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Preface

At the beginning of the 21st century, the challenges for 
long-term energy supply have become even clearer: 
economic growth in many countries worldwide, par-
ticularly in the threshold countries such as China or 
India, has led to an enormous additional demand for 
energy, which obviously cannot be satisfied simply by 
rapidly expanding the energy available. In the long 
run, this leads to high oil and gas prices, which pose 
an extra burden for industry and consumers and 
could become a risk factor for growth and employ-
ment in Germany. After all, emissions of greenhouse 
gases are increasing with the growing combustion of 
coal, oil and gas, making it all the more urgent to 
implement measures to protect the Earth’s atmos-
phere.

These facts make it clear that we must now modi-
fy our energy supply system faster than ever before. In 
the process, the issue of handling energy efficiently 
has become the focus of attention in politics. We 
know that increasing energy efficiency is the most 
effective and economic way of creating a reliable and 
climate-friendly energy supply system. It is also the 
best measure for counteracting high energy prices. 

Improvements in energy efficiency depend on a 
number of factors – in the long term particularly on 
technological progress and the use of modern tech-
nology. The development of innovative technologies 
aiming to increase energy efficiency is therefore a 
strategic element in every good energy policy. How-
ever, new technologies do not fall from the sky. They 
are the result of many years of research. Only the 
fruits borne by research and development over the 
course of the years will find their way onto the market. 
This makes targeted research and development activi-
ties all the more urgent, particularly in those areas 

that appear to have the greatest potential for saving 
energy and where modern technology can help to 
limit excessive burdens on industry and consumers. 

According to these criteria, the Federal Ministry 
of Economics and Technology (BMWi) has increased 
its funding of programmes in the field of non-nuclear 
energy research and refocused its efforts in the “Tech-
nology Programme for Climate Protection and Ener-
gy Efficiency”. The programme centres on traditional 
areas such as “modern power plant technologies”, 
“fuel cells, hydrogen” and “energy-optimised build-
ings”. New research priorities have also been added 
on topics such as “energy-efficient communities”, 
“efficient electricity use and storage” as well as “high-
temperature superconductors”.

All of these support measures are part of an over-
all strategy for improving energy efficiency and they 
are supplemented and reinforced by other BMWi pro-
grammes. These include the transport research pro-
gramme, measures within the national energy effi-
ciency action plan as well as individual initiatives 
such as the “E-Energy” programme, which aims to 
support the efficient generation, distribution and use 
of electricity through innovative information and 
communications technologies.

The funding of innovation and modern energy 
technologies is one of the policy fields that must be 
further strengthened to allow Germany to rise to the 
challenges in the energy sector. The selection of 
research and demonstration projects described in this 
brochure show that we are on the right track.

Federal Ministry of Economics and Technology



6 Introduction

Challenges for energy research

A reliable, economic and environmentally friendly 
energy supply is the backbone of every modern 
economy ensuring growth, employment and pros-
perity. Without energy, there can be no develop-
ment. And as we know – if the energy supply sector is 
not restructured, no progress will be made in climate 
protection. 

The German Federal Government set the course 
for energy policy over the next few years when it offi-
cially adopted the Integrated Energy and Climate Pro-
gramme on 5 December 2007. The strategic features 
of this programme are determined by three main 
aims to be achieved by 2020: 

an increase in macroeconomic energy efficiency,  3

an increased proportion of renewable energies in  3

satisfying primary energy needs, and 

a decrease in emissions of greenhouse-relevant  3

trace gases. 

Targets for increasing the macroeconomic energy 
efficiency form the heart of the Federal Govern-
ment’s policy. If energy efficiency and the associated 
decrease in primary energy consumption in Germa-
ny are not improved, it will prove impossible to 
achieve the planned increase in the proportion of 
renewable energies used in supplying energy: by 
2020, this should be 25 – 30 % in the area of electricity 
and 14 % in the area of heat. If primary energy con-
sumption is not cut, the aim of reducing greenhouse 
gas emissions by up to 40 % by 2020 will also be diffi-
cult to achieve. 

In improving energy efficiency, the German Fed-
eral Government aims to halve the specific primary 
energy consumption, which is the primary energy 
consumption required to generate a unit of gross 
domestic product, by 2020 in comparison to the level 
of 1990. If we take a look at the progress made 
between 1990 and 2007, it becomes clear that the spe-
cific primary energy consumption must be reduced 
by at least 2.7 % per annum between today and 2020. 
Otherwise, the Federal Government’s energy saving 
target will not be met. This in turn would lead to a sit-
uation where other energy and environmental policy 
targets set by the Federal Government would be in 
danger of becoming difficult if not impossible to 
reach.

Reducing the specific primary energy consump-
tion by 2.7 % per annum is without doubt an ambitious 
goal. It goes well beyond anything achieved in the 
past. There has been no comparable period in Germa-
ny since 1980 when an attempt to sink the specific pri-
mary energy consumption by more than the average 
value of 1.8 % per annum would have been successful. 
The 1.8 % mark therefore represents a benchmark 
according to which we can measure the current poli-
cy target. In terms of the selection and dimensioning 
of measures for implementing the 2.7 % improvement 
in efficiency, it should also be noted that the process 
of reducing the specific primary energy consumption 
is tending to slow down. This corresponds to expecta-
tions considering the very high efficiency standard 
that already exists in Germany. The challenge lies in 
breaking this trend and speeding up the conservation 
processes. 

It is therefore clear that the targets set by the Fed-
eral Government with regard to improving energy 
efficiency necessitate a radical restructuring process. 

The Federal Government’s Integrated Energy and Climate 

Programme  

The Federal Cabinet adopted the “Integrated Energy and Cli-

mate Programme” (IECP) on 5 December 2007. IECP is a com-

prehensive package comprising 29 measures aiming above all 

at more energy efficiency and more renewable energies. For 

example, the percentage of electricity generated in com-

bined heat and power stations is to be increased from the cur-

rent level of 12 % to 25 % in 2020, the proportion of renewable 

energies used to generate electricity is to be increased from 

around 14 % to 25 – 30 % in 2020, and the proportion used to 

supply heat is to be increased to 14 %. With IECP, the Federal 

Government has set the course for an extremely modern, 

secure and climate-friendly energy supply sector in Germany. 

At the same time, it has established measures for an ambi-

tious, intelligent and efficient climate protection programme. 

The ultimate aim is an international climate protection agree-

ment after 2012. To this effect, the Federal Government has 

agreed that Germany will lower emissions by 2020 to 40 % less 

than the level in 1990. This pledge will only come into effect if 

the European Union agrees to reduce its emissions by 30 % 

compared to 1990 during the same period, and if other coun-

tries agree on similarly ambitious targets. The key to achiev-

ing the targets laid down in IECP consists of innovative energy 

technologies on both the supply side where energy is gener-

ated, and on the consumer side where energy is used. The 

Federal Government therefore decided to make research and 

innovation one of the priorities of IECP (measure 25). BMWi’s 

“Technology Programme on Climate Protection and Energy 

Efficiency” is a key component in this measure. 

R
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Long-term economic growth in parallel with a 
decrease in energy consumption is possible, but it 
necessarily implies alterations, structural changes, 
investments and will initially give rise to costs.

The Federal Government will take precautions to 
ensure that this restructuring process will not overtax 
the competitiveness of German industry and that the 
burden placed on the consumer will be kept to a mini-
mum. A key role is played here by the accelerated 
application of modern highly efficient and less expen-
sive energy technologies. The Federal Government 
has taken this into account by placing particular 
emphasis on “Energy research and innovation” as 
part of its Integrated Energy and Climate Programme.

The research, development and market launch of 
new energy technologies is primarily a task for indus-
try. However, the Federal Government supports indus-
try in certain fields, particularly in areas where the 
development of new energy technologies is consid-

ered essential but where companies are not in a posi-
tion to conduct research and development work or 
can do so only to a limited degree as a result of partic-
ularly high risks or long development times. The chal-
lenging political targets for climate protection and 
energy efficiency and the complex initial situation in 
the energy sector require a time-differentiated, well-
coordinated and comprehensive energy saving and 
technology policy. The Federal Government is there-
fore pursuing a broad-based approach, which aims to 
improve energy efficiency – from energy generation 
and energy conversion to energy transport and the 
use of energy by the consumer. This approach is based 
on the pursuit of two complementary lines of action: 

3 In order to sustain and speed up the dynamics of 
the energy conservation process, the Integrated Ener-
gy and Climate Programme also contains a number 
of measures that can be implemented in the short 
term. Of particularly importance are targets for the 
expansion of the combined generation of heat and 

Diagram showing the decrease in specific primary energy consumption in Germany.  The economic output increased in 2007 by 2.5 % 
compared to the previous year, while the specific primary energy consumption (unadjusted, in other words without taking temperature 
influences and the effect of energy reserves into account) decreased by around 7.7 %. When the figures are adjusted by the special factors, 
we are still left with an improvement of around 5 %. The absolute figures also reflect the fact that we are on our way towards a modern, 
efficient and sustainable energy supply. With 13,878 petajoules, the energy consumption in 2007 was at its lowest since the reunification of 
Germany. Compared to the previous year, the decrease was 4.8 %; compared to 1990 it was 6.9 %.
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8 Introduction

power, the amendment to the Energy Saving Ordi-
nance, the funding programmes for the energy-effi-
cient modernisation of buildings and the social infra-
structure, as well as new guidelines for the 
procurement of energy-efficient products and ser-
vices for the Federal bodies. 

3 In parallel, funding for the research and develop-
ment of modern energy-efficient technologies will be 
increased in order to create the prerequisites for an 
economically safeguarded decrease in specific prima-
ry energy consumption in the medium term. This will 
be primarily ensured by boosting the funding provid-

ed by the Federal Ministry of Economics and Technol-
ogy (BMWi) for market-oriented and application-ori-
ented projects.

After the decision was made by the Federal Govern-
ment to adopt the Integrated Energy and Climate Pro-
gramme, BMWi reorganised its funding activities 
within the framework of the 5th Energy Research Pro-
gramme in the field of modern energy technologies 
under the name of the “Technology Programme on 
Climate Protection and Energy Efficiency”. A total of 
approx. € 446 million will be made available for this 
area over the next four years (2008 – 2011). 

BMWi’s funding programme “Technology Pro-
gramme on Climate Protection and Energy Efficien-
cy” focuses on the following fields: 

3 modern power plant technologies (inc. CO2 sepa-
ration and storage – COORETEC) 

3 combined heat and power generation, district 
heating

3 fuel cells, hydrogen

3 efficient use of electricity, storage facilities (inc. 
the new initiative on high-temperature superconduc-
tors) 

3 energy-optimised buildings (inc. the new initia-
tives “energy-efficient communities” and “energy effi-
cient schools”) 

3 energy efficiency in industry, commerce, trade 
and services 

Activities on these priority areas are flanked by ener-
gy-related funding measures in multimedia research 
(“E-Energy: ICT-based energy systems of the future”), 
transport technologies (such as alternative drives and 
fuels), and research work at the German Aerospace 
Centre (power plant technology, fuel cells). 

The political challenges at the beginning of the 
21st century are determined by climate protection and 
energy efficiency. The response to these challenges 
lies in more research and development, as well as a 
quicker application of modern energy technologies.

The Federal Government’s 5th Energy Research Programme 

The Federal Government has defined the targets and priorities 

of its energy research policy together with the corresponding 

support mechanisms in an energy research programme cover-

ing several years. On 1 January 2006, the 5th Energy Research 

Programme on “Innovation and New Energy Technologies” was 

launched. The programme, which was decided upon under the 

chairmanship of BMWi (responsible for the Federal Govern-

ment’s energy research policy) in cooperation with the Federal 

Ministry for the Environment, Nature Conservation and Nuclear 

Safety (BMU), the Federal Ministry of Food, Agriculture, and 

Consumer Protection (BMELV) and the Federal Ministry of Edu-

cation and Research (BMBF), will provide the basis for the Fed-

eral Government’s funding policy over the next few years. The 

aim is to foster the transition to a sustainable energy supply 

through innovation and technological progress. In the short 

and medium term, the programme will make a concrete contri-

bution to achieving current political targets, most importantly 

ensuring a balanced energy mix, an increase in energy produc-

tivity, an increase in the contribution of renewable energy car-

riers to the primary energy consumption, as well as the reduc-

tion of greenhouse gas emissions. In the long term, it will help 

to improve the responsiveness and flexibility of energy supply 

systems by safeguarding and expanding the technological 

options. Having adopted IECP, the Federal Government re-

accentuated and intensified its funding activities within the 

framework of the 5th Energy Research Programme. This saw 

BMWi reorganising its funding activities in the field of non-

nuclear energy technologies under the name of the “Technolo-

gy Programme on Climate Protection and Energy Efficiency”. 

Within the framework of energy research, the Federal Govern-

ment will provide a total of around € 2.1 billion in the form of 

funding between 2008 and 2011 for the research and develop-

ment of modern energy technologies. In this way, the Energy 

Research Programme will make an important contribution to 

the necessary adaptation and modernisation of the German 

energy supply system. The programme will also boost growth 

and employment in Germany, and through the export of highly 

efficient energy technologies, it will make an effective and 

essential contribution to protecting the Earth’s atmosphere 

throughout the world. 

R
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Efficient  
energy use

Apart from changes in consumer behaviour and an 
enhanced use of renewable energies, it is above all by 
increasing the efficiency of energy conversion and 
energy utilisation that we will facilitate the transition to 
a sustainable energy future. Energy research has the task 
of developing innovative technologies, products and 
concepts for this purpose. An important part is played by 
energy-optimised construction for residential and 
commercial premises and a more efficient use of energy 

in existing buildings since increasing the energy effi-
ciency in the building sector is one of the keys to solving 
our energy problems. Another important task is 
increasing energy efficiency in industry and in the sector 
of commerce, trade and services since together the two 
sectors account for the greatest energy consumption. 
Furthermore, the electricity sector – including more effi-
cient electricity storage – is of great significance for the 
further development of the energy supply.

The two diagrams show that private households have particularly great potential for an increase in energy efficiency. Households 
account for almost 26 % of final energy consumption in Germany, of which almost 70 % is used  for space heating. 

Distribution of final energy consumption in Germany in 2007 between various consumption sectors

Distribution of final energy consumption in private households according to application

1.9 % lighting 

69.8 % space heat

5.6 % other process heat

10.1 % mechanical energy

12.6 % hot water

15.6 % commerce, trade, services

30.3 % transport

28.4 % industry

25.7 % households

Arbeitsgemeinschaft Energiebilanzen, as of 26.09.2008

�
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10 Efficient energy use

In addition to issues of structural engineering, architects and construction managers are giving increasing consideration to interactions 
between systems and facilities in a building with respect to their energy-optimisation strategies in order to achieve an overall improved 
energy balance. An interview with Dipl.-Ing. Hans Erhorn, head of the Heat Technology Department of the Fraunhofer Institute for 
Building Physics in Stuttgart, Holzkirchen and Kassel, and lecturer at the University of Stuttgart.
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“Energy balances are becoming  
more and more complex”

?	 Energy optimisation in buildings, energy-efficient 
communities  – where do we stand in Germany?

!	 As far as efficient energy utilisation in buildings is 
concerned, until a few years ago we focused almost 
exclusively on optimising heating systems. For small-
er residential buildings this type of consideration may 
still be appropriate, but for larger buildings such as 
schools or office buildings, the effects of other build-
ing service systems, such as ventilation, air condition-
ing or lighting, must be integrated into the energy 
balance. In order to provide reliable parameters for 
manufacturers, planners and users, we have, for 
example, erected a multi-storey modular test building 
for energy and indoor climate studies at our institute 
site in Holzkirchen. Here we can study in detail the 
energy input through the façade, the energy con-
sumption, the lighting and the comfort of the indoor 
climate in interaction with the technical systems. It is 
no exaggeration to say that in an international com-
parison we in Germany are in a leading position with 
respect to evaluating the efficiency of energy utilisa-
tion.

?	 Does the integration of plant engineering in the 
energy balance of buildings have an effect on techno-
logical developments?

!	 Ever since we have been in a position to make a 
holistic assessment of buildings with respect to ener-
gy, that is to say, in their interaction with the 
installed facilities such as heating, ventilation or 
shading systems, we have experienced a downright 
technological explosion in façade and plant engi-
neering. Thus, for example, protection against the 
sun in a building no longer simply has the function 
of providing shade. Nowadays, systems of blinds are 
designed in such a way that, on the one hand, they 
provide the building with an optimum supply of day-
light during the day without, for instance, dazzle 
from the winter sun making computer screens diffi-
cult to read in offices, whereas, on the other hand, 
depending on the season, the incoming solar radia-
tion can be optimally used for air conditioning. Plant 
engineering can only fulfil such multidimensional 
demands on the basis of an overall energy balance 
since, in this way, the extent to which these demands 
promote or impair efficient energy utilisation 
become visible and verifiable.

?	 A new market for German industry?

!	 We have observed that manufacturers of building 
services now keep a very close eye on synergetic 
effects between the different systems. An important 
link in the chain is, of course, the automation technol-
ogy by means of which this as yet untapped energy 
potential can be exploited. It is, for example, becom-
ing easier to couple classic heating systems based on 
fossil energy carriers in an energy-efficient manner to 
systems that make use of renewable energies such as 
solar radiation.

?	 What difference does such synergetic energy opti-
misation make? 

!	 In the field of the energy-efficient modernisation 
of schools, we have been able to gather a great deal of 
very positive pioneering experience over the past few 
years. It became apparent that with the technologies 
currently available the energy demand of such build-
ings can be easily reduced by 50 to 70 % – and more-
over in an economic manner. If you consider that the 
majority of the 40,000 school buildings in Germany 
will have to be modernised in the next few years, then 
you can see what an enormous potential for energy 
savings is lying dormant. We estimate this potential to 
be in the order of 7 million megawatt hours per year. 

?	 What is the trend in energy balances?

!	 The areas covered by energy balances are getting 
bigger and bigger. About four years ago, a reorienta-
tion began in the planning sector. The focus was shift-
ed from concentrating on optimising the heating 
engineering, which had been usual up to then, to 
minimising the overall energy consumption of a 
building. On this basis, we are now taking another 
step by including the energy supply in our considera-
tions. And the next step is already in sight. This will 
involve the energy-optimised town. On a very much 
more complex level, this also involves achieving an 
optimum between energy demand, on the one hand, 
and energy supply, on the other. 
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Energy-optimised buildings

Efficient energy use

The largest office building in the world constructed according to 
passive house standards was erected in Ulm. In spite of its low 
energy consumption, the “Energon” is comfortable in both 
summer and winter. On the left, a view into the atrium of the 
Energon.

The best energy is that which isn’t needed. Or to put it 
another way: increasing the energy efficiency is one 
of the most effective and economical ways of ensuring 
security of supply and protecting the climate. 

This is particularly true of buildings. More than 
80 % of all buildings in Germany are old housing stock 
and were erected at times when there were neither 
legally binding regulations for energy consumption 
nor any awareness of energy-optimised construction. 
It is therefore no wonder that in residential buildings 
today more than one third of the entire final energy is 
devoured by heating and hot water. According to an 
estimate by the Fraunhofer Institute for Building 
Physics (IBP), if the residential building stock alone 
were modernised so that consumption dropped to  
35 % – which would be easy to achieve technologically 
– then this would result in potential annual savings of 
640 terawatt hours. “Measures for increasing efficien-
cy thus have a potential which is greater by a factor of 
ten than what renewable energies could contribute to 
energy generation,” the head of IBP, Professor Gerd 
Hauser pointed out. About 600,000 residential units 
are modernised each year in Germany, but experts 
estimate that this only specifically concerns a reduc-
tion in energy consumption in every third case. 

In its new Energy Efficiency Action Plan (EEAP), 
the Federal Government is therefore focusing on the 
building sector. EEAP represents the incorporation of 

the EU directive on energy end-use efficiency and 
energy services into German legislation and identifies 
the measures to be taken to achieve the aims of the 
directive. It is planned to cut national final energy 
consumption by 9 % by 2017. Several of the measures 
mentioned in the plan target the building sector, 
including:

A significant tightening-up of the energy require- 3

ments for buildings

A continuation of the CO 3 2 building modernisa-
tion programme

Increased investment in the energy efficiency of  3

public buildings

Promotion of energy-saving contracting for resi- 3

dential buildings

Energy-optimised buildings are not a vision. Even 
today it is possible to construct buildings cost-effec-
tively with drastically reduced heating and cooling 
requirements; these buildings are comfortable to live 
in without sophisticated technology. This can be 
achieved by combining four instruments: very good 
protection against heat and sun, sufficient thermal 
storage capacity, an envelope that is air-tight with no 
heat bridges, and comprehensive heat recovery. This 
is the starting point for the research initiative “Ener-
gy-optimised Buildings” (EnOB) of the Federal Minis-
try of Economics and Technology (BMWi). This initia-
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tive aims to promote the development of innovative 
components and to implement pilot projects that sig-
nificantly reduce the primary energy requirements of 
buildings in comparison to the present state of the art. 
For modernisation work in the non-residential sector, 
EnOB demonstration projects must achieve energy 
savings at least 30 % greater than the figure laid down 

in the regulations for new buildings and for the mod-
ernisation of residential buildings at least 50 % more. 
Furthermore, new efficient materials and systems for 
structural engineering and technical facilities for 
buildings developed as part of EnOB must also be 
employed. 

The funding concept for “Energy-optimised 
Buildings” is broken down into the two areas of 
“EnOB-R&D” and “EnOB-Demo”, with the demonstra-
tion and evaluation of innovative concepts being fur-
ther subdivided into new (EnBau) and existing (EnSan) 
buildings. The area of EnOB R&D is divided into mod-
ules according to topic (low-exergy technologies 
(LowEx) and vacuum insulation in the building sector 
(ViBau)), and will be gradually extended to include 
other modules, for example in the field of optimising 
the operation of buildings (EnBop). In “EnOB: MONI-
TOR”, extensive accompanying research work is being 
funded. Past projects funded by BMWi in EnOB were 
very successful. Many of the technologies, materials 
and systems developed and demonstrated in the 
projects are now available commercially. 

Decentralised heating pump: mighty midget!

Central heating systems have one big disadvantage: about 

half of the pumping power is lost due to hydraulic losses. 

Extremely small pumps that require on average just one watt 

of power and which supply each radiator separately are much 

more efficient. This is shown by the results of a research 

project funded by BMWi. The pumps are no bigger than a 

thermostat, operate almost silently and only spring into 

action if heat is actually required. Experiments in an existing 

detached house showed that the fuel consumption is reduced 

by 20 % and the electricity requirements for the pumping 

power by up to 90 %. Moreover, decentralised heating pumps 

are even more convenient. Rooms can be brought to the 

required temperature quickly and the heat supply is more 

precise. Wilo, a manufacturer from Dortmund, expects to 

launch these pumps onto the market in early 2009.

Structure of the research initiative “Energy-optimised Buildings” of BMWi (www.enob.info).

R

Research for  
Energy-optimised Buildings

Research for Energy-optimised 
Construction in new buildings

Newly constructed  
energy-optimised buildings

Planning instruments, structural engineering, heating, ventilation  
and air conditioning technology, energy supply and management concepts

Demo

EnOB:Monitor

R&D
… …

Research for Energy-optimised 
Buildings

Energy orientated 
refurbishment

http://www.enob.info
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The necessary conditions have thus been created 
for tightening up the regulative standards. Up-to-date 
information on the large number of completed and 
ongoing projects in EnOB can be obtained from the 
website www.enob.info. Some examples will be pre-
sented in the following. 

A house with no heating

Buildings constructed or modernised today will have 
a lifespan of many decades. “It is therefore necessary 
for economic considerations to focus on the cost over 
the entire life cycle of buildings,” said Professor 
Karsten Voss from the University of Wuppertal. This is 
all the more important since as experience has shown 
the operating cost of large buildings exceeds the con-
struction cost after just seven or eight years. 

Some old uninsulated buildings consume more 
than 200 kilowatt-hours of heat and electricity per 
square metre and year (kWh/m2a). Numerous pilot 
projects funded by BMWi in past years have demon-
strated that modernisation cuts this consumption by 
half and can already be achieved in a cost-effective 
manner. In fact, a lot more is possible. So-called three-
litre houses are already state of the art. Such three-
litre houses only consume about 30 kWh/m2 of heat-
ing energy per year – in terms of heating oil this 
corresponds to roughly three litres – and thus about 

80 % less than old buildings. This standard of moderni-
sation is still relatively expensive. However, experts 
assume that it will become established in the long 
run. The days are long gone when the heating and 
operating costs of a building could be regarded as 
“incidentals”. Rising prices for oil and gas mean that 
incidental expenses will also increase. Low energy 
costs will therefore enhance the value of a property in 
future. 

However, the three-litre house does not exhaust 
the technical possibilities. Passive houses reduce the 
consumption of heating energy even further and if 
they have an efficient ventilation system they can 
largely be operated without separate heating or air-
conditioning systems. In passive houses, the necessary 
heat is obtained by other methods. Optimal insula-
tion, for example, conserves the heat from solar radia-
tion, heat emitted by electric appliances or heat recy-
cled from the exhaust air so effectively that it is 
possible to live comfortably in a house even without 
additional heating. According to information from 
the Darmstadt Passive House Institute, in 2006 there 
were more than 900 buildings in Germany construct-
ed according to passive house standards – almost 60 % 
of them detached homes. The evaluation of individual 
houses and also whole housing estates has shown that 
it is possible to live comfortably throughout the year 

Darmstadt solar house wins US competition

Students at Darmstadt University of Technology proved that 

the sun can provide all the energy necessary for a building’s 

daily requirements. They designed and constructed a house 

with a floor area of 74 m2 supplied solely by solar and environ-

mental energy. This was the winning entry in the US Depart-

ment of Energy’s Solar Decathlon at the end of October 2007 

– an international competition to find demonstration models 

for energy-efficient homes and to introduce the topic to the 

general public. The winning German design is composed of 

three envelopes. The outer layer consists of flexible oak slats 

equipped with solar cells. The modules generate electricity 

and protect against overheating, burglars and inquisitive 

people looking into the house. The second layer consists of 

sun protection glass and vacuum insulation panels. The walls 

store heat by means of microencapsulated paraffin, while the 

ceiling is designed with a cooling function and also has an 

integrated lighting system. The third layer comprises the core 

of the house with bathroom, kitchen and technical systems. 

The simulation required for such an ambitious project was 

performed as part of a research project, so that the concept is 

now being put through its paces at the Darmstadt site. 

The Darmstadt solar house – winner of the US Department of 
Energy’s 2007 Solar Decathlon – designed and constructed by 
students at Darmstadt University of Technology is a project 
funded by BMWi as part of EnOB.

Efficient energy use
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http://www.enob.info
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with a total energy consumption of less than 120 kWh/
m2a (i.e. total primary energy including electricity for 
household appliances and lighting). This value is one 
of the three criteria for a passive house. 

Even zero-energy or plus-energy houses are no 
longer just a vision. Such buildings do not need any 
external energy in the annual budget because they 
can generate all the electricity and heat they require 
themselves, usually by means of solar facilities and 
combined heat and power generation. As part of 
EnOB, work is currently being carried out on a techni-
cal definition of a zero-energy house, and construc-
tion concepts are also being devised and evaluated. 

Building with the sun
Energy-optimised buildings can already be achieved 
with the technologies available today. In Germany, 
this is due in large part to the continuity of the fund-
ing policy for efficient energy utilisation since many 
of these innovative energy technologies only man-
aged to make the decisive breakthrough with the aid 
of R&D projects funded through EnOB. This is, for 
example, true of thermal solar installations, which, 
particularly in the case of large buildings with high 
and, as far as possible, uniform hot water require-
ments, provide a reliable supply of environmentally 
friendly heat. The technical possibilities have 
reached such a level of maturity today that, at least 
for the preheating of service water by solar energy, 

they are now an intrinsic component of building 
modernisation. 

The use of solar thermal power should always be 
taken into consideration as part of a comprehensive 
modernisation concept in which the energy require-
ments of the building should first be minimised as far 
as possible and the conventional heating system 
replaced. Under these conditions, solar thermal 
power can passively and actively reduce heating ener-
gy consumption by up to 50 %. The specific capital 
costs of the facilities diminish with system size. Collec-
tor surface areas of more than 100 m2 can supply hous-
ing estates, hotels, retirement homes and hospitals 
with heat at a cost of 10 to 13 cents per kilowatt-hour – 
provided that the facilities have the proper dimen-
sions, are operated to capacity and are of a simple 
design. Furthermore, coupling conventional heating 
energy and solar energy is particularly effective out-
side the heating season when there is a low demand 
for heat. In summer, solar thermal power provides 
enough energy for all hot water requirements.

Using conventional collectors, the sun generates 
heat at a low temperature level. This level is, howev-
er, sufficient to provide centralised cooling and 
dehumidification for buildings – especially if they 
need air conditioning throughout the year such as 
laboratories and buildings with a high thermal load. 
As part of pilot and demonstration projects, both 
closed cooling systems such as adsorption and 

Construction work began in 2008 on the Science College at Haus Overbach, a school near Jülich. It is being funded within the framework 
of EnOB as an “EnEff:School”. The school is aiming to become a “two-litre school” by means of various energy measures including skilful 
load management, after all: “The students bring their heat with them.”
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absorption cooling machines as well as open cooling 
and dehumidification processes were tested. For 
example, the German Press and Information Minis-
try in Berlin has a solar-assisted absorption chiller 
configuration. In the summer, the plant is powered 
exclusively by heating energy from a solar collector 
area. Excess cooling power is used by the computer 
rooms of the Information Ministry which have to be 
cooled throughout the year.

VIP insulation

Energy-efficient buildings need optimum insulation. 
In the case of passive houses, 30-centimetre-thick 
insulating layers and thus wall thicknesses of up to 60 
centimetres are by no means seldom. However, in the 
case of modernisation, the external dimensions are 
often restricted by neighbouring houses or building 
lines. Even in the case of new buildings, thick insula-
tion can only be provided at the expense of useful 
interior area. An alternative is so-called vacuum insu-
lation panels (VIPs), which have a thermal conductiv-
ity five to ten times lower than conventional foam or 
fibre insulating material. VIPs consist of a porous 
core which is sealed in diffusion-resistant plastic 
sheeting in a vacuum chamber. Not least due to the 
many years of funding provided by BMWi for 
research and development concerning VIP technolo-
gy, this process is already technically mature and 
available on the market. 

By means of new buildings completely insulated 
with VIPs, BMWi has shown that vacuum insulation 
significantly increases the energy efficiency of resi-
dential buildings. Demonstration buildings have 
been erected in both Neumarkt in the Upper Palati-
nate and in Ravensburg entirely prefabricated of 
wood and concrete with integrated VIPs just a few 
centimetres in thickness. The measurements show 
that although the walls are only 27 to 32 centimetres 
thick, instead of 60, the consumption of heating ener-
gy is similar to that of passive houses. A quality associ-
ation – independent of the manufacturers – plans to 
define and verify quality criteria, processing guide-
lines and testing regulations for VIPs in cooperation 
with authorised test institutes. This represents the 
transition from the R&D stage to a market launch. 

Heat and cold from the ceiling

Even today, the heating and cooling of buildings 
accounts for about 40 % of total energy consumption 
in Germany. In future, it will be even more. Since hot-
ter summers are to be expected in Central Europe and 
the internal heat loads of buildings are increasing 
(computers and domestic appliances), more and more 
buildings have to be cooled in order to satisfy users’ 
requirements for thermal comfort. Today, there are 
environmentally friendly alternatives to conventional 
air conditioning: so-called thermo-active building 
systems (TABS). The basic idea is quite simple. Build-

Efficient energy use

Due to the extremely low thermal conductivity, highly effective vacuum insulation panels (VIPs) are only a few centimetres thick. 
The interior of the VIP is shown here with a white polyurethane edge strip; the finished surface can be a covering of high-grade wood 
veneer, oriented strand board (OSB), glass, aluminium or stainless steel.
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ings can be heated and cooled if the ceilings, walls 
and floors are turned into large-area radiators or cool-
ing surfaces. To this end, banks of tubes or thin plastic 
piping are usually set into the concrete components. 
Water flows through these pipes and – depending on 
room temperature – they are used for heating or cool-
ing. Experts estimate that even today every third new 
office building in Germany is equipped with these sys-
tems. 

TABS are energy-efficient. The large heat 
exchange area for heat transfer means that even small 
differences in temperature of a few °C are sufficient to 
heat or cool rooms. The components use natural heat 
sinks such as the soil, groundwater or night air to 
equalise the temperature. An evaluation of three 
newly constructed buildings from the EnOB pro-
gramme in which TABS were tested shows that the pri-
mary energy consumption was lower than that of new 
standard office buildings by a factor of two to three. 
However, TABS are sluggish so that heat transfer via 
radiation and convection takes time. Peak loads must 
therefore be minimised or avoided, for example by 
optimally insulating the external envelope of the 
building and all windows must have effective protec-
tion against the sun.

This has been successfully implemented in the 
“Energon” in Ulm, an EnOB demo project (see pictures 
on p. 12), which is the largest office building in the 
world constructed as a passive house. The tempera-

ture control of the concrete core, together with com-
prehensive thermal insulation, mechanical ventila-
tion and movable protection against the sun, ensures 
comfortable working conditions all year round. A 
total of 40 geothermal probes extract cool groundwa-
ter from a depth of 100 metres, which then flows 
through pipes in the concrete ceilings. The Post Office 
Tower in Bonn, which is also cooled and heated using 
groundwater, is a successful example of how the 
results of BMWi research funding are now finding 
commercial applications. Even with an outside tem-
perature of 39 °C temperatures in the south-facing 
offices do not exceed 26 °C. 

Efficient energy use also means efficiently storing 
heat and cold, which is then made available when 
required. So-called latent heat storage systems exploit 
the phase transition of certain materials for this pur-
pose. Phase change materials (PCMs) function accord-
ing to a simple physical principle. When solid sub-
stances – for example paraffin – melt, they take up 
heat from their surroundings. If the ambient tempera-
ture drops, they solidify and emit the heat again. 
PCMs therefore function like large heat stores which 
shift cooling loads from the day to the night. In past 
years, PCM technology has made great progress, not 
least due to continuous research funding. Ceiling 
panels, lightweight walls and façade elements incor-
porating PCMs are now available as are separate cold 
and heat storage systems suitable for both new build-
ings and modernisation projects. 

PCMs (phase change materials) can be used to store cold and heat. The picture on the left demonstrates the cooling effect of PCM ceiling 
elements (blue zones). On the right, a comparison of the temperature curve in a residential or office area with (orange curve) and without 
(blue curve) PCM components.
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The planning and simulation program “PCM 
express” has been developed for the planning and 
application of phase change materials. It provides 
simple support for architects and planners by facili-
tating a reliable decision-making process for dimen-
sioning PCMs, for example in wall structures or in the 
case of modifications to the related installations. In 
particular, the tool supports the low-exergy approach 
in the form of activated components and energy-sav-
ing cooling technology. For the cost-benefit analysis, a 
cost efficiency calculation was integrated into the 
program based on the specifications of the VDI 2067 
guideline. 

TABS and PCMs are so-called low-exergy systems 
since they are activated even in the case of small tem-
perature differences from the surroundings. Exergy is 
the term for the fraction of total energy that can per-
form work. Exergy is therefore the valuable part of 
energy. BMWi intends to use the EnOB research area 
LowEX to develop and test new heating and cooling 
systems which can function with small temperature 
differences and thus make particularly good use of 
the energy potential.

Illumination from the outside

Daylight is important for people’s well-being – wheth-
er at home or at work. The EU directive on the overall 
energy efficiency in buildings stipulates that the elec-
tricity requirements for lighting non-residential 
buildings must in future be included in the Energy 
Performance Certificate for Buildings. This means 
that for the first time daylight will become a factor for 
energy efficiency. 

The amount of daylight fluctuates depending on 
time of day, season and weather. Efficient utilisation 
of natural light must therefore maximise the inci-
dence of light in winter and restrict it in summer. In 
the past few years, a wide range of technologies have 
been developed industrially – thanks in part to fund-
ing from BMWi: louvred blinds which enable the inci-
dent light to be better distributed in a room, optical 
systems guiding daylight into windowless rooms, self-
luminous insulating glass, hollow optical fibres for 
factories and special glass, namely sun protection 
glass that darkens automatically in strong sunlight. In 

the case of switchable glass, the permeability to light 
and radiation can be adjusted as required. Most of 
these technologies are still not very common, which is 
due on the one hand to technical obstacles and on the 
other hand to the relatively high prices. Furthermore, 
the systems only function to the users’ satisfaction if 
the light- and energy-related characteristics of the 
building are recorded beforehand and the lighting 
then tailored to individual requirements. This is the 
starting point for ongoing research and development. 
In the collaborative project funded by BMWi on “Day-
light and efficient lighting”, coordinated by Berlin 
University of Technology, amongst other aspects, 
innovative daylight systems for future buildings are 
being studied as are the medical effects of efficient 
lighting on humans.

Energy efficiency in existing buildings

In Germany a great many buildings are owned by 
local authorities. However, many of these schools, stu-
dent halls of residence or kindergartens are in need of 
modernisation; they have no thermal insulation, and 
the windows and heating systems are outmoded. 
Model modernisation projects demonstrate that pub-
lic buildings can cut their energy consumption by 

Efficient energy use

Käthe-Kollwitz-Schule in Aachen – an EnSan project – before (top 
picture) and after modernisation. The building from the fifties, 
now used as a vocational school, consumes 65 % less energy for 
heating and hot water as well as 15 % less electricity than before 
modernisation.
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more than 50 % without any particularly sophisticated 
or expensive technology. Various demonstration 
projects funded by BMWi have shown that energy-
related modernisation is usually a win-win situation. 
The buildings are renovated, consumption and emis-
sions are cut, and at the same time the users have a 
more comfortable environment. 

Since hardly any new schools are being built, 
there will be an enormous demand for the modernisa-
tion of existing school buildings in the next few years. 
A good example is a vocational	college	in	Aachen 
(Käthe-Kollwitz-Schule), which was built in the 1950s. 
Between 2001 and 2003, the outside walls, roof and 
basement were insulated, heat-absorbing glass was 
installed, the entire building was connected to a dis-
trict heat system with combined heat and power gen-
eration, and a central ventilation system with heat 
recovery was installed as well as daylight-controlled 
lighting. The result was that the energy consumption 
for heating and hot water was reduced by 65 %, and 
electricity consumption was cut by about 15 %. Energy-
efficient schools will continue to be an important 
topic in future and in this respect BMWi is making a 
decisive contribution as part of EnOB with priority 
being given to “EnEff:School”. Plus-energy schools 
with be implemented in pilot schemes as lighthouse 
projects. 

Few students are prepared to move into an old 
hall of residence from the seventies. Not so in Wup-
pertal – here there are long waiting lists for a place. 

However, this is only because the “Neue Burse” was 
extensively modernised in 2003 as part of the EnSan 
scheme. The original hall	of	residence consisted of 
two buildings where leaking joints and insufficient 
insulation had led to whole sections of the building 
becoming damp. As part of the modernisation work, 
the large communal groups were replaced by single 
apartments. The building was completely insulated 
by prefabricated façade elements, and large triple-
glazed passive house windows now flood the rooms 
with light and warmth from the sun. Heat is supplied 
by district heat from combined heat and power gener-
ation. Measurements show that primary energy con-
sumption has decreased by about 60 % in comparison 
to the old building. In one of the two houses, it was 
possible to cut heating energy consumption to 
30 kWh/m2a by using passive house components. 

The fact that it is possible to achieve an enormous 
gain in energy efficiency while maintaining high 
architectural quality was also demonstrated by the 
modernisation of the Plappersnut	Kindergarten in 
Wismar in 2004. Energy consumption has now been 
reduced by more than two thirds by optimal insula-
tion, solar collectors for the hot water supply, 
demand-oriented lighting as well as double glazing 
with two layers of insulated glass. A special feature is 
the vacuum insulation. Vacuum insulation panels on 
four outside walls reduce the heat losses of the build-
ing by 75 to 90 %. The walls facing inwards to the atri-
um do not need any insulation. This unheated area 
between the two wings functions as an intermediate 
climate zone. The air preheated here enters the build-
ings and reduces heating requirements. This design 
has served as a model for more than 300 buildings of 
the same type in the state of Mecklenburg-Western 
Pomerania alone. And it also seems to represent a 
healthy modernisation concept since the kindergar-
ten in Wismar reports that significantly fewer chil-
dren are off sick.

The modernisation of existing buildings often 
comes up against technical or economic limits. This is 
where creativity is called for in order to carry out 
high-quality modernisation work at low cost. The fact 
that feasible solutions can be found is demonstrated 
by the example of the Thiepval	Barracks in Tübingen 
– a listed building – which has been converted into an 
energy-efficient office block. It was only possible to 

The “Neue Burse” student hall of residence in Wuppertal after 
modernisation funded through the BMWi EnSan programme.
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convert the loft by using a lightweight construction 
method. The ceilings were lined with special plaster-
board. The thin boards contain microencapsulated 
paraffins that store latent heat and provide the same 
standard of insulation in summer as five centimetres 
of concrete. This example shows that modernisation 
to a passive-house standard is economic. The addi-
tional expenditure in comparison to modernisation 
work according to the regulations of the Energy Sav-
ings Directive amounts to about € 150 per square 
metre – an investment that will pay for itself in a few 
years due to the considerably reduced energy costs. 
The heating energy requirements of the Thiepval Bar-
racks are now about 23 kWh/m2a while the additional 
costs for the passive house components were about 
€ 81 per square metre. 

Wood and glass characterise the appearance of the new service 
centre in Eberswalde. 

Energy efficiency in new buildings

Even if the greatest potential for increasing effi- 3

ciency in the medium term is to be found in the exist-
ing building stock the application of innovative tech-
nologies is not restricted to older buildings. As a rule, 
the engine driving new technological developments 
is actually to be found in the sector of new buildings 
since here it is possible to work on integrated building 
designs without making any major compromises. 
Such integrated concepts are essential for the long-
term perspective. Furthermore, the results of the sci-
entific study of the pilot and demonstration projects 
implemented as part of EnBau are now available and 
represent a valuable basis for regulatory measures 
with respect to energy efficiency (Energy Savings 
Directive – EnEV). Within the framework of EnOB, 
BMWi’s EnBau scheme represents a major focus on 
efficient energy use in new buildings. Some of the 
recently funded projects demonstrate the success of 
this support measure. 

Hard work and ambition are part of every school’s  3

curriculum. The building design developed for a new 
vocational	school in the Biberach district was also 
ambitious. Gerhard Müller School – an EnBau project 
– had to use less than 30 kWh/m2a of energy for heat-
ing and hot water to fulfil the three-litre house stand-
ard. The building erected in 2004 mainly uses ther-
moactive ceilings and walls (TABS) for heating and 
cooling. Staircases, windows and atria are equipped 

with comprehensive protection against the sun. In 
2005, the annual primary energy requirements for 
heating and cooling the building, ventilation and 
auxiliary power were already about 70 % lower than 
for a conventional school building. The engineers 
weren’t the only people who were happy. A survey of 
the students at the school revealed that they identify 
themselves with their new school – not least due to 
the good room temperature and air quality. The new 
school also has no sign of graffiti or vandalism. 

Eberswalde has also recently established an  3

exemplary model with respect to energy efficiency, 
comfort and economy. Since July 2007, the district 
administration has been accommodated in a new 
service	centre. The facades of the four compact 
blocks have vacuum insulation and heat-absorbing 
triple glazing. The concrete piles under the buildings 
are equipped with absorber collectors which with-
draw heating energy from the soil and in summer 
release excess heat into the soil again. Funding from 
the EnOB programme enabled comprehensive spe-
cialised planning and the use of modern simulation 
programs and innovative components. The total ener-
gy requirements for heating and hot water for the 
15,000 m2 complex are less than 30 kWh/m2a – at an 
economic price. The obligation of putting the build-
ing work out to public tender and the division of the 
work into small packages made it possible to allocate 
the work to well-qualified and cost-efficient building 
contractors. As a consequence, the construction costs 
were less than € 1300 per m2 of floor space. 
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Office buildings require much less heating ener- 3

gy than residential accommodation since the high 
user density and the electronic appliances cause con-
siderable heat loads. These aspects were optimally 
incorporated in the new building for the	Centre	for	
Environmentally	Conscious	Construction in Kassel. 
The large-area thermal protection glazing combined 
with effective sun protection maximises the solar 
gains in winter and prevents overheating in summer. 
The base plate is thermally insulated on its upper sur-
face and tube banks are set into the concrete so that 
the floor functions like a heat exchanger in summer 
and releases excess heat into the soil. The target final 
energy value of 70 kWh/m2a for heating and auxiliary 
power for the technical equipment in the building has 
more than been met and a value of 32 kWh/m2 was 
achieved in 2003. 

Energy-efficient construction enables individual  3

designs to be tailored to users’ special requirements. 
This is shown by the EnBau project for a sheltered	
workshop in Lindenberg in the Allgäu region. The 
workshop provides a stimulating environment with 
large window areas, plenty of wood and attractive col-
our schemes. A heat pump, pellet boiler, and thermal-
ly active ceilings and floors ensure the workshop is 
kept warm and comfortable. A factory roadway 
enclosed by glass connects the workshop to the com-

munal building and provides an optimum source of 
daylight. During the planning stage, an ecological 
and economic balance was drawn up for the entire 
life cycle of the workshop with the aid of an integral 
software program. The result was that the low energy 
requirements and the utilisation of renewable ener-
gies considerably relieve pressure on the environ-
ment. Above all, however, the roughly 140 disabled 
people, most of whom will spend their entire working 
life here, feel at home in the workshop – not least due 
to the simple, barrier-free orientation, the light and 
airy rooms, and the cosy atmosphere. 

Well insulated facades and triple-glazing for thermal heat protection ensure low energy consumption in the new service centre in 
Eberswalde. A sophisticated design involving daylight and artificial light facilitates energy-efficient lighting.

Future R&D topics

Significant progress has been made in the past fifteen 
years in the field of research and development for 
building components such as heat protection. This 
progress means that three-litre house standards can 
be economically implemented in modernised and 
new buildings. The long-term goal in EnOB is the 
“zero-energy building”. This means that integrative 
R&D efforts will have to be continued, particularly in 
structural engineering and technical equipment in 
buildings, since only then will it be possible under 
central European climatic conditions to economically 
achieve an annual zero-energy balance for buildings. 
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Energy-efficient communities

Towns and local authorities are important actors in 
efforts for more energy efficiency. They decide on 
development plans and supply structures, they own 
numerous buildings and are shareholders in munici-
pal utilities and housing associations. They take deci-
sions on the expansion of district heat networks and 
on the role to be played by energy efficiency in the 
modernisation of public buildings. Although many 
local authorities in Germany are now concerned with 
climate protection and energy saving, practical 
progress still remains rather modest. This has less to 
do with a lack of technology or projects that are not 
economically ambitious. What is frequently lacking is 
quite simply specific knowledge about the most suita-
ble measures to be applied locally. Furthermore, 
municipal utilities often only plan for a few years 
whereas energy efficiency requires long-term con-
cepts.

The new funding concept for an “Energy-efficient 
Community” (EnEff:Stadt) introduced by BMWi in 
summer 2007 is intended to overcome these obsta-
cles. The initiative deploys a wide range of existing 
instruments. Thus, for example, the combined gener-
ation of heat and power (CHP) and district heat, inno-
vative insulation and waste heat recovery, intelligent 
control technology and modern information technol-
ogy will be interlinked in such a way that energy-opti-
mised construction and energy-related modernisa-
tion will be improved in whole neighbourhoods and 
districts of a town.

Experience gathered from the construction and 
modernisation of individual buildings provides an 
important basis for this work. VOLKSWOHNUNG in 
Karlsruhe, one of the largest municipal housing asso-
ciations in the state of Baden-Württemberg, has, for 
example, renovated and modernised a large complex 
with 375 flats built in the seventies with the aid of 
funding from BMWi. “The consumption of heating 
energy was halved and CO2 emissions reduced by 
about two thirds,” said Dr. Reinhard Jank from VOLKS-
WOHNUNG. Moreover, surveys of the tenants have 
shown that modernisation considerably improved the 
amenities.

However, it is not easy to transfer such modernisa-
tion programmes to whole neighbourhoods. Residen-
tial accommodation, schools, commercial enterprises 

and office buildings all have different heating 
requirements and peak loads. Small manufacturers 
and traders often have higher energy base loads than 
residential buildings. “Furthermore, the greater the 
number of parties involved and the more disparate 
their needs, the more complex the projects become,” 
says Jank. An energy-efficient community will there-
fore only become possible if all the players pull 
together. The Federal Government’s new national 
energy efficiency action plan also emphasises that 
increasing energy efficiency is not a job for politicians 
alone. On the contrary, it is a task for the whole of soci-
ety and depends on committed efforts from citizens, 
industry, the federal states and local authorities 
(www.eneff-stadt.info).

Efficient energy use

Efficiency in the grid

District heat is an important key to an energy-efficient 
town. It can be produced from fossil or renewable 
sources, from waste heat or via combined heat and 
power generation. However, district heat needs an 
extensive supply network which is associated with a 
high level of fixed costs. In the past, that was a clear 
disadvantage in comparison to individual heating sys-
tems. The case may be different in future. District heat 
is less sensitive to rising oil, coal and gas prices than 

http://www.eneff-stadt.info
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other heat supply systems. BMWi assumes that the 
proportion of district heat in the heat supply – cur-
rently about 12 % in Germany – can be considerably 
increased using the Scandinavian model where there 
is a share of about 50 % district heat.

Transport and distribution account for up to 70 % 
of the costs of district heat to be borne by the custom-
er. In order to extend the supply network outside the 
conurbations, it is therefore necessary to reduce the 
fixed costs associated with the network. As part of the 
funding concept for “Energy-efficient District Heat” 
(EnEff:Wärme), BMWi therefore intends to support 
projects that make the district heat supply more effi-
cient and also more economic. There are plenty of 
starting points ranging from the optimisation of tech-
nologies for generating heat and air conditioning, 
improved heat exchanger systems, pipelines and 
installation techniques up to and including designs 
for novel supply networks.

Lower inlet temperatures, for example, lead to 
greater efficiency. New or modernised buildings have 
much lower heat requirements than older buildings. 
Inlet temperatures of considerably less than 70 °C are 
sufficient for these consumers – whereas most of the 

existing supply networks provide heat at 80 to 130 °C. 
A lower inlet temperature would make it easier to use 
waste heat or renewable energies. Demo projects will 
be funded as part of “EnEff:Wärme”, which will com-
bine the comprehensive modernisation of buildings 
and efficient heat networks to reduce primary energy 
consumption to such an extent that it is in the same 
order as that of low-energy or passive houses.

In rural regions, the number of users of district 
heat per unit area is much lower than in towns – a fac-
tor that leads to higher investments for each building 
connected to the grid. For this reason, in order to be 
economic, it is especially important to plan and 
implement low-cost supply systems. An inlet tempera-
ture of less than 70 °C does not only save primary 
energy but above all makes it possible to use cheap, 
flexible plastic pipes and thus increases the efficiency 
of combined heat and power units. In rural areas, it is 
also appropriate to make use of raw materials availa-
ble locally such as waste or biogas. A comparison of 
various energy carriers conducted by the Fraunhofer 
Institute for Environmental, Safety and Energy Tech-
nology (UMSICHT) showed that in particular com-
bined heat and power stations operating with biogas 
or natural gas are economically efficient for generat-

Power centre supplying coolant to Potsdamer Platz in Berlin (outside view of the building on p. 22).
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ing the base load – and even more so if the biogas can 
be obtained from slurry or plant residues. “In this way 
district heat can be produced at a final cost of signifi-
cantly less than ten cents per kilowatt-hour,” said the 
UMSICHT expert Dr. Christian Dötsch.

Control room of the GCC plant in the south of Munich. Efficiency is increased by a lower temperature level.

Heat with water instead of steam

Steam is also still used as a heat-transfer medium in 
district heating networks. However, it involves a 
number of disadvantages: steam networks are expen-
sive to repair and maintain, large heat losses occur 
because of the high operating temperatures, it is diffi-
cult and time-consuming to install the pipelines and 
so new connections are relatively expensive for the 
customers. Moreover, the high temperatures prevent 
an effective combined generation of heat and power 
and the inclusion of low-temperature heat from waste 
heat or biomass.

In Germany there are about one hundred steam 
networks with a total length of about 1300 km. One of 
the largest networks with a route length of 250 km 

and 4400 customers can be found in Munich. Howev-
er, even in the past, the high steam temperatures of in 
part significantly more than 130 °C were usually 
superfluous. 95 % of all consumers connected to the 
grid require heating energy at a temperature level of 
less than 100 °C. 

Lowering the inlet temperatures therefore not 
only makes sense but is also geared to market 
requirements. A BMWi research project in coopera-
tion with the Munich municipal utilities has demon-
strated that the energetically unfavourable steam 
can be replaced by hot water. Munich has been pro-
gressively converting the heat grid since 2003. The 
municipal utilities have thus been increasing the effi-
ciency of their CHP plants since the steam in the tur-
bines can be converted more efficiently into electrici-
ty than was previously the case. The new gas and 
steam turbine power plant (GCC) in the south of 
Munich generates about 160 gigawatt-hours more 
electricity per year now that the waste turbine heat is 
fed into the new hot water network. The project has 
furthermore also set new trends for local climate pro-
tection. The reduced energy use cuts down on elec-

Efficient energy use
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tricity imports from the German grid with a CO2 
potential of more than 100,000 tonnes per year. The 
project has, not least, sent a clear message to other 
cities. Ulm, Kiel and Hamburg all intend to convert 
their heat grids to hot water.

Although district heating networks supply ener-
gy for heat and hot water, in summer they do not pro-
vide the necessary cold. Not so in Neubrandenburg. 
Since 2005, tests have been under way here investi-
gating how effectively excess heat from a heating and 
power station (GCC) can be stored in summer in deep 
aquifers and then withdrawn again in winter. The 
aquifer storage system consists of two 1250-m-deep 
boreholes connected by a pipeline. In summer, ther-
mal brine is withdrawn from the “cold” borehole and 
heated by the waste heat from the power plant. The 
heated brine is then injected into the second bore-
hole. Deep underground, the temperature of the ther-
mal water increases to 80 °C. In winter, water is with-
drawn from the “hot” borehole and fed into the 
district heating networks. In the winters of 2005 and 
2006 the storage scheme operated without difficulty. 
However, the evaluation shows that operation is not 
yet efficient enough. This is not the fault of the storage 
system itself but is due to the fact that it is extremely 
difficult to predict the actual requirements of the con-
sumers connected to the system. 

District heating networks can be tailored to con-
sumers’ needs and at the same time operated eco-
nomically, efficiently and in a climate-friendly man-

ner. “Basically, energy with a very low exergy fraction 
is sufficient for heating and cooling,” says Dr. Chris-
tian Dötsch from the Fraunhofer UMSICHT Institute. 
With respect to district heat, this means the low-exer-
gy principle (LowEX). Heating and power stations 
must convert primary energy into as much electricity 
as possible without great losses and the rest into use-
ful heat. 

What form novel district and local heat networks 
could take is the subject of an investigation being 
implemented by UMSICHT and funded by BMWi over 
the next few years. The investigation focuses on sever-
al questions: How can new housing developments be 
efficiently supplied with heat, cold and possibly also 
with electricity? Can modernised older buildings be 
integrated into existing district heating systems? 
What is the potential of additional secondary grids 
providing, for example, heating water in winter and 
cooling water in summer? 

Twin pipelines, for instance, are very promising. 
These networks have separate pipelines for hot water 
for showers and cooler water for heating. Using the 
residual heat from the return flow for buildings that 
only have low heat requirements also promises to 
increase efficiency. Attention is always focused on 
high efficiency even if electricity and heat are to be 
generated from renewable energies. “Renewables are 
also limited,” adds Dötsch. After all, the areas of land 
available for wind energy converters, biomass or solar 
modules are always restricted.

The new GCC plant in the south of Munich generates over 160 gigawatt-hours more electricity per annum by feeding its waste turbine 
heat into the new hot water network instead of into a steam district heating grid (picture on the left).
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Industry accounts for about one quarter of Germany’s energy consumption. In many cases, the high energy requirements are due to the 
nature of the processes which often require temperatures of more than 1000 °C. An interview with Dr.-Ing. Frank Grote, managing 
director of Gustav Grimm Edelstahlwerke in Remscheid (right), and Dipl.-Ing. Wolfgang Bender, head of the department for the gas 
industry and industrial furnace technology at the VDEh-Betriebsforschungsinstitut (Institute for Applied Research and Development – 
BFI) in Düsseldorf.
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“We are making natural gas savings  
of more than 30 %”

? What were the motives behind your company’s 
decision to become involved in a research project on 
more efficient energy use?

Grote:	Due to the rather high energy prices in this 
country, the steel industry has great interest in saving 
energy and it has already implemented a wide range 
of measures for more efficient energy use. We have 
good reason to assume that Germany is playing a pio-
neering role here – also from the international per-
spective. But the motivation for joining BMWi projects 
on research into energy efficiency goes far beyond 
such considerations of cost since it is clear that we 
must further reduce CO2 emissions in order to protect 
the climate. We are concerned with precautions for 
the future since it is often the case that, for example, 
the economic benefits of a new development to be 
reaped in the short term are usually rather limited, 
while disturbances in the operational cycle due, for 
instance, to tests may even result in production losses.

Bender: Our institute collaborates closely with enter-
prises from the steel industry and also from other 
sectors. We have noticed again and again that the 
willingness of companies to communicate, even 
across the boundaries of the actual firm, and to 
address new developments cooperatively is general-
ly tending to increase. In some subsectors, such as 
steel forging, the interest is really very great – even 
where issues of competition are involved. We are 
experiencing this once again in our KINAMI project. 
Here, together with a number of large and small 
companies in the forging sector, we are developing 
an innovative thermal regenerator/flat flame burner 
system in order to reduce both CO2 emissions and 
also the operating costs of high-temperature fur-
naces. They are used to reheat slabs and blocks from 
the steelworks since in order for steel to be forged  
the material must first be reheated to about 1200 °C. 
With the novel regenerator/flat flame burner, which 
sucks the waste heat out of the furnace and feeds it 
into a ceramic storage system for interim storage, we 
have already succeeded in heating the combustion 
air to about 1000 °C in the opposite cycle both in a 
pilot plant and in actual operation. At the moment, 
350 °C is state of the art. 

? And how big is the associated energy-saving 
effect? 

Bender: About 30 to 35 %.

Grote:	That is a very positive result. We are convinced 
that our commitment to research will pay off. And we 
are also aware that these energy savings will reduce 
CO2 emissions. We are very satisfied with this result. 

? How did you manage to achieve this innovative 
solution?

Bender: The idea that sparked it all off originated in a 
conversation at a conference and this gives some idea 
of the importance of communication in any innova-
tion. Together with a company from the aluminium 
industry, we had already developed a similar but sim-
pler regenerator at our institute. We were able to con-
tribute our know-how from this development to the 
project with the steel industry. 

Grote: We tested the new development under realis-
tic conditions in a production environment. Naturally 
we had a few teething problems. Further tests in other 
companies with slightly different requirements are 
on the agenda so that ultimately our sector will have 
an energy-saving regenerator/burner system at its dis-
posal. By the way, the new development is not only 
outstanding from the aspects of economic efficiency 
and climate protection, but it was also found that the 
new burner distributes heat in the furnace and trans-
fers it to the steel in a very much more uniform man-
ner.

Bender:	This brings about an enormous improve-
ment in quality since tiny temperature fluctuations 
can have a negative impact even at such high temper-
atures. This is a spin-off from this project which we 
will undoubtedly wish to employ in other sectors. If 
you like, you could say that this has sown the seed for 
a new research project.
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Energy efficiency in industry,  
commerce, trade and services

A start has already been made. In the past 30 years, 
the energy and raw material efficiency in industry 
has increased significantly. Production plants have 
been continuously replaced and processes opti-
mised. Many sectors have undergone considerable 
change. However, the unexploited savings potential 
is still high. The figures speak for themselves. More 
than 40 % of the final energy required in Germany is 
accounted for by the sectors of industry, commerce, 
trade and services.

In manufacturing and commercial enterprises, 
space heat alone is the biggest item on the energy bill 
accounting for about 46 %. In industrial enterprises, 
process heat represents the biggest percentage of 
final energy consumption with about 65 %.

Efficient energy use

In the glass industry, depending on the type of glass and the material composition, the fusion temperature is between 1000 and 1600 °C. 
New insulating materials can reduce the heat losses from the furnaces. 

The twofold challenge: saving energy and 
improving quality

If companies decide to save energy, then they do not 
only protect the environment but also save operating 
costs. However, experience shows that in industry the 
willingness to apply energy-saving measures is not 
simply a matter of saving pennies. Management can 
frequently only be convinced if there is a chance that 
they could gain additional benefits from restructur-
ing. This may be improved product quality, increased 
operational reliability or optimised production opera-
tions. Sometimes it is simply an increase in prestige 
that tips the scales in favour of a technical reorienta-
tion. One thing is certain – without investment in effi-
cient energy use, future-oriented corporate strategies 
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can no longer be developed in this day and age. Suc-
cessful practical examples and application-oriented 
know-how are required in order to convince top man-
agement. If something has proved its worth else-
where then executives are more likely to implement it 
in their own company.

In many cases, the engineers’ perspective has 
changed. Due to technical progress, the energy 
requirements of many individual processes have 
already approached their physical limits so that room 
for improvement is now very restricted. A holistic per-
spective must be adopted instead. Engineers do not 
just look for new materials and innovative processes 
for energy savings but research increasingly focuses 
on the entire process chain. Established processes 
must be re-examined and individual processes linked 
more effectively. In this context, neural networks are 
playing an increasingly important role. They help to 
control production processes via model calculations 
to make them more energy-efficient. 

Work in the research and development depart-
ments pays off. This is also shown by the results of 
projects funded by BMWi. Many of the new or further 
developed technologies are now available commer-
cially and have made their way onto the market. Due 
to the high proportion of exports they make a global 
contribution to improving the energy efficiency and 
environmental compatibility of industrial production 
processes.

The distribution of government funding is guided 
by consumption priorities. Funding projects con-
cerned with the improved utilisation of process heat 
are currently increasing in significance. This concept 
comprises all forms of heat used in industrial or com-
mercial processes, whether in a car wash or a cement 
kiln. There is an enormous savings potential. In high-
temperature processes in the ceramic industry alone, 
more than 40 % of the heat generated at high energet-
ic expense is lost as waste heat.

In the ceramic industry, some kilns reach temperatures of more 
than 1800 °C.

Research priorities

Resources should be used wisely. This is also true of 
mass materials that devour huge amounts of energy 
for their production. In Germany alone, far more than 

40 million tonnes of steel, far more than 30 million 
tonnes of cement and about 20 million tonnes of 
paper are produced each year. In order to reduce the 
material throughput and energy consumption in 
industry, the cycles of production, utilisation, disposal 
and reuse must be closed more effectively. The effi-
cient use of materials is therefore also one of the new 
priorities in research funding. In many cases, there is 
still considerable need for development. We are not 
yet at the end of the road. 

Many industrial products literally undergo a bap-
tism of fire during fabrication. The temperatures such 
materials have to withstand are extremely high. In the 
ceramics industry, for example, the kilns are heated to 
more than 1800 °C. The higher the temperatures, the 
greater the heat losses. One possibility of reducing 
waste heat is to use more efficient insulating materi-
als. However, the materials used in the past – conven-
tional lightweight refractory bricks or ceramic fibre 
products – have their limitations. Lightweight refrac-
tory bricks are only suitable for temperatures of up to 
about 1100 °C and fibre materials are regarded as car-
cinogenic and their handling requires elaborate 
processing and protective measures. 
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High-temperature insulating materials

However, there are alternatives. In a collaborative 
project funded by BMWi and headed by the German 
Institute for Refractories and Ceramics (DIFK) in Bonn, 
researchers developed new high-temperature insulat-
ing materials on the basis of calcium hexaaluminate. 
The microporous materials have excellent thermal 
insulating properties, can withstand temperature 
cycling well and are resistant to chemical loads. Prac-
tical trials have proved successful. For example, if the 
conventional lightweight components used in the 
roof of a walking-beam furnace were replaced by 
innovative insulating materials, then 30 to 35 % of the 
energy could be saved. A further bonus is that the 
heavy-duty materials do not represent a health risk 
and can be disposed of without difficulty as required.

The newly developed insulating materials can be 
applied not only in the ceramics and steel sectors but 
also in the glass industry, the chemical industry as 

well as in cement works and refuse incineration. Ger-
many alone consumes more than 100,000 tonnes of 
high-temperature insulating materials each year.

Converter gas is a by-product arising during steel production. The improved energy-related use of such process gases, for example to 
heat firing furnaces, is the subject of ongoing research work.

Efficient energy use

Rotary regenerator

Reducing waste heat losses is one strategy for cutting 
energy consumption in a production process. The sec-
ond strategy consists of using the resulting waste heat 
to preheat the combustion air. There are two proven 
systems. In the case of recuperators, waste gas and 
fuel gas flow into the plant simultaneously – usually in 
a counterflow. The combustion air can be heated up 
to a temperature of 600 °C. If higher temperatures are 
required then regenerators are called upon. In these 
heat exchangers, heat is transmitted by interim stor-
age of the energy in a thermal mass. 

Conventional regenerator/burner systems consist 
of several storage systems that are alternately ther-
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mally loaded and unloaded. This switching causes the 
temperatures of the combustion air and flame to fluc-
tuate. Not all industrial processes can cope with these 
unstable conditions. Another disadvantage is that the 
technical design of the conventional systems only has 
limited scope for innovations to reduce pollutant 
emissions. 

Modern rotary regenerators take a different 
approach. Inside these facilities, the combustion air is 
heated and at the same time the waste gas is cooled so 
that the temperature of the combustion air remains 
constant. To date, they have only been applied for 
heat exchange at low and medium temperatures, for 
instance in air conditioning equipment. In a research 
project funded by BMWi, the operating principle has 
been extended for the first time to include high-tem-
perature processes of up to 1200 °C and optimised so 
that it is ready for application.

There are a large number of possible applica-
tions for the newly developed system consisting of 
rotary regenerator and burner ranging from heat 
treatment furnaces for iron and steel up to and 
including smelting furnaces for aluminium and glass 
as well as kilns for ceramics. In the steel industry, the 
system may, for example, replace the conventional 
ladle heaters that heat the casting and transfer ladles 
for pig iron and steel. The energy savings are enor-
mous. Investigations at a heating stand for steel 

ladles in an electric steel mill showed that the new 
technology could cut the consumption of natural gas 
by 45 %. But it is not only energy savings that are 
attractive for the companies. Rotary regenerator and 
burner systems offer a number of practical advantag-
es with respect to firing that contribute towards opti-
mising the process flow.

The steel industry is a pioneer in the use of novel burners. On the left, a ceramic heating tube in an experimental laboratory. Ceramic 
burners are much more resistant to high temperatures than steel burners. These burners enable natural gas firing to be used 
economically in high-temperature processes which at present depend on electric energy. On the right, an annealing furnace fired by 
hundreds of ceramic FLOX burners.

FLOX

The reduction of pollutant emissions in high-temper-
ature processes is one of the greatest challenges in 
industry and is one of the engineers’ top priorities. 
However, sometimes it is mere chance that puts them 
on the right track in their development work. This was 
the case when nearly twenty years ago, researchers 
noticed to their surprise in tests on a recuperator 
burner that the instrument monitoring the burner 
flame suddenly ceased to display a signal. The noise of 
the flame had also disappeared. Nevertheless, the fuel 
was still completely burned. The researchers chris-
tened the phenomenon flameless oxidation (FLOX). 
What is unusual about FLOX is that hardly any harm-
ful nitrogen oxides are formed. It is thus possible to 
preheat the combustion air to high temperatures thus 
enabling great energy savings. In further experi-
ments in a project funded by BMWi, scientists 
explored the conditions that would make such a pro-
cess suitable for industrial applications. In the mean-
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time, a wide selection of FLOX burners are now prov-
ing their worth in industry. “However, the potential of 
the technology has by no means been fully exploited,” 
says Dr. Joachim G. Wünning, managing director of 
WS Wärmeprozesstechnik GmbH in Renningen, 
which has successfully implemented the low-emission 
combustion principle and is continuously further 
developing it.

A promising field of application is, for example, 
the combustion of lean gases such as biogas, wood gas 
or landfill gas. In comparison to natural gas, lean 
gases have a lower energy content and contain more 
nitrogenous compounds so that the quality of the fuel 
fluctuates. 

“Conventional burners have difficulty coping 
with these conditions,” says Wünning. “FLOX burners 
can deal with the challenges better and the combus-
tion is cleaner.”

Utilisation of process gas

A not inconsiderable proportion of the energy used 
in industrial processes remains in gaseous by-prod-
ucts such as top gas, producer gas and refinery gas. 
It would be well worthwhile to make thermal use of 
these process gases since their energy content corre-
sponds to one sixth of the natural gas consumed in 
Germany. However, it is difficult to apply this is prac-
tice since, among other aspects, the low calorific 
value of the gases as well as impurities can lead to 
malfunctions. In several projects funded by BMWi, 
researchers of the Operational Research Institute 
(BFI) in Düsseldorf are working on innovative pro-
cesses in order to better control the process condi-
tions during combustion of the gases and to remove 
undesirable accompanying substances. One of the 
first successes is a reactor filled with activated char-
coal or activated coke that separates the process 
gases from the gas flow. Its low selectivity means 
that the range of adsorbed impurities is unusually 
broad. Another bonus is that the reactor has a long 
operational life and low operating and maintenance 
costs. The impact of optimised process gas control 
has a favourable effect on the energy balance. In 
many heat engineering plants, energy savings can 
amount to as much as 10 %. 

Energy-efficient recycling

Improved control of process conditions can also 
increase energy efficiency in the recycling of residual 
materials. The recycling of residues containing iron, 
such as washing tower sludge or rolling mill scale, has 
a great potential since the German steel industry pro-
duces several 100,000 tonnes of this waste each year. 
Useful new materials can be obtained from these valu-
able secondary raw materials in the blast furnaces of 
the steel industry. Since the composition of these 
residual materials varies, recycling processes in con-
ventional blast furnaces and sintering plants are very 
complex and lead to an increase of more than 50 % in 
fuel requirements. To date, above all human skills 
have been called for in such complicated process con-
trol. Individual decisions on the part of the operating 
team require a high degree of expertise and experi-
ence to ensure that the production processes are 
properly controlled.

In order to help staff make the right decisions, BFI 
together with DK Recycling und Roheisen GmbH is 
developing a computer-aided system that can contin-
uously analyse the process in the sintering plant and 
blast furnace and suggest appropriate courses of 
action to the operating personnel. The control system 
funded by BMWi has already successfully passed its 
practical test. It was put into permanent operation for 
recycling residual materials containing iron in sinter-
ing plants and blast furnaces leading to a 10 % reduc-
tion in energy consumption. An economically signifi-
cant side effect is that the metallurgical composition 
of the pig iron can be flexibly adapted to prevailing 
conditions with the aid of the modular software pro-
gram – thus increasing product quality.

REMIS

Mass-produced plastic articles are mainly manufac-
tured by injection moulding. The products range 
from plastic articles weighing 50 kilograms down to 
tiny components just a few milligrams in weight. 
High demands are made on quality. If even the 
slightest divergence is discovered then the injection 
moulded piece is simply rejected. In this case as well, 
production processes can be optimised using com-
puter-aided control systems. The REMIS collabora-
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tive project (rational energy savings and minimisa-
tion of material requirements for injection 
moulding) focuses, for example, on “neural net-
works” – a kind of information processing increas-
ingly used in recent years. These artificial systems 
inspired by neurology are self-adaptive, fault-toler-
ant and also capable of incorporating unclear infor-
mation. In order to “train” the software, before pro-
duction begins tests are performed with various 

machine settings. From these experimental data, the 
neural network “learns” the relation between prod-
uct quality and characteristic process parameters 
such as temperature and rise in pressure. The results 
show that the forecasts are highly reliable. Accord-
ing to the first assessments by experts, rejects in the 
plastics industry can be cut by half with the assist-
ance of REMIS. Energy consumption would drop by 
about 15 %.

In the blast furnaces of the steel industry, valuable materials can be obtained from secondary raw materials containing iron, such as 
washing tower sludge or rolling mill scale.
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High quality is demanded of injection-moulded products in the plastics industry. Even the smallest deviations frequently make the 
product unusable. A BMWi research project demonstrated that these production processes can be optimised with the aid of modern 
software based on neural networks.

Low-energy separation

In many industrial processes, the separation of mate-
rial mixes is all part of a day’s work whether in the 
recycling of waste material, the drying of products, 
the production of chlorine by electrolysis or the 
decontamination of waste water. Traditional separa-
tion processes such as distillation involve a high con-
sumption of energy and are very expensive. If mix-
tures cannot be completely separated then this leads 
to increased recycling costs. As part of a research 
project funded by BMWi, scientists at Henkel KGaA, 
Düsseldorf, further developed a process that separates 
substances by means of a magnetic field. 

The basic principle is simple. A carrier liquid with 
finely dispersed nanoparticles, a so-called ferrofluid, 
is added to a mixture of substances. The surface of the 
magnetic particles is changed in such a way that they 

selectively attach themselves to the substances to be 
separated. The labelled substances can be separated 
by applying a strong magnetic field. The labelling 
particles are subsequently removed and can be puri-
fied and used again. 

This trick has already proved useful in molecular 
biology for separating viruses, bacteria and DNA mol-
ecules, but it has not yet been applied on an industrial 
scale. This deficiency has now been remedied. For 
example, researchers succeeded in cleaning waste 
water polluted with nickel so thoroughly by using 
magnetised fly ash that no heavy metals could be 
detected. This level of purification cannot be achieved 
by conventional procedures. The technology has to be 
further developed before ferrofluids can be applied 
on a commercial scale. The particles must, for exam-
ple, be stable in the long term, environmentally 
friendly and cheap to produce.

Efficient energy use
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Heat pumps and refrigeration technology 

Another research priority is the field of refrigeration 
technology and heat pumps. The chlorofluorocar-
bons (CFCs) previously used as refrigerants deplete 
the ozone in the stratosphere. After the Montreal 
Protocol and the German directive banning CFCs and 
halons, the directive on substances that deplete the 
ozone layer now regulates measures reducing emis-
sions and improves the tightness of old refrigeration 
systems – ozone-depleting substances are no longer 
permitted in new systems. Many refrigerants more-
over contribute to global warming. The aim was  
to replace these substances with environmentally 
friendly and energy-efficient alternatives and to 
develop appropriately adapted cooling units and 
heat pumps – such as CO2 refrigerating machines 
with expanders, CO2 heat pumps and zeolite adsorp-
tion heat pumps as well as compression heat pumps 
with improved circuits. Attention was furthermore 
focused on steam-jet refrigeration machines as well 
as improved technology for combined heat and 
power generation. 

Current projects are concerned with low- and 
medium-power absorption and adsorption refrigera-
tion plants, refrigerating plants driven by solar power 
and waste heat, as well as energy-efficient installa-
tions for use in supermarkets. There is still room for 
improvement with respect to optimisation of the 
overall process of producing and applying cold, which 
will lead to further research work.

Innovations in the steel industry

Steel is a material with a long tradition. But this 
doesn’t mean it’s on the scrap heap – on the contrary! 
Steel has developed into a real high-tech product. 
There is a steadily growing demand for steel on the 
world market. In recent years, a new class of steel 
materials have made a name for themselves: the so-
called high-strength and ductility (HSD) steels. HSD 
steels are extraordinarily ductile, can be easily shaped 
and display extremely high strength. These material 
properties are especially attractive for the automobile 
industry. The more ductile the material, the more it 
can be deformed before it ruptures. In this way, car 
body panels can be shaped more easily in the press. 

The finished vehicles are lighter and more energy-
efficient. The construction of intelligent crumple 
zones is also conceivable. After impact, the material is 
first deformable, but then in a fraction of a second it is 
transformed into a harder structure and thus protects 
the passengers.

These high-tech panels are not yet fabricated on 
an industrial scale since the melt is less viscous and 
difficult to work using conventional steel working 
processes. This problem can be solved by the applica-
tion of a new strip casting process – known as direct 
strip casting (DSC). In a cooperative project involving 
Salzgitter Mannesmann Forschung GmbH, Clausthal 
University of Technology and Max Planck Institute of 
Iron Research, researchers have developed a pilot 
plant for manufacturing HSD lightweight steels by 
the DSC process. Since the plant design is very com-
pact, some energy-intensive steps can be dispensed 
with in this technology so that the DSC process can 
make do with just 25 % of the energy otherwise 
required. Moreover, it can tolerate high proportions 
of scrap. The production process has already reached 
such an advanced stage of development that we may 
see the first cars with components made of HSD steel 
on the road by 2010.

Expert knowledge for product development 

The factors of “time” and “information” play an important 

part in the development of new products. Developers spend a 

not inconsiderable proportion of their time acquiring and 

evaluating information. In doing so, experts now frequently 

make use of the Internet. The available data material is often 

incomplete and confusing so that further searches are then 

required. The pressure of competition additionally shortens 

the development times. Innovations thus threaten to fall prey 

to the pressure of time. As part of the “E2ProNet” project 

funded by BMWi, researchers have developed the Internet 

platform LCE Guide (www.lce-guide.de), which provides com-

prehensive information on innovative materials and technolo-

gies. The target groups are manufacturers and product devel-

opers from the electrical and automobile industry as well as 

from other sectors. The difference from other databases is 

that the knowledge database has a modular structure and 

provides a wide range of documents and specific information. 

The database is undergoing extensive operational tests. 

Researchers from KERP Centre of Excellence Electronics and 

Environment in Vienna have already developed a computer 

“ecomouse” with the aid of the LCE Guide. The cordless opti-

cal mouse does not need batteries and is powered by an alter-

native energy supply based on double-layer capacitors and a 

special circuit.

R

http://www.lce-guide.de
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Innovations can also be found in other sectors of 
the steel industry. The term “steel” itself describes 
more than 2,200 varieties which differ in their alloys 
and material properties. Stainless steel accounts for 
about 19 % of steel production in Germany. One of the 
techniques for producing steel is the melting of steel 
scrap with the aid of electric current. In order to 
make this more efficient, engineers apply what is 
known as the foamed slag process. Foaming agents 
such as carbon or oxygen produce a layer of slag 
foam on the surface of the molten steel, which func-
tions like an insulating layer and reduces the energy 
requirements. This process did not previously func-
tion with stainless steel with a high chromium con-
tent since the slag was too rigid and slow to react. 
With BMWi funding, researchers from BFI in cooper-
ation with industrial partners have now developed a 
variant of the foamed slag process, which amongst 

other aspects includes the injection of coal. This 
method has potential. In this way, electricity con-
sumption required for the production of stainless 
steel can be reduced by about 5 %.

Efficient energy use

A furnace for producing electric steel easily consumes as much electricity as a small town. Furnaces operating on the foamed slag 
principle can reduce specific energy consumption by about 5 %.

Outlook

Future priorities for BMWi funding in the field of effi-
cient energy use in industry, commerce, trade and 
services will include high-temperature superconduc-
tors, innovative engine development for stationary 
applications, demand-side management, intelligent 
network, measuring and control services, as well as 
the fabrication and application of lightweight mate-
rials such as ultra-high-strength steels and the 
research topics of material efficiency and energy-effi-
cient recycling.
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Efficient energy use  
and storage

The German electricity market has undergone a rad-
ical change in the past few years. Deregulation on a 
European level has led to an opening of the grids 
and for the first time has initiated competition 
amongst the electricity utilities. It is therefore now 
possible for consumers to have a free choice of sup-
plier. The supply scene has also changed its appear-
ance. Since 2000, the Renewable Energy Resources 
Act has obliged grid operators to purchase electrici-
ty from renewable sources and to pay a fixed rate for 
it. This has greatly encouraged the generation of 
electricity by solar and wind power and biomass. 
Ambitious European targets for climate protection 
and trading with CO2 certificates will continue to 
promote the expansion of renewable energies in 
future. Furthermore, due to the burgeoning number 
of photovoltaic plants, wind parks and combined 
heat and power facilities which, as a rule, generate 
electricity in a decentralised manner, the number of 
providers involved in the energy market is increas-
ing.

Electric grids of the future

Today, Germany has a stable electric grid. Every citi-
zen and every company benefits from the advantages 
of high security of supply. Nevertheless, the existing 
grid structures are facing an enormous technological 
change. Due to increasing decentralisation on the 
supply side and rising expectations with respect to 
more efficient transmission and distribution of elec-
trical energy, ever greater demands are being made 
on the flexibility and capacity of the entire grid struc-
ture. At the same time, this should not result in any 
additional adverse effects on the safety or reliability of 
the electricity supply. It is expected that these altered 
conditions will in future lead to completely new grid 
configurations.

The latest technological developments, for exam-
ple, in the field of modern information and communi-
cations technology (ICT) gives suppliers and grid 
operators considerable opportunities for new supply 
models, which can be related to the concept of “smart 
grids”. As an example we can mention the concept of 
a “virtual power station” – which means linking a 
number of small decentralised electricity suppliers to 
form a network with a common control system. The 

rapidly developing ICT opens up great potential for 
innovation in the transmission, distribution and utili-
sation of electricity. To this end, BMWi has launched 
the funding competition “E-Energy:ICT-based Energy 
System of the Future” as part of its funding of multi-
media research. 

Other innovations such as those in materials 
development or electronics and the latest findings 
from basic research can be taken up for the selective 
further development of intelligent network struc-
tures. In this way, the latest developments in the field 
of high-temperature superconductors (HTSCs) repre-
sent a promising approach for low-loss, i.e. efficient, 
power transmission. Another important aspect in the 
development of modern electricity supply structures 
is that electric power is beginning to be used for indi-
vidual mobility. Hybrid plug-in vehicles and vehicles 
powered purely by electricity are available on the 
market or are being developed and tested. This leads 
to additional markets for electric energy and in the 
long term also to opportunities for regulating the 
grid. At the same time, this should be seen in connec-
tion with the increasing feeding of energy from fluc-
tuating sources, such as offshore wind energy con-
verters, into the grid. As part of the Federal 
Government’s Integrated Energy and Climate Pro-
gramme (IEKP), efforts are being considerably extend-
ed to consolidate the research, development and test-
ing of hybrid and electric vehicles. Four federal 
ministries – Economics and Technology (BMWi), 
Transport, Building and Urban Affairs (BMVS), Envi-
ronment (BMU), and Education and Research (BMBF) – 
are collaborating in the implementation of these 
measures. 

Storage for regulating the grid

The expansion of renewable energy technologies 
means that the proportion of electricity fed into the 
grid from fluctuating sources has increased consider-
ably. Wind energy converters thus already cover more 
than 6 % of Germany’s electricity requirements. How-
ever, wind power can only be harvested when the 
wind blows. This is often not the case during periods 
when electricity demand is particularly high. The 
storage of electricity is therefore particularly impor-
tant here. At the moment, pumped	storage	power	
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plants	are very widespread. They take up the cheap 
electricity that is generated at night in base load 
power plants and convert it into potential energy by 
pumping up water. During the day when peak loads 
occur, the stored water drives the turbines and gener-
ates electrical energy once again. Pumped storage 
power plants thus make a considerable contribution 
towards controlling the grids and can be operated 
economically since the power can be sold during peak 
power periods at a much higher price than the cost of 
generating it at night. The problem of the discrepancy 
between supply and demand will become more acute 
due to the increased use of offshore wind energy con-
verters. Geological conditions in Germany mean that 
opportunities for the construction of further pumped 
storage power plants are very limited. There is there-
fore considerable need for the development of other 
technologies that are suitable for storing electricity 
on a large scale.

Compressed	air	energy	storage	plants offer 
potentially high capacities for the interim storage of 
electricity from wind energy converters. In these facil-
ities, air is greatly compressed by electricity and then 
stored, for example, in salt domes. When required the 
compressed air generates electricity again via a gas 
turbine. By exploiting compressed air, there is no 
need to use any energy to compress the air for the gas 
turbine process. The first compressed air energy stor-
age power plant in the world was put into operation 
in Huntorf, in the north of Germany, back in the late 
seventies. The energy stored there can be released 
with an output of about 320 megawatts over a period 
of two hours. Adiabatic compressed air storage power 
plants represent a further development of the princi-
ple. They do not merely store compressed air but also 
the heat that is released when the air is compressed. 
However, this development is still in its early stages 
since almost all components – heat reservoirs, com-
pressors, gas turbines – have to be redesigned. In gen-
eral, it can be said that storage power plants cannot 
cover the entire energy demand but they are capable 
of making a significant contribution to reducing peak 
loads and thus the need to additionally expand the 
grid capacity.

Although possibilities for storing electric energy 
are available in the cases mentioned above this should 
not obscure the fact that these technologies still need 

a considerable amount of development. On the basis 
of quite different physical and chemical phenomena, 
researchers are seeking innovative solutions for the 
storage of electric energy. In doing so, they must 
always keep in mind that each application makes spe-
cific demands on the storage system.

The continuous further development of storage 
systems for electric energy is encouraged by yet 
another important aspect. Small grid disturbances 
hardly perceptible in private households can lead to 
immense economic damage for sensitive consumers 
(industrial processes, computing centres, etc.). By the 
interim storage of electricity at the consumer’s site 
and by withdrawing electricity from the interim store 
in case of a disturbance it is possible to compensate 
for grid irregularities. In order to overcome grid dis-
turbances, use can be made of flywheel	energy	stor-
age	systems	that function as short-term storage sys-
tems. Industrial plants, for example, make use of this 
technology to avoid disturbances in production. Fur-
thermore, flywheel storage systems in electric grids 
with a high proportion of decentralised energy gener-
ators ensure higher stability since they can compen-
sate for fluctuating feed rates with peak loads in the 
range of several hundred kilowatts per second or 
minute. This technology therefore does not only ben-
efit consumers but also grid operators. Although fly-
wheel storage systems do not have high storage 
capacities they can release high quantities of electrici-
ty in a short time – which means that a very high out-
put can be made available, as is important for sensi-
tive production machines or consumers with 
short-lived but high peak loads. For example, trams or 
suburban rail networks can make use of braking ener-
gy for their next start from these storage systems. In 
the “Dynastore” project funded by BMWi, a light, 
compact flywheel storage system was developed for 
flexible deployment. The annular flywheel consists of 
a special carbon-fibre composite and the rim of the 
flywheel rotates in bearings with a permanent mag-
net and a specially developed high-temperature (HT) 
superconductor. The HT superconductor permits the 
flywheel mass to be supported in a non-contacting 
manner so that even at high rotational speeds only 
slight friction losses occur.

Superconducting magnetic energy storage 
(SMES) systems store direct current in a magnetic 
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field generated by a superconducting coil. SMES sys-
tems are very efficient and hardly any energy is lost 
during storage. On the other hand, cooling the coil 
requires a good deal of energy and high-tempera-
ture superconductors are still expensive. In a first 
step, SMES is therefore appropriate for the short-term 
storage of energy.

Storage systems for transportation

Apart from the need described above to store elec-
tricity for regulating the grid, there is an increasing 
demand in Germany for efficient electricity storage 
in motor vehicles. In hybrid cars, for example, part 
of the energy generated by the engine is stored as 
energy on board the vehicle and is released again 
during the start-up process. This concept also offers 
the opportunity of using and storing braking 
 energy. These vehicles are expected to operate 
more efficiently thus enabling savings in fuel con-
sumption. 

Supercapacitors (so-called supercaps) have a par-
ticularly high power density. Due to their long life-
time such double-layer capacitors are suitable as a 
replacement for conventional batteries whenever 
high reliability is required in connection with fre-
quent charging and discharging. In comparison to 
batteries, supercaps can be recharged much faster 
and thus improve the availability of the appliances. 

Another advantage in comparison to other storage 
systems is the much simpler charging process. A par-
ticularly interesting example of the use of supercaps is 
in hybrid vehicles. In such applications, they can help 
to save energy in combination with an internal com-
bustion engine and a battery. While supercaps 
improve vehicle acceleration, the battery makes a 
contribution towards reducing fuel consumption. In 
the next step, efforts would be made to replace the 
combustion engine by a fuel cell.

Electrochemical storage

Electrochemical	storage	systems such as batteries 
or accumulators are already used in a wide range of 
applications, for example in computers, torches or 
starter batteries, large numbers of which are pro-
duced for the automobile industry. However, there is 
still a need for considerable investment in technologi-
cal development since some of the existing battery 
systems are too large or too heavy for the envisaged 
applications in cars or electric grids. They will also 
have to be designed so that they become less expen-
sive, more efficient and even safer than they already 
are. 

There are different criteria for electrochemical 
storage systems in the two fields of application. In the 
mobile sector, it is vital that the battery weighs as little 
as possible, whereas for stationary applications the 
weight tends to be less significant. In contrast, for sta-
tionary applications a high storage capacity at a rea-
sonable cost is required. 

For both fields of application, electrochemical 
storage systems based on lithium-ion	batteries are 
regarded as a promising technological alternative to 
established battery technologies. Their decisive 
advantage is a very much higher storage density, 
and they also have great development potential. 
Lithium-ion batteries are already used today in a 
wide range of small appliances with low energy 
requirements such as watches or mobile phones. A 
great deal of research and development work is still 
required before they can be used economically in 
cars or the electric grid. The opportunities for 
improvement range from the application of new 
materials up to and including simplified fabrication 

1. stator
2. rotor
3. bearing
4. flywheel rim
5. rupture  

protection
6. connecting 

structure
7. reinforcing 

ring

Model of “Dynastore”: new-generation flywheel energy storage 
systems will be ready for application in a few years in order to 
kinetically store electricity.
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in order to reduce manufacturing costs and increase 
safety for the user. This research is certainly worth-
while since ultimately only a lithium-ion system 
with a very high standard of safety is appropriate for 
use in hybrid and electric vehicles.

Superconducting wire windings increase the power density of engines.

Outlook

Electric storage systems will play a decisive role in the 
future electricity supply scene. In preparation for its 
new funding concept “Electric	Grids	of	the	Future”, 
BMWi will be conducting discussions with experts on 
drawing up a research and development plan. In con-
nection with the funding concept for “Electricity Stor-
age Systems” that is already in progress, the increas-
ing demand for systems for storing electrical energy 
in electric grids and automobile technology will rep-
resent another priority. Particular attention will be 
paid to lithium-ion batteries. Research will concen-
trate on increasing their storage capacity and their 
cycle stability. However, other storage technologies 
such as compressed air storage will also be included in 
the new support measure. Funding for innovative 
technological developments will aim to reduce costs 
in order to achieve or improve the economic viability 
of the product. At the same time, the concept will 
remain open for basic research in order to be able to 
respond rapidly to new know-how and promising 
concepts and processes.

BMWi does not only intend to pursue its activities 
on storage and grids as part of the measures on elec-

tromobility within the framework of the Federal Gov-
ernment’s Integrated Energy and Climate Pro-
gramme (IEKP), but also intends to perform systems 
analysis studies on the opportunities and limitations 
of electricity-based mobility by means of plug-in 
hybrid and electric vehicles. The studies will focus on 
the analysis and evaluation of impacts of the electric 
storage systems in vehicles on load flows, grid stability 
and the performance of both renewable and conven-
tional electricity generating structures. The first 
results are expected in 2009. These studies may lead 
to the identification of options for action with respect 
to restructuring and expanding the grid, integrating 
renewable energies, and the use of intelligent count-
ing and communications technology, as well as spe-
cific proposals for further research and development 
measures. 

Superconductors

When electricity flows the cables usually become warm. This 

is not the case with superconductors. They transport electric-

ity almost without loss. The energy industry has particularly 

high hopes of high-temperature (HT) superconductors which 

only need to be cooled by liquid nitrogen in order to trans-

port electricity without loss. HT superconductors can 

increase the efficiency of electricity generation, transport 

and consumption, especially if high output is required. They 

can be manufactured from readily available materials and are 

usually ceramic-like compounds which are not toxic for man 

or the environment. For example, superconducting current 

limiters could replace choke coils and make transformers 

redundant. They protect the grid against overloading and 

short circuits. Other fields of application include engines, 

generators and induction furnaces.

R
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Efficient  
energy conversion

Fuel cells are considered a key technology for a 
sustainable energy supply and are therefore the focus 
of energy research and development. The way they 
work is just as simple as it is ingenious: the fusion of 
hydrogen and oxygen leads to the generation of 
 electricity and heat in one single step. However,  

60 % of the electricity used in Germany today is still 
produced in power plants run on lignite, hard coal, 
natural gas or oil – in other words with fossil energy 
carriers. The most important thing here is to improve 
the efficiency in order to save fuel and avoid CO2 
emissions.

When fossil energy carriers are burnt, the greenhouse gas carbon dioxide (CO2) is released. According to the accepted scientific opinion, 
the increasing concentration of CO2 and other trace gases in the atmosphere is contributing to the amplification of the greenhouse effect 
and therefore to global warming. The conservation of resources and climate protection must therefore be taken into account by energy-
policy measures, which will see efficient energy conversion and the prevention of CO2 emissions becoming extremely important in this 
regard.

Energy-related carbon dioxide emissions (Germany 2006) in millions of tonnes shown by sector

 2 other energy-related emissions

 6 agriculture, forestry, fisheries

 149 road transport

 12  other transport

 117 households

 46 small consumers

 101 manufacturing sector

 366 energy sector

 799 total
BMWi/UBA, as of 08.07.2008
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Fuel cells – all-rounders for a variety of applications – convert energy in an efficient and environmentally friendly manner. Although still 
in their infancy, research on fuel cells is progressing with giant strides. An interview with Prof. Dr. Werner Tillmetz, Centre for Solar 
Energy and Hydrogen Research Baden-Württemberg (ZSW), Ulm.
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“Fuel cells are an attractive alternative”

?	 Where do you see the key advantages of fuel cells 
compared to other technological systems?

!	 They have two basic advantages. On the one 
hand, fuel cells have a much higher efficiency than 
internal combustion engines. Take the following as 
an example. The car that we drove to work in early 
this morning has an efficiency of around 20 %. This 
means that 80 % of the energy contained in the 
expensive motor fuel is blown out into the environ-
ment as hot air. The fuel cell drive systems that exist 
today are already capable of achieving an efficiency 
that is twice as high as this. 

The second issue is that of zero emissions. The 
driving force, which has for example prompted the 
car industry for years to concentrate their efforts on 
developing fuel cells for car drives, is the zero 
 emission legislation in California. The aim of this 
programme is zero-emission traffic – in other words, 
no particles, no nitrogen oxides, no pollutants at all. 

In addition, there is the issue of how the energy 
supply can be diversified for transport in future. 
How can it be built on a broader and more independ-
ent fuel basis? At the moment, there is still a monop-
oly on crude oil worldwide. However, the resources 
are slowly running out and alternatives are urgently 
required. The most attractive alternatives in my 
opinion at the moment, particularly for mobile 
applications, are hydrogen and fuel cells.

?	 Where is the greatest need for research and 
development in this sector at the moment?

!	 One of the greatest needs is the optimisation of 
technologies that are currently being tested in the 
field. Those companies who want to launch fuel cells 
on the market in the short or medium term require 
efficient support from research institutions. Devel-
opment goals here are the sturdiness and reliability 
of the technological systems – in other words, their 
resistance to loading in everyday operation. A sec-
ond essential goal is a sufficient lifetime. Thirdly, it is 
important that these criteria are realised using cost-
effective components and systems. 

However, there are also key issues in the area of 
basic research that must be addressed. One of these 
issues is cost-effective and highly efficient catalysts, 
above all for oxygen reduction. The other is efficient 
storage systems for hydrogen.

And yet we shouldn’t forget that internal combus-
tion engines have existed for more than 100 years. A 
lot of money is still being pumped into basic research 
throughout the world today in order to make these 
engines even more effective. Fuel cells are only at the 
beginning of their career in comparison. This means 
that many years of research will be required to contin-
uously refine these systems and to sustain the compet-
itiveness of our industrial partners. 

?	 Critics are warning us not to enter the “hydrogen 
world”. They argue that the conversion and storage 
of energy costs a lot of energy itself. 

!	 It’s a pity that this discussion is so emotionally 
loaded. We should look at the issue more dispassion-
ately. Of course, if you can use the electricity gener-
ated immediately, there is no point in converting it 
first. However, we also need to consider other phas-
es. If the sun doesn’t shine or the wind doesn’t blow, 
then renewable energies such as solar or wind 
power won’t generate any electricity. This is the rea-
son why there will be more and more fluctuations – 
at times unpredictable – in the electricity grid in the 
future. Storage systems will therefore be necessary 
in any case. 

The other topic is that of mobility. Some people 
ask why we don’t simply build battery-powered vehi-
cles. But it’s not that simple! If we want battery-pow-
ered vehicles to have the same range and take the 
same amount of time to refuel as other vehicles 
today, then we would have to wait a very long time 
for suitable batteries and charging stations to 
appear on the market. For example, all hopes are 
pinned on the lithium-ion battery in this field and it 
is currently controllable in the category up to 
50 watt-hours. This is the energy required by a note-
book. A car run solely on batteries would require 
almost one thousand times this in energy storage. It 
will take a very long time before such batteries are 
commercially produced reliably and cost-effectively 
and are readily available on the market. Compared 
to this, the development of the fuel cell is much 
more advanced. 

In the long term, we will have two energy carri-
ers, both of which will be generated from renewable 
energies: electric current and hydrogen. Moreover, 
it is easy to convert each of these energies into the 
other. 
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Fuel cells and hydrogen

The global situation regarding energy supply, the 
environment and the climate demands changes in 
energy conversion processes and in the choice of 
energy carriers. Advanced solutions are required: fuel 
cells and new energy carriers such as hydrogen will 
have to increasingly contribute to the reliable, effi-
cient and clean conversion of energy, as well as its 
economic use. In order to successfully develop hydro-
gen and fuel cell technologies, we must pool the nec-
essary resources. European programmes are already 
in place today in support of this (Framework Pro-
grammes, Joint Technology Initiative), as are a 
number of German programmes (Energy Research 
Programme, National Hydrogen and Fuel Cell Tech-
nology Innovation Programme) and indeed regional 
networks for fuel cells and hydrogen. Together, they 
create the optimum basis for a successful medium-to-
long-term solution. 

Why do we need new energy carriers? 

Advanced energy supply systems are always connect-
ed with the issue of handling the available energy car-
riers correctly. This is why it is important to achieve 

a long-term, reliable, economic and environmen- 3

tally friendly supply of primary energies,

the highly efficient production of individual ener- 3

gy carriers from different primary energies, 

an increasing use of renewable primary energies.  3

Hydrogen will therefore become particularly impor-
tant as a future energy carrier for the energy economy 
because it can be used for both conventional and pio-
neering energy conversion systems – such as fuel cells 
– and it can be produced from different primary ener-
gy carriers. The increased incorporation of renewable 
energies in the generation of hydrogen necessitates 
sufficient potential, adequate availability at competi-
tive prices and the creation of new infrastructures. 

Why do we need hydrogen as an energy carrier? 

In the long term, hydrogen and electricity will 
become a particularly important supply unit. Electric 

current can be fed directly into the grid and can even 
be used to transmit information. Due to the fact that it 
can be stored, hydrogen has an advantage over elec-
tricity that makes it particularly attractive for use in 
mobile applications and to compensate for fluctua-
tions in the generation of power from solar and wind 
energy. Hydrogen and electricity can be reciprocally 
converted and they allow for a higher flexibility in the 
supply system. They are therefore pillars of a future 
energy economy, which will complement the existing 
energy economy. Both energy carriers can be pro-
duced on a fossil, non-fossil and renewable basis. This 
opens the way towards zero-carbon generation in the 
long term.

Hydrogen can be used in a broad spectrum of 
stationary, mobile and portable applications. 
Motors and turbines are therefore being developed, 
as are fuel cells for use as highly efficient electro-
chemical energy converters. In the field of mobile 
applications, hydrogen can be used directly as fuel 
for electric drives in low-temperature fuel cells. 
Local and global emissions, depending on how the 
hydrogen is produced, are very low compared to 
today’s conversion systems using conventional 
energy carriers. 

Even today, milestones on the way towards a 
hydrogen-oriented energy economy can be clearly 
recognised: 

Early markets for small (portable) applications  3

are being prepared or have already been opened up. 

A vehicle mass market is the target for 2020.  3

Initial infrastructures for both applications must  3

be established today by cluster solutions but not yet 
on a large scale. 

Existing surplus capacities, particularly residual  3

industrial hydrogen, can be used in a timely fashion if 
treated correctly. 

Mobile filling stations or expanded convention- 3

al filling stations are suitable for use in the first sup-
ply clusters. The hydrogen will be delivered by trail-
er, by a pipeline or by filling cartridges at a central 
facility.

Efficient energy conversion
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3 There is a pressing need for action with regard to 
establishing logistics for the provision of hydrogen. 
Challenges include the purity of the gas, pressure 
adjustment, storage, safety, transport of hydrogen to 
the customer and structuring the provision of hydro-
gen at filling stations. Moreover, adequate user 
acceptance must also be achieved.

New hydrogen generation capacities will only be 
required for the vehicle mass market from 2020 
onwards. However, the course must be set today for a 
sustainable selection of generation capacities, and 
work must begin as quickly as possible on meeting the 
development needs.

Configuration of an oil-free energy system for the transport sector.

To what extent do we need long-term solutions 
with hydrogen? 

A new energy economy with a complementary stabili-
sation of supply will only come into being gradually in 
Europe by using different energy carriers. We must 
begin by using fossil and non-fossil primary energy 
carriers, and move onto more and more renewable 
primary energy carriers at a later stage. The use of fos-

sil primary energy carriers increasingly demands car-
bon capture and storage in geological formations. 
The extent to which hydrogen is used and generated 
from renewable sources will increase to the same 
degree that the currently dominant fossil energy car-
riers decrease in importance on the market. Efficient 
and environmentally friendly energy conversion sys-
tems, such as fuel cell systems, will thus become more 
significant. Ultimately, the market introduction of 
hydrogen, which is competing with other solutions, 
will also depend on political measures such as envi-
ronmental legislation and on market introduction 
programmes, as well as on the development of global 
energy prices. 

Fuel cells: technological diversity –  
multiple areas of application 

In a fuel cell, the energy contained in the fuel is con-
verted into electrical energy. In contrast to engines, 
the chemical principle of fuel cells is based on “cold” 
combustion. This allows the high heat losses of the 
engine to be avoided. The principle was discovered in 
the first half of the 19th century but it was only after 

electricity generation
wind, solar,

hydro, nuclear

zero-CO2 power plant
pre-combustion IGCC

CO2 capture

syngas (H2, CO2, CO), CO2 electrolysis

hydrogen electricitySunFuel* methanol synfuel

H2 separation
treatment

heterogeneously 
catalysed synthesis

natural gas coal
 biomass
gasification
reforming

H2 CO2
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Source: Bernd Höhlein
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the Second World War that it was exploited in techno-
logical developments. Initially, an important area of 
application was space travel, where this sort of inde-
pendent system had huge advantages for the genera-
tion of electricity (and simultaneously of pure water).

The performance of a fuel cell is determined by 
two variables: the total capacity and the efficiency. 
The efficiency refers to the relationship between the 
energy used in the form of fuels and the energy to be 
utilised at the end of the fuel cell processes. The elec-
trical efficiency represents the utilisable electrical 
energy, while the overall efficiency is the total used 
energy from electricity and heat. As both forms of 
energy can be used simultaneously in most fuel cell 
systems, the overall efficiency can be as much as 90 %, 
as is the case for other combined heat and power 
(CHP) generation technologies. The electrical effi-
ciency of fuel cells varies between 30 and 55 % 
depending on the type of fuel cell and its capacity. 
When high-temperature fuel cells are combined with 
gas turbines at a later stage of development, electri-
cal efficiencies of up to 70 % could even be reached. 
The spectrum of achievable power ranges from a few 
watts, as required for example to supply portable 
electrical devices with power, to all areas in between 
up to power plants with a power of a few hundred 
 kilowatts. The target is to achieve a power of a few 
megawatts. 

There are different types of fuel cells and they 
vary considerably in their design, the materials used 
and chemical reactions. However, the basic principle 
remains the same: two electrodes (anode and cath-
ode) are separated by an ion conductor, the electro-
lyte, which only allows charged particles to pass 
through it. In this way, two reaction chambers are 
separated from each other in which different chemi-
cal processes occur (oxidation and reduction), which 
collectively lead to the flow of electric current. An 
important distinguishing feature among the different 
types of fuel cell is the electrolyte, which separates the 
two reaction chambers from each other, but still 
allows the selective diffusion of specific ions in all 
cases. In the polymer electrolyte membrane (PEM) 
fuel cell, a proton-conducting membrane functions as 
the electrolyte. Depending on the type of fuel cell, the 
electrolyte can also be liquid potash lye, melted car-
bonates or solid ceramic materials. The electrolyte 

Efficient energy conversion

Hydrogen

Hydrogen is the first of the chemical elements listed in the 

periodic table. It is widespread in a bound state in the form 

of water and in organic compounds. Hydrogen is technically 

important for hydrogenation (fat hardening), reduction 

processes and syntheses (ammoniac, methanol, gas to liq-

uids).

Hydrogen as an energy carrier has been a building block of 

our technology since it became possible to generate “water 

gas” (a historical term for a gas mixture with about 50 vol. % 

hydrogen) from solid fuels. Even in town gas – including gas 

based on coke-oven gas – hydrogen was used in a gas mix-

ture for lighting and heating purposes. The introduction of 

natural gas with 80–90 vol. % methane brought an end to 

the era of hydrogen-rich gas mixtures on the energy market, 

whereby natural gas reforming and coal gasification have 

considerable potential for the energy market in terms of 

generating a hydrogen-rich synthesis gas because they can 

be used for many synthesis applications up to and including 

combined power plants with carbon capture and the use of 

hydrogen.

When energy is applied, hydrogen can be prepared in an iso-

lated form and therefore becomes an energy carrier whose 

chemically stored energy can then be exploited. The task of 

generating hydrogen and oxygen from water through the 

process of electrolysis based on renewable electricity forms 

the basis today for the global hydrogen technology of 

tomorrow in combination with fuel cell technology.

Hydrogen energy technology replaces the oxidation of fossil 

energy carriers with the reaction

2 H2 + O2 ⇒ 2 H2O (+ 286 kJ/mol for 25 °C and 100 kPa).

When the handling of hydrogen is compared to that of 

methane or gasoline, the following characteristics become 

clear:

high gravimetric heating value at low volumetric heating  3

value

broad ignition range in air 3

high combustion rate in air 3

high diffusion rate 3

low ignition energy 3

low boiling point (–253 °C) 3

low-emission combustion (zero-carbon) 3

Costs and the environmental impacts of this kind of technol-

ogy depend on the type of primary energy used to generate 

electricity for the electrolysis – as a substitution for today’s 

fossil-based commercial processes, such as the reforming  

of natural gas/water vapour – the energy conversion tech-

nologies that are preferred for hydrogen use, the extent to 

which logistical preconditions must be fulfilled for the pro-

vision of hydrogen, and the significance that is attached to 

the different criteria in the life cycle assessment, and thus 

the importance ascribed to the internalisation of external 

costs.

R
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determines both the type of ions exchanged and the 
operating temperature of the fuel cell. This can range 
between 60 and 1000 °C.

The following explains in detail how a PEM fuel 
cell is designed. It is surrounded by what are known as 
bipolar plates. These are composed of graphite, metal 
or synthetic materials, which are made electrocon-
ductive with the aid of carbon nanotubes. These 
plates have a well-devised system of tiny channels 
through which the gases flow and are homogeneous-
ly distributed on the electrodes. The gases used are 
hydrogen as a fuel and air as an oxidant. Porous 
papers made of carbon or graphite fibres function as 
electrodes. The electrolyte is composed of a polymer 
membrane with special properties, which allow 
hydrogen to pass through from one reaction chamber 
into the other. The membrane is coated on both sides 
with a catalyst material (such as platinum). Together, 
the two electrodes and the membrane form what is 
known as a membrane electrode assembly (MEA), 
which is contacted to the bipolar plates by means of 
gas diffusion layers.

As a result of chemical laws, each individual PEM 
cell – like battery cells – is only capable of providing 
an electric voltage measuring one volt. For the majori-

ty of technical applications, this is not enough. If high-
er voltages are to be attained, numerous cells must be 
coupled with each other and electrically connected in 
series. Combining individual cells in this way creates 
what is known as a stack.

In the direct methanol fuel cell (DMFC), liquid 
methanol is used as a fuel which is usually added to 
water. As is the case for the PEM, a membrane is also 
used here as an electrolyte. Such methanol-run sys-
tems can be optimally used in a power range of 
between a few watts and a few hundred watts, and 
are particularly suitable for portable applications. For 
higher powers, the poor efficiency of this type of cell 
negatively impacts on the consumption. The biggest 
advantage of this technology lies in the fact that liq-
uid methanol is much easier to handle and work with 
as a fuel than hydrogen. There is no need to convert 
(reform) methanol into hydrogen. A disadvantage of 
the DMFC, however, is the fact that some of the metha-
nol escapes through the membranes currently avail-
able. This means that fuel is lost and the voltage 
decreases, which in turn causes a poorer system per-
formance.

In what are known as molten carbonate fuel cells 
(MCFCs), the electrolyte is composed of a melt of lithi-

Single fuel cells are packed together to form a stack. The power of the stack is the sum of the single cells.
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um carbonate and calcium carbonate. A mixture of 
hydrogen and carbon dioxide is used as a fuel at the 
anode side. This mixture is produced by a reforming 
process from energy carriers containing methane, 
such as natural gas, biogas or sewage gas. On the cath-
ode side, a mixture of air and carbon dioxide is used. 
An MCFC must have an operating temperature of 
around 650 °C to allow the necessary chemical pro-
cess to occur. The electrodes are usually made of 
 nickel. Expensive catalyst coatings are not needed 
because the reactions proceed quickly enough at the 
operating temperature. Fuel cell systems based on the 
MCFC are currently capable of achieving a power of 
around 250 watts. The gross maximum electrical 
 efficiency of a cell is around 55 %. The system as a 
whole achieves an electrical net efficiency of 46 %. 

The solid oxide fuel cell (SOFC) has an electrolyte 
made of a solid oxygen-ion-conducting ceramic mate-
rial, for example zirconium dioxide (ZrO2). While the 
anode is fabricated from a ceramic-metallic material, 
the cathode is composed of an electroconductive 
ceramic. The operating temperature of this type of 
fuel cell is between 700 and 1000 °C. In the SOFC, pure 
hydrogen is generally used as fuel and atmospheric 
oxygen is used as the cathode gas (see diagram). 

Since fuel cells are operated with pure hydrogen, 
which is rarely available on site, a reformer must be 
connected in series. Reforming is a process that con-
verts hydrocarbons (natural gas, biogas, ethanol, 
methanol, gasoline) into hydrogen. The reforming 

process is incomplete in most cases. Behind the 
reformer, the carbon monoxide content can still 
amount to up to 10 %. In addition, higher hydrocar-
bons and impurities can be contained in the reform-
ing gas. To minimise the risk of damage to fuel cells, a 
number of complex purification steps often have to be 
incorporated in order to extract carbon monoxide, 
higher hydrocarbons and impurities.

All types of fuel cells are extremely sensitive to 
impurities. Sulphur fractions in the fuel, for example, 
attack the electrode and electrolyte material and 
must therefore be carefully removed. 

As a result of their great diversity in terms of 
power and technology, fuel cells are suitable for use 
both today and in the future in different areas of 
application. Over the last few years, BMWi has provid-
ed funding for those areas that appear to have the 
best chances from today’s point of view of being 
quickly transferred and introduced on the respective 
markets. The following priorities were therefore set: 

use of PEM to supply stationary (houses and build- 3

ings) or mobile applications with energy,

development of applications for what are known  3

as auxiliary power units (APUs) for all sorts of vehicles,

development of high-temperature fuel cells  3

(MCFC and SOFC) for industrial combined heat and 
power generation.

Efficient energy conversion

Design and operating principles of a planar SOFC fuel cell.
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Coating the electrodes of SOFC fuel cells using the plasma spraying process.

Looking over the shoulder of research 

At the moment, research is being conducted on a 
technology known as the high-temperature PEM 
(HT-PEM). The operating temperature of this fuel cell 
lies between 100 and 200 °C and is therefore much 
higher than the operating temperature of “classic” 
PEM fuel cells. This design also has advantages over 
both conventional PEMs and high-temperature 
applications such as the MCFC or SOFC. “This type of 
system can be operated more dynamically, in other 
words, it can be brought to its operating tempera-
ture quickly and shut back down faster than systems 
that operate at even higher temperatures,” 
explained Dr. Bernd Emonts from the Institute of 
Energy Research at Forschungszentrum Jülich. One 
advantage that the HT-PEM has over the PEM is that 
it is less sensitive to carbon monoxide (CO) from the 
reforming process. Conventional PEMs only tolerate 
carbon monoxide in concentrations of less than 
0.005 %. The HT variety in contrast can tolerate 200 
times more carbon monoxide, in other words 

around one percent. Only one single purification 
step is therefore required after reforming. Accord-
ing to Bernd Emonts, applications for this technolo-
gy would be in the power range of five to a few hun-
dred kilowatts – electricity that is required for the 
on-board power supply in aircraft, on boats or in 
trucks. 

The Jülich institute also conducts research on the 
direct methanol fuel cell (DMFC). In cooperation with 
different industrial partners, components such as 
membranes are developed in research and develop-
ment projects funded by BMWi and practical applica-
tions are optimised, for example, the use of the DMFC 
in forklift trucks .

“As a research institute, we develop basic technol-
ogies and demonstrate that they are operational as a 
system,” said Emonts. “The actual application is then 
developed by the industrial customer,” said the 
researcher explaining how the work is divided 
between science and industry. 
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Fuel cell research at ZSW in Ulm.

Optimising the components 

The Centre for Solar Energy and Hydrogen Research 
(ZSW) in Ulm is also working on the optimisation of 
the classical PEM fuel cell. “Sometimes, people ask us 
if the fuel cell will ever be ready for the market,” said 
Professor Werner Tillmetz, a member of the ZSW 
Board of Directors. “My answer to this is that the PEM 
works and that there are already commercial prod-
ucts available on the market.” However, there is still a 
lot of room for improvement: “This type of system 
must function reliably under all sorts of everyday con-
ditions and it must have an acceptable lifetime,” such 
are the objectives. A fuel cell in a car should start with-
out any problems, even on a cold winter morning, and 
it should last at least ten years. According to Tillmetz, 

other important development goals include a reliable 
fabrication process and a systematic cost reduction. 
New materials will play a decisive role here. They 
should also help to further increase the power 
achieved per unit area of a cell. 

A central point of departure is the electrodes in a 
cell. In a PEM, both hydrogen (anode) and air (cath-
ode) must be diffused through the material. This is 
achieved by an elaborate system of fine pores that 
ensure the equal distribution of gases. The electrodes 
are each coated with catalytic substances which speed 
up the desired chemical reactions. At the same time, 
this type of fuel cell requires sophisticated water man-
agement: the incoming air must be humidified, while 
the water generated must be simultaneously removed 
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with the outgoing air. A PEM reacts very sensitively 
when it runs dry, in other words when it doesn’t have 
enough water. The degradation process is accelerated 
as a result and the lifetime decreases rapidly. On the 
other hand, a cell can well and truly “drown” if it has 
too much water – like what happens in a combustion 
engine when there is too much fuel.

The bipolar plates are components with a very 
fine channel structure. The channels, which are either 
milled or pressed, ensure the best possible distribu-
tion of the gases. To improve the geometry of the 
channels, mathematical procedures from computa-
tional fluid dynamics are used. The aim is to distribute 
both hydrogen and air as evenly as possible on the 
reaction surfaces of a cell and thus utilise them opti-

mally. At the same time, the flow resistance must be 
reduced to a minimum. The air on the cathode side 
has to be pumped into the cell using an air compres-
sor in order to overcome the high resistance. This 
means a loss in the utilisable power generated by the 
fuel cell because the air compressor is among the big-
gest auxiliary consumers of power in such a system.

Catalysts are another key topic of research. In the 
past, materials such as platinum were applied for this 
purpose on the cathode side. This metal is compara-
tively expensive and the prices fluctuate on the world 
market, often without warning. Under certain condi-
tions, the catalyst material can corrode or exhibit 
signs of poisoning. The technicians would therefore 
like to replace platinum completely. Noble metal 

In order to standardise different fuel cell components, extensive development efforts are required. 
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alloys are the first materials that come to mind – in the 
long term perhaps even catalysts that are free of noble 
metals.

Sealing systems pose a challenge for research 
and development. They are used to keep the elec-
trode chambers and the cooling separate from each 
other. Inside a stack made of hundreds of single 
cells, a considerable number of surfaces come 
together on which different media (hydrogen, air, 
cooling water) must be sealed against each other. A 
silicon rubber is generally used for these seals. How-
ever, this material is problematic in terms of its dura-
bility. For this reason, researchers are currently look-
ing for alternatives, for example in the form of 
epoxide resins.

In addition to improving the individual compo-
nents of a PEM fuel cell, other objectives include creat-
ing a compact design for individual system compo-
nents and integrating them into an operational 
overall system. This includes the intrinsic cell stack as 
well as all auxiliary devices such as air compressors, 
valves and heat exchangers. A demonstration device 
has been developed at ZSW over the last few years. 
Internally, it is known by the nickname of the “Ulm 
electricity box”. The device is a hybrid of a fuel cell 
and a suitable battery. It can generate a continuous 
power of between 500 and 1000 watts, and for a short 
time, a peak load of three to four kilowatts. The sys-
tem is fully integrated, which means that the idea of 
“plug and play” is possible. “Hydrogen goes in 
upstream, alternating current comes out down-
stream.” ZSW is currently testing the application with 
a cooperation partner from the yacht construction 
sector. Supported by BMWi and in cooperation with 
an industrial partner, a compact 2-kilowatt PEM mod-
ule is being developed.

On behalf of BMWi, ZSW is also responsible for 
coordinating a small appliances programme. The aim 
is to provide assistance for the standardisation of dif-
ferent components. “A key problem associated with 
the development of fuel cell systems is that there are 
hardly any fully suitable system components, such as 
pumps, valves or air compressors, on the market,” said 
Professor Tillmetz. “The components that can be 
bought from suppliers often don’t fit.” Small compa-
nies often do not have the means to tailor such com-

ponents to fit their system development. BMWi sup-
ports the adaptation development in research and 
development projects. 

Electricity and heat at home 

One of the most important future areas of applica-
tions for fuel cells is the provision of energy in build-
ings – so-called domestic energy supply. The reason is 
simple: fuel cells provide both electricity and heat and 
are therefore highly suitable as power generators in 
detached houses or blocks of flats, as well as in small 
commercial enterprises. In the field of combined heat 
and power (CHP) generation, fuel cells can play an 
important role as decentralised energy modules with 
a customised power supply. 

PEM technology is dominant in the area of 
domestic energy supply. In Germany, a number of 
companies are currently developing suitable devices 
within the framework of BMWi-funded projects. 
These companies include Baxi Innotech and Viess-
mann. The electric power ranges between 1 kilowatt 
and 5 kilowatts. The target values for the electrical 
efficiency of the systems are 30 to 35 %; the overall 
efficiency (electricity plus heat) should reach almost 
90 %. This will allow optimum use of the diminishing 
supply of fossil energy sources. Such devices have the 
same dimensions as traditional heaters. For everyday 
application, they will be connected to the public gas 
and power supply. Surplus electric power that is not 
immediately used up in the building itself can be fed 
into the grid. A downstream conventional boiler for 
peak loads guarantees adequate heating, even on 
cold winter days. A suitable storage system would 
help compensate for fluctuating heating needs dur-
ing the course of the day. The fact that fuel cells can 
also be operated very well and with a high efficiency 
under partial loads – in other words at a lower power 
than the maximum – makes their application in 
domestic energy supply beneficial because power 
and heating needs tend to fluctuate over the course 
of the day.

Research and development work in this sector is 
currently being conducted on all components of a 
domestic energy system that is suitable for daily use. 
This begins with the reforming of fuels such as natural 
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gas and goes beyond purification technology, rang-
ing up to control systems and current transformation 
(from direct current to alternating current).

Within the framework of a project that began in 
2000, which is funded by BMWi, Viessmann is work-
ing together with partners from science and industry 
to develop a power generator for detached houses 
based on the PEM. This generator will provide an elec-
tric power of two kilowatts. Its thermal power (waste 
heat released from the fuel cells and from gas treat-
ment) is 3.5 kilowatts. The electrical efficiency will be 
more than 30 % and the overall efficiency almost 90 %. 
In 2006, the first test facilities went into operation and 
field tests will follow shortly. The company is aiming 
for market introduction in 2010.

Work has also begun on applications of SOFC 
technology in the domestic energy supply sector. For 
example, the Vaillant company is currently cooperat-
ing with Webasto, a supplier to the automotive indus-
try. Webasto has been working on fuel cell systems 
that generate electric power on board vehicles from 
gasoline or diesel for a number of years. The aim now 
is to adapt such modules for operation with natural 
gas and to put them into operation in smaller fuel cell 
heating devices. The project is funded by BMWi. 

A fuel cell assembly for the generation of energy (electricity and 
heat) in buildings.

The fuel cell as a power plant 

What do the waste water plant in Stuttgart, University 
Hospital Magdeburg, the sewage treatment plant in 
Moosburg in Bavaria and the Munich data centre of 
DeTelmmobilien GmbH have in common? The answer 
is fuel cells. To be more exact, a certain type of fuel cell 
technology can be found in these establishments – the 
molten carbonate fuel cell (MCFC). This energy con-
verter generates both electricity and heat, which can 
be used for a variety of purposes. The corresponding 
power plants are produced by the company MTU 
ONSITE ENERGY in the Munich district of Ottobrunn. 
Many of these prototype facilities were built and put 
into operation with the aid of grants from the Federal 
Government’s Future Investment Programme (ZIP) 

When you walk into the production halls of MTU 
ONSITE ENERGY, the first things you notice are the sil-
ver metallic steel boilers with a diameter of almost 
three metres. In these steel boilers are the main fuel 
cell modules. Each boiler contains a stack of a total of 
350 MCFC cells. They also contain a mixing chamber 
for the different gases that are pumped in and out, a 
circulating air compressor, and a heating system that 
heats the entire device to its operating temperature of 
650 °C. “This heating process must be particularly 
gentle in order to avoid heat stresses in the compo-
nents,” explained Dr. Manfred Bischoff, Technology 
Manager at MTU ONSITE ENERGY. The process can 
therefore take a number of days under test conditions. 
The cell module is supplemented by a separate gas 
processing system, which desulphurises, heats and 
humidifies the fuel. Last but not least, an insignificant 
looking switch box contains the system controls. This 
is where the direct current that comes from the fuel 
cells is transformed into grid-compatible alternating 
current. 

“The fuel cell module and the ancillary compo-
nents are like an engine and a vehicle,” according to 
Bischoff. This type of “hot module” has an electric 
power of 250 kilowatts and does not just generate 
power but also 180 kilowatts of heat with a tempera-
ture of up to 400 °C. This is used, for example, by 
industrial clients as process heat in the production 
process. In the Munich telecommunications compa-
ny, DeTelmmobilien, in contrast, the heat is converted 
into cold and is then used for air conditioning. “When 
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you use the power and heat generated by this type of 
fuel cell, then you can achieve an overall efficiency of 
more than 80 %,” said Manfred Bischoff. 

This type of system can be fed with conventional 
natural gas as well as with gases that occur in bio-
mass facilities and sewage treatment plants or in 
landfill sites. “These gases contain around 40 to 50 % 
methane. The rest is made up of nitrogen dioxide 
and carbon dioxide,” explained Bischoff. “However, 
MCFC technology can convert what are known as 
low-energy gases into electricity in a highly efficient 
manner.” One of the main advantages of MCFC tech-
nology is that once sulphur and higher hydrocar-
bons have been separated from the fuel, it can be 
converted internally into hydrogen. This has an 
effect on the structure of the system. The reformer is 
not located – as is the case in PEMs – in front of the 
actual fuel cells but rather in the same casing as the 
fuel cell stack. Due to its high efficiency, with the 
same amount of fuel an MCFC can generate 30 % 

more electrical energy than a conventional power 
plant of the same power or than a combustion 
engine. 

MTU ONSITE ENERGY has already built 20 of these 
facilities and they are up and running at different 
sites. They are all test facilities, the construction and 
installation of which was only made possible through 
public funding. In University Hospital Magdeburg, 
one of these hot modules has already been in opera-
tion for 30,000 hours. “Our target lies around 40,000 
hours,” said Bischoff. “We are close to proving that 
these power plants have a competitive lifetime.” How-
ever, “the biggest stumbling block is still cost,” 
explained the manager. Above all, the materials 
required cannot yet be bought in large enough quan-
tities. Furthermore, these plants still have in-built 
safety elements that make them more expensive than 
they need be. “We are now implementing value engi-
neering,” emphasised Bishoff, “to allow us to drive 
costs closer to the market prices.” 

Efficient energy conversion

Configuration of an MCFC “hot module” fuel cell system.



55

While for a long time MTU ONSITE ENERGY used 
to buy the actual fuel cells from their American part-
ner FCE, the company actively entered cell develop-
ment and fabrication a few years ago. Under the key-
word “euro cell” and with funding from BMWi, this 
in-house development is now on the threshold of mar-
ket introduction: one of the first plants with this core 
has been delivered to a customer and now has 6,000 
hours of operation behind it in the test phase. 

For the euro cells, new cheaper materials are 
being used and the fabrication processes has been 
changed. This allowed the process temperatures to be 
successfully decreased, which means that cells can be 
fabricated in a more environmentally friendly and 
also cheaper manner. At the same time, the aim is to 
generate more power with a cell stack. For example, 
new semi-finished metal products are now being 
used. They are particularly beneficial in the core of 
the cells for instance for current collectors. Such mate-
rials are incidentally also used in battery production.

The trend for the future is clearly going in the 
direction of bigger, more powerful devices according 
to Bischoff: “Customers want power plants with a 
power in the megawatt range.” While fuel cell stacks 
contain a maximum of 350 cells at the moment, the 
aim is to extend this step by step to create stacks with 
600 cells. This type of stack would deliver a power of 
around half a megawatt. “The system would then be 
such that we could integrate two of these stacks to 
form one power plant.” 

The number of cells inside a stack, in contrast, 
cannot be increased at will. “Thermomechanical 
effects increasingly occur because the materials 
expand to a different degree when being heated to 
the operating temperature of 650 °C,” explained 
Bischoff. Such effects become more pronounced the 
more cells that are stacked on top of each other. In 
addition, they are difficult to calculate in advance, 
which means that extensive tests are necessary in 
each case.

In the “hot module”, the design engineers have succeeded in incorporating all hot components in the one common casing. This does not 
just make some of the peripheral devices redundant but it also allows the efficiency to reach new levels. Without a flame and without 
moving masses such as rotating turbine blades or a piston stroke, the hot module directly converts the energy of the gas into electricity 
and heat.
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Another area of application for MCFC devices in 
the future is seen by Bischoff in horticulture, where in 
addition to electricity and heat, the carbon dioxide 
(generated when the natural gas is reformed) can be 
put to use in greenhouses to promote growth. 

Efficient energy conversion

Molten carbonate fuel cells such as the hot module generate both electricity and heat.

Portable and mobile applications 

Fuel cell development is most advanced today in the 
area of portable applications. The first products are 
already available on the market, and according to 
estimates by experts, fuel cells will achieve an appre-
ciable share of the market in the foreseeable future as 
replacements for batteries. In the low-power area (a 
few hundred watts), the DMFC appears to be doing 

well. Possible applications here range from powering 
portable electronic devices (for example, laptops) and 
small vehicles (scooters, forklift trucks) to the on-
board power supply in vehicles. The company Smart-
FuelCell (SFC) is currently the market leader in this 
field. SFC succeeded in significantly reducing the spe-
cific costs of the fuel cell and increasing the specific 
energy density within the framework of a BMWi 
research and development project. The result: smaller 
and cheaper devices. The products manufactured by 
SFC can be used in caravans, leisure boats or scooters, 
as well as in weather stations. 

A tank cartridge with ten litres of methanol 
would cover the energy demand of a caravan for 
around two weeks. The liquefied petroleum gas pro-



57

pane, on the other hand, is used to operate a fuel cell 
currently being developed by the Munich-based com-
pany Truma, small series of which have been pro-
duced since 2008. The device has a maximum power 
of 250 watts and is also suitable for use in caravans 
and mobile homes. 

The field that has driven fuel cell technology par-
ticularly strongly for a number of years is the automo-
bile industry. Two thirds of all fuel cell applications 
will occur in this field, according to appraisals by 
experts. Numerous car manufacturers have been 
developing and testing drive systems for cars based 
on fuel cells for a number of years. In Germany, Daim-
ler, Volkswagen, Opel and Ford are particularly active 
in this area. Test vehicles have already covered mil-
lions of kilometres. The first commercial vehicles for 
private customers are already available – albeit not 
yet at competitive prices. Experts expect that com-
mercial cars with a fuel cell as their main drive will be 
launched on the market for the first time at the end of 
the next decade. Up to now, research and develop-
ment in this sector has been predominantly driven by 
the car manufacturers themselves with no public 
funding.

Over the last few years, developers have improved 
the cold start performance of fuel cells, for example, 
and showcased the first systems that can also be start-
ed at minus temperatures. Other improvements are 
related to the power density, allowing fuel cells to 
provide significantly more power per volume unit 
than before. 

Fuel cells are suitable for use not just in cars but 
also in larger vehicles. For example, in September 
2006, the small resort of Barth on Germany’s Baltic 
coast received a fuel cell bus. The project, which was 
funded in its starting phase through the Federal 
Government’s Future Investment Programme 
(Zu kunftsinvestitionsprogramm; ZIP), has Barth’s 
waste water treatment plant to thank: its capacity is 
too small to deal with all of the tourists that come to 
the town during the summer months. The solution: 
extra oxygen is pumped into the activated-sludge 
tank in order to increase the efficiency of the facility. 
The cheapest way to generate pure oxygen is 
through electrolysis by splitting water. This process 
also produces hydrogen. This hydrogen from the 

waste water treatment plant can then be used for the 
bus. 

The bus is a hybrid vehicle. In addition to the fuel 
cell system, it has a battery for recovering the braking 
energy. The fuel is stored in the form of gas in two 320-
litre tanks at a pressure of 200 bar. The vehicle’s top 
speed is 70 kilometres per hour and it has a range of 
180 kilometres. It can transport a total of 22 passen-
gers. Other buses with a fuel cell drive are in operation 
in other cities such as Hamburg. They are being run as 
part of an EU project entitled Clean Urban Transport 
for Europe (CUTE). In the project, a total of 27 buses 
powered by fuel cells are being tested in nine Europe-
an cities. The fuel cell buses based on the Citaro were 
developed by Daimler. BMWi is also involved in the 
project through the co-financing of two hydrogen fill-
ing stations.

In the Clean Energy Partnership (CEP) project in 
Berlin, leading technology, mineral oil and energy 
companies, together with the majority of German car 
manufacturers, operate a fleet of cars with hydrogen 
drives and they also run a hydrogen filling station. 
The majority of the cars have a fuel cell drive, but 
some also demonstrate that an internal combustion 
engine can be run on hydrogen. In the second phase, 

A petrol and diesel fuel cell (SOFC) for the generation of 
electricity for the on-board electrical system in a car.
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the number of vehicles being tested in the project will 
be significantly increased. 

Experts expect to see auxiliary power units (APUs) 
run on fuel cells from 2012 onwards. APUs are not 
intended for drives in cars, trucks or buses, but rather 
for ancillary components, which intensively consume 
energy, such as air conditioning, seat heating and 
parking heaters. This pushes the classical system com-
posed of a battery and generator to the limits. Fuel 
cells would basically replace the generator. 

Development projects focusing on using the SOFC 
technology in APUs are currently underway at the 
Jülich Institute of Energy Research (IEF). The project 
known as ZeuS is headed by an industrial consortium 
and is financially supported by BMWi. “Applying this 
technology in cars is an enormous challenge,” said Dr. 
Robert Steinberger-Wilckens, head of the fuel cell 
project at IEF. 

A number of questions must be answered. How 
do fuel cells react to continuous vibrations in the 

driving mode? How fast can they start? What lead-
up time do they require before they can deliver max-
imum power? “Our aim is to bring all of the compo-
nents together in an integrated and compact device, 
which is robust against all possible external influ-
ences,” explained Steinberger-Wilckens. “A car 
often drives over potholes or generates vibrations: 
we must ensure that this does not damage the fuel 
cell.” 

One of the objectives of the ZeuS project is to 
design a lightweight stack construction for mobile 
applications. Chromium stainless steel is used as the 
material for the bipolar plates. The single cells are sur-
rounded by suitable connecting devices (intercon-
nects) and are then joined together to form a stack. 
The interconnects are made of metal and designed so 
that both fuels and gases can be fed in and extracted. 
All internal seals are made of glass or glass ceramics. 
In the industrial collaborative research project ENSA 
running in parallel, a suitable peripheral device is 
being developed for the SOFC stack. A complete APU 
system will go into production in a few years. It will be 

Efficient energy conversion

In many places in Germany, buses with fuel cell drives are already a reality.
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suitable for use in cars, trucks and buses. This new 
technology will open up excellent market opportuni-
ties for the automobile accessory industry, which has 
dedicated itself to this development.

The National Hydrogen and Fuel Cell Technology 
Innovation Programme

The German Federal Government has supported 
hydrogen and fuel cell technologies up to now mainly 
by funding research and development projects. Now, 
the government is going a step further: the Federal 
Ministry of Transport, Building and Urban Affairs 
(BMVBS), the Federal Ministry of Education and 
Research (BMBF), and that of Economics and Technol-
ogy (BMWi) have jointly drafted the National Hydro-
gen and Fuel Cell Technology Innovation Programme. 
In addition to research grants from BMWi for applied 
research and technological development, BMVBS will 
make around € 500 million available over the next ten 
years for demonstrations and market preparation in 
the area of transport, domestic energy supply and 
industry, as well as for portable applications. The 
demonstration measures will be achieved in general 
in the form of lighthouse projects, which will be used 
to significantly increase the public perception of 
hydrogen and fuel cell technologies. BMVBS has set 
up NOW GmbH as a national organisation for hydro-

gen and fuel cell technologies. NOW will be respon-
sible for putting the planned demonstration meas-
ures into practice as appropriate. Furthermore, NOW 
will be responsible for the general coordination of the 
programmes set up by the federal states on the one 
hand, and of the European and international initia-
tives on the other. Above and beyond this, NOW will 
ensure that the results of the demonstration measures 
flow back into the research and development activi-
ties of BMWi.

Taking a peep under the bonnet of a fuel cell car and servicing it on the lifting platform.

Outlook 

With its wide range of applications, fuel cell technolo-
gy has the potential to supplement and even supplant 
the established technologies of today. The advantages 
of fuel cells, particularly their high efficiency (even 
under partial loading conditions and in small de - 
vices), however, are still counteracted by high fabrica-
tion costs and the not yet competitive lifetime of the 
various fuel cell systems. “A problem associated with 
fuel cells is that they are cutthroat competition for 
many applications with conventional, classic energy 
conversion systems, such as the internal combustion 
engine or the battery,” said Professor Werner Till-
metz. “This technology must be able to hold its own, 
particularly in terms of costs, robustness and lifetime. 
At the moment, this is not always possible.”
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Fossil-fired power plants are a topic of critical public discussion at the moment. But we need them. And new technologies are making 
them more and more efficient and environmentally friendly. An interview with Prof. Dr. Alfons Kather, head of the Institute of Energy 
Systems at Hamburg University of Technology (TUHH) and spokesman of the advisory board of COORETEC, an initiative set up by BMWi 
for carbon reduction technologies.
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“Carbon dioxide must be captured and stored”

?	 Fossil energy carriers are limited and must there-
fore be used as efficiently as possible. How can power 
plant engineering help us here?

!	 The decisive factor is increasing efficiency. The 
more effectively every tonne of fuel – whether it’s nat-
ural gas, lignite or hard coal – is used to generate 
energy in every power plant, the more economically 
we use our limited resources. At the same time, this 
also means that less carbon dioxide is released into 
the environment per generated unit of energy.

Furthermore, I believe that the combined heat 
and power generation should be promoted. This 
would mean that in addition to the electricity gener-
ated, the heat that is usually discharged into the sur-
rounding area via the condenser and cooling tower 
must also be used. This would make a much higher 
utilisation rate possible and allow us to get the most 
out of the fuel.

This increasing of the electrical efficiency in con-
ventional power plants is even more important 
because the technical methods that we are currently 
working flat out to develop in order to capture the 
carbon dioxide produced by power plant processes, 
store it geologically and thus remove it permanently 
from the environment lead to large efficiency losses. 
This type of modern power plant with integrated car-
bon capture is, in my opinion, the power plant of the 
future. 

?	 Why is this carbon capture so important?

!	 Although the CO2 emissions can be reduced sub-
stantially by replacing old coal-fired power plants 
with new state-of-the-art power plants, we will only 
be able to meet the national, European and even 
international targets for CO2 reduction if CO2 above 
and beyond this is captured.

?	  Carbon capture itself requires energy. Does the 
separation process make economic or ecological 
sense?

!	 Carbon capture makes sense if we are sure that 
CO2 is the major cause of climate change. Then, there 
is no question as to the ecological benefit. However, it 
does currently cost us around 10 % of the efficiency. 
We are in the process of lowering this value. Roughly, 
carbon capture means around 20 % more fossil energy 

carriers are consumed. And of course, the investment 
costs for power plants are also higher. In other words, 
it costs us money. This will lead to an estimated 
increase of 15 to 20 % in the price of electricity for pri-
vate consumers, and relatively seen, even higher 
 prices for industrial users. Whether this is economi-
cally viable will depend on the “price of CO2” – in 
other words, on how high the penalty will be if a cer-
tain amount of CO2 is produced and released into the 
atmosphere. 

?	 Can we store the huge amounts of carbon dioxide 
that would then be produced on a long-term basis in 
an environmentally friendly manner? 

!	 That is a question for geologists! I am convinced 
that in the long term, this will cause neither health 
problems for humans nor environmental problems. 
Storing CO2 is no more dangerous than storing natu-
ral gas as is common practice today. An economic risk 
exists at most in the fact that the storage formations 
into which we pump the CO2 may have to be aban-
doned earlier than planned and new storage forma-
tions may have to be developed at high costs instead. 

At the moment, there is not enough application-
oriented research being conducted on what actually 
happens geologically and chemically during the 
transport and storage of carbon dioxide in potential 
storage formations. This research requires larger 
quantities of carbon dioxide. We must therefore build 
a plant as fast as possible to produce this. Then, we 
would be able to investigate storage much more 
intensively. 

?	 Do you see any problems in terms of the social 
acceptance of fossil-fired power plants either with or 
without carbon capture and storage?

!	 Yes I do, particularly in the negative emotional 
attitude towards coal which has developed recently. 
Open and transparent public relations are required to 
help the general public realise that a reliable power 
supply is impossible without coal, and to use this as an 
argument to improve the acceptance of both hard 
coal and lignite.
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Modern power plant technologies

Right beside the lignite power plant in the industrial area known as “Schwarze Pumpe” in Eastern Germany, the first pilot plant for the 
oxyfuel process is up and running. The pilot power plant emits 90 % less CO2 than conventional power plants.

Compared to the lignite power plant right next door 
with its huge boiler house and two large cooling tow-
ers, the new pilot power plant is much more modest. 
And yet it is here in the district of Spremberg in 
Brandenburg in the industrial area known as 
“Schwarze Pumpe” that the power plant technology 
of the future is being developed. In Lusatia between 
Cottbus and Dresden, the first pilot power plant in 
the world that emits 90 % less carbon dioxide than 
conventional power plants went into operation in 
September 2008. The lignite-fired power plant from 
the engineering company Vattenfall is based on the 
oxyfuel process. This process concentrates the purity 
of carbon dioxide to between 98 and 99 %, which sub-
sequently allows it to be liquefied, compressed and 
stored permanently in an underground geological 
formation. With 30 megawatts, the thermal load of 
this pilot power plant is still modest. For the time 
being, only steam will be generated here. In 2012, the 
results of the test phase will be incorporated into a 
demonstration power plant, which will be capable of 
achieving 25 times the thermal power and will be 
used to generate electricity. By 2015 at the latest, 
experts expect it to be clear whether this process is 

reliable and economic and whether it can be applied 
on a large industrial scale. 

Pilot plants like that in “Schwarze Pumpe” are 
being constructed at a number of sites in Germany, 
and also in Europe and other industrial nations. They 
may be based on different processes but they all have 
the one objective: to run power plants based on fossil 
fuels (coal or natural gas) without causing major pol-
lution. This applies to the climate-damaging green-
house gas of carbon dioxide in particular.

40 % of the global anthropogenic CO2 emissions 
originate in power plants fired by fossil energy carri-
ers. For its part, coal (lignite and hard coal) accounts 
for 80 % of these emissions. The steadily increasing 
energy demand, particularly in what are referred to 
as the catching-up countries such as China, India or 
Brazil, will also see the CO2 emissions increase even 
more over the next few years. Despite this, fossil ener-
gy carriers will continue to play a key role throughout 
the world. The International Energy Agency (IEA), for 
example, predicts that even if renewable energies are 
considerably expanded and energy efficiency is 
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increased significantly, fossil energy carriers will still 
have to cover around 70 % of the global energy 
requirements in 2050.

The increase in the concentration of carbon 
dioxide in our atmosphere, however, is the main 
cause of global climate change according to the 
Intergovernmental Panel on Climate Change (IPCC). 
At the same time, it has become apparent through-
out the world that fossil fuels are only available in 
limited quantities, and as a result, they are becom-
ing more and more precious and expensive. Using 
these energy sources sparingly while simultaneous-
ly reducing greenhouse gas emissions has therefore 
become an important ecological and economic 
objective. 

In Germany, research in this field has been 
focused for a number of years in the research and 
development initiative known as COORETEC (carbon 
reduction technologies), which is supported and 
funded by BMWi. The energy industry, plant engi-
neers and researchers jointly developed the 
COORETEC lighthouse project. This project shows 
how fossil-fired power plants can be adapted for the 
future. The central objectives here are environmen-
tal compatibility, economic viability and security of 
supply.

“Research and development activities in 
COORETEC are organised according to the different 
technological processes that play a role here,” 
explained Prof. Alfons Kather, who lectures at Ham-
burg University of Technology (TUHH) and is the cur-
rent spokesman of the COORETEC advisory board. 
“What is new in this programme is that entire pro-
cesses are being investigated instead of individual 
components, as was the case in the past.” The advisory 
board is made up of five working groups. These 
groups are concerned with gas-fired combined cycle 
power plants (GCC), coal-fired steam power plants 
with different options for downstream carbon cap-
ture (integrated gasification combined cycle; IGCC), 
the oxyfuel process (combustion in an oxygen atmos-
phere), as well as the geochemical and technological 
principles of carbon transport and storage. The GEO-
TECHNOLOGY programme also integrates BMBF 
funding measures for carbon storage into the adviso-
ry board.

The process-oriented structure of the programme 
has the advantage that research can be tailored to the 
specific requirements for each technology and selec-
tively improved. “We take a look inside all of the pro-
cesses in order to detect weak links in the process 
chain and eliminate them,” said Kather. Each of the 
working groups is made up of representatives from 
both research institutions and industry. 

The five working groups are further supported by 
the turbomachines working group, which is con-
cerned with the further development and optimisa-
tion of turbines and compressors for the various 
power plant processes. Further information on 
COORETEC can be found at www.cooretec.de.

Reducing the level of carbon dioxide emitted by 
power plants can be achieved in two ways. One of 
these involves increasing the efficiency of the power 
plant. This allows us to use available fuel more effec-
tively, and at the same time, it ensures that less CO2 
is discharged into the atmosphere per kilowatt hour 
of generated electricity. The second solution 
involves capturing the carbon dioxide produced 
inside the power plant itself – either before or after 
the actual combustion process (pre- or post-com-
bustion capture). There are currently three different 
technologies that can be used for this purpose. Post-
combustion capture and the oxyfuel process are 
based on the steam power plant process, while the 
pre-combustion process is based on the IGCC pro-
cess.

Once it has been captured, the CO2 must be com-
pressed, transported to suitable underground geolog-
ical formations or reservoirs and stored safely. Former 
natural gas or oil reservoirs can be used for this pur-
pose, as can deep saline aquifers. Such capture and 
storage procedures are referred to under the name of 
“carbon capture and storage” (CCS). 

The long-term technological aims of the COORETEC 
lighthouse project are:

to increase the efficiency of the basic processes in  3

steam power plants and IGCC to more than 50 %,

to significantly decrease the costs of carbon cap- 3

ture and storage,

http://www.cooretec.de
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3 to lower the efficiency losses caused by the proc-
esses required for this from today’s (estimated) 
12 – 13 % to significantly less than 10 %, and

3 to design all technological systems so that they 
are both reliable and flexible, and are therefore capa-
ble of reacting quickly and effectively to the perma-
nently changing conditions on the international elec-
tricity and energy markets.

The largest gas turbine in the world at present, SGT5-8000H, was 
manufactured by Siemens in Berlin.

On 20.12.2007, the SGT5-8000H was fired up in the Irsching 
power plant near Ingolstadt. The German Economy Minister 
Michael Glos attended the event.

Efficient energy conversion

Combined cycle gas and steam power plants

In a gas turbine, the hot waste gases from a combus-
tion process are used to drive a turbine – and via a con-
nected generator – to produce electricity. First, a com-
pressor sucks air in and feeds it into the combustion 
chamber. Here, the compressed air is burnt together 
with the fuel (natural gas or light heating oil). This 
produces a waste gas with a temperature of about 
1350 °C and a pressure of up to 35 bar, which flows 
into the turbine. In the turbine, its pressure and tem-
perature decrease. The experts say that “it relaxes”, 
and transfers its energy to the turbine blades, which 
causes the turbine shaft to rotate and drive the gener-
ator via an electric coupler.

When the gas reaches the first row of blades, it 
has an initial temperature of around 1350 °C. When it 
leaves the turbine, it has been cooled down to around 
600 °C. The efficiency of a gas turbine improves the 

higher the initial temperature at optimal pressure. 
However, temperature and pressure cannot be 
increased at will but rather only to a level that does 
not damage the material of the turbine components. 
Technological progress in coating and cooling these 
components has already led to huge increases in gas 
temperature over the course of the last few decades. 
The most efficient gas turbine in the world at the 
moment is capable of achieving an electrical power of 
340 megawatts. It is currently being tested in the E.ON 
Irsching power plant by the manufacturing company, 
Siemens Power Generation. BMWi supports the scien-
tific work associated with these tests in the form of 
funding.

Pure gas turbine power plants can achieve an effi-
ciency of almost 40 % today. This value – and with it the 
energy yield – can be hugely improved if the gas tur-
bine process is coupled with a steam turbine process. 
The waste gas from the gas turbine, which still has a 
temperature of hundreds of degrees, can then be used 
to generate steam, which in turn drives downstream 
steam turbines. This is known as a combined cycle gas 
and steam power plant. Such a power plant is already 
capable of achieving an efficiency of almost 60 %. 

The main aim of research work here is the same as 
that on all other power plant technologies: to increase 
the efficiency even more. Every increase means better 
fuel utilisation, which simultaneously leads to 
reduced carbon dioxide emissions in relation to the 
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power generated. Engineers are aiming to make an 
efficiency of 63 % a reality for combined cycle power 
plants by the year 2020. In order to achieve this, the 
temperature of the gases that drive the turbines must 
be increased to more than 1500 °C and the effective-
ness, in other words the internal efficiency of the com-
pressor and turbine, must be boosted. 

The materials and components used today in tur-
bomachines are not designed to withstand the envis-
aged temperatures. This is the starting point for 
research. Resistant protective coatings must therefore 
be developed to protect the combustion chamber and 
turbine blades from the hot waste gases. Ceramic 
materials such as zirconium oxide are used today, but 
there is room for improvement here. Novel materials 
are therefore being tested in parallel, whereby many 
layers made of different materials are possible in 
some cases. Similar protective effects can also be 
achieved by an even more efficient cooling of the 
components. All components of the elaborate and 
complicated cooling system, in particular the interior 
of the blades, are therefore being examined very 
closely. Efficiency losses also occur as a result of leak-
ages, which is why the various different sealing sys-
tems (mechanical sealing or air seals) are taken as a 
starting point by researchers for such turbomachines.

At the same time, work is underway on optimis-
ing the aerodynamics in the compressor and turbine 
in an effort to increase the internal efficiency of the 
components. Another prerequisite for success is to 
coordinate the gas and steam turbine processes in a 
combined cycle power plant better with each other. 
One way of doing this, for example, is to adapt the out-
let temperature of the gas from the gas turbine to 
optimally suit the temperature of the steam process.

There are innumerable “adjusting screws” in a 
plant as complex as this, which engineers can “tweak” 
to progressively optimise the processes. However, 
these processes tend to have such a strong influence 
on each other that tweaking one screw automatically 
has an impact on lots of others. For example, one of 
the most highly stressed components in a gas turbine 
is the trailing edge of the turbine blades. For aerody-
namic reasons (prevention of flow eddies), these 
should be as narrow as possible. However, this is also 
where the thermal and mechanical stresses on the 
material are greatest. At the same time, the cost of 
fabricating these components must also be kept with-
in reasonable limits. Compromises must therefore be 
found that allow the conflict between structural sta-
bility, thermal stability, flow behaviour and manufac-
turing costs to be resolved in the best possible way.

The SGT5-8000H provides a power of 340 megawatts in the Irsching power plant. After the test phase, this facility will be expanded to a 
highly efficient combined cycle power plant with a power of around 530 megawatts and an efficiency of more than 60 %.



1 Headline

66

The most economical method for capturing car-
bon dioxide in combined cycle power plants is by 
means of the post-combustion capture process. This 
involves piping the waste gases from the gas turbine 
into a “scrubbing system” where the greenhouse gas 
is removed with the aid of chemical processes (see  
p. 68 “Scrubbing carbon dioxide”). 

Steam turbine in the Mainz-Wiesbaden combined cycle power plant. With an efficiency of 58 %, it is one of the most efficient in the world.

Efficient energy conversion

Coal-fired steam power plants

In steam power plants, fuels such as lignite or hard 
coal are burnt in steam generators (boilers) to gener-
ate steam under high pressure. This steam is then 
piped into a turbine, which rotates when the steam 
relaxes and drives an electricity generator to which it 
is connected by an electric coupler. As the steam flows 
through the turbine, it cools down and begins to con-
dense into drops of water. The turbine is connected to 
a condenser, in which the steam is fully condensed to 
water once again. A steam turbine has a high-pres-
sure, a medium-pressure, and a low-pressure section. 
The blades in each of the sectors are designed differ-
ently in order to make optimum use of the different 

pressure conditions. The longest blades can be found 
in the low-pressure area: in modern power plants, 
they can be up to two metres long.

The most modern generation process in a lignite 
power plant has an efficiency of 43 %, while hard-coal 
power plants achieve around 46 %. On average, all (old 
and new) power plants in Germany currently have an 
efficiency of 38 %; worldwide this figure is only 30 %. “If 
we were to replace all hard-coal-fired steam power 
plants in the world with state-of-the-art plants,” said 
Professor Alfons Kather, “we would see a decrease of 
around 35 % in the carbon dioxide emissions from 
these power plants”.

The best performances achieved to date were 
made possible by improving all of the components in 
a steam power plant. Most importantly, this includes 
what are known as the steam parameters: the maxi-
mum values for the pressure and temperature of the 
steam fed into the turbine. To summarise, the hotter 
the steam, the more efficient the process. In addition 
to this, a number of other processes in the plants have 
also been optimised. These include the effectiveness 
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of steam generation (in the boiler), the pressure in the 
condenser, the regenerative heating of the feed water, 
the internal energy consumption and the flow at the 
end of the steam turbine. The efficiency can be 
increased, for example, by designing the last stage 
(low pressure) in this type of steam turbine with as 
large a cross section as possible; the length of the tur-
bine blades must also be correspondingly increased. 
However, the high mechanical stresses push materials 
technology to its limits: such a turbine generally 
rotates with 1,500 or as the case may be 3,000 revolu-
tions per minute. 

“We have already exhausted process-related 
improvements to a large extent today,” said Kather. 
“Basically, if we want to further increase the efficien-
cy, we must do so by increasing the steam parame-
ters.” In the power plant generation being construct-
ed today, the steam has a temperature of around 
600 °C and a pressure of around 280 bar. The next 
generation in contrast will see these figures increase 
to 700 °C and 350 bar, respectively. The aim is an effi-
ciency of 50 %. This progress will only be possible if all 
process-related potentials are addressed anew by 
research – by improving the details as required in the 
various plant components. This includes new materi-
als for the low-pressure blades (titanium-aluminium 
alloys) and for the steam generator with its steam con-
trol valves (nickel-based alloys).

Development work on these topics is being pur-
sued in a number of different places in Germany. One 

of the BMWi research programmes is concerned with 
testing materials that have the potential for use in 
power plants with a temperature of 700 °C in terms of 
their long-term behaviour and their behaviour under 
“real” corrosion conditions. In Mannheim, for exam-
ple, a test loop for the 700 °C technology will be put 
into operation in 2009. It is hoped that this will pro-
vide important information on practical application. 
The energy company E.ON is going even further. In 
September 2007, E.ON announced its plans to build a 
500-megawatt demonstration hard-coal power plant 
based on the new technology (700 °C and 350 bar) in 
Wilhelmshaven by 2014. It will be the first steam 
power plant that will go beyond the magical efficien-
cy boundary of 50 %.

Using more renewable energies to generate elec-
tricity poses new challenges on the electricity market. 
A higher degree of flexibility and improved behaviour 
under partial loads are increasingly being demanded 
of conventional power plants. This naturally leads to 
new challenges for technology. Steam power plants 
must have fast start-up and shut-down times in the 
future and they must also demonstrate high efficien-
cy and low emissions when operated below the maxi-
mum possible power. Researchers today make use of 
comprehensive modelling and simulation processes 
to investigate the behaviour of turbines and other 
power plant components under partial loads. In this 
way, they learn about flow conditions and can gain a 
better understanding of the impacts they have on the 
components. 

The blades of large steam turbines can be as tall as a man in the 
low-pressure area.

Schematic of carbon scrubbing. RWE is constructing a pilot 
system at its Niederaußem power plant.
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Since lignite power plants tend to be situated too 
far away from conurbations, combined heat and 
power generation is generally ruled out in terms of 
improving energy utilisation. However, another tech-
nology is perfect when it comes to increasing energy 
utilisation: lignite drying with relatively low-grade so-
called extraction steam from the steam turbine. 
Although this process generates slightly less electrici-
ty with the low-pressure area of the turbine, the heat-
ing value of the coal is improved, which means that 
overall the electrical efficiency increases by 3 - 5 %. 
This technology is being developed by a number of 
energy companies, each with slightly different 
approaches, with funding from BMWi. 

Scrubbing carbon dioxide

Post-combustion capture involves scrubbing the car-
bon dioxide contained in the waste gas, where it 
accounts for 12 – 15 % after normal combustion, using 
what is known as an absorber. Following this, the 
“detergent” is then separated from the CO2 (regenera-
tion). In doing so, a highly concentrated CO2 flow is 
created, which is then compressed under high pres-
sure so that it can be fed into a downstream pipeline, 
which transports it to an underground storage forma-
tion. CO2 scrubbing can be performed using liquid sol-
vents. Organic substances such as amine are often 
employed in this process. A substance frequently used 
for this in the chemical industry is monoethanol-
amine (MEA). The amine is injected into the flue gas 
flow, where a chemical reaction causes it to absorb 
the CO2 after which it is pumped into the regenerator. 
The solvent is regenerated there with the aid of steam 
at a temperature of up to 130 °C. The CO2 is then sepa-
rated from the solvent as a concentrated gas. After 
this, the amine is fed back into the system and re-used 
in the capture process.

The regeneration process consumes a lot of ener-
gy. At least 60 – 70 % of the steam that flows into the 
low-pressure area of the power-plant turbine must be 
diverted for it. It is therefore important that the CO2 
scrubbing process be coupled with the actual steam 
power process in the most optimum manner possible 
as this will keep efficiency losses to a minimum. The 
steam turbines must be designed and tailored for the 
subsequent capture process.

Capturing carbon with the aid of amine scrub-
bing is a process that is already established in industri-
al applications. A number of power plants based on 
this principle can be found throughout the world. In 
other words, we can fall back on existing experience. 
However, the framework conditions of existing plants 
are completely different to those of coal-fired power 
plants (gas composition, volume flows, impurities). 
Before this technology can be applied in coal-fired 
industrial power plants, there is therefore a signifi-
cant need for development.

Research activities in this field, for example, are 
concentrating on developing and testing new sol-
vents or mixtures of solvents, which require less steam 
for their regeneration and therefore decrease the 
energy demand. Another objective is to achieve a 
greater loading of the detergent with carbon dioxide: 
absorbed CO2 per volume should be as high as possi-
ble.

A test facility for CO2 scrubbing downstream of a 
lignite power plant will be built shortly at the RWE 
power plant in Niederaußem with funding from 
BMWi. This should provide important information on 
the long-term behaviour of different detergents 
under power plant operation conditions.

Absorption is also possible using dry processes, 
for example with calcium oxide, which is readily avail-
able in the form of limestone and is therefore inex-
pensive. Experience in this process has already been 
gained in industrial facilities where sulphur dioxide is 
separated from flue gases. In the case of carbon cap-
ture, however, the calcium compounds must be 
regenerated to keep the amount of limestone used to 
a minimum (the fabrication of calcium oxide from 
limestone also produces CO2). A process known as car-
bonate looping has therefore been invented to deal 
with this. However, there is still a great need for devel-
opment here. The next few steps will involve con-
structing pilot power plants, which will allow the dif-
ferent absorbents and absorption processes to be 
tested.

“Although downstream scrubbing leads to the 
highest efficiency losses compared to the oxyfuel 
process and IGCC with upstream carbon capture, it 
still has a huge advantage because it is based on the 

Efficient energy conversion
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very reliable steam power process,” summarised 
Alfons Kather, spokesman of the COORETEC advisory 
board. “This keeps the risk of something not working 
in the power plant process during the course of devel-
opment work to a minimum.” Another advantage is 
that this process can be integrated into existing power 
plants. A disadvantage of this process, in addition to 
the high efficiency losses, is the consumption of liquid 
detergent because this is permanently lost as a result 
of chemical reactions with certain components in the 
flue gas. One objective of development work is there-
fore to minimise the consumption of the detergent by 
improving the purity of the flue gas.

A pilot power plant based on the oxyfuel process with 
rectification of the flue gas in order to obtain purity of the 
highest level at Dresden University of Technology.

Combustion using oxygen: the oxyfuel  
process

A completely different method of capturing carbon is 
the oxyfuel process, which is also based on the steam 
power process. The nitrogen contained in the air that 

is to be supplied during the combustion process is 
extracted with the aid of an air separation unit: this 
means that almost pure oxygen is then fed into the 
combustion process. As a result, the flue gas is com-
posed almost entirely of steam and carbon dioxide. 
The CO2 concentration is elevated from the normal 
level of around 15 % to 66 % due to the fact that there is 
no atmospheric nitrogen to dilute it. Since the com-
bustion of coal with pure oxygen gives rise to very 
high temperatures, around two thirds of the flue gas 
must be cooled, fed back into the burner and mixed 
with the oxygen before it can be fed into the combus-
tion chamber.

When the resulting flue gas is subsequently dried, 
the CO2 concentration rises to around 89 %. The level 
of impurities – namely, excess oxygen, argon, small 
quantities of nitrogen, sulphur dioxide and nitrogen 
oxides – contained in the gas is 11 %, which is still much 
too high for underground storage. Today, it is expect-
ed that oxygen, sulphur dioxide and nitrogen oxides 
in particular will cause problems if the CO2 contami-
nated with these substances is transported through 
the pipelines and then stored as planned in under-
ground geological formations. They could cause cor-
rosion in the pipelines, and there is also a danger that 
undesired geochemical reactions could occur in the 
reservoirs.

This is the reason why impurities should be 
removed and the CO2 concentration should be 
increased using additional measures, leaving us in 
the end with a maximum of 1 – 2 % impurities. One 
method of achieving this is so-called cryogenic lique-
faction. This involves cooling the flue gas under pres-
sure down to around minus 50 °C. This produces 
pure liquid carbon dioxide, which can then be cap-
tured. The greatest proportion of impurities in this 
case remains in the non-liquid flue gas, which is then 
emitted into the environment with the waste gas 
from the power plant. There is still some CO2 con-
tained in this – as is the case with other separation 
processes – meaning that around only 90 % of the car-
bon dioxide is actually captured. The liquid CO2 
phase, however, has a purity of between 98 and 99 %. 
“Based on current information, this should be suffi-
cient to transport the carbon dioxide without any 
problems and to feed it into a storage formation,” 
according to Alfons Kather. 
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To what extent impurities in liquid carbon diox-
ide – and in what concentrations – could cause prob-
lems in final storage, for example through interac-
tions with geological formations, is currently being 
investigated within the framework of COORETEC (see 
“Carbon storage” on p. 73). If it should be ascertained, 
for example, that the remaining residual concentra-
tions of pollutant gases are intolerable, they must be 
eliminated using suitable flue gas purification pro-
cesses. However, this would then mean further effi-
ciency losses. Tests on flue gas purification are cur-
rently being conducted at Dresden University of 
Technology in a pilot power plant (see photo on p. 69).

The types of problems associated with the oxy-
fuel process that must be solved by research are 
demonstrated by the example of what is known as 
excess air. When coal is burnt, more oxygen must be 
added than is actually needed from a purely chemi-
cal point of view. The reason for this is that the sup-
ply of pulverised coal and its distribution in the com-
bustion chamber cannot be controlled or measured 
precisely enough to allow the air or oxygen supply to 
be exactly adjusted. If coal is burnt with too little 
oxygen, it does not burn in its entirety, and corro-
sion phenomena appear on the walls of the combus-
tion chamber. In today’s power plants, the excess 
oxygen that is added to be on the safe side is at least 
17 %. In previous research, it was calculated that from 
1 to 5 % would be enough but these results are now 
considered outdated. The values held solely for tests 
on a laboratory scale and not for large-scale indus-
trial power plants. 

Excess oxygen is extremely important in the oxy-
fuel process. The less O2 that is added as excess, the 
lower the level of impurities in the end product after 
capture – in other words, in the liquid carbon dioxide. 
Studies at Hamburg University of Technology in con-
nection with COORETEC have shown that an excess of 
15 % is necessary but that this is also sufficient. This 
value has been generally accepted as standard.

The pilot power plant in the “Schwarze Pumpe” 
industrial area (see start of chapter) is therefore 
extremely important in as much as this is where the 
first real operational processes are being investigated 
and open questions are being addressed. The plant 
simulates all of the decisive components on a small 
scale. In other words, it comprises a steam generator, 
air separation unit, flue gas purification system and a 
carbon capture process. Only in this type of plant can 
we clarify whether the integrated oxyfuel combustion 
process could hamper the flexibility of the power 
plant as a whole, in other words, its ability to adapt to 
frequent load changes.

A future power plant equipped with oxyfuel com-
bustion would have a much lower efficiency than is 
common today. After all, air separation, carbon cap-
ture and the partitioning of impurities all cost energy. 
The efficiency would therefore sink to around 36 %. 
Such is the – with today’s technology unavoidable – 
price for reducing the greenhouse gas of carbon diox-
ide. Progress in the future will be possible if the air sep-
aration and carbon capture processes are optimised 
with respect to energy, on the one hand, and if the 
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entire oxyfuel process is integrated as efficiently as 
possible into the steam power plant process, on the 
other.

The second generation of this technology has 
already been born and is being developed under the 
keyword of oxycoal. This technology replaces the pre-
viously used energy-intensive process of air separation 
with a membrane process. A ceramic membrane mod-
ule that only allows oxygen to pass through it at a tem-
perature of more than 700 °C is used. Nitrogen and 
oxygen are separated from each other in this way. The 
process has an additional advantage: a proportion of 
energy required can subsequently be recovered by 
using the hot air from which the oxygen has been 
removed in a turbine to generate electricity. At the 
moment, research in this area is concentrating on 
developing suitable membrane modules for industrial 
application. These membranes must be durably stable 
and allow a sufficiently high level of oxygen to be cap-
tured. Moreover, a number of structural issues must be 
clarified in order, for example, to guarantee leak-free 
operation even for temperature fluctuations.

Another suitable process – albeit also one that will 
only be fully operational in the distant future – is 
known as chemical looping combustion (CLC). In con-
trast to conventional combustion where air or oxygen 
must be added, metal oxide is used here as an oxygen 
carrier. Nickel oxide and iron oxide are two examples. 
In this process, air separation and the combustion 
process occur in two different reactors connected in 
parallel. In one of the reactors (oxidation reactor), the 
metal is oxidised and thus absorbs the oxygen from 
the air. In the other reactor (combustion reactor), the 
metal releases the oxygen and transfers it to the fuel 
which is thus consumed. The metal on the other hand 
is not consumed and can subsequently be transferred 
back to the oxidation reactor. Ideally, the end prod-
ucts of the combustion process should be just steam 
and carbon dioxide, which can then be accordingly 
separated. The advantage of this process is that the 
production of oxygen using such chemical processes 
requires much less energy than conventional air sepa-
ration. It is expected that the CLC process can be used 
in both a steam and combined cycle power plant. 
However, much research is still required in this area. 
The process will therefore most likely only be ready 
for application after 2020.

Coal is gasified

The process has been around for a long time but only 
in the last few years has it become of interest for the 
generation of electricity once again: coal gasifica-
tion in combination with a gas or steam turbine 
power plant (integrated gasification combined 
cycle, IGCC for short). Coal is transformed into a fuel 
gas in a combustion process, which – after a purifica-
tion process – can be used to drive the gas turbine in 
a combined cycle process. “The process is going 
through a real renaissance with regard to the green-
house gas of c arbon dioxide,” believes Alfons Kather. 
The reason: “Carbon capture can be integrated into 
this process relatively easily.” An advantage is that 
this technology – albeit without capturing carbon – 
is already being tested in a number of different loca-
tions worldwide.

In addition to a high efficiency potential of more 
than 50 %, coal-fired power plants based on the IGCC 
technology keep efficiency losses caused by capturing 
carbon dioxide to a minimum. Physical scrubbing 
processes, for example with cryogenic methanol, can 
be used for this purpose – a proven industrial tech-
nique in the chemical industry. Even with this capture 
system, such power plants – at least theoretically – are 
still capable of achieving an efficiency of more than 
40 %, around 2 – 3 % more than power plants with the 
two other capture techniques. Another advantage of 
the technology is that it is not just used to generate 
electricity but also to produce storable energy carriers 
such as hydrogen, methanol, or synthetic natural gas 
(SNG) and indeed raw materials for chemical produc-
tion. 

A range of IGCC power plants without carbon 
capture already exist throughout the world and 
some of them have been in operation for a number 
of years. In some locations, technology developed in 
Germany is also in use. The basis of IGCC technology 
is being investigated in a variety of projects funded 
by BMWi. 

An impressive pilot plant, for example, can be 
found on the campus of the TU Bergakademie Frei-
berg. A whole range of basic and applied research 
activities are underway here in order to improve the 
design of the next generation of IGCC plants.
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Pilot power plant for high-pressure partial oxidation at TU Bergakademie Freiberg.

The biggest problem associated with the current 
technology is the lack of reliability in comparison to 
other power plant concepts. The German power sup-
ply company RWE is planning to build an IGCC dem-
onstration power plant with integrated carbon cap-
ture. It is expected that this plant will be capable of 
achieving a net power of around 330 megawatts and 
that it will go into operation in 2014 on the outskirts of 
the city of Hürth in the Rhineland.

“In the past, we have failed to really exploit the 
technical potential of this technology,” said Alfons 
Kather. “However, if we concentrate on certain weak 
areas and find new solutions for these, the technology 
would then be more than promising.” This is true of 
the cooling of the raw gas, for example. After the gasi-
fication process, the fuel gas is initially too hot for the 
subsequent essential purification steps and must 
therefore be cooled. Only in a cooler state is the raw 
gas ready to go through a series of chemical and phys-
ical processes in which it is purified as required for use 
in the combustion process in a gas turbine. A reliable 
way of cooling the gas, but which simultaneously 
causes heavy efficiency losses, is a process known as 
quenching. Quenching involves injecting cooling 
water into the gas. The latest developments are based 
on partial quenching of the synthesis gas, which 
allows improved efficiency.

A number of challenges must be overcome before 
IGCC technology can be combined with carbon cap-
ture on an industrial scale. For example, in order to 
capture carbon dioxide, steam is added to the raw gas 
to transform the CO contained in it into CO2 and 
hydrogen. The carbon dioxide can then be captured 
and stored using conventional technologies. The syn-
thesis gas in this case is composed predominantly of 
hydrogen. This gives rise to a new challenge because 
the combustion of hydrogen is a demanding job for 
the developers of gas turbines. Different gas turbine 
manufacturers have already begun working on this 
task.

After all, the ultimate aim is to optimise combus-
tion technology in order to increase fuel flexibility so 
that different energy carriers such as lignite, hard 
coal or biomass can be used in the same plant and to 
simultaneously increase the efficiency. These and 
other development objectives will be realised within 
the framework of COORETEC in close cooperation 
between research institutions, component manufac-
turers and power plant operators. If an IGCC plant is 
to be used to generate liquid or gaseous synthetic 
energy carriers (coal to gas (CTG) or coal to liquid 
(CTL)) in addition to electricity, further stages of 
development are necessary. All of the individual 
components must be in tune with each other and 
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integrated into the overall process in such a way that 
the power plant can be operated more efficiently, 
more reliably and with a much higher degree of flex-
ibility.

In the integrated gasification combined cycle (IGCC), coal is transformed into a fuel gas that can then be used to drive the steam turbine 
in a combined cycle power plant.

Carbon storage

When the combustion product CO2 is captured in the 
power plant, it must either be put to use in another 
way or stored so that it does not enter the Earth’s 
atmosphere. One option is to pump it as a liquid into 
underground geological strata, such as porous sand-
stone formations. In principle, carbon dioxide can be 
stored underground as a gas, a liquid or in what is 
known as a supercritical phase. Its physical state 
depends on the pressure and temperature of the envi-
ronment; both increase with increasing depth. Below 
around 700 metres, the pressure is so high that CO2 
can be optimally absorbed by porous reservoir rock. 
The options for storing CO2 underground in the Feder-
al Republic of Germany include exhausted gas fields 

in North Germany and deep saline aquifers. Their 
capacity alone for absorbing carbon dioxide has been 
estimated by the Federal Institute for Geosciences and 
Natural Resources (BGR) to be around 20 billion 
tonnes. For comparison: a large lignite power plant 
emits around 8.4 million tonnes of carbon dioxide 
each year.

Only when we can say with certainty that stored 
carbon dioxide can be kept out of the atmosphere 
over a long period of time will it make sense to sepa-
rate the gas in power plants. The first pilot projects on 
carbon capture are already underway and research 
into long-term storage is being intensified and accel-
erated. Technical processes for injecting carbon diox-
ide deep underground are already in use throughout 
the world. In addition to processes that aim to 
increase the yield from oil fields, they are also used in 
some natural gas fields (North Sea, Algeria) in order to 
feed the CO2 produced during natural gas extraction 
back underground. In Germany, natural gas has been 
temporarily stored underground for years. 
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Schematic of underground carbon storage. Storage options include exhausted oil and gas fields and saline aquifers.
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Despite this, the permanent storage of such large 
quantities of carbon dioxide poses new and more 
complex challenges which must first be overcome.

Researchers and developers find it helpful to take 
a look at the natural carbon dioxide reservoirs that 
exist throughout the world in various geological for-
mations. Carbon dioxide has been sealed away from 
the environment in some of these for millions of years. 
On the other hand, CO2 is also naturally released in 
many places by volcanism or geysers. An impressive 
example of such natural CO2 sources is Yellowstone 
National Park in the USA, where around 16 million 
tonnes of CO2 are released into the atmosphere every 
year. This example makes it clear that potential car-
bon dioxide reservoirs must be chosen with great 
care. 

Within the framework of COORETEC, all of the 
important processes between the power plant and the 
storage formation are being studied in detail. Numer-
ous questions have to be addressed. What problems 
could be caused in pipelines, pumps or compressors 
as a result of impurities in the gas? Could corrosion 
phenomena appear in these power plants or in the 
boreholes? How can the continuously increasing pres-
sure with increasing depth be dealt with under-

ground? What geochemical processes occur when 
the carbon dioxide flows into the geological forma-
tions? How can the reservoirs and boreholes in partic-
ular be securely sealed so that no carbon dioxide can 
leak out and make its way back to the Earth’s surface?

Suitable compressors for compressing carbon 
dioxide, transporting it over large distances in pipe-
lines and then pumping it deep underground have 
been developed for a number of years in Germany. 
The company MAN Turbo constructed an eight-stage 
geared compressor that compresses the gas to a final 
pressure of 187 bar. MAN is involved in a project in 
North Dakota (USA) in which the CO2 produced in an 
industrial coal gasification plant is pumped through 
pipelines to oil fields in Weyburn in the Canadian 
province of Saskatchewan. There, it is used – when 
compressed into the reservoirs – to increase the oil 
extraction pressure and therefore achieve an 
improved yield and a longer lifetime for the oil field. 
The corresponding pipeline is 350 kilometres long 
and has a pipe diameter of 36 centimetres. Every day, 
around 7,000 tonnes of carbon dioxide are currently 
pumped through the pipes and injected under-
ground. According to information from the operators, 
this increases the extraction yield of oil by 18,000 bar-
rels per day.
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A prerequisite for safe transport is the corrosion 
resistance of all components. This holds above all for 
the pipeline, the injection system with compressor 
and pump station, as well as for all parts of the injec-
tion instruments used to direct the gas underground. 
Carbon-dioxide-resistant chromium steel or resistant 
internal coatings, for example, can be used for this 
purpose. Once the injection process has been per-
formed, in other words when the storage formation 
has taken up the maximum possible amount of gas, 
the borehole must be filled and sealed so that it is gas-
tight. The leakage of CO2 must be ruled out over long 
periods of time.

A series of current research projects is investi-
gating whether underground storage formations in 
different locations in Germany have the potential for 
carbon dioxide storage. For example, as part of the 
EU CO2SINK project headed by the National Research 
Centre for Geosciences in Potsdam (GFZ) with addi-
tional funding from the Federal Government, car-
bon dioxide is being stored underground for the first 
time on the European mainland in the town of Ketz-
in in Brandenburg. The project began in autumn 
2007, and over a period of two years, a total of 
around 60,000 tonnes of high-purity carbon dioxide 
will be injected into a saline aquifer below a former 
underground gas reservoir at a depth of around 
700 metres. The behaviour of the gas will be moni-
tored and investigated with the aid of two neigh-
bouring boreholes. 

In order to be able to estimate how much carbon 
dioxide a certain rock can take up, the storage effi-
ciency must be analysed. This indicates the volume 
that can be filled with CO2 as a proportion of the total 
pore volume of the storage formation. Capacity esti-
mates assume an average storage efficiency of 20 %. 
Reservoirs are only suitable for this type of storage, 
however, if they have geological covering strata (clay, 
gypsum or halite) which seal the storage layer from 
the Earth’s surface. These must not have any untight 
areas caused, for example, by former boreholes or 
geological features.

Underground, chemical processes occur between 
the gas and the geological material. The injected CO2 
can, for example, lead to the formation of minerals 
such as carbonates. In the worst case scenario, com-

pounds could be created that could be washed out 
and jeopardise the stability of the storage formation. 
Possible chemical reactions are affected, on the one 
hand, by the purity (or to put it another way, the type 
and concentration of impurities) of the carbon diox-
ide that is to be stored, and on the other, by the com-
position of the pores, the rock in the reservoir and that 
in the top layer. Such processes must be thoroughly 
investigated in the near future. Laboratory tests, for 
example, are planned for this purpose using rock as 
found at the various planned sites.

Outlook

The European Commission believes that by increasing 
the efficiency of power plants and carbon capture and 
storage (CCS) technologies, a significant contribution 
will be made to decreasing global emissions. These 
technologies play an extremely important role in the 
Federal Government’s Integrated Energy and Climate 
Programme. Furthermore, in the Cabinet report from 
September 2007 on “The level of development and 
prospects for CCS technologies in Germany”, the Fed-
eral Government outlined where they stand with 
regard to the development of CCS technologies. The 
documents can be downloaded online at www.bmwi.
de.

The International Energy Agency (IEA) has esti-
mated the potential for reducing CO2 emissions by 
2030 to be around two billion tonnes per year. In a 
report in 2005 for the United Nations, the Intergov-
ernmental Panel on Climate Change (IPCC) predicted 
that by 2050 between 20 % and 40 % of global carbon 
dioxide emissions will be captured and stored “at 
acceptable prices”.

Germany is among the world leaders when it 
comes to research and development activities that 
play a role in this context, as COORETEC spokesman 
Professor Alfons Kather puts it: “When it comes to 
combined cycle processes, the companies Siemens 
and Alstom are ahead of the rest. With regard to car-
bon dioxide scrubbing, Japan is currently top but Ger-
many will catch up quickly. In terms of oxyfuel, 
nobody is as advanced as us. And finally, Germany is 
the first country in the world to have a power plant 
based on IGCC technology with carbon capture.”

http://www.bmwi.de
http://www.bmwi.de
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Cross-cutting measures

In addition to research and development projects in the 
six areas of “modern power plant technologies”, “CHP, 
district heating”, “fuel cells, hydrogen”, “efficient elec-
tricity use and storage”, “energy-optimised buildings”, 
and “energy efficiency in industry, commerce, trade 
and services”, BMWi supports interdisciplinary meas-

ures within the framework of its technology 
programme “Climate Protection and Energy Efficiency” 
(see graphic below). This includes energy systems anal-
ysis, the distribution of information and international 
cooperation.

Fields funded within the BMWi technology programme “Climate Protection and Energy Efficiency”.

Cross-cutting measures

Technology Programme
“Climate Protection and Energy Efficiency”

Energy systems analysis

Information service (BINE)

International cooperation

Energy generation and distribution

power plant technologies 3

CHP, district heat 3

fuel cells, hydrogen  3

Energy utilisation

efficient electricity utilisation, storage 3

energy-optimised buildings 3

energy efficiency in industry,   3
commerce, trade & services

BMWi
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Energy systems analysis  
and the EduaR&D project

An important objective of government research fund-
ing has always been to make decisions on priority 
areas of funding and those of less urgency. This is all 
the more urgent as every tax payers’ euro invested in 
research must be put to use as efficiently and selec-
tively as possible. 

An instrument of scientific policy advice used as a 
basis for such decisions is energy systems analysis. It 
does not just provide results that are taken into 
account in decisions made by politicians on climate 
protection measures, technology policy or energy 
research objectives. Energy systems analysis is in itself 
also an object of energy research funding. This 
ensures that it can develop new methodological 
approaches and that its infrastructure – partially built 
up using previous funding – can be safeguarded and 
further expanded.

In general, systems analysis is concerned with 
goal-oriented studies on structures in the economy, 
the public sphere and in society itself. It makes use of 
analytical models – in which the objectives of the sys-
tems studied are formulated and defined together 
with the evaluation criteria – as an aid to selecting 
possible alternative courses of action, evaluating cost 
and benefit aspects, and performing sensitivity anal-
yses and impact assessments. 

Between 2004 and 2007, systems analyses were 
performed on BMWi project funding as part of the 
funding activity known as “Energy data and analysis 
R&D” (EduaR&D). This focused on the development 
and application of systems analysis instruments in 
order to set priorities in energy research funding. 

EduaR&D aimed to create a basis for identifying 
and evaluating promising emerging energy technolo-
gies that could help the German Federal Government 
achieve its energy policy goals. The project findings 
are being used to optimise the funding policy in the 
field of energy research, to deploy funds more effi-
ciently, and to reinforce systems analysis as an instru-
ment of scientific policy advice.

After a call for proposals in spring 2004, a total of 
six projects were approved. Two of these projects were 
concerned with overarching questions associated 
with systems analysis and methodology in order to 

develop decision-making criteria for an efficient 
funding strategy for research and development as 
well as concepts for setting priorities in energy 
research. Four other projects conducted technology 
analyses and evaluations in the funding areas of “fuel 
cells, hydrogen”, “heat and power generation” and 
“buildings”.

In the critical discussion of the EduaR&D project 
findings, it was revealed that predictions on suitable 
development lines depended heavily on the technolo-
gy investigated. While the formulation of concrete 
development goals is relatively easy for technologies 
that are at an early stage of development (such as fuel 
cells, power plants with carbon capture and storage), 
this is much more difficult for mature fields (such as 
passive houses or industrial combustion plants). Some 
examples of the findings of EduaR&D are that 

the incorporation of competing and/or commer- 3

cially available technologies is essential for the com-
parative analysis of the development potential of 
innovative technologies,

the observation of developments abroad can be  3

helpful in terms of recognising undesirable develop-
ments in good time,

the cost degression potential of new technologies  3

is still neither methodologically nor empirically well-
founded,

the economic viability of new technologies is  3

moreover strongly influenced by the assumption of 
future energy and fuel prices, and 

external costs (such as how emission certificates  3

are to be issued) influence the ranking of technolo-
gies. 

Overall, it was ascertained that the great potential 
associated with systems analysis can also be expanded 
to include other subject areas. From an expert’s point 
of view, for example, it would be interesting to apply 
the EduaR&D findings to prepare long-term technolo-
gy scenarios or to evaluate technology in the field of 
renewable energies.
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Dissemination of information 
BINE Information Service

The functions of energy research policy also include 
circulating the results of research, development and 
demonstration projects in order to accelerate the 
introduction of new technologies on the market. A 
prerequisite for this is a targeted transfer of know-
ledge to the disseminators and users of research 
results. This includes the processing of technical data 
correctly, and compiling these for the user in a com-
prehensive and compact manner within a short peri-
od of time.

In its role as a leading government department 
for energy research in Germany, BMWi supports the 
targeted distribution of information and research 
results in the field of energy, particularly through the 
BINE Information Service, which is a service offered by 
FIZ Karlsruhe, as an interface between research and 
industry.

BINE is the central, nationwide information office 
for energy research findings in the fields of “energy-
efficient technologies” and “renewable energies”. The 
BINE editorial team conducts searches for current sci-
entific and technical information in the research sec-
tor, processes this information according to target 
group and publishes it in various BINE information 
series:

“project info” provides current information on  3

the results of research and demonstration projects

“topic info” summarises cross-project findings  3

from research and application

“basic energy info” focuses on the basics of select- 3

ed energy topics

the book series “BINE information packages” doc- 3

uments current research findings and application 
know-how, which can be employed in practice. 

The well-respected BINE publications are systematical-
ly linked on the Internet to other sources of informa-
tion and they are supplemented by the BINE publishing 
hotline. In addition to the BINE Newsletter, the range of 
electronic information also includes web portals that 
are created and continuously updated by BINE.

The primary target groups for the specialised 
information provided by BINE are small and medium-
sized enterprises, experts, decision makers, investors 

and disseminators of information including those in 
the education sector.

Cross-cutting measures

BINE “info” brochures focus on energy-efficient buildings, 
industrial processes and best practice examples.

Outlook

BMWi will continue to support the distribution of 
information through BINE in the future, and intends 
to intensify the further development and expansion 
of the range of information offered by BINE. Particular 
attention will be focused on integrating new methods 
of distributing information and new media, as well as 
on the incorporation of other institutions and organi-
sations from the relevant sectors in order to improve 
the impact of disseminators of information. Support-
ing international information transfer represents a 
new priority area.

BINE	web	services:
www.bine.info  www.enob.info
www.energie-projekte.de www.eneff-stadt.info
www.energiefoerderung.info   www.eneff-waerme.

info

http://www.bine.info
http://www.enob.info
http://www.energie-projekte.de
http://www.eneff-stadt.info
http://www.energiefoerderung.info
http://www.eneff-waerme.info
http://www.eneff-waerme.info
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International cooperations  
in energy research

EU funding in the field of energy

The EU provides funding for research and develop-
ment on the basis of framework programmes (FPs), 
which run for a number of years. The foundation for 
FPs was laid by the Treaty establishing the European 
Community, articles 163 – 173. The objectives are to 
reinforce the scientific and technological foundation 
of industry, to promote the development of interna-
tional competitiveness, and to expand the European 
Research Area (ERA).

The Seventh Framework Programme (FP7) was 
launched at the beginning of 2007 and will run until 
2013. A total of € 53.2 billion have been made avail-
able for FP7. Non-nuclear energy research is one of 
the ten thematic areas of the programme for which 
€ 2.35 billion have been set aside. Applications for 
research projects can be submitted on the basis of 
calls, which are published each year. The Pro-
gramme Management Committee for Energy, in 
which BMWi represents the German Federal Govern-
ment, supports, provides advice and monitors the 
European Commission in preparing and processing 
the calls.

In order to benefit from the advantages of the 
synergy between national and European funding pol-
icy, BMWi is involved within the framework of the FPs 
in European technology platforms, such as “Zero-
Emission Fossil Fuel Power Plants (ZEP)” and “Electrici-
ty Networks of the Future”, as well as in ERA-NETs 
(“Hydrogen and Fuel Cells – Hy-Co” and “Fossil Energy 
Coalition – FENCO”).

In order to guarantee the success and efficiency 
of German applicants, it is extremely important that 
information on the contents, procedures, and terms 
and conditions of EU funding programmes is made 
available to companies, research institutions and gov-
ernment agencies in Germany as fast and as compre-
hensively as possible. This is where the Federal Gov-
ernment’s National Contact Points (NCPs) come into 
play. BMWi entrusted Project Management Jülich (PtJ) 
with the task of implementing a National Contact 
Point for Energy. This NCP is responsible for the field 
of energy in the EU’s Seventh Framework Programme 
and for the programme known as Intelligent Energy – 
Europe (IEE).

As a member of the NCP network, NCP Energy 
provides specialist information and advice on a neu-
tral basis. Furthermore, it cooperates on a European 
level with other information and consulting agencies 
on programmes launched by the European Union. 
NCP Energy aims to ensure that there is adequate par-
ticipation of German partners in the European 
Union’s funding programmes in the field of non-
nuclear energies and it is therefore in close contact 
with the European Commission.

As EU funding is allocated on the basis of annual 
work programmes and calls, and there are regular 
application deadlines, advice offered by NCP Energy 
on the topics involved and application procedures is 
extremely important for potential German applicants 
and disseminators of information. One of the domi-
nant aims is to continuously improve the quality and 
efficiency of the applications submitted by German 
applicants and thus to increase the chances they have 
of receiving funding. Funding tends to be around 50 % 
of the total expenses associated with a research 
project. Experience from earlier framework pro-
grammes has shown that 15 – 20 % of German applica-
tions are successful, in other words almost every fifth 
German application is awarded funding by the EU.

In terms of providing advice, NCP Energy works 
hand in hand with local disseminators of information. 
These include, for example, the Chambers of Industry 
and Commerce, EU offices at universities and other 
consulting agencies. The NCP organises its own infor-
mation and advisory events and its employees are also 
available for events organised by other organisations. 
Support is also offered for applicants looking for suit-
able competent partners to cooperate with on a 
research project. NCP Energy, just like all other NCPs, 
is funded by the Federal Government and the services 
offered by NCPs are free of charge and do not repre-
sent any particular interest group. All inquiries are 
confidential. 

International Energy Agency (IEA)

Germany was one of the founding members of the 
International Energy Agency (IEA), which came into 
being in 1974. Today, IEA offers its 28 member coun-
tries a broad forum for the joint coordination of 
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important energy issues. Moreover, it is a platform for 
international research cooperations focusing on the 
fields of renewable energies, fossil energy carriers, 
energy efficiency, and nuclear fusion. In principle, 
IEA research cooperations are open to all countries 
that believe it is important to cooperate in the area of 
the development of energy technologies. The IEA is 
currently aiming to consolidate the participation of 
countries such as China, India and Russia.

From the very start, Germany actively participat-
ed in the IEA research and technology programmes – 
science and industry are now involved in 27 of the 
total of 41 ongoing IEA projects. Funding is granted 
for the following:

the development of new technologies that will  3

contribute to a global, sustainable and environmen-
tally friendly energy system,

an intensive international exchange of informa- 3

tion on the latest developments in each of the tech-
nology fields,

diffusion and market introduction on the basis of  3

the very advanced level of development that energy 
technologies have achieved in many areas today, and

resolving problems associated with global cli- 3

mate protection, particularly greenhouse gas emis-
sions in the energy sector.

Germany continues to be involved in the energy 
research and technology sector through participation 
in ad hoc international groups offering advice on spe-
cific issues such as the role of basic research. In addi-
tion, German experts give presentations at IEA inter-
national workshops and they contribute regularly to 
many of the IEA publications. 

All activities in the field of energy research are 
coordinated by the Committee on Energy Research 
and Technology (CERT). The Federal Government is 
represented by BMWi in CERT. BMWi is supported in 
this function by Project Management Jülich (PtJ).

The contacts, experience and knowledge gained 
through IEA cooperations are used for project activi-
ties within the framework of the Federal Govern-
ment’s Fifth Energy Research Programme, to further 
develop national research and funding programmes 
and to analyse and improve energy research policy 
strategies in the light of international development.

Flags of the EU member states in Brussels.

Cross-cutting measures

Multilateral energy research initiatives

BMWi also participates in multilateral energy 
research initiatives, such as the Carbon Sequestration 
Leadership Forum (CSLF) in the field of power plant 
technologies for carbon capture and storage and the 
International Partnership for the Hydrogen Economy 
(IPHE) for hydrogen technologies.
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The prospects of energy research  
for more energy efficiency
by Eberhard Jochem

Without investing a single taxpayer’s euro in research 
on new technologies, energy losses in the industrial 
nations could be halved by using only the profitable 
technologies that are already available today. Despite 
this positive opportunity, in the face of challenges 
posed by climate change and limited oil production 
options, in principle nothing would change: by 2040 
at the latest, the global energy demand would 
increase once again due to the ever-rising global gross 
domestic product. Is there new potential for increas-
ing energy efficiency over the next few decades by a 
factor of two in relation to today? And how quickly 
will non-fossil primary energy carriers be available to 
bring global CO2 emissions to a standstill in 20 years 
or so, and subsequently reduce these emissions to 
1 tonne of CO2 per capita by the end of the century? 
(Germany today: 10 tonnes of CO2 per capita per 
annum). 

Efficiency as a challenge

These questions direct attention to energy research. 
In the OECD countries, budgets for energy research 
have declined by more than 50 % since the end of the 
1980s to around ten billion dollars in 2005. Today, 
public research funding amounts to the equivalent of 
a cinema ticket per capita per annum. Research 
expenditure in the field of energy is in fact generally 
covered by the capital goods industry. In addition to 
the question of the amount of money invested in 
research, another question that must be answered is 
how efficient the euro invested in energy research 
actually is. It would appear that there is much room 
for improvement on the part of all actors in relation to 
this. Here is a small selection:

The institutional funding of large research cen- 3

tres in the Helmholtz Association was reorganised at 
the beginning of the decade and is now still under-
going personnel restructuring. It will undoubtedly 
take a few more years before the research centres are 
really ready to tackle the challenges of the future.

Cooperations between industry and higher edu- 3

cation institutions still have to be optimised. They 
tend to be primarily determined by the depart-
ment’s expertise and willingness to cooperate rather 
than the amount of state funding available.

The creation of expertise is a long-term task. By  3

increasing state funding for energy-related basic 
research at universities and other research institu-
tions, cooperations with industry will only be stimu-
lated and technology transfer will be accelerated 
from the laboratory to the market in the medium 
term.

By exchanging more information (including  3

teaching modules) and cooperating more, the 
 efficiency of energy research will be increased in 
both universities and research institutions. This will 
also avoid duplication of work. In doing so, it is 
important that scientific competitiveness is not cur-
tailed, but goal orientation and complementary 
research should be agreed upon in an organised 
manner.

In 2006, the International Energy Agency (IEA)  3

ascertained that the largest contribution to CO2 

emissions reduction (around two thirds) is expected 
from increased energy efficiency within the next  
25 years. At ETH Zurich in 2003, scientists postulat-
ed that the use of energy could be improved by a 
factor of five by the end of this century. This focus  
on the use of energy must be adopted by energy 
research policy, which has concentrated on the idea 
of expanding the energy supply for the last fifty 
years.

The efficiency of energy research can therefore  3

certainly be improved in many places by focusing on 
certain topics and cooperating more with the capital 
goods industry and the chemical industry. We 
should also acknowledge researchers more and 
restructure financial input according to the various 
subject areas.

Prof. Dr. Eberhard Jochem studied process engineering and economics. He is professor emeritus for energy policy and energy systems at 
the Fraunhofer Institute of Systems and Innovation Research (FhG-ISI) in Karlsruhe. Eberhard Jochem founded the Centre of Energy 
Policy and Economics (CEPE) at ETH Zurich, of which he was co-director until 2008.
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Opportunities and risks associated with  
energy research

In the fields of energy-optimised buildings, 
renewable energies, highly efficient thermal power 
plants and vehicle technology, research in Germany 
holds its own very well in international competition. 
With regard to the latter two technology fields, 
however, there is a danger that the state-funded 
applied basic research at universities will no longer 
be able to keep up with industrial research. Even the 
sheer size of pilot plants exceeds the dimensions of 
research laboratories on an institute level.

The division of energy research in Germany 
amongst four Federal ministries (Economics and 
Technology; the Environment, Nature Conservation 
and Nuclear Safety; Education and Research; Con-
sumer Protection, Food and Agriculture) and the 
associated division of work between the departments 
are also the result of negotiations by coalition gov-
ernments over the past twenty years. A high degree 
of consensus among the government departments 
means huge advantages in terms of consistent fund-
ing for new technologies from the research laborato-
ry right through to market introduction. Dividing the 
work in this way gives rise to a potential for accelerat-
ing innovations in the four departments.

Systemic research that takes the entire energy 
chain into account can be promoted if the depart-
ments work together hand in hand. From an energy 
efficiency point of view, however, research related to 
new physicochemical and biotechnological process-
es, as well as materials science, should concentrate 
on stronger “radar tasks”. Both of these examples 
illustrate the opportunities afforded by cooperations 
between the ministries, on the one hand, and on the 
other, by the targeted orientation of departmental 
research in terms of social needs regarding new 
generic technologies.

Climate policy suffers under a global discussion 
that focuses exclusively on the costs of avoiding CO2 
and disregards adjustment and damage costs. This 
one-sided nature is also caused by economic model-
ling approaches, which still often fail to include 
information on adjustment and damage costs. This 
is where the challenge lies for the Federal Govern-

ment and the EU Commission. They must be able to 
justify their (rightly) ambitious goals with argu-
ments in the general global context.

European and international research coopera-
tions are frequently only moderately successful 
because of the balanced national composition of the 
projects receiving funding. Purely national or bina-
tional and trinational funding of research partners 
with strengths that complement each other would 
ensure that every euro invested in research is more 
effective.

The Federal Government and the EU Commis-
sion need to whole-heartedly take up the technology 
initiative suggested by the US Government in addi-
tion to the Kyoto process. Compared for example to 
emission certificates, new technologies can actually 
help to completely avoid harmful emissions and 
conserve resources. 

An (optimistic) summary

The challenges involved in changing today’s global 
energy system – and with this, those facing energy 
research in all of its interdisciplinary facets – are 
gigantic. The problem is not a lack of technical ideas 
and solutions, but rather a lack of understanding 
amongst the actors in science, industry, and the gov-
ernment, as well as amongst the voters and consum-
ers that these challenges must be addressed head on. 
For this process of seizing opportunities and exploit-
ing options, it is essential that communication, 
financial incentives and research platforms are facil-
itated. The first impacts of climate change and expe-
rience over the last few years, which has shown that 
securing the energy supply can hardly be enforced 
in a military fashion, will undoubtedly stimulate this 
necessary change of mindset. 

It would appear that long-term, efficiently 
thought-out energy research is better in terms of 
realising goals. More tax revenue should be invested 
in this matter of concern than the value of an annual 
cinema ticket per capita. After all, the huge number 
of necessary changes in the entire global capital 
stock means that it is not just about energy research 
alone. What counts are technical and entrepreneuri-
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al innovations in all areas of an industrial society 
over the next few decades on the way towards a sus-
tainable capital stock with significantly improved 

energy efficiency and a very high proportion of 
renewable energy sources in primary energy con-
sumption.
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Funding information

Within the framework of the BMWi technology pro-
gramme “Climate Protection and Energy Efficiency”, 
industry, universities and research institutes have the 
opportunity to apply for funding for excellent 
projects that make significant technological contribu-
tions to the remodelling of the energy system in terms 
of security of supply, economic viability and environ-
mental compatibility. The main aim behind research 
funding is to mitigate the risks associated with new 
developments and to speed up the development of 
new technologies. Joint collaborative projects 
between science and industry also integrate the inno-
vation potential of small and medium-sized business.

Project Management Jülich (PtJ) at Forschungs-
zentrum Jülich is responsible for the technical and 
administrative coordination of the BMWi technology 
programme “Climate Protection and Energy Efficien-
cy”. More detailed information can be obtained from 
PtJ.

The review procedure for projects is performed in 
a two-stage process by BMWi and PtJ.

Contact
Project Management Jülich (PtJ)
Forschungszentrum Jülich GmbH
52425 Jülich
Germany

Contacts

Policy	matters	and	international	cooperation:
Dr. Sabine Semke
Tel.: +49 2461 61-2738
Fax: +49 2461 61-2880
Email: s.semke@fz-juelich.de

Efficient	energy	use:
André Le Marié
Tel.: +49 2461 61-6977
Fax: +49 2461 61-3131
Email: a.le.marie@fz-juelich.dee

Efficient	energy	conversion:
Dr. Jochen Seier
Tel.: +49 2461 61-3267
Fax: +49 2461 61-3131
Email: j.seier@fz-juelich.de

Internet:
www.foerderdatenbank.de
www.bmwi.de
www.fz-juelich.de/ptj

mailto:s.semke@fz-juelich.de
mailto:a.le.marie@fz-juelich.de
mailto:j.seier@fz-juelich.de
http://www.foerderdatenbank.de
www.bmwi.de
http://www.fz-juelich.de/ptj
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