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Preface to the Translation

The Europäische Akademie zur Erforschung von Folgen wissenschaftlich-techni-
scher Entwicklungen Bad Neuenahr-Ahrweiler GmbH is concerned with the scien-
tific study of the consequences of scientific and technological advance both for the
individual and social life and for the natural environment. The Europäische Akade-
mie intends to contribute to a rational way of society of dealing with the consequen-
ces of scientific and technological developments. This aim is mainly realised in the
development of recommendations for options to act from the point of view of a
long-term societal acceptance. The work of the Europäische Akademie mostly is
carried out in temporary interdisciplinary project groups whose members are nota-
ble scientists from various European universities. Overarching issues, e.g. from the
fields of Technology Assessment or Ethics of Science, are dealt with by the staff of
the Europäische Akademie.

The results of the work of the Europäische Akademie is published in the series
“Wissenschaftsethik and Technikfolgenbeurteilung” (Ethics of Science and Tech-
nology Assessment), Springer Verlag. The academy’s study report ‘Nachhaltige Ent-
wicklung und Innovation im Energiebereich’ was published in October 2002. It
contains a straightforward strategy how innovations can help to achieve a sustain-
able development in the energy sector. The academy decided to provide for an Eng-
lish translation of this report that is published in the present volume in order to
make this strategy available to a wider scope of recipients.

Bad Neuenahr-Ahrweiler, June 2004 Carl Friedrich Gethmann



Preface

In discussions concerning sustainable development, innovations are often cited as a
“miracle cure”. Through innovations, we are to prevent a situation where an
increase in output leads to an increase in the consumption of natural resources. This
means for the of energy sector: Innovations should help us to reconcile the further
growth of the national products of the industrial countries, and at?? the backlog
demand of the developing and emerging nations, with a reduction in the consump-
tion of non-renewable energy resources, which must not give rise, however, to an
inappropriate consumption of other resources.

The core question addressed by the interdisciplinary project group, “Sustainable
development and innovation in the energy sector“, which was established by the
Europäische Akademie (european academy) in September 2000, was therefore: “To
what extent can innovations lead to a sustainable energy system?” The members of
the group were selected according to their competences within their disciplines
with regard to the subject to be dealt with. The project time frame was 20 months,
of which 13 days were spent in plenary session.

The final report presented here derives from chapters, which were drafted, under
the direction of one of the group members, by individual working groups before
being integrated by the plenum. The work of the project group was based on the
judgment that “interdisciplinary research” does not exist as such, but disciplinary
competences are a prerequisite for dealing with individual aspects of the subject.
An integration of the various disciplinary perspectives, methodologies and results
with regard to the non-disciplinary question at hand follows as the second step. The
procedure pursued by the group was transdisciplinary, in this sense. The result is a
text that is consistent in itself, and a coherent argumentation that can be examined
step by step (even if the disciplinary background of the “original author” is easily
detected in some sections of the report). 

The group was open to continuous inspection by external specialists. The work
schedule was discussed at the kick-off workshop in January 2001. 

We thank our colleagues, Professor Dr. Wilhelm Althammer (Handelshoch-
schule Leipzig), Professor Dr. Nicholas Ashford (MIT), Dr. Gerd Eisenbeiß
(Forschungszentrum Jülich), Dr. Klaus Rennings (ZEW Mannheim), Dr. Herwig
Unnerstall (Universität Leipzig), Professor Dr. Alfred Voß (Universität Stuttgart)
and Professor Dr. C.-J. Winter (Energon) for their valuable suggestions and pointed
criticism, which both helped to provide a precise orientation for this study. At the
mid-term workshop in November 2001, a first draft was presented to the following
colleagues: Professor Dr. Dr. Brigitte Falkenburg (Universität Dortmund), Profes-
sor Dr. Wilhelm Althammer (Handelshochschule Leipzig), Dr. Gerd Eisenbeiß
(Forschungszentrum Jülich), PD Dr. Volker Radke (Berufsakademie Ravensburg),



Dr. Klaus Rennings (ZEW, Mannheim) and Dr. Herwig Unnerstall (Umweltfor-
schungszentrum Leipzig). We also extend our thanks to the participants of that
meeting, for their meticulous comments, which later helped to round off the study.
Thanks to a good working discipline, the materials on which the discussions were
based were ready in time for almost every session. The intellectually stimulating
working atmosphere, characterized by professional respect and friendly coopera-
tion, allowed for intensive, constructive, at times controversial discussions and
mutual learning throughout various perspectives and methods.

The group’s productivity was fostered, not least, by the hospitality of the Ahr val-
ley, and the friendly and efficient services, with which the Academy staff supported
our work, especially Ms. Pauels, to whom we would like to express our gratitude.
We also thank Mr. Jochen Markard and Mr. Joachim Schmidt-Bisewski, who
accompanied the project through the early stages, as well as Ms. Sevim Kilic of the
european academy, who worked on the text and prepared it for publication.

Lausanne, June 2002

VIII Preface



Table of Contents

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1 Problem Definition, Tasks, Procedure and Derivation 
of Recommendations for Action . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.1 Problem definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.2 Tasks of the working group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.3 Deriving recommendations for action . . . . . . . . . . . . . . . . . . . . . . . 19

1.4 Structure of the study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2 Terminological and Conceptional Foundations . . . . . . . . . . . . . 23

2.1 Sustainability and sustainable development . . . . . . . . . . . . . . . . . . 23
2.1.1 Terminological differentiation . . . . . . . . . . . . . . . . . . . . . . . 23
2.1.2 Sustainability and sustainable development . . . . . . . . . . . . 24
2.1.3 Different concepts of sustainability . . . . . . . . . . . . . . . . . . . 27

2.2 Sustainability and energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.2.1 The laws of thermodynamics and the concept of energy . . 31
2.2.2 Energy systems in the biosphere and anthroposphere . . . . 32

2.3 Innovation and sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.3.1 Basic context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.3.2 The concept and types of innovation . . . . . . . . . . . . . . . . . . 35
2.3.3 The innovation process: Inside the Black Box . . . . . . . . . . 37
2.3.4 Determining factors of innovation activity . . . . . . . . . . . . . 43
2.3.5 Sustainable innovation policy . . . . . . . . . . . . . . . . . . . . . . . . 45

3 Normative Criteria for Evaluation and Decision-Making . . . . 51

3.1 Risk assessment and recommendations for action . . . . . . . . . . . . . 51
3.1.1 Scientific policy consulting . . . . . . . . . . . . . . . . . . . . . . . . 51
3.1.2 Theoretical and practical perspectives . . . . . . . . . . . . . . . . 52

3.2 Sustainable development and justice . . . . . . . . . . . . . . . . . . . . . . . 55
3.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.2.2 Political approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.2.3 The theory of justice (Barry) . . . . . . . . . . . . . . . . . . . . . . . 57
3.2.4 Vulnerability, the future and the environment (Goodin) . . 60

3.3 Efficiency and sufficiency – discussing sustainability in the
theoretical and practical terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

3.4 Interim conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62



4 Towards a Sustainable Energy System – Legal Basis, 
Deficits and Points of Reference . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.1 Fundamental legal standards for a sustainable energy system . . . . 65
4.1.1 Developments in international law concerning climate

protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.1.2 The legal framework in European law . . . . . . . . . . . . . . . . 71
4.1.3 Constitutional framework . . . . . . . . . . . . . . . . . . . . . . . . . . 75
4.1.4 A duty to protect the environment? . . . . . . . . . . . . . . . . . . 75
4.1.5 Implementation in energy law . . . . . . . . . . . . . . . . . . . . . . 76
4.1.6 Implementation in regional planning and mining law . . . . 77
4.1.7 International obligations concerning energy security . . . . 79

4.2 Evaluation of the global energy system under criteria of 
sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
4.2.1 Characteristics of the present energy system . . . . . . . . . . . 81
4.2.2 Prognoses for the development of the global energy system 

over the coming 100 years . . . . . . . . . . . . . . . . . . . . . . . . . 82
4.2.3 Excursus: Electricity, deregulation and sustainability . . . . 85
4.2.4 Assessing sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
4.2.5 Operationalizing critical sustainability: the “time of safe 

practice” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
4.3 Reference points for the sustainable supply of energy on a global 

scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.3.1 Options for change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.3.2 The 2000-Watt benchmark: sustainable comfort through 

intelligence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

5 Potentials for the Sustainable Development of Energy Systems 105

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

5.2 Technical energy efficiency improvement . . . . . . . . . . . . . . . . . . . 106

5.3 Renewable energy sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

5.4 Future images: possible developments and effects . . . . . . . . . . . . 117

5.5 Conclusions: What can be learned from history? . . . . . . . . . . . . . 124
5.5.1 Sustainable energy technologies in the innovation trap . . . 124
5.5.2 Substitution of energy carriers . . . . . . . . . . . . . . . . . . . . . . 126
5.5.3 Final conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

6 The Reality of Sustainability: Conflicts of Aims in the Choice 
of Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

6.1 Status of the theoretical discussion . . . . . . . . . . . . . . . . . . . . . . . . 129

6.2 Environmental protection versus economic and social aims . . . . . 131
6.2.1 Environment versus employment . . . . . . . . . . . . . . . . . . . . 131
6.2.2 Environment versus the reduction of monopoly power . . . 135
6.2.3 Environment versus trade liberalization . . . . . . . . . . . . . . . 136
6.2.4 Environment versus capital flow . . . . . . . . . . . . . . . . . . . . 137
6.2.5 Environment versus development policy . . . . . . . . . . . . . . 139
6.2.6 Environment versus supporting innovation . . . . . . . . . . . . 140

X Table of Contents



6.3 Standards arising from European law for weighing conflicting 
aims . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
6.3.1 Free movement of goods . . . . . . . . . . . . . . . . . . . . . . . . . . 142
6.3.2 Problems surrounding the EEG . . . . . . . . . . . . . . . . . . . . . 143
6.3.3 Justification for restrictions for environmental reasons . . . 143
6.3.4 Aids and their justification . . . . . . . . . . . . . . . . . . . . . . . . . 146
6.3.5 Possible ways of shaping the energy system following the 

ECJ judgment on the Stromeinspeisungsgesetz . . . . . . . . . 146
6.3.6 Competition and environmental protection . . . . . . . . . . . . 148

6.4 Energy-relevant research and technology policies of the 
European Union . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

7 Strategies for Accelerating Sustainable Energy Innovations 155

7.1 Reinstating energy as a strategic priority . . . . . . . . . . . . . . . . . . . 155

7.2 Improving the framework conditions . . . . . . . . . . . . . . . . . . . . . . 158
7.2.1 Defining the limits of using natural resources . . . . . . . . . . 158
7.2.2 Using the market: Signs of scarcities induce sustainable 

innovation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
7.2.3 Providing infrastructures and generating competences 

towards sustainability (the technology push) . . . . . . . . . . . 160

7.3 Action field energy efficiency in industry: Accelerated market 
introduction through subsidies . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
7.3.1 The Dutch model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
7.3.2 General considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
7.3.3 Ways of financing energy saving measures . . . . . . . . . . . . 171

7.4 Action field energy efficiency in industry: Self-commitments 
as an instrument for the rapid diffusion of the “best available 
technology“ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
7.4.1 General considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
7.4.2 Self-commitments for the reduction of CO2 emissions . . . 175

7.5 Technology Procurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

7.6 Action field energy efficiency in households . . . . . . . . . . . . . . . . 178
7.6.1 Sustainable energy supply and the sovereignty of the 

consumer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
7.6.2 Greenpricing of eco-electricity . . . . . . . . . . . . . . . . . . . . . 179
7.6.3 “Discriminating” labeling . . . . . . . . . . . . . . . . . . . . . . . . . 180
7.6.4 “Public Private Partnership” and unconventional marketing 

campaigns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

7.7 Action field transport: Only “packages” can produce innovations 185

7.8 Regenerative energy sources in the field of action . . . . . . . . . . . . 187
7.8.1 General considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
7.8.2 Technology-specific support measures . . . . . . . . . . . . . . . 188
7.8.3 Excursus: Can we choose between different learning curves? 

– Outlines of a theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190

Table of Contents XI



8 On the Political Enforceability of a Sustainable Innovation 
Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

8.1 Actors in the “sustainability arena” . . . . . . . . . . . . . . . . . . . . . . . . 193

8.2 The attractiveness of sustainability goals from the perspective of 
selected actor groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

8.3 Instruments and their attraction from the perspective of selected 
actor groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

8.4 Starting points for improving the chances for successful 
implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

8.5 Conclusions and perspectives: an alliance for sustainable 
energy innovations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206

9 Responsibility for the “Energy Hunger” of the Developing 
Countries – How Sustainable Energy Innovations Can Help 211

9.1 Basic considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

9.2 Reorientation of development co-operation in the energy sector . 212

9.3 Existing initiatives for sustainable energy innovations . . . . . . . . . 214

9.4 What can be done by the EU? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217

9.5 Global enterprises and “Technology Sharing” . . . . . . . . . . . . . . . 218

9.6 Outlook and further research issues . . . . . . . . . . . . . . . . . . . . . . . 221

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223

A.1 The global energy system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
A.1.1 Development of the global use of energy . . . . . . . . . . . . . . 223
A.1.2 Energy production and use in the EU . . . . . . . . . . . . . . . . 224
A.1.3 Energy scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

A.2 Unemployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
A.2.1 Elasticity issues in efficiency wage models . . . . . . . . . . . . 233
A.2.2 Elasticity issues in negotiation models . . . . . . . . . . . . . . . 239

A.3 Energy-relevant science and technology policies of the 
European Union – an overview . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
A.3.1 Importance and integration of sustainability aspects in 

European energy policies . . . . . . . . . . . . . . . . . . . . . . . . . . 241
A.3.2 Overview of energy-relevant RTD programs of the 

European Union . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
A.3.3 The research priorities “Energy” and “Transport” in the 

6th RTD framework program . . . . . . . . . . . . . . . . . . . . . . . 245
A.3.4 Specific programs and instruments . . . . . . . . . . . . . . . . . . 249
A.3.5 Conclusion and outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

List of Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263

List of Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265

XII Table of Contents



Summary

Introduction

The discussion seems to be paradox: Almost every energy scenario is based on
trends that would lead to an enormous growth in the demand for energy in the com-
ing decades. Meanwhile, at international conferences, among other places, one is
concerned with the opposite outlook, a massive reduction of greenhouse gas emis-
sions, especially of CO2 emissions caused by energy consumption. Experts also
point out the political risk of depending on mineral oil and remind us of the fact that
resources are not inexhaustible. How can this chasm be overcome? How can we
build a more sustainable energy system from the existing one? Hopes are mostly
pinned on technological progress and innovations.

So far, however, there are no specific suggestions concerning the extent to which
innovations can really contribute to reconciling ever-growing energy consumption
with the limitations regarding the availability of resources and the environment, as
well as with the structural demands on any energy system.

The aim of this study is to bring together economic, legal, scientific and philo-
sophical competencies with a view to developing such proposals. This task requires
clear focusing on the intersection of the three central issues, i.e. energy, sustainable
development and innovation. A comprehensive treatment of the three subject fields
was not intended. Neither could many of the debates in this context be dealt with
beyond their relevance for the strategy proposal of this study.

In deriving our recommendations, the aims laid down by democratically legit-
imized agencies were taken into account, no matter how vague these aims are, espe-
cially on the international level. An important part of our work concerned the analy-
sis of conflicting  objectives in economic policy and the question of how such con-
flicts can be overcome through a more comprehensive, incentive-based mix of
instruments tailored to the specific substance of an innovation.

Terminological and conceptional foundations

Since a sound investigation cannot be performed without a clearly defined termino-
logical and conceptional framework, we will start by inspecting the central concepts
of sustainability, energy and innovation.

The idea of sustainability with its two normative cornerstones of intra- and inter-
generational justice has to be made concrete especially for the area of energy which
is based mostly on exhaustible energy sources. Instead of a static concept of stocks,
which conceptually excludes a sustainable use of limited resources, a dynamic con-
cept of flows (current use) is introduced, which is based on the substitution of non-



renewable resources by renewable ones and on the continuous creation of new,
more efficient ways of using resources. In this way, the need for innovations in this
area is, at least implicitly, addressed. If, by appropriate innovations, one succeeds in
reducing, the use of exhaustible resources in production and consumption, so that a
lower consumption of such limited stocks will suffice in the future, the chances to
utilize such declining resources can be maintained or even improved in some cases.
The possibility of such chances, however, does not imply that, faced with the pres-
ent trends in the areas of energy use, strains on the environment, private consump-
tion and population development, a path of “sustainable development” can actually
be found.

For the sake of clarity, our analysis distinguishes between sustainability and sus-
tainable development: The regulative idea of sustainability initiates and accompa-
nies, with a practical intention, a search and learning process which leads to the
more concrete concept of sustainable development, whereby potentials and possi-
bilities for action towards sustainability can be identified; hence sustainable devel-
opment is regarded, in principle, as a guide for action. 

Considering the multitude of efforts to define “sustainable development” – by
now, there are more than 200 of them after fifteen years of scientific and political
discussions –, one cannot but admit that this concept is still very vague or, some-
times, even mired in confusion. In the present discussion of the problems surround-
ing sustainability, a first approach leads to the observation of three different ways of
dealing with the varied meanings of “sustainable development”: Apart from sheer
disapproval (because of the “wooliness” of the concept) and an integrative strategy
(by burdening the concept with everything that happens to suit one’s purposes),
there is another possible attitude, which is shared by our group: the effort to deal
with the concept in a productive manner and to define it as precisely as possible
according to scientific criteria. This involves comparing various possible defini-
tions of the concept and asking the question which concrete conclusions follow for
the central research question of our investigation for each case. This path is taken in
neoclassical environmental economics on the one hand and on the other hand espe-
cially by ecological economics, the “science of sustainability”. One has to find a
balance between overdetermination and underdetermination of this concept and one
should neither burden it with specific requirements which meet the most stringent
ecological criteria, but make it  an unachievable ideal, nor should one leave it so
vague that it can mean everything and effect nothing: In principle, sustainable
development  must be an operational concept.

The various concepts ranging from “weak” to “very strong” sustainability differ
with regard to assumptions about substitution and complementarity between man-
made and natural capital. This study applies the concept of critical sustainability
based on a concept of critical natural capital, taking into account few, but crucial
and hence critical “crash barriers” or “bottlenecks”. Our interpretation of sustain-
ability thus is related to the far-advanced discussion of setting environmental stan-
dards.

Energy may determine our everyday life and constitute an important production
factor in economic theory; from the physics point of view, however, it is a rather
abstract entity, which can only be defined accurately in terms of a differentiated
mathematical model. Historically, the concept of energy was initially defined sim-
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ply as the “potential to perform work”. In that sense, of course, energy is not con-
served; this is why the notion of “energy consumption” has become common usage.

The connection between the, at first, entirely different concepts of “energy” and
“heat” was clarified only in the 19th century, with the formulation of the First Law
of Thermodynamics stating that energy is preserved, i.e. it is neither created nor
destroyed, but just transformed from one form into another. (At the beginning of the
20th century, the concept of energy was extended by Einstein in his theory of special
relativity, which includes mass as a form of energy.) Hence, energy consumption
actually means energy degradation i.e. transforming valuable or available energy
(exergy) into lower-value or non-available energy (anergy). The boundary between
exergy and anergy is not absolute, but depends on the system considered. For
instance, water at a temperature of 20 degree Celsius in an environment at zero
degree contains usable energy (exergy), while this would not be the case at an ambi-
ent temperature of 20 degree.

The energy system (of a country or the Earth as a whole) is defined as the over-
all structure of the primary energy resources being used, the infrastructure for their
distribution and transformation into final energy and the specific demand structure
of so-called energy services. With regard to the quality of the energy, the distinction
between the demand for heat or work, respectively, plays a special role, as well as
the differentiation between stationary and mobile demand and the function of elec-
tricity. Together the supply and demand structures determine the potential for
changing an existing given energy system.

The term innovation describes a new problem solution prevailing in the market,
in connection with new factor combinations. Sustainable innovation means factor
combinations and new problem solutions that lead to less environmental strain and
a reduced consumption of resources, without necessitating restrictions on other
social objectives. An innovation does not have to be a new technological solution; it
can also be a new service or a new form of organization.

In order to invigorate sustainable innovation, one requires knowledge on innova-
tion determinants. The extent, the direction and the speed of innovation activity in a
national economy depend on a multitude of factors, which are sometimes summa-
rized as the “national innovation system”; these reach far beyond research and
developments politics, touching on tax and education systems. In the course of
European integration, it has become more appropriate in some areas to speak of a
European innovation system. This entire context needs reshaping, if innovation
activity is to aim at a sparing use of resources. For policies concerning innovations
a double strategy appears to be called for, which, on the one hand, aims at short-
term effects while, on the other, providing longer-term direction.

Through general improvements of the framework for sustainable innovation
activity (e.g. regulation reform, tax reform, basic research priorities), the search
efforts of scientists and inventors are steered into a different direction; the common
pool of knowledge and ideas (the pool of inventions) is enriched accordingly. This
part of the double strategy requires more time and has a general increase of sustain-
able innovation activity as its objective, rather than sector-specific potentials or spe-
cific types of innovation. 

These components complement each other. Successful innovation policies
emerge from the well-adjusted combination of both. As the transitions between the
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