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Kurzbeschreibung des Projektes und seiner Ergebnisse
Die TIP-Arbeitsgruppe der OECD hat im Rahmen ihrer Arbeiten zu nationalen Innovationssystemen (NSI) beschlossen, sich stärker auf die sektoralen Unterschiede
zwischen Innovationssystemen und die daraus abzuleitenden Politikempfehlungen
zu fokussieren. Daher wurden drei Fallstudien für die Bereiche Energie, pharmazeutische Biotechnologie und wissensintensive Dienstleistungen ausgearbeitet. Die
Fallstudien lagen in den Händen von jeweils einer Fokusgruppe unter genereller
Aufsicht der TIP-Arbeitsgruppe. Deutschland hat sich hier koordinierend an der
Fallstudie „Pharmazeutische Biotechnologie“ als eines von drei „lead countries“
beteiligt.
Zusätzlich zu dieser Aktivität war die Bundesrepublik auch an der Fallstudie im
Technologiefeld Brennstoffzelle beteiligt. Die USA haben sich für die Fallstudie
zum Innovationssystem im Energiesektor als „lead country“ engagiert, bei der das
Technologiefeld Brennstoffzelle einen Untersuchungsbereich darstellt, den alle beteiligten Nationen bearbeitet haben. Auf der Ebene der OECD ist außerdem
IEA/CERT involviert. Die wissenschaftliche Bearbeitung dieser Fallstudie im
Rahmen der Tätigkeit der deutschen Delegation erfolgte durch das Fraunhofer ISI
auf der Basis von Erfahrungen aus verschiedenen technologiepolitisch orientierten
Projekte zum Innovationsfeld Brennstoffzelle. Insbesondere wurden folgende Arbeiten geleistet:
• Beteiligung an der Entwicklung des Designs der Fallstudie, um aus deutscher

Sicht wichtige Fragestellungen und Themen einzubringen.
• Durchführung der Erhebungen und Analysen zur Fallstudie in Deutschland und

Abstimmung mit den anderen Partnern, um ländervergleichende Queranalysen
zu ermöglichen, sowie Erstellung von Zwischenpräsentation für die verschiedenen Projekttreffen, insbesondere einen Experten-Workshop in Washington. Diese Arbeiten erfolgten in Abstimmung mit Referat LS 23 des BMBF sowie dem
zuständigen Fachreferat für die Förderung der Brennstoffzellentechnologie im
BMWA.
• Ausarbeitung des deutschen Beitrages („national case study“) zur Fallstudie.

Die Fallstudie zum Innovationssystem im Energiesektor wurde von einer Fokusgruppe, die sich aus nationalen Experten der teilnehmenden Länder gebildet hat,
durchgeführt. Die Koordinationsrolle hatte das Department of Energy (DoE) der
USA in enger Abstimmung mit der OECD (TIP und IEA/CERT). Weitere teilnehmende Länder waren - neben Deutschland - Kanada, Frankreich, Italien, Japan,
Norwegen, Süd-Korea und Spanien. Die Brennstoffzellentechnologie hat sich im
Laufe der Arbeiten als gemeinsames Untersuchungsfeld herauskristallisiert. Einzelne Länder betrachten weitere Technologiefelder des Innovationssystems im Energiesektor. Die OECD-Fallstudie war in drei Arbeitsphasen gegliedert:
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• Phase 1 „Scoping“: In der ersten Phase wurden das Untersuchungsfeld definiert

und die konkreten Fragestellungen für die Fallstudie entwickelt. Grundlage für
Phase 1 war eine Analyse der relevanten Fachliteratur sowie der vorhandenen
Datenquellen. Aus dem Vergleich der vorhandenen Informationen mit den für
die Beantwortung der Fragestellungen erforderlichen wurde der zusätzliche Informationsbedarf abgeleitet.
• Phase 2 „Implementierung“: Die erforderlichen zusätzlichen Informationen wur-

den in den Mitgliedsländern der Fokusgruppe erhoben („national case studies")
und durch übergreifende bibliometrische Analysen der OECD ergänzt. Zwischenergebnisse wurden für die relevanten OECD-Komitees und Arbeitsgruppen
zusammengefasst.
• Phase 3 „Integration“: Die nationalen Fallstudien wurden vergleichend analy-

siert. Schlussfolgerungen und Politikempfehlungen wurden ausgearbeitet. Die
Ergebnisse der Analyse sollen in einem Abschlussbericht, der auch die einzelnen
nationalen Fallstudien in verdichteter Form enthält. von der OECD publiziert
werden. Ein Entwurf des Berichtes ist vom OECD-Sekretariat vorgelegt worden
und wird zurzeit in den zuständigen Gremien diskutiert.
Die Ergebnisse der Fallstudie „Brennstoffzellentechnologie“ können für die Entwicklung neuer innovationspolitischer Ansätze in diesem Themenfeld genutzt werden. Darüber hinaus ergeben sich durch den Quervergleich mit den anderen beiden
Fallstudien generelle Erkenntnisse für die Gestaltung von Politikmaßnahmen für
wissensintensive Innovationsfelder. Die vergleichende Analyse der Innovationssysteme in mehreren OECD-Ländern erlaubt zudem eine Positionierung Deutschlands
im internationalen Vergleich, aus der sich weitere Schlüsse zum Stand und zur
künftigen Entwicklung der Brennstoffzellentechnologie wie des Innovationssystems
im Energiesektor generell ableiten lassen.
Die hier vorgelegte Schlussdokumentation enthält
• den deutschen Beitrag (in englischer Sprache) zum zusammenfassenden OECD-

Bericht sowie
• zwei Vorträge, die im Rahmen des Projektes erarbeitet und auf einer OECD-

Konferenz in Washington sowie der f-cell in Stuttgart gehalten wurden, um die
Ergebnisse einem breiteren Publikum zu vermitteln.
Außerdem werden empirische Ergebnisse und Instrumente dokumentiert, die nicht
in umfassender Weise in den deutschen Beitrag eingearbeitet werden konnten, aber
für mit dem Thema befasste Fachreferate in den Ministerien von Interesse sein
könnten.
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1. Introduction
Fuel cells are of major importance for Germany because of their potentially broad application in the
automotive sector, which forms a core element of Germany's economy (and global competitiveness).
However, the opportunities for a generally cleaner and more secure supply of energy they offer are of
similar importance. Fuel cells and the prospects of a hydrogen society correspond to the concern for the
environment of the German people, government, and politicians. These two aspects together with the
scarcity of primary energy resources in Germany and the perceived risks of nuclear power have led to high
prioritisation of renewable energy and energy efficiency on the political agenda.
Issued patents and publications show that today Germany is among the major players in fuel cell
technology. While having a head role in Europe, total output of patents and publications in recent years
(1997 – 1999) has been only a little smaller than in Japan and even the USA. This goes along with a broad
(if not to say) full coverage of fuel cell types and applications in research. Major German companies,
namely DaimlerChrysler and Siemens, are particularly engaged in fuel cell development and
commercialization. Many research institutes carry out fuel cell related research while there is no big
institution entirely specialized in fuel cell research in Germany. The way research is performed and
innovation is taking place across different sectors mirrors the highly differentiated and decentralized
German innovation system.
According to the broad application potential of fuel cell technology, this report is only partly on the
innovation system in the energy sector but rather on the interaction of different sectoral innovation systems
and the specificities of the fuel cell technology innovation (system). It considers all the application areas:
mobile, stationary and portable, as well as the different types of fuel cells: PEM, SOFC, etc. Besides
Fraunhofer ISI's knowledge from several projects and continuous monitoring of trends in fuel cell
technologies, the information presented in this summary report draw on a number of different sources and
methodological approaches. A proprietary database1 at Fraunhofer ISI of 231 projects and 243 patents with
German participation and concerned with hydrogen or FC technologies was used to analyze cooperation

1

with the support of van Giessel/Ros as part of their master thesis „The affect of community dynamics and
knowledge on the acceleration of technology development for the transition towards a hydrogen based
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structures. Several interviews with experts were carried out to seek additional information and to help
assessments. International comparisons are mainly based on the OECD secretariat's bibliometric and patent
analyses. Analyses of available official statistics and public data banks were complemented by specific
research on patents, publications and university research foci in Germany. The latter was done via the
internet, particularly checking all German university websites. University chairs and institutes/research
groups were identified which presented fuel cell projects (not teaching) on the Web. A survey with
industrial companies was started but did not prove successful. In a pre-test of the questionnaire only one
out of 10 companies – all of which had already cooperated with ISI on FC matters – gave the requested
answers while some clearly stated that the requested type of information would be confidential, even for
anonymous analyses. Obviously, data concerned with innovation activities in the fuel cell area are
considered sensitive in a competitive environment.
This summary report follows the general outline for country reports in the context of this OECD study.
First, the drivers of innovation are identified. At the same time, this sheds some light on the history and
process of fuel cell innovation in Germany. The main part describes the innovation system in the fuel cell
area. It identifies main actors and the way knowledge is created, diffused, and exploited. In the third
chapter, an overview of public policy for innovation in fuel cell technologies by the different political
levels is given. As most products using fuel cells are not yet commercially viable the assessment of
innovation performance in chapter 4 has natural limits and therefore is partly a discussion of appropriate
approaches. The report ends with brief conclusions and policy recommendations.
2. Drivers of innovation
Given the long term and global perspective of the fuel cell innovation, it seems necessary to look at the
basic drivers of innovation first which have influenced the decision of private as well as public bodies to
invest in fuel cells:
•

Prevention of pollution (particularly greenhouse gas emissions and urban/metropolitan area
pollution problems).

•

Limitations in the supply and threat of rising prices of traditional fuels (oil and natural gas).

•

User needs which match the inherent – at least potential – technological advantages and features
of the fuel cell compared to existing technologies. In particular, these are high efficiency leading
to long usage times, no noise, no local pollution, probable lower maintenance effort.

In Germany, these basic drivers of FC innovation take a particular shape in two ways: First, the potential
positive impact on the environment, particularly with respect to carbon dioxide, local pollution and (to a
somewhat lesser extent) scarcity of resources meets a high awareness and responsibility for environmental
protection in society. Secondly, the potential markets lie in areas where Germany is strong, namely
automotive and energy systems. The latter is at the same time a threat when competitors can use the
technology to win market shares and it is a chance if current strengths can be used to foster or extend the
market position. However, to understand the current innovation processes and the working of the
innovation system in fuel cell technologies it is important to look for the more “intermediate” drivers:
DaimlerChrysler's engagement from the early 90s onwards both financially (estimates go up to more than 1
billion € invested yet) as well as immaterially through promotion and reinforcement of trust in the
prospects of fuel cell technologies has played a key role. DC established a big research centre
(“Projekthaus Brennstoffzelle”) in Kirchheim-Nabern, close to its central company research site in Ulm,
which included joint ventures with Ford and Ballard. DC representatives participated in numerous
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promotional and demonstration initiatives as well as in co-operative research projects. Thus, the current
status of (PEM) fuel cell technology (at least in Germany but probably worldwide) seems inconceivable
without this engagement of DC. However, the motivation behind points back to the above basic
considerations. From the viewpoint of car manufacturers the definition of future markets is crucial and
consequently a driving force for innovation. The Californian emission rules for car fleets certainly set an
initial ignition but similar rules are well to be expected in other countries and regions. Not only greenhouse
gas emissions but also local pollution problems in urban agglomerations (e.g. due to tropospheric ozon)
may call for solutions. Traffic is here ever more often the main source of harmful emissions while
metropolitan areas presumably make up for the lion's share of the car market. However, car manufacturers
also underline that fuel cells may not only help to improve the environmental impact but the functions and
usability of cars as well as economics and lifetime cost (Panik; Friedrich 1998).
Public promotion of research, development and demonstration in the FC area in Germany has increased in
the last years. Thus, public research capacities on fuel cells were extended and further private investment
was induced via co-operative projects with industry. Venture capital (i.e. going public) only plays a very
limited role in the development of German FC capacities. But it seems that foreign firms not least on the
basis of such funds opened facilities in Germany (namely Ballard).
Public spending however, is not accompanied yet by a consensus or common strategy for FC
implementation or even a roadmap towards the hydrogen society setting technological and time targets for
Germany. The assignment of funds rather follows current R&D needs identified to overcome recognized
cost and performance problems of the fuel cell technology. Also, public-private and private initiatives
concerned with the promotion of fuel cell and related technologies yet fail to provide strategic plans for a
long term establishment of fuel cell technology in the German economy.
The Transport Energy Strategy (TES) (“Verkehrswirtschaftliche Energiestrategie”, VES) is an initiative
launched 1998 by the vehicle manufacturers BMW, DaimlerChrysler, General Motors Europe (Opel),
MAN and Volkswagen and the energy suppliers ARAL, BP, RWE, Shell and TotalFinaElf, under the
auspices of the Federal Government, with the aim of developing and implementing a strategy for the
medium-term, nationwide market introduction of an alternative fuel or energy carrier for transport. The
Federal Ministry of Transport, Building and Housing acts as central coordinator but no financial support is
given. The agreement achieved so far is that hydrogen would be desirable in the (very) long run, but a
transition and hydrogen production path has not been decided upon (yet). Till today the major German car
makers seem to follow different strategies with respect to fuel cells while all of them still put the lion's
share of their R&D budgets in conventional combustion technology.
A further indicator of different visions is a study of the Federal Environment Agency
("Umweltbundesamt"), a public body belonging to the Federal Ministry for the Environment. Their results
questioned the economic sensibility of the use of fuel cells to reduce environmental impact from traffic as
same achievements using other technologies would be less costly. This has caused a lot of debate and
certainly did not help an enthusiastic public support of fuel cell research. Earlier experiences with the
federal promotion of research on hydrogen technologies between 1974 and 2000 also supported skepticism
in this area. The scientific results of the promoted hydrogen research could not yet be transferred into
commercial success.
New technologies respectively advancements as regards materials and ICT are very important for the
success of FCs but – given the long history of the fuel cell – one cannot speak of technological
opportunities as drivers of the innovation. However, scientific and technological achievements mainly in
the area of materials (including nanotechnology) helped to accept ambitious performance and cost targets
for fuel cell developments as being achievable. ICT technology is a prerequisite for the use of fuel cells in
concepts for decentralized power supply which forms a driver for stationary applications as well as for the
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control of complex drive trains based on fuel cell and hydrogen technologies. Technological breakthroughs
could change the economics of fuel cells.
With respect to stationary applications, recent changes in framework conditions (which have led to an
opening up of competition in the energy sector) as well as support for the use of renewable and more
efficient energy technologies are driving forces for FC development. Although incentives for electrical
energy production from renewable or very efficient sources in German energy market regulations2 do at the
moment not ensure economically viable operation of fuel cells almost all big utility companies have
activities in this field. Some started ambitious demonstration projects not least in order to prepare for
possible competition. Utilities with a stronghold in natural gas distribution and producers of residential
heating systems started the IBZ initiative (“Initiative Brennstoffzelle”) to promote natural-gas-fueled
stationary fuel cells.
Market forces are obviously at work but a prerequisite has been the push for the PEM technology from
automotive which showed the possibility of small heat and power generation equipment for residential
homes on the basis of fuel cells. Almost all firms active in the area in Germany (namely Vaillant,
Viessmann, Buderus, Sulzer-Hexis) together with fuel cell suppliers work on products. Apart from the
principal efficiency advantages of FCs, the possibility to sell surplus electrical energy and the availability
of a German-wide natural gas distribution system, stronger legislative requirements on the efficiency and
environmental impact of residential heating systems presumably played a key role in such investments.
This regulation urges the majority of property owners to renew their systems within the next 5-10 years. In
addition, the companies see very good export opportunities in Europe and overseas.
A similar situation is arising with power plants, albeit not due to the same reasons. A very big share of the
existing plants in Germany has to be replaced within the next 25 years. The debate on the right "energy
mix" is running and fuel cell plants are an option. Not least, as it seems likely that decentralization and
variety (e.g. with respect to redundancy in the primary energy sources used) are ever more relevant
principles in energy systems. Accordingly, German power plant producers like Siemens (SOFC) or MTU
(MCFC) continue in their research and development of fuel cell technologies. Utilities not only invest in
demonstration projects but partly engage in R&D or even build up own R&D capacities rather than to only
depend on their suppliers as in previous time. The liberalized market seems to ask for additional
competencies in order to keep a competitive position.
Compared to the mobile and stationary application fields of fuel cells the portable use does not only have
less economic relevance in general for Germany but is also missing big German players to use fuel cell
technology to possibly (re-)gain shares of the consumer electronics mass market. Thus, the driving force
for the, nevertheless, significant number of German companies (and research institutes) active in this area
are market opportunities and specific technological capabilities, e.g. with respect to DMFC and reforming.
3. Innovation system in the energy sector – knowledge creation, diffusion and exploitation
The German research system is highly differentiated and decentralized. The German research landscape
comprises besides industry and (state) universities (as the two main actors) a variety of at least partly
public funded research bodies such as Max-Planck-Society, Helmholtz research centers and Fraunhofer
Society. The latter cover the full spectrum from basic over mission-oriented to applied research and several
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solar energy or combined cycles. Probably most well known is the way of a guaranteed favourable price
when such energy is delivered to the "public" distribution infrastructure ("Einspeisevergütung").
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of the different single institutes in these research organizations perform fuel cell research. While these
differentiated and decentralized research structures with their highly regarded institutions are in the
international comparison often seen as a characteristic advantage priority setting on a national level is
difficult (e.g. with respect to funding). The federal research programs cover a broad if not to say the full
spectrum of currently fashionable S&T fields. Technology policy rather than innovation policy is carried
out. In R&D, a national orientation dominates. Germany's strength is in advanced technology branches:
automobile, mechanical engineering, chemical industry.
To link up with leading edge technologies like information technology or new materials is considered a
weakness of the German innovation system. In general, the institutions of this system are seen to favor
incremental rather than radical innovation. As fuel cell technology can be considered a radical innovation
with main application fields in strongholds of the German economy and building on leading edge
technologies it certainly is a threat as well as a chance. Long-term orientation of science, politics and
industry in Germany has weakened compared to the 1970s and 1980s while fuel cell technology requires
learning processes over several years or even decades and a short term market introduction is not expected.
Thus, it is of crucial importance to uphold farseeing strategies. The differentiation and decentralization of
the German innovation system may turn out a disadvantage compared to countries with stronger priority
setting for long term research strategies, which are less dependent on short term success.
As regards the funding3 of the German innovation system the share of private sources has increased in
recent years up to the OECD average. The advanced technology branches contribute the most to the two
thirds of the German research budget which is financed by private industry. Figure 1 shows that in 1999
this has been about 35 billion € according to the survey of the association of foundations for science
statistics ("Stifterverband Wissenschaftsstatistik"). The state matched that with about 18 billion €.
Figure 1: German Industry´s R&D Expenses 1999 and Their Distribution Over R&D Fields
y
p

Basic research 4%
(1.7 bill. €)
External R&D 15%
(5.9 bill. €)

8,3
bill. €

3,0
bill. €

Applied research
81%
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Automotive
products

Industrial
engineering
products

2,0
bill. €

Aerospace

1,5
bill. €

Energy production
and distribution

Selected fields of applied research

Source: Stifterverband Wissenschaftsstatistik 1999, own calculations

Most of the money is spent on applied research. The four selected fields (not sectors!) which may include
most of the FC related research amount to ca 15 billion €. The survey does not allow for a further
3

More detailed information on promotion programmes is given in the public policy chapter.
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differentiation of research topics. However, a look at the contribution of different sectors to the 1.5 billion
€ spent 1999 on applied R&D on energy production and distribution products is interesting. Relatively
many sectors carry out energy related R&D. Even if electrical engineering (which comprises companies as
Siemens) with 860 million € has the major share the interaction of different sectoral innovation systems in
this field is remarkable. Almost 40 % of the expenditures are spent by companies in other sectors
compared to not even 5 % in the field of automotive products. Actually, the vehicle construction sector is
the second most important performer of energy products research. It can be assumed that its tentative
annual budget of 500 million € for energy production and distribution products marks the upper limit of an
estimation of expenditures on fuel cell and hydrogen related research by the automotive industry.
The annual federal budget for science, research and development in energy technologies in the last years
floated around 400 million €. This makes up for about two thirds of the total public budget. The public
share of R&D expenditures in the energy field is therefore over-proportional. A decreasing but still major
part is devoted to nuclear energy research. However, the share of renewable energy and energy
conservation research is increasing. Exact figures on public fuel cell (and hydrogen) research funds are
again not available. They can only be estimated on the basis of expenditures over longer time periods in the
different programs and regional initiatives at more than 30 million but probably not more than 50 million €
per year. Main funds lie with the ministry for economics and labor which 1999 took over the energy
research from the ministry of research and education. Additional 10-15 million € may be available per year
via the German participation in EC research programs.
Figure 2: German Federal Expenditure on Science, Research and Development in Energy Technologies
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The national innovation system in the energy sector in general is still to some extent determined by the
structures developed in the course of the national (and European) mission to develop nuclear energy with
big industrial players and big public research centers under framework conditions of regional energy
supply monopolies. However, the new priorities towards renewable energy and energy saving (while
maintaining investments in "conventional" power generation and nuclear safety and decommissioning
research) together with the liberalization of the market make their footmarks in the innovation system.
Existing research centers reasonably changed their portfolios. New actors emerged.
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3.1 Actors and knowledge creation
Public research institutes play the major role in (scientific) knowledge creation in Germany according to
their share of scientific publications during the last decade (Figure 3). Universities are also very important
while industry only contributed 20 %. This pattern is very special and particularly distinguishes Germany
from the U.K. on the one hand where universities play a very dominant role and Japan on the other hand
where industry is a very significant contributor to scientific knowledge creation.
Figure 3: Share of Institutional Sectors of Fuel Cell Publications 1990-2000 in Selected Countries
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Source: OECD secretariat bibliometric analysis

An analysis of more recent publications (2000 – 2002) contained in the SCI (Science Citation Index)
databank of the ISI institute in the US (figure 4) confirms the above results. Only one industrial company
(Siemens) ranks among the leading group of the 13 research institutions with 7 or more publications. Three
institutes belonging to big public research bodies head the list. Four university departments are included.
Far more than hundred bodies add to the list in total representing almost 1500 publications. This indication
of a scattered scientific research and knowledge base is confirmed by the analysis of university research on
fuel cell technologies. Almost one third of German universities, often at several faculties simultaneously
such as electrical chemistry or energy physics, pursue fuel cell research (figure 4 lists them). Although
some universities – as the publication analysis shows – stand out in the amount and quality of their
research activities the overall picture does not speak of strong concentration and priority setting.
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Figure 4: German Scientific Research Base in Fuel Cell Technologies
German universities pursuing fuel cell related
research activities (status 7/2003, around 30 %
of all universities):
RWTH Aachen
Uni Bayreuth
TU Berlin
Uni Bochum
Uni Bonn
TU Clausthal
TU Cottbus
TU Darmstadt
TU Dresden
Uni Duisburg-Essen
Uni Freiburg
Uni Göttingen

Leading German actors in fuel cell related
research by number of publications between
2000 -2002 contained in SCI:
Research Centre Jülich – IWV (80)
German Aerospace Center – Thermodynamics (32)
Max-Planck-Institute – Solid State Research (20)
Technical University Munich – Physics(14)
Centre for Solar & Hydrogen Research Ulm (12)
Technical University Karlsruhe – IWE(12)
SIEMENS AG (11)
University Ulm – Surface Chemics and Catalysts (10)
Hahn-Meitner-Institute (10)
University Stuttgart – Chemical Process Technology (9)
Fraunhofer Institute Solar Energy Systems (9)
Research Centre Jülich – ZCA (9)
Max-Planck-Institute – Carbon Research (7)

HAW Hamburg
TH Hamburg-Harburg
Uni Hannover
TH Karlsruhe
Uni Kiel
Uni Magdeburg
Uni Mainz
TU München
Uni Paderborn
HTW Saarland
Uni Stuttgart
Uni Ulm

Source: Fraunhofer ISI enquiry of university websites and http://www.forschungsportal.net, analysis of SCI/ISI
publication databank

The business sector in Germany currently seems to contribute little to (scientific) knowledge creation but
dominates technological innovation measured by patents. Only two big research bodies, Jülich Research
Centre and Fraunhofer Society, are among the top 14 patent applicants at the German patent office (figure
5). The leading four companies of a total number of more than 80 applicants stand for almost 15 % of
German patents. They represent two major industrial research clusters: Siemens/Emitec with a strong focus
on SOFC for power generation and DC/Ballard/Xcellsis(Ford) working on PEM-based automobile FC
applications. A third cluster among the top 14 is BMW/Elring-Klinger which is concerned with FCs as
auxiliary power units (APUs) in cars, in addition to their work on the hydrogen combustion engine.
Figure 5: Leading German Actors in Fuel Cell Research by Patents
Number of patents
96
53
52
29
26
16
10
10
9
9
9
9
7
7
7

Organisation
SIEMENS AKTIENGESELLSCHAFT (MUNICH)
Forschungszentrum Jülich (JUELICH)
BALLARD POWER SYSTEMS AG (KIRCHHEIM/TECK-NABERN)
DAIMLER CHRYSLER AG (STUTTGART)
EMITEC GESELLSCHAFT FUER EMISSIONSTECHNOLOGIE MBH (LOHMAR)
OMG-DEGUSSA AG & CO. KG (HANAU)
BAYERISCHE MOTOREN WERKE AKTIENGESELLSCHAFT (MUNICH)
MTU GMBH (FRIEDRICHSHAFEN)
ATECS MANNESMANN AG (DUESSELDORF)
BASF AKTIENGESELLSCHAFT (LUDWIGSHAFEN)
ROBERT BOSCH GMBH (STUTTGART)
Fraunhofer Society (MUNICH)
CELANESE VENTURES GMBH (FRANKFURT)
ELRINGKLINGER AG (DETTINGEN)
MANNESMANN AG (DUESSELDORF)

Source: own analysis of patent applications in the category "fuel cells" at the German Patent Office (DPA) until 2001

Jürgen Wengel, Fraunhofer ISI

8

Karlsruhe, September 2004

ENERGY INNOVATION COUNTRY REPORT GERMANY
3.2 Networks and Knowledge Diffusion
The knowledge networks are diverse as regards the forms (e.g. with respect to the topics or contractual
basis) and type of partners (e.g. with respect to the organizations and sectors involved) but concentrate on
Germany or at best Europe (figure 6).
Figure 6: International Orientation of Hydrogen or Fuel Cell Projects with German Participation
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12%
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only

Projects with European
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15%
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25%
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Source: Fraunhofer ISI databank of fuel cell/hydrogen projects with German participation (multiple participation of a
country in single projects)

In our databank of fuel cell and hydrogen projects with German participation almost two thirds included
German partners only. A further quarter involved European partners, mainly (in almost every second of
these projects) from France and the Netherlands. Usually, they took place in the context of the EU
framework programs on research. Overseas partnerships almost solely bear on the shoulders of
DaimlerChrysler and Opel (General Motors) and are consequently with the USA or Canada. In addition,
there is remarkable foreign participation in the national fuel cell innovation system as regards fuel cell
stacks. They are often "purchased" for R&D purposes from foreign suppliers or joint venture are founded
in order to develop FC systems. The DC-Ford-Ballard co-operation is the best known but many smaller
firms which work on FC systems for residential heating follow this strategy, too.
Figure 7 shows the co-operation intensity and direction between major German players as they are
reflected in our project data bank. Overall, co-operation is strong but it seems that networks either focus on
research institutions or are knitted among business enterprises. However, research/university-industry links
may in many cases not be open to the public when industry awards research contracts to make use of
specific competencies or facilities in government or university labs.
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Figure 7: Co-operation Between Major Players in Fuel Cell Research in Germany
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While the above picture on the general networking in the fuel cell and hydrogen area in the framework of
research and demonstration projects showed a quite "national world" a closer look at the passenger car
manufacturers in the automotive sector including strategic business links beyond the co-operation in
projects (figure 7) speaks of a very international orientation of mobile fuel cell technology activities.
Obviously, strong partners who act globally are requested. All big automotive groups work together in
different constellations. Nevertheless, R&D activities are very often regionally concentrated. A comparison
with a similar overview of strategies a few years ago shows, however, that there has been a consolidation
of actors. At the same time, relationships increasingly build on market mechanisms (and contractual
agreements) and are not only research partnerships in publicly promoted projects any more.
In Germany, FCs for propulsion purposes are predominantly pushed forward by two automotive groups:
DC, as already said, seems the most determined company even if its "Projekthaus Brennstoffzelle" recently
has been administratively reintegrated in the DC central research centre. Contractual links and mutual
ownership relations exist with Ford and Ballard. Opel/GM also built up a special research centre for fuel
cell technology with several hundred people in Mainz-Kastel. Other than DC, they decided for an own (inhouse) development of the fuel cell stack. BMW focuses on hydrogen combustion engines but prepares for
the use of SOFCs in auxiliary power units (APUs) for their bigger cars. The latter is very advanced based
on a fixed co-operation with Elring-Klinger, a seal manufacturer, and Thyssen-Rhodia. Although
Volkswagen was engaged in several cooperative research projects and presented own fuel cell prototype
cars, their strategy is probably that of a "second follower". At the moment they seem to be content with
their strength in low emission and low consumption combustion engines and in further advancements on
the fuel side (so called synthetic and sun fuels). The latter includes a longer term perspective for fuel cells
(reformation of gas/gasoline) and a co-operation with DaimlerChrysler. In addition, many suppliers to the
automotive industry have engaged in fuel cell research.
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Figure 7: Fuel Cell Strategies and Main Co-operations of Passenger Car Manufacturers (Date 2003)
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Besides their relevance for knowledge creation the above described networks and project co-operations
represent an important means of knowledge diffusion. As yet, intellectual property rights mainly serve the
purpose of protection of inventions and not of facilitating knowledge diffusion. Licensing is not (yet)
relevant. The current means of knowledge diffusion beyond networking are papers and conferences as
regards the scientific area and people or contract research towards and within the industry.
Apart from that, numerous activities and events including road shows, seminar series, awards, etc. have
taken place in Germany in recent years on local, regional and federal level to raise awareness for fuel cell
technology among industry and to inform about chances and risks. The Hanover fair already devoted a
special area to fuel cell technologies. A special FC/hydrogen fair has been established in Hamburg:
H2Expo. A further major event is the annual international f-cell conference in Stuttgart. Initiatives for
vocational training as well as in academic education involve industry and relevant public institutions. Two
specialized training and competence centers linked to the main public fuel cell research institutes in Jülich
(FZJ) and Ulm (ZSW) received initial funding as well as appropriate buildings and equipment through the
federal Investing-into-the-future program (ZIP) and the federal state where they are located.
4. Public policy for innovation in fuel cell technology
Renewable energy and the efficient use of energy ranks high on the agenda in Germany. There are many
policy measures to support research as well as wider diffusion and use of related technologies. Fuel cells
(and hydrogen) are in the focus but not especially prioritized. There is no specific fuel cell research
program or funding agency on the federal level. Existing incentives for the use of renewable or highefficiency energy technologies are not yet sufficient to bridge the cost gap yet associated with the use of
fuel cell technologies.
Figure 8 gives an overview of innovation policy instruments and their use with respect to fuel cells
technology in Germany. Different measures have already been used mainly to promote R&D and to raise
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awareness. But there are yet little activities which address the demand side, respectively which use demand
power to support the introduction of fuel cell technologies.
Figure 8: The Innovation Policy Tool Box and Fuel Cell Technology Promotion in Germany
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Behind the different measures stand different actors. Namely activities concerned with raising awareness,
technology transfer and networking are to be found on the local, regional, national and European level and
are carried out by a broad range of actors from local and regional public bodies to industrial associations,
chambers of commerce, and private firms. Although the responsibility for energy policy and related
programs lies with the ministry of economics and labor three further ministries (research and education;
environment; transport and building) have significant stakes in fuel cells and shape related public policy.
The role of the ministry of defense is not to be compared with the situation in the USA. However, a recent
commissioning and buy of a submarine with fuel cell propulsion shows the potential relevance.
Funds, measures and activities are spread over different administrative levels and different organizations.
Accordingly, almost all studies and strategic analyses dealing with the prospects and implications of the
fuel cell technology have yet a limited (e.g. regional, sectoral, or application) perspective. A
comprehensive integrated analysis of the different approaches and a national strategy which aims at better
co-ordination and linking with the international activities are yet missing. The "Advisory and Coordination
Board on Hydrogen Technologies" has therefore currently been set up and should provide a new
perspective. It consists of four federal ministries (economics, research, transport and environment),
representatives of three federal states (Bavaria, Baden-Wurttemberg and Northrhine-Westfalia) and 15
representatives from industry and research. Four working groups are open to all contributors. A report is
expected by mid 2004.
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4.1 Funding of fuel cell technology on the federal level
Given the distribution of funding possibilities for fuel cell research and projects over different programs
and institutions it is not possible to describe every relevant program or subsidy measure nor is it possible to
give exact figures on the respective expenditures or budgets.
The ministry for economics and labor (BMWA) is responsible for energy research and the support of the
industrial application of new technologies. Research on fuel cell (and hydrogen) technologies is funded in
the current 4th Energy Research Program. The Investing-Into-the-Future program 2001–2003 (ZIP:
“Zukunftsinvestitionsprogramm”) is to a large extent aimed at market stimulation for fuel cells via publicprivate partnership with a total volume of about 120 million €. 21 demonstration and model projects on
decentralized cogeneration, small combined heat and power units and fuel cell busses are funded with
about 50 million €. A small part is devoted to industrial and vocational training issues and to pre-normative
research to prepare for future regulation, standards setting and certification.
Because of the potential positive environmental impact of the use of fuel cells a number of projects (mostly
studies) have been funded by the ministry for environment (BMU) and its federal environment agency
respectively by the federal environment foundation. As regards the ministry of research and education
(BMBF) the mobile and portable applications as well as specific enabling technologies are in the focus.
Fuel cell research projects can be found in industrial technologies as well as in specific technologies
programs. The annual expenditures for fuel cell related research are almost as high as in the BMWA.
The institutional funding via the respective assignment of personal, equipment and budgets to fuel cell
research topics by publicly financed research institutes is difficult to grasp. An indication gives the annual
report of the Helmholtz Society which combines many of the public research centers. In its research area
energy these are: German aerospace center (DLR), research center Karlsruhe (FZK), research center Jülich
(FZJ), Geo research center Potsdam (GFZ), Hahn-Meitner-Institute (HMI) and Max-Planck-Institute for
plasma physics (IPP). The research area represents total annual cost of 252 million € of which 18 %
concern efficient energy transformation. These 45 million € are besides fuel cells spent on new
technologies for power generation (like gas turbines) and the use of supra transmission in the energy
sector. It is also not clear what percentage of this budget comes from otherwise funded project research in
which the above institutes significantly participate. Nevertheless, the funds represent a significant share of
German public spending in the area of fuel cells.
The German Research Foundation (DFG) distributes funds for basic research, mainly to universities.
Currently, one big fuel cell project is being financed in the framework of the priority programs: "Novel
Layer Structures for Fuel Cells". It is supposed to run between 1998 and 2004, has a budget of around 10
million €, comprises leading university chairs and research institutes from different disciplines and is
coordinated by the technical university of Munich.
While over the last years investments in fuel cell technology in Germany have steadily increased, at the
moment the general view of fuel cell technology has become more skeptical in Germany. It is difficult to
assess in how far this has led or will lead to decreasing the budgets in industry but demonstration projects
seem to have been slowed down or reduced already. On the public side, the general budget problem in
Germany might threat to impinge on the expenditures on fuel cells as well. A decision on the prolongation
of the ZIP program for instance has not been taken yet.
4.2 Regional fuel cell promotion activities
In addition to the federal government, several federal states (even regions) started FC or hydrogen
activities and assigned considerable funds to research, networking and demonstration in the area. They also
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provide institutional funding to specific regional research institutes usually at or related to universities (like
the centre for solar and hydrogen research, ZSW). In general, their responsibility for and financing of the
universities is a significant factor in public policy for the fuel cell. Some federal states have established
well organized fuel cell or hydrogen initiatives.
Figure 8 gives an indication of the regional distribution of relevant actors in the area of fuel cells and lists
major promotional activities. The players in fuel cell and hydrogen research are concentrated in Bavaria,
Baden-Wurttemberg and Northrhine-Westfalia. Crystallization points are often sites of big automotive
groups where intensive work on FC technologies takes place. From a regional viewpoint, this might be
considered centralization while from the perspective of a national research and innovation policy it already
seems a scattered distribution of research competencies.
Figure 8: Regional Distribution of Fuel Cell Actors and Promotion Activities in Germany
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The initiatives of federal states/figure 8) not surprisingly reflect the distribution of actors although new
activities have also started where the research and industrial base is weaker. All initiatives play an
important role in the initiation, coordination and administration of promotion measures, subsidies,
demonstration projects and public relations of the respective federal state. For this purpose, industry
science and government are brought together using different organizational forms:4
1.
The Hydrogen Initiative Bavaria ("Wasserstoffinitiative Bayern", wiba) was founded in 1996 and
has a wider focus on hydrogen storage and distribution as well as fuel cells (probably not least due to the
specific industrial background with BMW). Between 1997 and 2003 with public subsidies of ca. 30 million
€ 30 projects with a total volume of more than 70 million € have been funded.
2.
The Fuel Cell Network Northrhine-Westfalia ("Kompetenz-Netzwerk Brennstoffzelle NordrheinWestfalen") was founded in early 2000 and has a strong focus on industry and the creation of jobs in a
future fuel cell industry. 200 of the 280 affiliates are companies. About 40 projects with a total volume of
77 million € have been funded with 42 million € until 2003.

4

Sources: www.wiba.de, www.brennstoffzelle-nrw.de, www.brennstoffzelle-bw.de, www.brennstoffzelle-hessen.de

Jürgen Wengel, Fraunhofer ISI

14

Karlsruhe, September 2004

ENERGY INNOVATION COUNTRY REPORT GERMANY
3.
The Fuel Cell Initiative Baden-Wurttemberg ("Brennstoffzellen-Initiative Baden-Württemberg")
since 2003 serves as a roof to three largely independent activities: The Fuel Cell Research Alliance BadenWurttemberg ("Forschungsallianz Brennstoffzelle Baden-Württemberg") was founded 2000 and comprises
the 14 public research institutes and university departments/chairs working on fuel cell technologies in
Baden-Wurttemberg. The alliance should function as a platform for technology transfer and help to
coordinate research activities. A board with representatives from industry and government serves to assign
state funds strategically. The Competence and Innovation Center Fuel Cell of the Stuttgart region
(Kompetenz- + Innovationszentrum Stuttgart) combines research institutes and companies (not only from
the region) to offer a competence pool and functions as a means of regional development. The Training
Center Fuel Cells Ulm ("Weiterbildungszentrum Brennstoffzellen Ulm" WBzU) offers information and
training on fuel cell technologies to industry and craft and is associated with the ZSW Ulm.
4.
The Fuel Cell Initiative Hassia ("Brennstoffzellen-Initiative Hessen") started end of 2002 mainly
based on the chemical competencies related to fuel cells in the industry based in Frankfurt-Hoechst.
5. Innovation performance and its assessment
Apart from some niche markets the fuel cell innovation system (not only) in Germany so far is mainly
concerned with knowledge creation and diffusion. This is to be considered when assessing innovation
performance. The US NAS framework to assess the different costs and benefits of research and
development efforts in the energy innovation system will thus have to stay largely blank with respect to
realized benefits. The impact of the effort for fuel cell technology on sales, employment, wealth, the
environment etc. is hardly measurable yet. On the side of the input or cost the assessment in Germany is
faced with the problem that fuel cell innovation is financed by regional, national and European funds via a
broad spectrum of programs and measures. In addition, detailed data on private resources are not available.
However, results of the bibliometric and patent analyses performed by OECD on the basis of EPO data and
SCI listed journals in the IEA energy publications databank provide some measure of the output of the
German fuel cell innovation system. The data show the dynamics and the position of Germany.
During the last couple of years patent and publication activities concerning fuel cell technology have
increased on an international level (figure 9), along with fuel cell technology becoming a priority in public
budgets devoted to energy R&D during the 90s. This increase has been higher than the general increase in
scientific publications and patents during this period. While the rise of publications started in 1994 the
same development for patent activities began with a time lag of almost 5 years. This time span between
publications and patents has been observed in many other technology cases and seems to indicate a
relevant pattern of “science push” for the technological development of fuel cells. The rise of fuel cell
patents in Germany has been even stronger than on an international level. However, the higher absolute
numbers are only due to the fact that data of the German national patent office were used. National
patenting is a much easier and less costly step which leads to far more applications than received by the
EPO. The rise is also over proportional with respect to the general rise of patent applications in Germany.
The European Union is the largest “producer” of scientific knowledge in fuel cells and Germany has a
leading role within Europe, both with patents and publications. However, among the bigger countries the
scientific and technological output per population in Japan is the highest. Germany ranks significantly
lower among the 5 key players (USA, Japan, Germany, Canada and the U.K.) on both, patents and
publications, but ahead of USA.
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Figure 9: Annual Output of Patents and Publications in the Fuel Cell Area
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Although it is very difficult to identify and compare overall expenditures on public fuel cell research and
thus relate input (resources) and output (publications) it seems that Germany has not reached its "scientific
position" by way of over proportional public funding. At least, the USA seems to have spent more over the
last years. In other words, there is yet no indication of a bad effectiveness of the German innovation system
in this respect. With respect to the "technological position" as it might be measured by patents the input
(expenditures) by industry who made most applications play the dominant role. Obviously, German
companies invested heavily and probably more than public bodies in fuel cell research and innovation.
However, even only roughly comparable figures are not available.
As the fuel cell innovation still is largely in the research and development phase an assessment with respect
to economic, ecological or social impact respectively realized benefits is impossible. However, many
companies have successfully used their engagement in fuel cells to support an image of innovativeness and
concern for the environment. Some German firms have started to establish themselves as component and
equipment suppliers for the big players in this early phase of the innovation process.
It can be summarized, that an assessment of the German fuel cell innovation system inhibits similar
problems as an assessment of the German national innovation system in general. There are advantages and
disadvantages and it does not seem possible to get rid of the ones without loosing on the others. The
system is highly differentiated and decentralized. The research landscape is scattered over Germany.
Different actors on the federal, regional (state) and even local level lead to the availability of a broad range
of funds and an often fruitful competition on the one hand. On the other hand, coordination and priority
setting is difficult. The German innovation system is said to be favorable for incremental innovation while
the fuel cell seems a rather radical innovation, at least in the automotive sector. However, there is evidence
that it is worked down – not least by the German innovation system – to fit to a more incremental mode of
innovation (stationary first, APUs, test bed car fleets, hybrid solutions ...).
6. Conclusions and issues for improving the innovation system
Market forces and the role of government are very much interlinked in the case of fuel cells in Germany:
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On the one hand, it is anticipated that environmental regulation will be reinforced not least in developing
countries thus opening up markets for fuel cell technologies. Particularly the Californian agenda for
(partly) zero emissions from cars and the German requirements on heating systems in residential houses
(which would lead to an exchange of a high share of existing systems in the next years) certainly supported
decisions to invest in fuel cell technology. The promotion of renewable energy via guaranteed prices
(“Einspeisevergütung”) which prepared the ground for wind energy however only forms a general
background as it is not yet clear how electric power produced from fuel cells will be handled in the system
in the future.
On the other hand, the strategic engagement of major industrial players (namely DaimlerChrysler but also
the big utility companies as well as Siemens) has obviously been trusted and motivated others to follow. It
is likely but difficult to prove if the privatization and opening up of the energy markets “helped” the big
players to put their stakes in fuel cells in order to be prepared for competition by decentralized power
supply. The growing private investment was accompanied by an increase in public funding in the last
years, not least as some federal states started Hydrogen or FC initiatives with considerable research and
demonstration budgets. However, at the moment, contrary to the development in other countries, both
public and private German spending on fuel cell technologies is on the decrease or at least does not grow
anymore. It is for instance yet open if the federal ZIP program will be renewed which contributed a high
share of the public spending on FC development and demonstration. In order to overcome the skepticism it
seems important to continue with demonstration projects and to develop niche markets.
According to patents and scientific publications, key players in fuel cells are the USA, Japan, Germany,
Canada and the U.K. (Germany and Europe have been catching-up). Their national innovation systems in
the area of fuel cell technologies differ. The classical strengths of Germany such as good infrastructure,
human resources and education system are still successful, but because of the increasing mobility of
research and human resources, the acquisition of knowledge, and an efficient education system as well as
"lead markets" will become more significant. The link between production and research centers has
loosened within the last couple of years and at the same time many companies try to concentrate global
competencies on one sector or technology in decentralized world wide spread competence centers.
Concerning the fuel cell technology this means that highly advanced fuel cell research will not
automatically lead to economic success. Moreover, the development of German lead markets will be
essential. Therefore public policy has to step on from R&D subsidies (which are still needed) to setting
framework conditions which can help the establishment of lead markets.
However, if German markets and capacities have a critical mass is at least questionable. At least, if full
benefits should be raped from the broad technological focus in the last decade in Germany on PEMFC and
SOFC as well as on "specialties" such as DMFC and MCFC. German lead market might be possible in
some fields (like residential heating and power systems) but in most application areas (like automotive) the
European level is required. At the same time it is important to participate in the internationalization of
R&D. The smaller countries have proved to be more open than the larger countries in this respect.
International co-operation seems to be very broad in the USA while Germany's overseas network is almost
completely based on DC and GM/Opel activities. Insofar broader international co-operation is requested.
First steps are taken with a stronger engagement on the European level to improve integration with EU
programs, with the participation in IPHE and, not least, with the "Advisory and Coordination Board on
Hydrogen Technologies", which should set strategic paths for fuel cell development in Germany and the
integration in the international developments .
The German innovation system is particularly strong in advanced technologies such as automobile,
engineering, or chemicals. All these fields are of specific importance to fuel cells. Overcoming some
weaknesses such as to link up with leading edge technologies Germany is predestinated to profit from the
market introduction of fuel cells.
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Fuel cells are of major importance to Germany because of their potentially broad application in the
automotive sector, which forms a core element of Germany´s economy (and global competitiveness).
However, the opportunities for a cleaner and more secure supply of energy in general they offer are of
similar importance. Issued patents and publications show that today Germany is among the major players
in fuel cell technology. While having a head role in Europe, total output of patents and publications in
recent years (1997 – 1999) has been only a little smaller than in Japan and even the USA. This goes along
with a broad (if not to say) full coverage of fuel cell types and applications. Major German companies,
namely DaimlerChrysler and Siemens, are engaged in fuel cell development and commercialisation. Many
research institutes carry out fuel cell related research although there is no big institution entirely specialised
in fuel cell research in Germany.
Drivers of innovation
There are certainly two basic drivers of FC innovation in Germany: First, the potential positive impact on
the environment, particularly with respect to carbon dioxide, local pollution and (to a somewhat lesser
extent) scarcity of resources. Secondly, the potential markets in areas where Germany is strong, namely
automotive and energy systems. The latter is at the same time a threat and a chance. However, to
understand the current innovation processes and the working of the innovation system in fuel cell
technologies it is important to look for the more “intermediate” drivers:
•

DaimlerChrysler´s engagement from the early 90s on both financially as well as immaterially
through promotion and reinforcement of trust in the prospects of fuel cell technologies has played
a key role. DC established a big research centre (“Projekthaus Brennstoffzelle”) which included
joint ventures with Ford and Ballard. DC representatives participated in several promotional and
demonstration initiatives as well as in co-operative research projects.

•

Public promotion of research, development and demonstration in the FC area in Germany has
increased in the last years. Thus public research capacities on fuel cells were extended and further
private investment was induced via co-operative projects with industry. Venture capital (i.e.
going public) only plays a very limited role in the development of German FC capacities. But it
seems that foreign firms not least on the basis of such funds opened facilities in Germany
(namely Ballard).

•

Public spending however, is not accompanied yet by a consensus or common strategy for FC
implementation or even a roadmap towards the hydrogen society setting technological and time
targets for Germany. It rather follows current R&D needs identified to overcome cost and
performance problems. The VES initiative (“Verkehrswirtschaftliche Energiestrategie”,
Transport Energy Strategy) combined under the auspices of the Federal Ministry of Transport
(but without public funds) the leading German automotive groups as well as big gas, oil and
electric power providers to develop a consensus on a future alternative fuel or energy carrier for
the transport sector. The agreement achieved so far is that hydrogen would be desirable in the
(very) long run, but a transition and hydrogen production path has not been decided upon (yet).
Till today the major German car makers seem to follow different strategies. Up to now all of
them still put the lion´s share of their R&D budgets in conventional combustion technology. DC
seems the most determined company to use FC for propulsion purposes. BMW focuses on
hydrogen combustion engines but prepares for the use of SOFCs in APUs for their bigger cars.
Volkswagen seems to be content with its strength in low emission and low consumption
1

combustion engines and in further advancements on the fuel side (so called synthetic and sun
fuels). The latter includes a longer term perspective for fuel cells. A further indicator of different
visions is a study of the Umweltbundesamt (Federal Environment Agency) which questioned the
economic sensibility of the use of fuel cells to reduce environmental impact from traffic as same
achievements using other technologies would be less costly. This has caused a lot of debate.
•

Given the long history of the fuel cell one cannot speak of technological opportunities as drivers
of the innovation but scientific and technological achievements mainly in the area of materials
(including nanotechnology) helped to accept ambitious performance and cost targets for fuel cell
developments as being achievable. ICT technology is a prerequisite for the use of fuel cells in
concepts for decentralised power supply which forms a driver for stationary applications.

•

With respect to stationary applications, recent changes in framework conditions (which have led
to an opening up of competition in the energy sector) as well as support for the use of renewable
and more efficient energy technologies form driving forces. Although incentives for electrical
energy from FC in the German “KWK-Gesetz” (Combined Cycle Law) do at the moment not
ensure economically viable operation of fuel cells almost all big utilities have activities in this
field. Some started ambitious demonstration projects not least in order to prepare for possible
competition. Utilities with a stronghold in natural gas distribution and producers of residential
heating systems started the IBZ initiative (“Initiative Brennstoffzelle”) to promote natural-gasfueled stationary fuel cells. Market forces are obviously at work but a prerequisite has been/was
the push for the PEM technology from automotive.

Innovation system in the fuel cell area – knowledge creation, diffusion and exploitation
The German fuel cell innovation system mirrors the German national innovation system in general. It is
highly differentiated and decentralised. The research landscape is scattered over Germany. Priority setting
is not very extensive. Different actors on the federal, regional (Länder) and even local level lead to the
availability of a broad range of funds and an often fruitful competition on the one hand. On the other hand,
co-ordination and priority setting is difficult. The German innovation system is said to be favourable for
incremental innovation while the fuel cell seems a rather radical innovation, at least in the automotive
sector. However, there is evidence that it is worked down to fit to a more incremental mode of innovation
(stationary first, APUs, test bed car fleets, hybrid solutions, ...). Apart from some niche markets the fuel
cell innovation systems in Germany so far is mainly concerned with knowledge creation and diffusion:
•

Public research institutes play the major role in (scientific) knowledge creation. Universities are
also very important. About one third of German universities often at several faculties
simultaneously such as electrical chemistry or energy physics pursue fuel cell research.
According to publications there is a group of about 15 leading research institutions while far
more than hundred bodies add to the list.

•

The business sector in Germany currently seems to contribute little to (scientific) knowledge
creation but dominates technological innovation measured by patents. Only two big research
bodies, Jülich Research Centre and Fraunhofer Society, are among the top 15 patent holders.
Again, a leading group of mainly big German companies each holding several patents can be
identified while the full list of German patent holders is very long.

•

The knowledge networks are diverse as regards the forms but concentrate on Germany or at best
Europe, with the exception of DaimlerChrysler and Opel (General Motors) who are engaged in
overseas partnerships. In addition, there is some foreign participation in the national fuel cell
innovation system with respect to fuel cell stacks which are often “purchased” for R&D purposes
from foreign firms. It also seems that networks either focus on research institutions or on
2

business internal links. However, labs/university-industry links may in many cases not be open to
the public when industry awards research contracts to make use of specific competencies or
facilities in government or university labs.
•

As yet intellectual property rights mainly serve the purpose of protection of inventions and not of
facilitating knowledge diffusion. The current means of knowledge diffusion are papers and
conferences as regards the scientific area and people or contract research towards the industry.

Public policy for innovation in fuel cell technologies and innovation performance
Renewable energy and the efficient use of energy ranks high on the agenda in Germany. There are many
policy measures to support wider diffusion and use. Fuel cells (and hydrogen) are in the focus but not
especially prioritised:
•

Government support was mainly focused on research and development plus some demonstration.
In particular, the ZIP (“Zukunftsinvestitionsprogramm”, Future Investment Programme of the
BMWA) has provided funds which became available through the auction of UMTS licences by
the federal state. In addition, several Länder started FC or hydrogen activities and assigned
considerable funds to research and demonstration in the area.

•

However, at the moment the general view of fuel cell technology has become more sceptical in
Germany. It is difficult to assess in how far this has led or will lead to decreasing the budgets in
industry but demonstration projects seem to have been slowed down or reduced. On the public
side, the general budget problems in Germany threat to impinge on the expenditures on fuel cells
as well. A decision on the prolongation of the ZIP programme has not been taken yet.

•

As the fuel cell innovation system still is largely in the research and development phase the
possibilities to assess performance are limited. However, many companies have successfully used
their engagement in fuel cells to support an image of innovativeness and concern for the
environment. Some German firms have started to establish themselves as component and
equipment suppliers in this early phase of the innovation process.

In order to overcome the scepticism it seems important to have demonstration projects and to develop
niche markets. Therefore public policy has to step on from R&D subsidies to setting framework conditions
which can help the establishment of lead markets. If German markets and capacities have a critical mass is
at least questionable. Insofar more international co-operation is required.

Jürgen Wengel
Fraunhofer ISI
Karlsruhe, December 2003
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Institut für Werkstoffe der
Elektronik
Fachgebiet
Energiesysteme

Institut für Bergbau

Institut für Technische
Chemie
Institut für
Umweltwissenschaften

Institut für chemische
Verfahrenstechnik
Fachgebiet Chemische
Technologie
Fachgebiet Elektrische
Energieversorgung
Institut für
Materialwissenschaft
FG Strukturforschung, FB 21

TH Karlsruhe

TU Clausthal

TU Clausthal

TU Clausthal

Institut für Energietechnik

Arbeitsbereich
Kunststoffe/Verbundstoffe
Arbeitsbereich
Mikrosystemtechnik
Arbeitsbereich
Verfahrenstechnik IV
E 19: Lehrstuhl für Physik

TU Dresden

TU Hamburg-Harburg

TU München

TU Hamburg-Harburg

TU Hamburg-Harburg

TU Dresden

Institut für
Materialwissenschaft
FG Dünne Schichten, FB 11
Institut für Physikalische
Chemie und Elektrochemie

TU Darmstadt

TU Darmstadt

TU Darmstadt

TU Darmstadt

TU Clausthal

TU Berlin

TH Karlsruhe

Physik

Verfahrenstechnik

Systemtechnik

Materialwissenschaft

Energiesysteme

Chemie
(Physikalische Chemie)

Materialwissenschaft

Materialwissenschaft

Chemie
(Technische Chemie)
Energiesysteme

Verfahrenstechnik

Chemie
(Technische Chemie)
Umwelt

Bergbau

Energiesysteme

Materialwissenschaft

Chemie
(Physikalische Chemie)
Materialwissenschaft

Lehrstuhl für Physikalische
Chemie
Engler-Bunte-Institut

RWTH Aachen

RWTH Aachen

HTW Saarland

FB Maschinenbau und
Maschinenbau
Produktion
Institut für
Energiesysteme
ZukunftsEnergieSysteme
Lehrstuhl für Brennstoffzellen Brennstoffzellen

HAW Hamburg

Disziplin

Lehrstuhl/Institut

Universität

Universitäten

Stimming, U. Prof. Dr.

Keil, F. Prof. Dr. Dr. h.c.

Müller, J. Prof. Dr.-Ing.

Schulte, K. Prof. Dr.-Ing.

Zschernig, J. Prof. Dr.-Ing.

Guth, U. Prof. Dr.

Hahn, H. Prof. Dr.

Fuess, H. Prof. Dr.-Ing.

Balzer, G. Prof. Dr.

Wendt, H. Prof. Dr.

Hoffmann, U. Prof. Dr.-Ing.

Carlowitz, O. Prof. Dr.-Ing.

Schmidt, G. Prof. Dr.

Langefeld, O. Prof. Dr.-Ing.

Erdmann, G. Prof. Dr.

Ivers-Tiffée, E. Prof. Dr.-Ing.

Reimert, R. Prof. Dr.-Ing.

Martin, M. Prof. Dr.

Stolten, D. Prof. Dr.-Ing.

Kimmerle, K. Prof. Dr.-Ing.

Winkler, W. Prof. Dr.-tech.

Lehrstuhlinhaber/
Ansprechpartner

http://www-iwe.etec.uni-karlsruhe.de/forschung.html

http://www.uni-karlsruhe.de/~ibk/FORDAT/PROJEKTE/ka8307.htm

http://www.rwth-aachen.de/pci/martin/forschung.de.html

http://www.rwth-aachen.de/lbz/

http://www.izes.de/bzelle.html

http://www.haw-hamburg.de/m/forschung/brennstoffzellen/index-f.html/

Link

http://www.ds.mw.tu-darmstadt.de/

http://www.tu-darmstadt.de/fb/ms/fg/sf/st_4.tud

http://www.tu-darmstadt.de/forschung/bericht/181201.tud

http://www.tu-darmstadt.de/fb/ch/tech/

http://www.itv.tu-clausthal.de/ICVT/forschung/echemie/echemie2.html

Quantenmechanische Berechnungen von Reaktionen in
Brennstoffzellen
a) PEM-Brennstoffzelle: Entwicklung von Komponenten
b) DMFC: Direkt-Methanol Brennstoffzelle
c) SOFC: Optimierung für fossile Brennstoffe
d) Gasaufbereitung für Brennstoffzellen / Mikroreaktoren

Entwicklung einer Methanol-Brennstoffzelle in Mikrosystemtechnik

http://www1.physik.tu-muenchen.de/lehrstuehle/E19/projekte.html

http://www.tu-harburg.de/forschung/fobe/2000-2001/a1998.6-05/w.81.1020165374335.html

http://www.tu-harburg.de/forschung/fobe/2000-2001/a1998.4-07/w.65.947002363058.html

Neue Anodenmaterialien zur katalytischen Umsetzung von
http://www.chm.tu-dresden.de/pc/
kohlenstoffhaltigen Brenngasen in Brennstoffzellen mit perowskitischen
Festelektrolyten
DemoCell – Felderprobung kleiner
http://metp03.mw.tu-dresden.de/EW/index.html
Brennstoffzellen
Entwicklung und Herstellung von Brennstoffzellenmembranen
http://www.tu-harburg.de/forschung/fobe/2000-2001/a1998.5-09/w.73.1017937962145.html

Herstellung ultradünner Zirkonoxid-Elektrolytschichten durch
Gasphasenprozesse

Chemische Zusammensetzung, Nanomorphologie und
elektrokatalytische Aktivität von Mischkatalysatoren für die
Direktoxidation von Methanol in Membranbrennstoffzellen

Elektrokatalyse der anodischen Methanoloxidation in
Membranbrennstoffzellen
Einspeisung von Brennstoffzellen in Niederspannungsnetze

Entwicklung und Herstellung DMFC

Konstruktion und Prüfung von Brennstoffzellen (Direkte Methanolhttp://www.tu-clausthal.de/forschung/show.php?id=30402&sprache=deutsch
Brennstoffzelle)
Entwicklung polymerer Protonenaustauschmembranen für
http://139.174.50.89:8080/research/index_research.html
Brennstoffzellen
Entwicklung und Erprobung von Kompaktgaserzeugern (Reformer) für http://www.tu-clausthal.de/forschung/show.php?id=41800&sprache=deutsch
Brennstoffzellensyteme zur mobilen und stationären Energieerzeugung

1.Markteinführungsstrategien für mobile Brennstoffzellenanwendungen http://www.tu-berlin.de/fb6/ifet/ensys/
2.Vergleichende Betrachtung der möglichen Akzeptanz von
http://www.tu-berlin.de/fb6/ifet/ensys/publikationen/bokaemper.htm
Brennstoffzellenfahrzeugen in Europa
Marktperspektiven von Brennstoffzellen-Heizgeräten–Eine
ökonomische Systemanalyse

Selektive CO Entfernung aus H2-reichem Reformat mit einem
kostengünstigen Reaktorkonzept auf der Grundlage von GoldKatalysatoren

Kationendiffusion und chemische Aktivitäten in SOFC-Materialien

Forschungsschwerpunkt Brennstoffzellen und rationelle
Energieverwendung
Stationäre Anwendung von Brennstoffzellen

Projekte

Forschungsaktivitäten zu Brennstoffzellentechnologien an deutschen Hochschulen
(Erhebung auf der Basis ihrer Internetdarstellungen, Stand 7/2003)

Lehrstuhl für
Werkstoffverarbeitung
Lehrstuhl für Technische
Chemie
Abt. Elektrochemie

Physikalisches Institut

Technik der
Energieversorgung und
Energieanlagen
Institut für Energie- und
Umweltverfahrenstechnik
Institut für Makromolekulare
Chemie

Institut für numerische und
angewandte Mathematik
Heinz-Piest-Institut für
Handwerkstechnik
Institut für
Strömungsmaschinen
Institut für Thermodynamik
Institut für Experimentelle und
Angewandte Physik

Lehrstuhl für Sensorik und
Festkörper-Ionik

Lehrstuhl für Elektrische
Netze und alternative
Elektroenergiequellen
Lehrstuhl für
Systemverfahrenstechnik
FB Chemie
Abt. Technische Chemie

Institut für Physikalische
Chemie
Institut für Energiewirtschaft und Rationelle
Energieanwendung
Institut für Energiewirtschaft und Rationelle
Energieanwendung
Institut für Kunststoffprüfung
und Kunststoffkunde
Institut für Siedlungswasserbau, Wassergüteund Abfallwirtschaft
Institut für chemische
Verfahrenstechnik

Abt. Oberflächenchemie und
Katalyse

Uni Bayreuth

Uni Bonn

Uni Duisburg-Essen

Uni Göttingen

Uni Kiel

Uni Magdeburg

Uni Stuttgart

Uni Ulm

Uni Stuttgart

Uni Stuttgart

Uni Stuttgart

Uni Stuttgart

Uni Stuttgart

Uni Mainz
Uni Paderborn

Uni Magdeburg

Uni Hannover
Uni Kiel

Uni Hannover

Uni Hannover

Uni Freiburg

Uni Duisburg-Essen

Uni Bonn

Uni Bochum

Lehrstuhl/Institut

Universität

Romey, I. Prof. Dr.-Ing.

Energiesysteme

http://www.tee.uni-essen.de/de/bz/brennstoffzellen.htm

http://syli04.physik.uni-bonn.de/

http://www.echemie.uni-bonn.de/index.htm

http://www.techem.ruhr-uni-bochum.de/

http://www.uni-bayreuth.de/departments/ls_wv/

Link

Kleingasturbinen zur integration in
Hochtemperaturbrennstoffzellen (SOFC)
Irreversibilitäten in Brennstoffzellen
Elementarprozesse in Brennstoffzellen

Rekonstruktion von Stromdichteverteilungen in Brennstoffzellen aus
magnetischen Feldern
ISI Projektpartner

http://www.ift.uni-hannover.de/INST/frm-inst.html
http://www.ieap.uni-kiel.de/solid/ag-magnussen/

http://www.ifs.uni-hannover.de/Projekte/body_projekte.html#Kleingasturbinen

http://www.hpi-hannover.de/brennstoffzelle/

http://www.scienceatlas.de/potthast/projects.g.phtml

Brennstoffzellenentwicklung, rationeller Energieeinsatz,
http://www.uni-duisburg.de/FB7/FG02/home.htm
Wasserstoffproduktion
Synthese und Charakterisierung von Copolyarylen-Membranmaterialien http://www.fmf.uni-freiburg.de/versch/muelhaupt/html/forschung.html
für den Einsatz in auf Schichtstrukturen basierenden MembranBrennstoffzellen

Struktureffekte bei bimetallischen und ternären Katalysatoren für die
Methanoloxidation
Untersuchung der elektronischen und geometrischen Struktur von
Materialien für Membranbrennstoffzellen mittels
Röntgenabsorptionsspektroskopie
PEM-Brennstoffzelle als Kraft-Wärme-Kopplungssystem für die
dezentrale Energieversorgung

SPP 1060, Neuartige Schichtstrukturen für Brennstoffzellen,
Projekt Hybridmaterialien für H 2 und DMFC-Brennstoffzellen
heterogene Katalyse zur Wasserstoffgewinnung

Projekte

Eigenberger, G. Prof. Dr.-Ing.

Behm, R. J. Prof. Dr.

Chemie
(Oberflächenchemie)

Pinnekamp, J. Prof. Dr.-Ing.

Eyerer, P. Prof. Dr.-Ing.

Voß, A. Prof. Dr.-Ing.

Voß, A. Prof. Dr.-Ing.

Roduner, E. Prof. Dr.

Frey, H. Prof.
Warnecke, H.-J. Prof. Dr.

Sundmacher, K. Prof. Dr.

http://www.ikp.uni-stuttgart.de/forschung/aktforschungsthemen/

http://www.ier.uni-stuttgart.de/public/de/organisation/abt/proj_desc-deu.php?pid=237

http://www.ier.uni-stuttgart.de/public/de/organisation/abt/proj_desc-deu.php?pid=218

http://ag-roduner.ipc.uni-stuttgart.de/AG-Roduner/index.html

http://www.uni-mainz.de/FB/Chemie/AK-Frey/
http://chemie.uni-paderborn.de/arbeitskreise/tc/ak_warnecke/index_forschung.html

Brennstoffzellenkatalyse

http://www.uni-ulm.de/aok/html/deutsche_-_version.html

Systemintegration von Brennstoffzellen auf
http://www.uni-stuttgart.de/siwa/awt/forschung/forschung_brennstoffzelle.html
Kläranlagen - Potentialabschätzung für
Baden-Württemberg
Modellierung und experimentelle Untersuchung der Transportvorgänge http://www.icvt.uni-stuttgart.de/de/institut/forschung/forschung.html
in Schichtstrukturen von Polymer-Elektrolyt Brennstoffzellen

Polymere Elektrolytmembranen für Niedertemperatur-Brennstoffzellen

Lebenszyklusanalyse ausgewählter zukünftiger
Stromerzeugungstechniken

Brennstoffzellenmembrane
Polymermembranen für die Anwendung in Direkt-MethanolBrennstoffzellen
built the world first in-situ fuel cell for direct monitoring of
degradation processes by means of ESR spectroscopy
Einsatz stationärer Brennstoffzellen
im Energiesystem

http://www.uni-magdeburg.de/ivt/svt/svt_d.html

Further development in SOFCells. This includes increasing the ionic
http://www.tf.uni-kiel.de/matwis/ionik/
conductivity of the electrolyte materials, and in some cases, decreasing
the electronic leakage through them, as well as optimizing the kinetic
properties of the electrode materials.
Zbigniew Styczynski, A. Prof. Dr. Brennstoffzellen in Stromnetzstrukturen
http://www.uni-magdeburg.de/fet/iesy/lena/

Weppner, W. Prof. Dr.

Seume, J. Prof. Dr.-Ing.
Magnussen, O. Prof. Dr.

Seume, J. Prof. Dr.-Ing.

Koschorke, K. Dipl.-Ing.

Potthast, R. PD Dr.

Mülhaupt, R. Prof. Dr.

Heinzel, A. Prof. Dr.

Verfahrenstechnik

Umwelt

Materialwissenschaft

Energiesysteme

Chemie
Chemie
(Technische Chemie)
Chemie
(Physikalische Chemie)
Energiesysteme

Verfahrenstechnik

Energiesysteme

Physik

Physik
Physik

Maschinenbau

Handwerkstechnik

Mathematik

Chemie
(Makromolekulare
Chemie)

Verfahrenstechnik

Hormes, J. Prof. Dr.

Baltruschat, H. Prof. Dr.

Muhler, M. Prof. Dr.

Willert Porada, M. Prof. Dr.

Lehrstuhlinhaber/
Ansprechpartner

Chemie
(Technische Chemie)
Chemie
(ElektroChemie)
Physik

Materialwissenschaft

Disziplin

Institut für Umwelttechnik

Innovationszentrum für
Fahrzeugtechnik
Institut für Innovative
Informatik-Anwendungen
FB Verfahrenstechnik

FH Mannheim

FH Zwickau
http://www.i3a.fh-trier.de/activities/activities_de.html

http://www.izft.de/german/alternativeantriebe.html

http://agef.uni-duesseldorf.de/projekte/forschungsbericht/fsp4/schmidt.htm

Link

Zusammenschluß wissenschaftlicher Forschungsinstitutionen der
Elektrochemie in NRW
Suchmaschine

Forschungsportal

http://www.forschungsportal.net/fp/index.html

http://agef.uni-duesseldorf.de/

http://129.187.184.87/lehrstuehle/E19/dfg_bz_projekt.html

Wissenschaftliche Untersuchung eines Brennstoffzellenheizkraftwerkes http://tsb.fh-bingen.de/brennstoffzelle.html
mit PEM Brennstoffzelle

Brennstoffzellenregelung mit Fuzzy-System

Stoffströme in PEM-Brennstoffzelle

Erhöhung der CO-Verträglichkeit von Membran-Brennstoffzellen durch
Zugabe von Wasserstoffperoxid-Lösungen in den Brenngasstrom u.a.

Projekte

Arbeitsgemeinschaft Elektrochemischer
Forschungsinstitutionen AGEF e.V.

Simon, R. Prof. Dr.

Gemmar, P. Prof. Dr.

Eichert, H. Prof. Dr.-Ing.

Schmidt, V. Prof. Dr.

Lehrstuhlinhaber/
Ansprechpartner

Liste aller Projekte mit Kontaktverweisen

Disziplin

DFG Schwerpunktprogramm:
Neue Schichtstrukturen für Brennstoffzellen

Sonstiges

FH Bingen

FH Trier

Lehrstuhl/Institut

Hochschule

Fachhochschulen

ID-Nr.:
1
Breslauer Straße 48
D-76139 Karlsruhe
Telefon +49 (0) 7 21 / 68 09-0
Telefax +49 (0) 7 21 / 68 91 52
im November 2003

Forschung und Kooperation in Brennstoffzellentechnologie
E-mail: j.wengel@isi.fraunhofer.de
Faxantwort: +49 (0) 7 21 6809-131
z. Hd. Jürgen Wengel
Fraunhofer-Institut für Systemtechnik und Innovationsforschung
Abteilung Innovationen in der Produktion
Breslauer Straße 48
D-76139 Karlsruhe
Telefon +49 (0) 7 21/68 09-307
Sehr geehrte Damen und Herren,
Bitte senden Sie den Fragebogen möglichst bis zum 5.12.2003 zurück und korrigieren oder
ergänzen Sie die folgenden Angaben zu Ihrer Einrichtung:
Firma/Institution
Adresse
Telefon-Nummer
Ansprechpartner
Ist Ihr Unternehmen in der Brennstoffzellentechnologie tätig?
ja

bitte beantworten Sie auch die Fragen auf der folgenden Seite

nein

bitte senden Sie nur diese Seite zurück

Wie viele Mitarbeiter hat Ihr Unternehmen aktuell (Vollzeitäquivalente)?
Wie hoch war der Umsatz Ihres Unternehmen im letzten Jahr (2003)
Das angeschriebene Unternehmen (auf das sich die Antworten im Folgenden beziehen) ist
eigenständig
Tochtergesellschaft eines Großunternehmens (mit 5000 oder mehr Beschäftigten)
Teil eines Unternehmensverbundes
Vielen Dank für Ihre Unterstützung. Wir senden Ihnen selbstverständlich eine Zusammenfassung der Ergebnisse zu.

Fraunhofer-ISI

Befragung BZ-PI2003
ID-Nr.:

I. Gegenstand der Brennstoffzellenaktivitäten
Unsere Brennstoffzellenaktivitäten zielen auf (Mehrfachnennungen möglich):
Mobile Nutzung (Fahrzeuge)
Stationären Einsatz (Gebäudeenergieversorgung u.ä.)
Portable Anwendungen (z.B. Batterieersatz in Elektrogeräten)
Wir beschäftigen uns mit folgenden Brennstoffzellentypen (Mehrfachnennungen möglich):
PEM
SOFC
DMFC
MCFC
Andere: ...............................................
Und vorrangig mit folgenden Brennstoffzellenkomponenten (Mehrfachnennungen möglich)
Stack und seine Komponenten
Gasversorgung/Reformertechnologie
Speicherung
Steuerung/Elektronik
Sonstiges: ...............................................................
II. Stellenwert und Umfang der Brennstoffzellenforschung/-aktivitäten
Wie viel FuE-Personal (Vollzeitäquivalente) arbeitet aktuell an „Brennstoffzellenthemen" in
Ihrem Unternehmen und wie hat sich dies zuletzt entwickelt?
Anzahl

gewachsen

gleichgeblieben

gesunken

Welchen Anteil hat die Brennstoffzellentechnologie in etwa an den gesamten FuEAufwendungen ihres Unternehmens?
Prozent

gewachsen

gleichgeblieben

gesunken

Die FuE-Aufwendungen im Unternehmen betragen insgesamt etwa
% des Umsatzes?
Werden in Ihrem Unternehmen bereits Umsatzanteile mit Brennstoffzellentechnologie erzielt?
nein
ja

unter 1%

1-10 %

III. Kooperationen in der Brennstoffzellentechnologie
Bitte beantworten Sie die Fragen in der Tabelle auf der folgenden Seite.

2

mehr als 10 %

Fraunhofer-ISI

Befragung BZ-PI2003

ID-Nr.:

5. Welche Ziele hat die
Kooperation?

Forschungseinrichtungen
1
2
3
4
5
6
7
8
Große Unternehmen (>500 Mitarbeiter)
1
2
3
Kleine und mittlere Unternehmen (<500 Mitarbeiter)
1
2
3
4
5
6
Andere Institutionen
1
2
3

Bitte nutzen Sie auch die folgende identische Seite, falls Sie mehr Platz benötigen.

3

Produktion, Vertrieb

Demonstrationsvorhaben, Modellversuche

Entwicklung v. Standards, Mess-Methoden o.ä.

Produktionsverfahren/Prozessentwicklung

Produktentwicklung

(Mehrfachnennungen
möglich)

Klärung wissenschaftlicher Fragen

andere

gemeinsames Forschungsprojekt

gemeinsames Unternehmen

(falls Sie den Namen nicht nennen wollen,
kreuzen Sie bitte den Organisationstyp an)

Austausch von Mitarbeitern

Land

Auftragsforschung

Jahr

Lizenzierung (Ein-, Aus-, Kreuzlizenzierung)

Name

3. In
4. Um welche Kooperationswelchem form handelt es sich?
Land ist
(Mehrfachnennungen möglich)
Ihr Partner
angesiedelt?
finanzielle Beteiligung an externer Forschung

1. Mit welchen Einrichtungen arbeiten Sie derzeit 2. Seit
in der „Brennstoffzellentechnik“ zusammen?
wann
besteht
(bitte nennen Sie ihre wichtigsten Kooperationsdiese
partner)
Kooperation?

International Conference on Innovation in Energy
Technologies
Monday-Tuesday, September 29-30, 2003
Washington, DC
PROVISIONAL PROGRAMME
Version of 10 September 2003
ORGANIZATION: This conference is co-sponsored by the Organization for Economic
Cooperation and Development (OECD), International Energy Agency (IEA), U.S.
National Academies and the U.S. Department of Energy.
OBJECTIVE: Innovation in energy technology has gained renewed attention in many
countries as issues related to the reliability of energy supplies, environmental protection
and national & regional development have multiplied. Successful innovation demands a
comprehensive understanding of the organization of energy innovation systems so that
appropriate links can be established between the public and private sectors and that
effective public policy can be developed and implemented. This conference will inform
such efforts by examining the energy innovation systems of a number of OECD
countries. Particular emphasis will be placed on fuel cell technologies, which are a main
focus of many national energy innovation programmes. Presentations will examine issues
such as: the respective roles of market forces and government policies in establishing
objectives for energy innovation and directions for research; the relative contributions of
and degree of collaboration among industry, universities and government in financing
and performing research and development; and obstacles impeding commercialization of
new energy technologies. The discussions will contribute to the finalization of a joint
OECD-IEA project on energy innovation and policy developments in OECD member
countries.
PARTICIPANTS: The conference will bring together approximately 50 participants from
almost a dozen countries that are active in energy R&D and innovation. They include
government policy makers, industry executives, members of the research community and
academia.
VENUE: National Research Council, 500 5th Street, NW, Washington, DC, 20001 U.S.A.

MONDAY, SEPTEMBER 29
8:30 a.m.

Registration

Morning Session

Chair: Svend Remoe, STEP Group, Norway

9:00 - 9:30 a.m.

Welcome and Opening Remarks

9:30 – 10:30 a.m.



Peter Blair, Executive Director, Division on Engineering
and Physical Sciences, National Research Council



Michael Oborne, Director, Advisory Unit on Multidisciplinary Issues, OECD

Energy Technology Innovation: Foundation for Energy Security,
Environmental Quality, and Economic Growth


David Garman, Assistant Secretary for Energy Efficiency
and Renewable Energy, U.S. Department of Energy



Firoz Rasul, Chairman of the Board, Ballard Power
Systems

10:30 – 11:00 a.m.

Break

11:00 – 11:30 a.m.

The Global Energy Innovation System


11:30 – 12:00 p.m.

John Holdren, Director, Science, Technology, and Public
Policy, John F. Kennedy School, Harvard University

The Benefits of DOE Energy R&D: A Framework for Analysis


Robert Fri, Senior Fellow Emeritus, Resources for the
Future; and Chair, National Research Council Committee
on Benefits of DOE R&D on Energy Efficiency

12:00 – 1:00 p.m.

Lunch

Afternoon Session

Chair: Jerry Sheehan, OECD

1:00 – 2:00 p.m.

OECD Case Study on Innovation in Energy Technology



Introduction and objectives, Jerry Sheehan, OECD
Drivers of energy innovation: trends in energy supply,
demand and R&D, Madeline Woodruff, IEA & Yukiko
Fukasaku, OECD


2:00 – 3:30 p.m.

Mapping the knowledge base for fuel cells: a bibliometric
approach, Emmanuel Hassan, OECD

Energy Innovation in the United States




Innovation in Fossil Energy: Advanced Turbine System
Program, Mike Curtis, U.S. Department of Energy
Stationary Fuel Cell Applications, John Nail, Advanced
Technology Program, US National Institute of Standards
and Technology
Automotive Fuel Cells Applications, Patrick Davis, U.S.
Department of Energy

3:30 – 4:00 p.m.

Break

4:00 – 5:30 p.m.

Fuel Cell Innovation in Germany, Canada and Japan




Juergen Wengel, Fraunhofer Institute for Systems and
Innovation Research
Glenn McDonell, Industry Canada
Akira Maeda, Keio University, Japan

5:30 – 6:00 p.m.

Discussion

6:00 – 8:00 p.m.

Reception

TUESDAY, SEPTEMBER 30
Morning Session

Chair: Inja Paik, US DOE

9:00 – 10:30 a.m.

National Innovation Systems and Government Policy




10:30 – 11:00 a.m.

Break

Lewis Branscomb, John F. Kennedy School of
Government, Harvard University
Svend Remoe,, STEP Group, Norway
Don Kash, School of Public Policy, George Mason
University

11:00 – 11:30 a.m.

Private Sector Perspectives on Energy Innovation


11:30 – 12:30 p.m.

Bill Craven, DaimlerChrysler

Exploring the Government’s Role in Energy Innovation



Marilyn Brown, Oak Ridge National Laboratory
Stephanie Shipp, Advanced Technology Program,
National Institute of Standards and Technology

12:30 – 1:30 p.m.

Lunch

Afternoon Session

Chair: Graham Campbell, Natural Resources Canada [invited]

1:30 – 3:00 p.m.

Innovation in Fuel Cells & Renewable Energy in UK, Korea and
Italy




Roy Williamson, UK Department of Trade and Industry
Sung Chul Shin and Jung Kyung Yu, Korea Institute for
Energy Research
Oronzo Tampone, Italian National Agency for New
Technologies, Energy and Environment (ENEA)

3:00 – 3:30 p.m.

Break

3:30 – 5:00 p.m.

Comparing Innovation in Fuel Cells and Oil & Gas: France and
Norway




5:00 – 6:00 p.m.

Bernard Bourgeois, CNRS, Universite Pierre Mendes
Helge Godo, Norwegian Institute for Studies in Research
and Higher Education (NIFU)
Aslaug Mikkelsen, Rogaland Research, and Jon Moxnes
Steineke, Nordic Center for Spatial Development

Panel Discussion
Panelists: Graham Campbell, Natural Resources Canada; Peter
Blair, The National Academies; Michael Oborne, OECD; Svend
Remoe STEP Group; Lewis Branscomb, Harvard University; Bill
Craven, DaimlerChrysler




6:00 p.m.

What cross-cutting themes emerge from the case studies?
How do the energy innovation systems in different
countries compare?
What are the key lessons for public policy?

Closing remarks and adjournment
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PETER BLAIR is Executive Director of the Division on Engineering and Physical Sciences of The
National Academies’ National Research Council (NRC). He was formerly Executive Director of
Sigma Xi, the Scientific Research Society, and publisher of American Scientist (1996-2001).
Earlier, at the former Congressional Office of Technology Assessment (1983-1996), he served as
Energy Program Director and then as Assistant Director of the agency and Director of the
Division on Industry, Commerce, and International Security. He received OTA’s distinguished
service award in 1991. Prior to his government service he was on the faculty at the University of
Pennsylvania (1976-1985) and Co-Founder of Technecon Analytic Research, Inc. (1978-1985).
Technecon was acquired by Reading Energy Corporation in 1985. Dr. Blair is also Adjunct
Professor of Public Policy at the University of North Carolina at Chapel Hill. He is a fellow of the
AAAS and holds a B.S. in engineering from Swarthmore College, an M.S.E. in systems
engineering and M.S. and Ph.D. degrees in energy management and policy from the University of
Pennsylvania.
BERNARD BOURGEOIS is a CNRS (Centre National de la Recherche Scientifique) fellow,
specialised in economics of energy and economics of innovation. He works within Institute of
Economics and Politics of Energy, a CNRS team in Grenoble (France), now a department of a
larger research institute (LEPII). He began his career working on the price and cost of energy
(1976) and then was involved in regional energy programs. He ended this period during a twoyear secondment in the Directorate General for Regional Policy of the European Commission in
Brussels (1984/1985). Coming back to Grenoble, he conducted research and produced
publications on international oil industry, and from the mid-1990’s shifted to oil technology
change and economics of technical change. Dr. Bourgeois is a member of the International
Association of Energy Economist, the Association Française des Techniciens du Pétrole, and the
International Joseph Schumpeter Society. His recent publications include: Bourgeois Bernard,
Finon Dominique et Martin, Jean-Marie, Energie et changement technologique. Une approche
évolutionniste. Paris: Economica, 2000; Jacquier-Roux, V. and Bourgeois, B. (2002) "New
networks of technological creation in energy industries : reassessment of the roles of equipment
suppliers and operators," Technology analysis & strategic management, 14 (4):399-410; Bel
François and Bourgeois, Bernard, “Innovation direction and persistence within an industry: the
refining process case,” in New empirical methods and simulation techniques, ed. by P.P. Saviotti.
London: Edward Elgar, 2002, à paraître October 2003; Bourgeois, B., Mima Avdulaj, S. (2003),
"Rationales for co-operation between firms and States within an emerging radical innovation". In:
The economic dynamics of fuel cells technologies. Avadikyan, B., Cohendet, P., Héraud, J.-A.,
eds. Heidelberg: Springer-Verlag, pp. 79-114; Bourgeois, B. (2003), “Les carburants reformulés:
une dynamique d’innovations de modernisation écologique,”p. 311-338 et “ L’explorationproduction pétrolière: discontinuité technologique et fertilisation par les technologies de
l’information et de la communication,” p. 369-394. in : Energie et changement technologique,
2000, op. cit.
LEWIS M. BRANSCOMB is the Professor, emeritus, of Public Policy and Corporate Management,
and Emeritus Director of the Science, Technology and Public Policy Program at Harvard
University's Kennedy School of Government. His AB in physics is from Duke University in 1945,
summa cum laude, and Ph.D. degree in physics by Harvard University in 1950. A research
physicist at the U.S. National Bureau of Standards (now the National Institute of Standards and
Technology) from 1951 to 1969, he was Director of NBS from 1969 to 1972. He is an elected
member of all three Academies: the National Academy of Science, National Academy of
Engineering and the Institute of Medicine. In 1972 Dr. Branscomb was named Vice President and
Chief Scientist of IBM, serving to his retirement in 1986. He served as chairman of the National
Science Board from 1980 to 1984. His current research is on early-stage high-tech innovation, on
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innovation policy in China, on business development in the field of information technology, on
the role of science and technology in countering terrorism, and in a new policy paradigm for
federal support of basic research. Recent books: with Rick Klausner as co-chair and the NRC
committee on S&T for Countering Terrorism, Making the Nation Safer: the Role of S&T in
Countering Terrorism (National Academies Press 2002); with Philip Auerswald: Taking
Technical Risks: How Innovators, Managers and Investors Manage Risk in High Tech Innovation
(MIT Press 2001); with Fumio Kodama and Richard Florida and entitled "Industrializing
Knowledge: University-Industry Linkages in Japan and the United States," (MIT Press 1999);
with James Keller, Investing in Innovation: Creating a Research and Innovation Policy that
Works, (MIT Press 1998).
MARILYN BROWN is the Director of Oak Ridge National Laboratory’s Energy Efficiency and
Renewable Energy Program, a $125 million per year program of research on advanced energy
efficiency, electric reliability, and renewable energy technologies. During her 20 years at ORNL,
she has researched the impacts of policies and programs aimed at accelerating the development
and deployment of sustainable energy technologies. Prior to coming to Oak Ridge, she was a
tenured Associate Professor in the Department of Geography at the University of Illinois, UrbanaChampaign. While on the faculty, she received two NSF grants and funding from other sources to
support her research on the diffusion of energy innovations. She has authored more than 140
publications and has received awards for her research from the American Council for an EnergyEfficient Economy, the Association of American Geographers, the Technology Transfer Society,
Lockheed Martin Corporation, and the Association of Women in Science. A recent study that she
co-led ("Scenarios for a Clean Energy Future") was the subject of two Senate hearings, has been
cited in proposed federal legislation, and has played a significant role in international climate
change debates. Dr. Brown serves on the boards of directors of several energy, engineering, and
environmental organizations and on the editorial board of the Journal of Technology Transfer.
She is also a member of the National Commission on Energy Policy.
WILLIAM CRAVEN is Manager of Regulatory and Technical Affairs with DaimlerChrysler's
Washington DC office. In this capacity he helps develop and implement corporate strategies
involving the Federal government concerning alternative fuel and zero emission vehicles. Recent
activities include FreedomCAR, alternative fuel tax credits and clean diesel. Mr. Craven has over
twenty years experience in the field of alternative fuel vehicles. Prior to joining DaimlerChrysler
he was Vice President of Marketing at Electrosource, a battery company that supported electric
and hybrid electric vehicle programs of most major auto companies around the world. He also
helped start and became the Assistant Director of the Center for Electrochemical Systems and
Hydrogen Research at Texas A&M University. The center conducted fundamental alternative
fuels research. Mr. Craven earned a BA in Marketing and an MBA from the University of Texas
MICHAEL R. CURTIS is a Policy Analyst at the U.S. Department of Energy. He has more than 25
years experience working in the private sector, academia, and government service. He has
worked primarily in areas of energy policy, science and technology policy, environmental
management, pollution prevention, civil/environmental engineering, and program/project
management. He currently works in the Office of Science and Technology Policy within the
Office of Policy and International Affairs. In his present position, Dr. Curtis conducts policy
studies on issues regarding science and technology policy development. He provides policy
leadership and policy formation on DOE technology transfer policy and management and serves
as the primary point of contact on matters related to technology transfer policy formulation,
management and administration. He also serves as DOE’s representative to several working
groups on technology transfer. Dr. Curtis also conducts policy analysis and research in the area of
technological innovation and climate change, and served as a contributing author on a number of
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international publications for the International Energy Agency (IEA) and the Organization for
Economic Cooperation and Development (OECD). His other research interests include science
and technology for sustainable development, climate change science and technology policy, and
environmental equity in the U.S. He is an adjunct professor at George Mason University’s School
of Public Policy where he teaches science and technology policy and energy policy. He holds a
Ph.D. in Pubic Policy from George Mason University as well as M.S. and B.S. in engineering
degrees from the University of Texas at Austin.
PATRICK DAVIS is a Team Leader of the Fuel Cell Technology Team in the U.S. Department of
Energy, Office of Hydrogen, Fuel Cells and Infrastructure Technologies. The fuel cell team
conducts R&D of stationary and transportation PEM fuel cell technology, including systems, fuel
processing and component development efforts. He is also co-chairman of the FreedomCar Fuel
Cell Technical Team. Prior to joining the Fuel Cells for Transportation Program, Mr. Davis
managed the United States Advanced Battery Consortium battery test program and the DOE
ultracapacitor R&D program. He has over 20 years experience in the development of
electrochemical technologies.
ROBERT FRI is a Visiting Scholar and Senior Fellow Emeritus at Resources for the Future. He
has served as director of the National Museum of Natural History, president of Resources for the
Future, and deputy administrator of both the Environmental Protection Agency and the Energy
Research and Development Administration. Mr. Fri is currently a director of American Electric
Power Company and of the Electric Power Research Institute; a Trustee of Science Service, Inc.;
vice-chair of the Board on Energy and Environmental Systems at the National Research Council;
and a member of the National Petroleum Council. He received his B.A. in physics from Rice
University and his M.B.A. from Harvard University.
YUKIKO FUKASAKU received her first university education in chemistry and biology at Jochi
Daigaku (Sophia University) Tokyo, Japan and worked at the Mitsubishi Kasei Institute of Life
Sciences in Tokyo for a few years before turning to studies in the history and social studies of
science and international relations. She received the Doctor of Philosophy degree from the
University of Sussex in UK (Science Policy Research Unit) in science and technology policy
studies. She has worked for international organisations, national public bodies and research
institutes including UNESCO, ILO, JETRO, NEDO and Centre de Sociologie de l’Innovation of
the École Nationale Supérieure des Mines as staff or independent researcher. She currently works
as principal administrator in the Science and Technology Policy Division, Directorate for Science,
Technology and Industry of the OECD.
EMMANUEL HASSAN is an economist at the Directorate of Science, Technology and Industry of
the OECD. In this position, he has concentrated on the analysis of the sectoral patterns of
innovation and the development of bibliometric indicators in order to map the knowledge base of
specific scientific and technological fields. Emmanuel Hassan received a Ph.D. in economics
(concentration on economics of innovation) from University Paris IX-Dauphine and a J.D.
(concentration on corporate law) from University Paris IX-Nanterre in France. His Ph.D.
dissertation focuses on the use of advanced bibliometric indicators to map the knowledge base of
the field of space communications and the knowledge flows among its actors in the European
Union, the United States, and Japan. He is the author of “Simultaneous Mapping of Interactions
between S&T Knowledge Bases: the Case of Space Communications”, recently published in the
Journal of the American Society for Information Science and Technology.
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DAVID GARMAN is Assistant Secretary for Energy Efficiency and Renewable Energy at the US
Department of Energy. He was nominated by President George W. Bush to serve as Assistant
Secretary on April 30, 2001 and was confirmed unanimously by the United States Senate on May
25, 2001. He assumed the position after being sworn in by Secretary Abraham on May 31, 2001.
Assistant Secretary Garman previously served in a variety of positions on the staff of two U.S.
Senators and two Senate Committees during a career spanning nearly 21 years. Most recently, Mr.
Garman served as Chief of Staff to Alaska Senator Frank H. Murkowski. Mr. Garman also served
on the professional staff of the Senate Energy and Natural Resources Committee and the Senate
Select Committee on Intelligence. Throughout his career, Mr. Garman's work has focused mainly
on energy and the environment. For example, while serving on the Senate Select Committee on
Intelligence, Mr. Garman worked in the newly emerging area of "environmental intelligence and
security," working on issues such as global climate change, transboundary pollution, and regional
environmental threats from the Former Soviet Union. While on the staff of the Energy and
Natural Resources Committee, Mr. Garman's portfolio included energy research and development,
science and technology, and global climate change. Mr. Garman also served as a U.S. Senate
observer at virtually all of the major negotiations under the United Nations Framework
Convention on Climate Change from 1995-2000. Mr. Garman holds a Bachelor of Arts from
Duke University, and a Master of Science in Environmental Sciences from the Johns Hopkins
University.
HELGE GODØ is a senior research scientist with the Norwegian Institute for the Study of
Research and Higher Education (NIFU) in a group for science & technology policy and
innovation studies. He is also a lecturer at the University Graduate Center at Kjeller of the
University of Oslo lecturing on technology, innovation and product development. Dr. Godø’s
research interest is the interaction between technological development (in particular ICT) and
society, understanding and explaining how and why technologies are created and how social and
cultural factors are incorporated in technological solutions. In this, the role of R&D and its
relationship to innovation processes are essential - and how these are influenced and constrained
by different types of boundary conditions, networks and the socio-economic environment. Since
1996, he has served as Chairperson of a national research program in the Research Council of
Norway on the social and cultural aspects of ICT. From 1991 to 1996 he was director of research
responsible for research planning and strategy at Telenor Research and Development of Telenor
AS, Norway's largest telecommunications operating company. From 1987 to 1989, Dr. Godø
served as Secretary of the Energy and Industry Committee of the Storting (Norwegian
Parliament). He previously worked as a researcher at the Norwegian Telecommunications
Research Establishment, the Work Research Institute of Oslo, and the Rogaland Research Center
(Rogalandsforskning) in Stavanger. Dr. Godø earned his Cand. Mag. (BA) and Cand. Polit
(M.A.) degrees from the University of Oslo and holds a Ph.D. from University of Roskilde,
Denmark.
VOLKER HECK is Vice President for Political Affairs of RWE AG, in Essen, Germany and Head
of the RWE Liaison Office in Berlin. He was previously the Head of Press Department in the
Central Division of Corporate Communication of RWE AG (March 1, 1999, to September 30,
2000), Head of Economics Department in the Central Division of Corporate Development of
RWE AG (July 1, 1995, to February 28, 1999), Head of Political Analysis Department, Central
Division of Corporate Development of RWE Energie AG (July 1, 1994, to June 30, 1995), and
Assistant Manager in the Central Division of Corporate Development (September 1, 1991, to
June 30, 1994). Mr. Heck serves as Chairman of the Energy Committee of the Business and
Industry Advisory Committee to the OECD. He studied economics at Friedrich-WilhelmUniversity, Bonn.
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JOHN P. HOLDREN is the Teresa and John Heinz Professor of Environmental Policy and Director
of the Program on Science, Technology, and Public Policy in the John F. Kennedy School of
Government, and Professor of Environmental Science and Public Policy in the Department of
Earth and Planetary Sciences, at Harvard University. He is also a member of the Board of Tutors
for Harvard's undergraduate major in Environmental Science and Public Policy; Distinguished
Visiting Scientist and Vice Chair of the Board of Trustees at the Woods Hole Research Center;
and Professor Emeritus of Energy and Resources at the University of California, Berkeley (where
he was co-founder in 1973 of the campus-wide, interdisciplinary, graduate-degree program in
Energy and Resources in which he served variously as Vice Chair, Chair, and Chair of Graduate
Advisors until 1996). He is Chair of the Committee on International Security and Arms Control
of the National Academy of Sciences, a member of the Board of Directors of the John D. and
Catherine T. MacArthur Foundation, and was a member from 1994 to 2001 of President Clinton's
Committee of Advisors on Science and Technology (PCAST). He chaired PCAST panels on
protection of nuclear-bomb-materials (1995), the U.S. fusion-energy R&D program (1995), U.S.
energy R&D strategy (1997), and international cooperation on energy (1999); and in 1996-7 he
co-chaired with E. Velikhov the U.S.-Russian Independent Scientific Commission on Plutonium
Disposition (reporting to Presidents Clinton and Yeltsin). He also chairs National Academy
panels on the spent-fuel standard for plutonium disposition, on technical issues related to the
Comprehensive Test Ban Treaty, and on US-India energy cooperation, and US-Russia
cooperation on nuclear nonproliferation and counter-terrorism. He is the author of about 300
articles and reports on plasma physics, fusion energy technology, energy and resource options in
industrial and developing countries, global environmental problems, impacts of population
growth, and international security and arms control, and he has co-authored and co-edited
fourteen books on these topics. Professor Holdren earned bachelors and masters degrees from
M.I.T. in aeronautics and astronautics (1965 and 1966) and the Ph.D. from Stanford University in
aeronautics/astronautics and theoretical plasma physics (1970). Before going to UC Berkeley in
1973, he worked on missile technology at the Lockheed Corporation, as a plasma physicist at the
Lawrence Livermore Laboratory, and as a Senior Research Fellow in the Environmental Quality
Laboratory and the Division of Humanities and Social Sciences at the California Institute of
Technology. He is a member of the National Academy of Sciences and the National Academy of
Engineering, and a Fellow of the American Academy of Arts and Sciences, the American
Physical Society, the American Association for the Advancement of Science, and the California
Academy of Sciences. In 1981 he received one of the first MacArthur Foundation Prize
Fellowships; in 1993 he shared the Volvo Environment Prize with Paul Ehrlich; and in 1994 he
received the Forum Award of the American Physical Society ("for promoting public
understanding of the relation of physics to society"). In December 1995 he delivered the Nobel
Peace Prize acceptance lecture on behalf of the Pugwash Conferences on Science and World
Affairs, which he served as Chair of the Executive Committee from 1987 to 1997. He received
the 1999 Kaul Foundation Award for Excellence in Science and Environmental Policy, the 2000
Tyler Prize for Environmental Achievement, and the 2001 Heinz Prize in Public Policy.
DON E. KASH is the John T. Hazel, Sr. and Ruth D. Hazel Professor of Public Policy at George
Mason University's Institute of Public Policy. He is also a member of the Faculty of Tsinghua
University (the Chinese MIT) located in Beijing. Before taking his present position he was
George Lynn Cross Research Professor of Political Science at the University of Oklahoma, and
was the founding director of the Science and Public Policy Program. From 1978-81 he headed the
division of the U.S. Geological Survey that regulated an annual $25 billion of energy and mineral
activities on Federal and Indian lands and the Outer Continental Shelf. Kash's research has
focused on the interaction of technology, public policy and society. He has coauthored a new
book that has been published in both English and Chinese editions entitled: The Complexity
Challenge: Technological Innovation for the 21st Century. The book investigates the
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fundamental rethinking required by the transition from an industrial to a synthetic production
system. Key to success in the contemporary period is the capacity of organizational systems to
evolve with changing technologies. Complex organizational systems now have the capacity to
repeatedly produce what has never existed before and to do it in spite of the fact that the process
of creation is beyond the capacity of any individual to understand. Kash is presently working on
a comparative study of complex systems that includes cases in the Peoples Republic of China,
Japan, India, Germany, France, and the United States. Kash has been a member of the Assembly
of Engineering of the National Research Council (NRC) and has chaired or been a member of
fifteen NRC boards or committees. He served on thirteen Congressional Office of Technology
Assessment committees and has chaired the Committee on Science, Engineering and Public
Policy of the American Association for the Advancement of Science
GLENN MACDONELL is Director, Energy in Canada's Industry Department, a post he has
occupied since 2001. His focus is supporting the development of Canada's energy related sector
through promotion of innovation, trade and investment. Recent activities include the development,
in partnership with the Canadian fuel cell industry, of a commercialization road map. Previously
he was Director, Aerospace in the Department of Industry from 1998 to 2001. Earlier he had held
a variety of positions in the Departments of Industry, Foreign Affairs and Environment and the
Ministry of State for Science and Technology related to innovation, science & technology policy
and industrial development. He received B. Sc. and M. Sc. Degrees in Physics from Queen's
University.
AKIRA MAEDA received his Ph.D. in engineering-economic systems and operations research with
a minor in economics from Stanford University, California, in 1999. He also holds a master of
engineering degree in electrical engineering (1990) and a bachelor of science degree in electronic
engineering (1988), both from the University of Tokyo, Japan. He is currently an assistant
professor at the School of Policy Management, Keio University, Japan. He teaches both graduate
and undergraduate courses including economics, finance, management science, energy and
environmental policy. He had worked with Tokyo Electric Power Company, Japan from 1990 to
1996 where he served as a research engineer in the technology and policy research section of
R&D Planning Department. He had also worked with the International Institute for Applied
Systems Analysis (IIASA), Laxenburg, Austria in summer 2001 where he served as a research
scholar in the Environmentally Compatible Energy Strategies Project. His scientific research
interests are basically on energy economics and finance.
DANIEL MALKIN is Head of the Science and Technology Policy Division of the OECD
Directorate for Science, Technology and Industry (DSTI), a position he has held since 1999. He
was previously heading the Industry and the Economic Analysis Divisions in the same
Directorate. Work carried out in under Mr. Malkin’s responsibility contributes to the definition of
best practice policies leading to recommendations to high-level officials in charge of Science and
Technology in OECD countries. If focuses inter alia on issues such as the assessment of OECD
Member countries’ S&T and innovation policies and public support to R&D; the performance
and governance of Science and Innovation systems; and, more generally, the contribution of
science and technology to productivity and economic growth. Prior to his joining the OECD, Mr.
Malkin held several posts in the French Administration, the last one as Head of the Industry and
Technology Department of the Planning Commission. He developed prospective studies in the
Ministry of Industry and Research and the Regional Planning Commission. Daniel Malkin
graduated from the École Polytechnique in Paris. He completed his post-graduate studies at the
University of California (Berkeley) and at the University of Pennsylvania (Wharton School). He
is a Member of the editorial board of the review Futuribles.
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ASLAUG MIKKELSEN is professor of change management at the Stavanger University College
and is also head of research at Rogaland Research Institute. She has an M.Phil. in sociology from
the University of Oslo in 1979 and a PhD in work and organizational psychology from the
University of Bergen in 1998. Dr. Mikkelsen's main research lies within field of the work design
and organizational restructuring with a special focus on organizational learning and human
consequences of change processes. She has published several books and international papers in
her field.
JOHN NAIL is an economist in the Advanced Technology Program’s Economic Assessment
Office. His general research interests include the economics of innovation, patenting, and venture
capital. His current research involves a study of the National Innovation System on the
development of fuel cells and a study of commercialization and research outcomes for firms that
participate in an ATP project. He has also served on the Biotechnology Selection Board for ATP
and recently served as a panelist for a conference on female entrepreneurs in the biotechnology
industry. Before coming to ATP, he conducted economic analyses of legal and regulatory matters,
assisted in expert witness testimony involving price-fixing in the sports apparel and prescription
drug markets, and developed an economic valuation of employee stock options. Dr. Nail earned a
B.A. degree from the University of Maryland with Honors in Economics and a Ph.D. in
Economics from the University of North Carolina. His dissertation focused on the impact of
consolidation in local hospital markets, either through mergers or closures, on prices, costs and
profit margins. His areas of expertise include Health Care Economics, Industrial Organization,
and Applied Financial Economics.
INJA PAIK is a senior economist in the Office of Policy and International affairs, U.S. Department
of Energy. She is currently chairing the OECD Focus Group on Innovation in Energy Technology.
In her capacity as a senior economist, she provides economic theoretic foundations for policy
decisions on a wide range of issues including energy security, environment, and science and
technology. Her recent activities include science and economic growth, R&D productivity, oil
and macroeconomic performance, and climate change. Her previous positions at the Department
include: Director, Office of Energy Emergencies, responsible for monitoring and analyzing the
global oil market, assessing the economic consequence of oil supply disruptions, and evaluating
the size of emergency stocks. As the Deputy Director of the Office of International Energy
Security Planning, her duties included development of U.S. oil policy positions in international
forums, and participating in international agreements on oil emergency responses. Prior to joining
the Department, Dr. Paik was assistant professor of economics at Georgetown University, where
she developed and managed the Integrated Multimedia Pollution Model. More recently, she was
research associate professor at the University of Pennsylvania School of Public and Urban Policy
where she taught and participated in an energy and environmental tradeoff project. Dr. Paik
received her undergraduate degree in economics from the University of California at Los Angeles,
graduate training in business at Harvard, and a Ph.D. in economics from Georgetown University.
FIROZ RASUL currently serves as Chairman of the Board of Ballard Power Systems. Between
May 1999 and March 2003, Mr. Rasul served as Chairman and Chief Executive Officer. From
December 1988 to May 1999, Mr. Rasul was President and Chief Executive Officer of Ballard
Power Systems. Prior to joining Ballard Power Systems, Mr. Rasul was the Vice President of
Marketing and Sales for MDI Mobile Data International, from 1981 until its takeover by its
largest competitor, Motorola, in September 1988. Before MDI, Mr. Rasul worked with Black &
Decker, and General Foods Corporation in Europe. Mr. Rasul is the President of the Ismaili
Council for Canada. He has previously held positions as Chairman of Focus Humanitarian
Assistance Canada, an international emergency relief agency, as a director for Telus (formerly BC
Telecom), director for Royal Bank Capital Management, member of the national committee of the
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Aga Khan Foundation Canada (an international development agency), as a member of the
University of British Columbia’s Board of Governors, and as a board member for Science World
of British Columbia. Mr. Rasul has a Bachelors degree in Industrial Engineering from the
University of Hertsfordshire in the United Kingdom and a Masters degree in Business
Administration from McGill University in Montreal, Canada. In 2001, Mr. Rasul received a
degree of Doctors of Laws, honoris causa, from Simon Fraser University in Vancouver, Canada
SVEND REMØE has extensive experience both from research and policy oriented positions in
Norway and Europe. He served two years as a national expert to the Directorate General on
Research in the European Commission. He also worked for two years as the coordinator of a
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OECD case study on innovation in energy technologies
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Content

1. Background and framework conditions
2. Organization of fuel cell innovation in Germany
actors / networks / initiatives
3. Policy instruments and options - lead markets?
4. Conclusions and outlook (measuring R&D productivity?)

Sources

l OECD secretariat bibliometric analysis
l Database* at Fraunhofer ISI of 474 hydrogen related projects
and patents with German participation
l Specific recherches on patents, publications and university
research (via internet) in Germany plus official statistics
l Several projects and continuous monitoring of trends
in fuel cell technologies at Fraunhofer ISI
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* with the support of van Giessel/Ros as part of their master thesis
„The affect of community dynamics and knowledge on the
acceleration of technology development for the transition towards
a hydrogen based transport system in Germany“ for the study of
Science & Innovation Management at Utrecht University

1. Background and framework conditions
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Characteristics of the German Innovation System
l highly differentiated and decentralized (e.g. universities)
l no extensive priority setting (e.g. with respect to subsidies)
l strength in advanced technology branches: automobile, mechanical engineering, chemical industry
l weakness to link up with leading edge technologies: information technology, new materials
fuel cell technology roots in all above fields
l decreasing long term orientation
no short term market introduction of fuel cells expected
l national orientation of R&D, technology policy dominates
l private industry performs more than 60% of research
l classical strengths are getting less important
lead markets will become more significant
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German Federal Expenditure on Science, Research and
Development in Energy Technologies
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615

Energy research and energy technology in total
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German Industry´s R&D Expenses 1999
and Their Distribution Over R&D Fields
Basic research 4%
(1.7 bill. €)
External R&D 15%
(5.9 bill. €)

8,3
bill. €

3,0
bill. €

Applied research
81%
(31.6 bill. €)
Automotive
products

Industrial
engineering
products

2,0
bill. €

Aerospace

Selected fields of applied research

1,5
bill. €

Energy production
and distribution
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Contribution of Different Sectors to Applied R&D on Energy
Production and Distribution Products
0,06
Mechanical
engineering

0,10

Electrical engineering,
optics, etc.

0,50*
0,86

Vehicle
construction
Other
sectors

* figure estimated

Share in applied R&D in billion €
Folie 7

Source; Stifterverband Wissenschaftsstatistik 1999

ISI

Fraunhofer Institute
Systems and
Innovation Research

Development of Patents and Publications in the Area of Fuel Cells
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"Triadic"(EU, US, J) patent families
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Folie 8

ISI

Fraunhofer Institute
Systems and
Innovation Research

Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study on
innovation in the energy sector, Fraunhofer ISI analysis
of German patent data

International Orientation of Hydrogen or Fuel Cell Projects with
German Participation
Projects with
international partners
12%
Projects with
German
partners
only

Projects with European
partners only

15%
13%

25%

10%

10%

63%

France

Italy

Netherlands

UK

7%

8%

Canada

USA
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Source: Fraunhofer ISI databank on hydrogen related
projects (n = 231, multiple participation of countries)
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Germany´s Innovation Strategy in the Fuel Cell Area
According to Publications and Patents Analyses
and differences to ...
Germany
Japan
l industry
strongly
contributes to
scientific
knowledge

l work on all types of fuel cells,
AFC and MCFC German specialties
l average player in the international network
focus on EU
l highest number of publications and
patents in EU but internationally low
l rather low output per population but
increasing

USA
l „spider“ in
international
networks
l strong
industry-public
interaction

l strong public research centres
l business internal links dominate
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2. Organization of fuel cell innovation in Germany
- actors
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Distribution Among Institutional Sectors of Fuel Cell Publications
1990-2000 in Selected Countries
Higher education

Government

Private non-profit

Business enterprises

Germany

Japan

USA

Canada

UK
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
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Source: Draft working paper of OECD secretariat 7/2003
in the framework of OECD/TIP case study on innovation
in the energy sector

German Scientific Research Related to Fuel Cell Technologies
Around 30 % of German universities
pursue fuel cell related research
activities (status 7/2003):
HAW Hamburg
HTW Saarland
RWTH Aachen
TH Karlsruhe
TU Berlin
TU Clausthal
TU Darmstadt
TU Dresden
TU HamburgHarburg
TU München
Uni Bayreuth

Leading German actors in fuel cell related
research by number of publications
between 2000 -2002 contained in SCI:

Uni Bochum
Uni Bonn
Uni Duisburg-Essen
Uni Freiburg
Uni Göttingen
Uni Hannover
Uni Kiel
Uni Magdeburg
Uni Mainz
Uni Paderborn
Uni Stuttgart
Uni Ulm

Research Centre Jülich - Werkstoffe und Verfahren (80)
German Aerospace Center, DLR (32)
Max-Planck-Institute - Festkörperforschung (20)
Technical University Munich (14)
Centre for Solar & Hydrogen Research, Ulm (12)
Technical University Karlsruhe (12)
SIEMENS AG (11)
University Ulm (10)
Hahn-Meitner-Institute (10)
University Stuttgart (9)
Fraunhofer Institute Solar Energy Systems (9)
Research Centre Jülich - Festkörperphysik (9)
Max-Planck-Institute - Kohlenstoffforschung (7)
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Leading German Actors in Fuel Cell Research by Patents
(DPA until 2001 in the fuel category)
Number
96
48
45
29
22
15
10
10
9
8
7
7
6
6
5
5

Organisation
SIEMENS AKTIENGESELLSCHAFT (MUENCHEN)
BALLARD POWER SYSTEMS AG (KIRCHHEIM / TECK-NABERN)
FORSCHUNGSZENTRUM JUELICH GMBH (JUELICH)
DAIMLERCHRYSLER AG (STUTTGART)
EMITEC GESELLSCHAFT FUER EMISSIONSTECHNOLOGIE MBH (LOHMAR)
OMG-Degussa AG & CO. KG (HANAU)
BAYERISCHE MOTOREN WERKE AKTIENGESELLSCHAFT (MUENCHEN)
MTU GMBH (FRIEDRICHSHAFEN)
ATECS MANNESMANN AG (DUESSELDORF)
ROBERT BOSCH GMBH (STUTTGART)
CELANESE VENTURES GMBH (FRANKFURT)
ELRINGKLINGER AG (DETTINGEN)
FRAUNHOFER-GESELLSCHAFT E.V. (MUENCHEN)
MANNESMANN AG (DUESSELDORF)
BASF AKTIENGESELLSCHAFT (LUDWIGSHAFEN)
XCELLSIS GMBH (KIRCHHEIM/TECK-NABERN)
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2. Organization of fuel cell innovation in Germany
- actors
- networks
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Co-operation Between Major Players in Fuel Cell Research
Uni.
Stuttgart

ZSW
Max-Planck

DLR

FZ-Jülich
BMW

FhG
Research Institutes

Linde

Industry
Mannesmann

Ballard

DC

Siemens

Ford

MTU
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Degusssa/
OMG

Emitec

Number of joint public projects:
more than 10 co-operations
6-10 co-operations
3-5 co-operations
1 or 2 co-operations

Fuel Cell Strategies of Passenger Car Manufacturers (Date 2003)
FZ Jülich

LBST

DLR

Research centrers

Co-operation but independent
own stack development

Toyota

Owns one third of Mazda

GM/Opel

VW

Mitsubishi

Daihatsu

DC

Ballard
BMW

Hydrogen combustion
engine + APU

Mazda

Ford

Volvo

R&D centres in Germany
Co-operation/dependencies
Own stack development
Stacks delivered

UTC

Delphi

Contractual agreement
project cooperations
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2. Organization of fuel cell innovation in Germany
- actors
- networks
- initiatives
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Efforts and Clustering of Fuel Cell Activities in Germany
European Union Framework
Programmes on Research
Research and demonstration
projects of federal government (ZIP)
Länder government subsidies for
research and demonstration

Platzhalter für Dateinamen

Competence Network
Fuel Cells, Northrhine-Westfalia
Research Alliance Fuel Cells,
Baden-Wurttemberg

Important actors
industry
research centres
automotive groups´
research centres
Hydrogen and Fuel Cells
Initiative, Hassia
Hydrogen Initiative,
Bavaria
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The Fuel Cell Network NRW
www.fuellcells-nrw.de

R&DInstitutes
20 %

Others
11 %

Privates
3%

Founded 2000, 280 members,
about 40 NRW-funded fuel cell
projects (volume of 77 Mio. €,
42 Mio. € public funding).

Companies
66 %

Ø Strengthening of the industry
and science in NRW in the
field of fuel cell technology.

Source: Landesinitiative Zukunftsenergien NRW
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Fuel Cell Research Alliance Baden-Württemberg
http://www.brennstoffzellen-initiative.de/root/index.php
Fraunhofer-Institute
Chemical Technology
University of Karlsruhe

Founded 2000, 14 members

University of Stuttgart

Karlsruhe
Pfinztal

German Aerospace
Centre (DLR)
- Institute for Technical
Thermodynamics

Institute of Textile
Technology and
Process
Engineering
Denkendorf

Max Planck Institute for
Solid State Research

Ø Coordinating research
activities
Ø Strengthening technology
transfer

Fraunhofer-Institute
Interfacial Engineering
and Biotechnology
University of Ulm
FraunhoferInstitute Solar
Energy Systems

Centre for Solar
Energy and
Hydrogen
Research

Freiburg

Source: FABZ secretariat
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The Bavarian Hydrogen Initiative
www.wiba.de

Founded 1996,
30 projects with
a total financial
amount
of € 70 Mio.
(ca. 50 % public
funding).

Source: wiba secretariat
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Promotional Networks Let by Industry in Germany
Transport Energy Strategy (TES)
The Transport Energy Strategy (TES) is an
initiative launched by the vehicle manufacturers
BMW, DaimlerChrysler, General Motors
Europe (Opel), MAN and Volkswagen
and the energy suppliers
ARAL, BP, RWE, Shell and Total FinaElf,
supported by the Federal Government, with the
Federal Ministry of Transport, Building and
Housing
acting as central coordinator, with the aim of
developing and implementing a strategy for the
medium-term, nationwide market introduction of
an alternative fuel for transport

Joint undertaking of four
companies. Their common goal
is to make "compact”, naturalgas-fueled stationary fuel cells
for residential needs technically
and economically competitive.

Fuel Cell Initiative (IBZ)

Initative on
portable
applications
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Initiatives for Vocational Training in Germany in the Context of
the Innovation Process of Fuel Cells
• Future investment programme (BMWA-ZIP): 7 projects referring to training on fuel cells,
among these: support of competence centers in Ulm (ZSW) and Jülich (Research
Center), study about the demand of information and training for craftsmen (HPI, L-BSystemtechnik, Fraunhofer ISI)
• Elektroausbildungszentrum Aalen e.V. (eaz): Preliminary study: Fuel Cell – Challenge
and chances for the craftsmen

Platzhalter für Dateinamen

• Network for fuel cell training (www.bz-bildung.de)
• BIBB, Forschungsgruppe Praxisnahe Berufsbildung (FPB): Arbeitskreis
„Qualifizierungsoffensive Brennstoffzelle“
• IBZ: Initiative of gas and energy supplier (http://www.initiative-brennstoffzelle.de)
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3. Policy instruments and options - lead markets
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The Innovation Policy Tool Box and Fuel Cell Technology
Supply
(Technology
Push)

Indirect-specific promotion (supplier)
Research groups
Pre-normative research
Risk capital
R&D projects

Cooperative research projects (suppliers)
Demonstration projects

Fuel cell technologies

Cooperative projects (supplier - user)
Indirect-specific promotion (users)
Studies (state of the art, international comparison, evaluation, etc.)
Technology transfer and networking
Awareness measures Public/cooperative procurement
Demand
(Technology
Pull)

Industrial working groups
Diffusion policies (taxation, grants, ...)
Basic research/development

Industrial application/diffusion
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Lead Markets for Fuel Cell Applications? - the Example of Cars

Beneficial accreditation systems
Pressure for innovative change
Working system of market
development
Favourable tax and political
framework conditions

USA

J

High (consumer-) readyness to
adopt innovations
High quality expectations

EU

Demand for innovations relatively
independent of price
High income per capita

Remarks on current situation in automotive

D

General characteristics of
lead markets

+

+

+

+

+

+

+

+

True for all the countries here
Germany often shows early diffusion of new
technical features in cars

++

-

+

+

++

-

-

+

?

?

+

?

-

-

?

+

-

-

-

-

?

?

-

?

Only in high-end segment

Systems differ, California takes lead in FC cars
Emissions in urban areas / strong dependance
on oil, but consumptions per car decreasing
Implementing the infrastructure still missing
everywhere
No trend in taxation predictable, low taxation of
gas in USA not advantageous
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Potential change in the component structure of the propulsion
3,000 €

2,000 €

4%

5%

90%

4%

11%

80%

20%

100%

Tank
20%

Abgasanlage
Exhaust system
16%

70%
60%

3,000 €

9%

23%

50%

4%

Kühlsystem
Cooling system

22%

Getriebe
Transmission
Fahrzeugelektrik
Motor electronics

12%

40%

18%

30%
20%

45%

Elektronik
Electronics
VM
Stack
u.
ICEbzw.
or stack
and
Gaserzeugung
gas generation

45%
32%

10%
0%

Brennstoffzelle
Fuel cell
Methanoltank
Methanol tank

VerbrennungsCombustion
motor
engine
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Brennstoffzelle
Fuel cell
Wasserstofftank
Hydrogen tank
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Changes in Vocational Training of Automotive Mechanics in the
Context of Automotive Application of Fuel Cells
Diesel engine
Otto engine

Basics of manufacturing
technologies, electronics,
materials etc.

Car system

Car electronics
Electric power supply and
starting system
Chassis
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Power transmission

Brake system

Lighting, ignition

not influenced by the
technology switch
subjects influenced

Car body
omitted subjects
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4. Conclusions and outlook
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Reference: Rahmenlehrplan zur Verordnung über die
Berufausbildung zum/zur Kraftfahrzeugmechaniker/-in, 1989

Conclusions
l Scientific (publications) and technological (patents) output on fuel cell technologies is
(still) on the rise. In Germany, the growth seems superproportional.
l According to patents and scientific publications, Germany is among the key players.
l The technological focus in the last decade has been on PEMFC and SOFC but DMFC,
AFC and MCFC are recognised options.
l International co-operation seems to be very broad in the USA while Germany´s
overseas network is almost completely based on DC and GM/Opel activities.
l National Innovation Systems in the area of fuel cell technologies differ. In Germany,
public research centres play an important role. Industry concentrates on technology and
internal linkages. In fuel cell innovation Sectoral Systems interact.
l It is not yet clear which and where lead markets will evolve but there are candidates.
l Public promotion: extension from technology push towards demand oriented measures
to be put on the agenda, yet limited use in Germany.
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Questions
l What could be the role of Germany in the technological and commercial race towards
fuel cell applications within the European Union?
Does the current input (subsidies, RTD personal, investments, ...) relate well enough to
the output (publications, patents, products, ...) ?
l Should and could international co-operation be improved ?
How and in which areas (standards, science, particular technological fields, ...) ?
l What could be transition paths towards the long-term vision of the hydrogen society ?
How could lead markets be developed?
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Considerations on Fuel Cell R&D Productivity
Assessment in Germany
Effort/input

Output (numbers?)

•

personal

•

papers

•

investments

•

patents

•

material

•

licenses

•

project funding

•

prototypes

•

etc.

•

image ...

Impact
•

sales

•

employment

•

wealth

•

improved
sustainability

•

etc.

•

Full picture of R&D expenditures/effort hardly to achieve.

•

Distinction of input (publications?) and output (patents?) depending on perspective.

•

More relevant would be impact but - apart from consensus about criteria there is hardly any impact, yet.
Cases in niche markets? Industry survey on efforts to date and assessments.
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Thank you for your attention.
Additional overheads
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International Comparison of the Innovation System Fuel Cell

Prof. Dr. Frieder Meyer-Krahmer
Elna Schirrmeister
Jürgen Wengel
Fraunhofer Institute for Systems and Innovation Research,
Karlsruhe
f-cell Stuttgart, 29th September 2003
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Content

Empirical background
1. Fuel cell RTD in the triade - trends in patents and publications
2. Fuel Cells and the German Innovation System
Conclusions

Sources

z

OECD case study on innovation in the energy sector

z

Database* at Fraunhofer ISI of 474 hydrogen related
projects and patents with German participation

z

Several projects and continuous monitoring of trends
in fuel cell technologies at Fraunhofer ISI
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* with the support of van Giessel/Ros as part of their master thesis
„The effect of community dynamics and knowledge on the
acceleration of technology development for the transition towards
a hydrogen based transport system in Germany“ for the study of
Science & Innovation Management at Utrecht University

Theoretical Background - Innovation System Approach
Framework Conditions
Financial environment; taxation and
incentives; propensity to innovation
and entrepreneurship; mobility ...

Demand
Consumers (final demand)
Producers (intermediate demand)

Education and
Research System

Industrial System
Large companies

Professional
education and
training

Intermediaries
Research
institutes
Brokers

Mature SMEs

New, technologybased firms

Political
System

The potential reach
of public policies ...

Government

Higher education
and research

Governance

Public sector
research

RTD policies

Infrastructure
Banking,
venture capital

IPR and
information

Innovation and
business support

Standards and
norms
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Source: Technopolis 2000, modified
and extended by S. Kuhlmann, ISI
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Development of Patents and Publications in the Area of Fuel Cells
300
"Triadic"(EU, US, J) patent families
250

International publications (ETDE)
German patents (DPA)

200
150
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0
1990
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Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study
on innovation in the energy sector, Fraunhofer ISI
analysis of German patent data

Output of Patents in Relation to Publications on Fuel Cells
in Selected Countries 1990 -1996
240
EU

science oriented
Number of publications

200
USA

160

Japan
120
80
UK

Italy

40

Denmark

Switzerland

0
0

Germany

Netherlands

Canada

technology oriented

France
Belgium

10

20

30

40

50

60

70

80

90

Number of "triadic" patent families
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Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study
on innovation in the energy sector
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Relative Output of Patents in Relation to Publications
on Fuel Cells in Selected Countries 1990 - 1996
Denmark
(0,13 / 0,55)

Publications per million population

0,10
Japan

0,09
0,08
0,07

Netherlands

0,06

Canada

0,05

Germany

USA

UK

0,04

Switzerland

0,03
EU

0,02
Belgium

0,01

France

0,00
0,00

0,05

Italy

0,10
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0,20
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"Triadic" patent families per million population
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0,30

0,35
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Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study
on innovation in the energy sector

International research network, 1990-2000 internat. co-publication
z

Japan: focussed on
few, strong links

z

USA: „spider“ in
network, diverse
links with several
countries

z

Germany and the
UK: many links but
no „key player“

United States

Germany
United Kingdom
Japan

Canada
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Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study
on innovation in the energy sector
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Distribution Among Institutional Sectors of Fuel Cell Publications
1990-2000 in Selected Countries
Higher education

Government

Private non-profit

Business enterprises

Germany

Japan

USA

Canada

UK
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Source: Draft working paper of OECD secretariat
7/2003 in the framework of OECD/TIP case study
on innovation in the energy sector

Conclusions Following the Publications and Patents Analyses
Different innovation strategies
Germany (Europe)

Japan
z

z
z

z

z

relative specialization
on SOFC

z

few international links

z

highest scientific and
technological output
per population

z

„neck-and-neck“ with
„triadic“ patent families

z

industry strongly contributes
to scientific knowledge

z

USA

specializaton on DMFC
and PEMFC

z

average player in the
international network

z

highest number of publications
and patents in EU
but internationally low
rather low output per
population but catching up
strong public research,
business internal links

z

z

z

specialization on DMFC
and PEMFC
„spider“ in
international networks
highest number of
publications
rather low output per
population
strong industry-public
interaction
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Characteristics of the German Innovation System
z

highly differentiated and decentralized (e.g. universities)

z

no extensive priority setting (e.g. with respect to subsidies)

z

strength in advanced technology branches: automobile, mechanical engineering, chemical industry

z

z

weakness to link up with leading edge technologies: information technology, new materials
fuel cell technology roots in all above fields
decreasing long term orientation
no short term market introduction of fuel cells expected

z

national orientation of R&D, technology policy dominates

z

private industry performs little more than 50% of research

z

classical strengths are getting less important
lead markets will become more significant
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Efforts and Clustering of Fuel Cell Activities in Germany
European Union Framework
Programmes on Research
Important actors
industry
research centres
automotive groups´
research centres

Research and demonstration
projects of federal government (ZIP)
Länder government subsidies for
research and demonstration

Hydrogen and Fuel Cells
Initiative, Hassia

Platzhalter für Dateinamen

Competence Network
Fuel Cells, Northrhine-Westfalia

Hydrogen Initiative,
Bavaria

Research Alliance Fuel Cells,
Baden-Wurttemberg
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German Scientific Research Related to Fuel Cell Technologies
Around 30 % of German universities
pursue fuel cell related research
activities (status 7/2003):
HAW Hamburg
HTW Saarland
RWTH Aachen
TH Karlsruhe
TU Berlin
TU Clausthal
TU Darmstadt
TU Dresden
TU HamburgHarburg
TU München
Uni Bayreuth

Leading German actors in fuel cell related
research by number of publications
between 2000 -2002 contained in SCI:

Uni Bochum
Uni Bonn
Uni Duisburg-Essen
Uni Freiburg
Uni Göttingen
Uni Hannover
Uni Kiel
Uni Magdeburg
Uni Mainz
Uni Paderborn
Uni Stuttgart
Uni Ulm

Research Centre Jülich - Werkstoffe und Verfahren (80)
German Aerospace Center, DLR (32)
Max-Planck-Institute - Festkörperforschung (20)
Technical University Munich (14)
Centre for Solar & Hydrogen Research, Ulm (12)
Technical University Karlsruhe (12)
SIEMENS AG (11)
University Ulm (10)
Hahn-Meitner-Institute (10)
University Stuttgart (9)
Fraunhofer Institute Solar Energy Systems (9)
Research Centre Jülich - Festkörperphysik (9)
Max-Planck-Institute - Kohlenstoffforschung (7)
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Source: Fraunhofer ISI enquiry of university
websites and http://www.forschungsportal.net,
analysis of SCI/ISI databank

International Orientation of Hydrogen or Fuel Cell Projects with
German Participation
Projects with
international partners
12%

Projects with European
partners only

Projects with
German
partners
only

15%
13%

25%

10%

10%

63%

France

Italy

Netherlands

UK

7%

8%

Canada

USA
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Source: Fraunhofer ISI databank on hydrogen related
projects (n = 231, multiple participation of countries)
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Co-operation Between Major Players in Fuel Cell Research
Uni.
Stuttgart

ZSW
Max-Planck

DLR

FZ-Jülich
BMW

FhG
Research Institutes

Linde

Industry
Mannesmann

Ballard

DC

Siemens

Ford

MTU
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Degusssa/
OMG

Emitec

Number of joint public projects:
more than 10 co-operations
6-10 co-operations
3-5 co-operations
1 or 2 co-operations

Lead Markets for Fuel Cell Applications? - the Example of Cars

Pressure for innovative change
Working system of market
development
Favourable tax and political
framework conditions

J

Beneficial accreditation systems

USA

High (consumer-) readyness to
adopt innovations
High quality expectations

EU

Demand for innovations relatively
independent of price
High income per capita

Remarks on current situation in automotive

D

General characteristics of
lead markets

+

+

+

+

+

+

+

+

True for all the countries here

++

-

+

+

Germany often shows early diffusion of new
technical features in cars

++

-

-

+

?

?

+

?

-

-

?

+

-

-

-

-

?

?

-

?

Only in high-end segment

Systems differ, California takes lead in FC cars
Emissions in urban areas / strong dependance
on oil, but consumptions per car decreasing
Implementing the infrastructure still missing
everywhere
No trend in taxation predictable, low taxation of
gas in USA not advantageous
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The Innovation Policy Tool Box and Fuel Cell Technology
Supply
(Technology
Push)

Indirect-specific promotion (supplier)

Research groups

Pre-normative research
R&D projects

Risk capital

Cooperative research projects (suppliers)
Demonstration projects

Fuel cell technologies

Cooperative projects (supplier - user)
Indirect-specific promotion (users)
Studies (state of the art, international comparison, evaluation, etc.)
Technology transfer and networking
Awareness measures
Public/cooperative procurement
Demand
(Technology
Pull)

Industrial working groups
Diffusion policies (taxation, grants, ...)
Basic research/development

Industrial application/diffusion
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Conclusions
z

z

z
z

Scientific (publications) and technological (patents) output on fuel cell technologies is
(still) on the rise.
According to patents and scientific publications, key players in fuel cells are the USA,
Japan, Germany, Canada and the U.K. (Germany and Europe have been catching-up).
The technological focus in the last decade has been on PEMFC and SOFC.
International co-operation seems to be very broad in the USA while Germany´s
overseas network is almost completely based on DC and GM/Opel activities.

z

National Innovation Systems in the area of fuel cell technologies differ.

z

It is not yet decided which and where lead markets will evolve but there are candidates.

z

Public promotion: extension from technology push towards demand oriented measures
to be put on the agenda.
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