru and Colombia. 
The cooperation is to be further extended to include other 
developing countries. 

Usufruc'b.laryrights to technologies newly de~~loped during the 
duration of R&D projects in the developing countries are ac
quired by both the partner institutions of the developing 
country and the Feo.eral Republic of Germany. For domestic 
R&D projects, which as contractual research in the framework 
of technical cooperation are 100 % financed, the GTZ as the 
contract-awarding agency ensures by contract the free trans
ferability of usufructuary rights to interested institutions 

in the developing countries. 

4.2 Financial cooperation 

Financial cooperation is to facilitate the financing of 
investments in the energy sector, thus promoting the applica
tion of established energy technologies and in the future also 
the dissemination of successfully tested new technologies. The 
Kreditanstalt fur Wiederaufbau (KfW) examines and implements 
the projects and programmes within the framework of the relevant 
agreements concluded by the Federal Republic of Germany with 
partner countries and on behalf of the Federal Government. 

The funds, made available to the LLDCs as grants, cover foreign 
exchange costs and, if necessary, also domestic currency costs. 

In the field of new and renewable energy sources funds have been 

granted so far mainly for hydropower stations including the 
associated infrastructural facilities. Their share in the 
financial cooperation of the Federal Republic of Germany will 
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increase to the extent to which they prove technically 

feasible and economically viable in· the developing country 

concerned. 

4.3 Scientific and technological cooperation 

Scientific and technological cooperation forms an integral part 

of the Federal Government's research and development policy, 

which aims in particular at an extension and deepening of 

scientific knowledge, the conservation of resources and natural 

prerequisites for life and the improvement of human living and 

working conditions. 

Science and technology play a key role in development. In addi

tion to the development and transfer of development country

oriented technologies, one of the major tasks of the future is 

to assist the developing countries in increasing their competence 

in the sector of technology. This growth can be achieved by means 

of an incorporation of the scientific and technological potential 

of the Federal Republic of Germany in joint research and de

velopment projects. As a rule, particularly interesting possibi

lities of cooperation arise whenever the partner country already 

possesses an infrastructure in the R&D sector, such as public or 

private research institutions. 
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An essential characteristic of all cooperative projects is 

the close cooperation in all phases of the project, ranging from 

the selection of the project and its design to its implemen

tation and the evaluation of results. In particular with re

gard to new and renewable sources of energy, it is possible 

to institute cooperative projects at a relatively early stage 

of the definition and development of a technological system on 

the basis of the immediate local or regional demand, thus 

orienting the development of the project to the needs of the 

partner country. 

The scientific and technological· cooperation of the Federal 

Republic of Germany has hitherto focused on the utilization of 

the renewable sources of energy, such as solar ener~y, wind ener~y 

and biomass, which meet with particularly favourable conditions 

above all in the developing countries. Projects in this field 

comprise in particular the desalination of sea-water, dryin~ and 

cooling, the fitting of irrigation works with solar pum~s and the 

development and testing of technoloqies for the decentralized. 

supply of rural areas with energy. 

scientific and technological cooperation is as a rule, carried 

out under inter~overnmental agreements, which constitute the 

general framework for cooperation, eventually to be filled b! 

"special arrangements" beween the directly participatin~ ~artners. 

on the German side, these partners.are national research centres 

and industrial enterprises. On the above basis, the national re

search centres now cooperate with more than 1,000 partners all 

over the world. They have established socalled "international 

bureaus" of their own for scientific and technological cooperation 

above all with the developing countries. These offices carry out 

scientific and technological cooperation in practice on behalf 

of the Federal Government. In addition internationally experienced 

scientists are called in to act as "coordinators for scientific 

and technological cooperation". 

. .. 
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4.4 Creation of conditions which encourage technology transfer by 
private industry 

To encourage German investments in the developing countries, the 
Federal Government has developed a wide range of tools which in
clude government guarantees for investments,the granting of 

government loans, cover for the political and economic risk 
inherent in private loans, and tax concessions. The Federal 
Government also set up a federal-owned agency for development, 
the Deutsche Entwicklungsgesellschaft (DEG), to assist de
veloping countries in the setting up of an industrial infra
structure by supporting cooperation of German firms with firms 
in the developing countries on a partnership basis. 

In addition, in 1981, the Federal Government intends to start 
encouraging the development and commercial utilization of new 
tech~ologies which are suitable for developing countries by 
means of risk financing. Small and medium-sized enterprises 

which initiate joint ventures with partners in developing 
countries in order to develop or utilize new technologies for 
demand-oriented production in the developing countries are 

eligible for financial support. In this way the risk inherent 
i~ the introduction of technological innovations in the de
veloping countries is to be reduced and yet another incentive to~ 

provided for the transfer of technology. 
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5. Summary 

In the Federal Republic of Germany, new and renewable sources of 

energy have been explored and utilized by means of technological 

development for several years now. They-are among the priorities 

of the Federal Government's energy programme - other priorities 

being energy conservation,advanced coal technologies and the 

limited development of nuclear energy - and their purpose is to 

reduce the dependence on oil. 

Owing to the Federal Republic's topography, geography and climate 

and because of its highly industrialized infrastructure and density 

of population as well as the mostly centralized organization of 

energy supply, the new and renewable sources of energy have in

dividually varying potentials concerning their future contribution 

to energy supplies. Although their useful potential is in the long 

term not to be neglected, it is nevertheless relatively small in 

comparison with that of other primary sources of energy. 

The share of hydropower in the Federal Republic's total. electricity 

generation has fallen to a mere 4 % now and can hardly be increased. 

According to optimistic estimates, the contribution of solar energy 

by the year 2000 will be between 5 and 6 % of overall primary 

energy consumption at the most. There are mainly two types of 

utilization; direct utilization bv low-temperature collectors and 

indirect utili=ation by 1Jeans of heat pumps. In the Federal Republic 

activities are far advanced in both areas. 

. . . 
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The useful potential of wind energy in the Federal Republic is 

low. Several wind energi systems of varying power ranges are at 

present being tested. Systems of the lower power range, in 

particular in connection with storage facilities, can be used 

to ensure the decentralized supply of individual consumers, while 

medium range systems can ensure the supply of a number of small 

users. Potential applications of large wind energy converters 

(MW range) are at present under study. 

In the field of biomass, in particular of biogas generation in 

sewage treatment facilities, the Federal Republic possesses ex

tensive know-how. Here too, however, the potential contribution 

to general energy supplies is likely to be rather small. 

In the field of geothermal energy, several locally limited warm 

water aquifers are at present explored for their potential commer

cial utilization. According to present estimates, the contribution 

of geothermal energy to meeting the demand for primary energy in 

the year 2000 will probably be below 1 %. Despite this fact, 

complex technical know-how is available in the Federal Republic 

both in terms of exploration as well as in terms of "hot dry rock 

technology" and the generation of heat from hot dry deep rocks for 

heating purposes. 

Likewise, the energy potential of the hydrocarbons contained in 

oil shale has hitherto been used to a very little extent although 

oil shale deposits exist in various parts of the Federal Republic 

of Germany. The oil shale potential is also small, but twice as 

large as the potential of domestic mineral oil resources, a fact 

which makes it quite interesting. Pilot plants for advanced low 

temperature carbonization are either in the planning stage or 

already in operation. Also, R & D work on the solution of technical 

problems is under way. 
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The situation is similar.with regard to oil sands. Yet despite 

the fact that there are no significant deposits, remarkable 

technical and technological know-how is available in the Federal 

Republic. 

However, the utilization of the above-mentioned sources of energy 

is not the only reason why they are developed in the Federal Re

public. For several years, projects in the Third World have been 

supported jointly with many developing countries in the frame

work of scientific and technological as well as technical and 

financial cooperation under the title of "Technologies for the 

Developing Countries" .. The purpose of this cooperation is to re

duce developing countries' dependence on mineral oil imports, to 

secure the energy supply for both industry and the urban and 

rura1 population, thereby also helping indirectly to satisfy 

basic needs. 

The Federal Republic of Germany has developed a wide range of 

measures for its cooperation with the developing countries 

with the aim of utilizing new and renewable sources of energy. 

In addition, the Federal Government encourages private in

dustrial technology transfer by creating the required general 

conditions. 

Since 1975 individual projects have been supported concerning the 

utilization of new and renewable sources of energy within the 

framework of Technical Cooperation. In the me~ntime, this co

operation has been extended to 25 developing countries. Since mid· 

1979, these activities have been combined and considerably inten

sified under a special programme on the utilization of renewable 

energy sources. It is financed out of a supraregional grants 

fund meaning that it is possible to implement the individual 

projects in addition to the usual programmes of bilateral 

cooperation. 
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Under the programme priority is bei.,ggiven on a mediurn-tti~n 
support basis to the development, testing and dissemina-. of 

diffe_rent demand-oriented technologies in Kenya, the Sudan, 

Tanzania, Senegal, Mali, the Niger, the Upper Volta, the Philip

pines, Peru and Colombia. The cooperation is to be further ex

panded to include other developing countries. 

In the framework of Financial Cooperation funds have been granted 

in the field of new and renewable sources of energy so far mainly 

for hydropower stations including the associated infrastructural 

·facilities. The share in the financial cooperation of the Federal 

Republic of Germany will increase to the extent to which they 

prove technically feasible and economically viable in the developing 

country concerned. 

Within the framework of scientific and technolocrical coooeraLi..on, thE 

scientific and technical potential of the Federal Republic of 

Germany is utilized in research and development projects designed 

and executed on a cooperative basis. In this connection, the focus 

is on the development of technologically mature solutions for 

the utilization of the individual new and renewable sources of 

energy in the cooperating developing country in question. 

The wealth of experience gained and the extensive technical know

how acquired by the Federal Republic of Germany in the process 

of the utilization of new and renewable sources of energy at home, 

but also by means of international cooperation form a useful and 

interesting basis for solving the problem of how these sources of 

energy can be increasingly explored, developed and eventually used 

in the developing countries meaningfully and effectively. 



C
o

n
tr

ib
u

ti
o

n
s 

o
f 

o
ff

ic
ia

l 
b

il
a
te

ra
l 

co
o

p
er

at
io

n
 w

it
h 

de
ve

lo
pi

ng
 c

o
u

n
tr

ie
s 

in
 t

h
e 

se
ct

o
r 

o
f 

ne
w

 a
nd

 
re

ne
w

ab
le

 s
ou

rc
es

 o
f 

en
er

gy
 

1
9

7
5

 
-

1
9

7
9

 
1

9
8

0
 

T
C

 
FC

 
S

tC
 

T
C

 
FC

 
S

tC
 

P
ro

je
c
b

/O
M

 m
il

l.
 

P
./

O
M

 
m

il
l.

 
OM

 
m

il
l.

 
P

./
O

M
 
m

il
L

 
P

./
O

M
 m

il
l.

 
DM

 
m

il
l.

 

H
yd

ro
po

w
er

 
7

/7
.4

 
3

/1
2

.1
 

-
1

/4
.0

 
3

/6
.5

 
-

S
o

la
r 

en
er

g
y

 
2

0
/4

1
.9

 
-

3
3

 
5

/1
2

.1
 

2
/1

.8
 

11
 

B
io

m
a
ss

 
8

/9
.9

 
-

1
0

 
5

/5
.6

 
2

/3
.5

 
4 

W
in

d
 
po

w
er

 
4

/8
.8

 
-

11
 

5
/7

.2
 

-
6 

o
il

 
s
a
n

d
s
 

-
-

2 
-

-
3 

F
ir

~
w

oo
d 

1
/0

.1
 

-
-

2
/1

. 
1 

1
/0

.7
 

-
(1

3
)/

(4
2

.3
) 

(1
3

)/
(9

.5
) 

I
n

s
tt

tu
ti

o
n

-
b

u
il

~
_

in
g

 
a
n

d
 

7
/7

.8
 

-
-

7
/1

5
.1

 
4

/5
.0

 
-

p
la

n
n

in
g

 

T
o

ta
l 

(O
M

 
m

il
l.

) 
7

5
.9

 
1

2
. 1

 
. 

5
6

 
4

5
.1

 
1

7
.5

 
24

 
1

4
4

.0
 

8
6

.6
 

~
o

te
s
: 

1
) 

N
o 

fi
g

u
re

s
 

a
re

 -
y

e~
 ~

v
a
il

a
b

le
 

fo
r 

FC
 

~
n

d
 

S
te

 

2
) 

S
m

a
ll

 
h

y
d

ro
p

o
w

e
r 

s
ta

ti
o

n
s
 

u
p

 
to

 
1

,0
0

0
 

kW
 

1
9

8
1

1
) 

TC
 

P 
./

O
M

 
m

il
l.

 

5
/4

.6
 

1
2

/1
6

.5
 

12
/1

!?
.5

. 
9

/4
.7

 

3
/2

.6
 

1
0

/1
6

.3
 

6
0

.2
 

3
) 

F
ir

e
w

o
o

d
 

a
n

d
 
c
h

a
rc

o
a
l.

 
T

h
e 

fi
g

u
re

s
 

in
 
b

ra
c
k

e
ts

 
re

la
te

 
to

 
fo

re
s
tr

y
 
o

r 
a
g

ri
c
u

lt
u

ra
l 

p
ro

je
c
ts

 
in

 
w

h
ic

h
 

p
ro

m
o

ti
o

n
 
is

 
a
ls

~
 
g

iv
e
n

 
to

 
th

e
 
u

ti
li

z
a
ti

o
n

 
o

f 
w

o
o

d
. 

TC
 

-
T

e
c
h

n
ic

a
l 

C
o

o
p

e
ra

ti
o

n
 

FC
 

-
F

in
a
n

c
ia

l 
C

o
o

p
e
ra

ti
o

n
 

S
te

 
-

S
c
ie

n
ti

fi
c
 

a
n

d
 

te
c
h

n
o

lo
g

ic
a
l 

C
o

o
p

e
ra

ti
o

n
 

s' ::,
 

ID
 >< ... 



I -



Annex 2 

International Cooperation - Institutions 

1. Bundesministerium fur For
schung und Technologie 
(BMFT) 
Postfach 200706 
D-5300 Bonn 2 

(Federal Ministry for 
Research and Technology) 

2. Bundesministerium fur 
wirtschaftliche Zusammen-
arbeit (BMZ) 
Karl-Marx-StraBe 4-6 
D-5300 Bonn 1 · 

(Federal Ministry for 
Economic Cooperation) 

3. Deutsche Gesellschaft 
fur Technische Zusammen
arbeit (GTZ) GmbH 
Postfach 51 80 
D-6236 Eschborn 

German Agency for 
Technical Cooperation, Ltd. 
(GTZ) 

BMFT promotes the scientific arid 
technological cooperation of German 
research institutions and firms with 
research and technology institutions 
in developing countries. 

The execution of measures of technical 
and financial cooperation with deve
loping countries is one of the respon
sibilities of the Federal Ministry for 
Economic Cooperation. Cooperation may 
be either bilateral or multilateral, 
i.e. via international institutions 
(e.g. the European Community or the 
United Nations specialized agencies). 

GTz has been entrusted by the Govern
ment of the Federal Republic of Ger
many with the implementation of Ger
man Technical Cooperation. The over
all task of GTZ, namely assisting the 
Federal Government in the realization 
of the objectives of its development 
policy comprises a large variety of 
activities ranging from the planning 
of projects and programmes of tech
nical cooperation to contributing to 
the further development of policies 
and tools of Germau~olicy vis-a-vis 
developing countries. Other activitie~ 
of GTZ include the steering and super
vision of technical cooperation mea
sures, the provision of personnel and 
equipment, the handling of financial 
commitments as well as advisory ser
vices to other agencies which also 
carry out development measures • 

. . . 
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4. German Appropriate Tech... The specialized section ttGerman A:ppro-
nology .priate Technology Exchange 11 (GATE) with-
Exchange (GATE), a in GTZ was set up by the Federal Govern-
specialized section of the ment in 1978 to carry out projects which 
Germ.an Agency £or Technical promote and disseminate appropriate tech-
Cooperation (GTZ) Ltd. nological solutions for developing coun-
Postrach 5180 tries. New and renewable energy sources 
D-62~6 Eschborn is one of the priorities of GATE's activi-

ties. More specifically, the work of GATE 
·aims at the following objectives: 

- dissemination of information on techno
logical solutions for developing coun-
~; 
Technological information is packaged 
into modules or status reports and is 
provided, free of charge, in response 
to inquiries from developing countries 
(inquiry-and-reply service). About 20 
modules on energy are available in vari
ous languages. They give a survey of 
available technologies and a list of 
manufacturers, but they also offer prac
tical advice for the 11do-it-yourself 11 

manufacture of equipment (workshop, 
drawings, directions for assembly etc.) 

- identification, preparation and monitor
ing of technological pilot uroJects; 

- promotion of the production and dis
semination of proven technologica~ solu
tions in developing countries; 
GATE's efforts are directed i.e. towards 
establishing contacts with technological 
and/or industrial partners for the pro
duction of goods in developing countries 
and the promotion of joint ventures. 

- extension of the technological infra
structure in developing countries; 
GATE supports the activities of techno
logy centres in developing countries by 
cooperation and by providing_ material 
equipment and manpower. This assistance 
is focussed on the exchange of informa
tion, the dissemination of application -
oriented information and efforts to im
prove and use local technologies • 

. . . 
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5. Kreditanstalt flir Wieder
au.fbau (K.fW) 
Palmengartenstr. 5-9 
D-6000 Frankfurt 1 

6. Projektleitung Energie
forschung (PLE) 
Kern.forschungsanlage 
J"ulich GmbH 
Post.fach 19 13 
D-5170 Jlilich 

(Project Management 
Energy Research, 
J"ulich Nuclear Research 
Establishment) 

The Kreditanstalt flir Wiederaufbau (K.fW) 
has been entrusted by the Government of 
the Federal Republic of Germany with the 
implementation of German Financial Coope
ration. The KfW has also been assigned 
the task of handling grants for studies 
in preparation of financial cooperation 
projects. 

The Project Management Energy Research 
(PLE) within the J"ulich Nuclear Research 
Establishment (KFA) acts on behalf and 
for the account-of the Federal Minister 
for Research and Technology (BMFT) and/ 
or the ~ederal Minister of Economics 
(BMWi) on the basis of agreements con
cluded between BMFT or B.MWi on the one 
hand and KFA on the other. 
The Project Management has to fulfil tech
nological as well as organizational and 
administrative tasks. As·a rule, the Pro~ 
ject Management conducts conversations 
and negotiations with the - usually German 
- research institutions requesting finan
cial support (firms, university institutes 
research institutions). It initiates re
quests for financial support and invites 
tende~s for R&D projects. It accepts re
quests for support and examines their 
technological and cost aspects, if neces
sary by consulting external experts for 
the technological questions. It influen
ces the definitions of projects with a 
view to achieving a highly accurate and 
quantifiable determination of the project 
goals. Its work in preparation of the 
promotion decision is completed with re
commendations to BMFT or BMWi concerning 
the technological substance of the project 
and its cost estimate. On the basis of 
such a recommendation, the respective 
government department will decide whether 
or not to give support. PLE then monitors 
the project progress under technological 
and financial aspects, and finally 
examines the intermediate and the final 
report as well as the intermediate and 
final accounts of the projects. Project 
progress and results are evaluated by PLE, 
and such evaluation is presented to the 
respective government department. 
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7. International bureaus of the national research centres 

7.1 Kernforschungsanlage 
Jillich GrnbH 

7 • 2 

-Internationales Btiro
Postfach 19 13 
D-5170 Jtilich 

(Jtilich Nuclear Research 
Establishment 
-International Bureau-) 

Kernforschungszentrum 
Karlsruhe GrnbH 
-Internationales Btiro
Postfach 3640 
D-7500 Karlsruhe 

As part of its scientific and techno
logical cooperation, the Federal Govern
ment is implementing an extensive and 
ever-increasing international R&D pro
gramr:e of cooperation with countries in 
all regions of the world. The German 
partners for the realization of the pro
jects undertaken under this programme 
ar~ as a rule, German national research 
centres. For the scientific and technolo· 
gical cooperation in particular with de
veloping countries, they have set up 
international bureaus to supervise the 
practical execution of scientific and 
technological cooperation projects. This 
is based on both intergovernmental agree· 
rnents concluded by the Federal Republic 
of Germany and on special arrangements of 

(Karlsruhe Nuclear Research German national research centres with 
Centre their counterparts in the partner 
-International Bureau-) countries. 

7 • 3 Deutsche Forschungs- und 
Versuchsanstalt ftir Luft
und Raumfahrt e.V. 
-Internationales Btiro
Postfach 90 60 58 
D-5000 Koln 90 

(German Aerospace Research 
and Testing Institute 
-International Bureau-) 

These joint scientific and technological 
projects are aimed at strengthening con
tacts with the partner country, advan:ing 
scientific cooperation and achieving a 
transfer of technologies. 

i.4 Gesellschaft flir Kernenergie
verwertung in Schiffbau und 
Schiffahrt rnbH 
-Internationales Bilro
ReaktorstraBe 1 
D-2054 Geesthacht-Tesperhude 

(Marine Nuclear Propulsion 
Company 
-International Bureau-) 

7.5 Gesellschaft flir Strahlen
und Unwelt:forschung rnbH 
-Internationales Bilro
D-8042 Neuherberg 



(Radiation and Environmental 
Research Company 
-International Bureau-) 

7.6 Fraunhofer-Gesellschaft filr 
Angewandte Forschung e.V. 
-Internationales Bilro
LeonrodstraBe 54 
D-8000 Mtinchen 19 
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(Fraunhofer Society for the 
Advancement of Applied Research 
-International Bureau-) 

8. Bundesanstalt filr Geowissen
schaften und Rohstoffe 
Stilleweg 2 
D-3000 Hannover 51 

(Federal Institute for 
Geo-Sciences and Raw 
Materials) 

Activities: The tasks of the Institute 
are 
1. advising Federal ministries on all 

issues pertaining to geosciences and 
raw materials management; 

2. promoting efforts to secure the Fed~aJ 
Republic's supply of mineral raw 
materials and raw materials for energy 
purposes. 
Activities include 
a) systematic research work, 
b) participation in prospecting and 

exploratory ventures abroad, 
c) advising German business and indu

stry as well as non-German agende£ 
and organizations on scientific 
matters and raw materials management 

3. carrying out investigations and inter· 
preting the resulting data, especially 
in the following areas: geology, geo
physics, engineering geology, hydro
geology, soil science, mineralogy, 
petrography, geochemistry, areal geo
logy and astrogeology, paleontology, 
geology of mineral deposits, mining 
economics, mineral dressing; 

4. participation in technical cooperation 
projects in the field of geology and 
mining economics; 

5. marine research related to raw material 

6. research and development work on 
methods and instruments used in the 
geosciences; 
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7.research in the geosciences and consul
tation on issues 0£ environmental pro-
tection. · 

a.cooperation in the International As
sociation for Observing Seismic Pheno
mena. 

The Institute helps train non-German 
specialized personnel. It trains geo
scientists and technicians in Germaryas 
well as abroad. Training concentrates on 
the following areas: hydrogeology, remotE 
sensing, engineering geology, geophysical 
methods, geochemical prospecting, mine
ralogy-petrography. 

Details of cooperation with developing 
countries in its many forms are des
cribed in a separate report available 
from the Institute. 

Partner institutions: The Institute co
operates with many developing countries 
and international organizations in all 
areas of the geosciences. 




