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Using Energy and Materials More Efficiently –
Large and Profitable Potentials, But Little 
Attention from Energy and Climate Policy

By Eberhard Jochem*

Zusammenfassung: Der Beitrag skizziert zunächst die gegenwärtigen Herausforderungen an das
globale Energiesystem und stellt das vorhandene Wissen zu energieeffizienten Lösungen in allen Sek-
toren dar. Dabei geht es nicht nur um die Umwandlung von Primär- in Nutzenergie, sondern – wichti-
ger noch – von Nutzenergie in Energiedienstleistungen (Materialeffizienz und Substitution). Bei der
Analyse der Effizienzpotentiale werden die Lebenszyklen von Gebäuden und Infrastruktur berücksich-
tigt, die den Energieverbrauch der nächsten 60 bis 70 Jahre bestimmen. Das Ergebnis – eine Vermin-
derung des gegenwärtigen Pro-Kopf-Energieverbrauchs um den Faktor 3, auch 2000-Watt-Gesell-
schaft genannt, wird kurz diskutiert, ebenso wie organisatorische Maßnahmen und unternehmerische
Innovationen, die unmittelbar umsetzbar wären. Neben einer Abhandlung der klassischen Gründe für
die fehlende Umsetzung profitabler Energieeffizienzpotentiale plädiert der Beitrag für mehr Kreativi-
tät und Vertrauen in die Motivation und Gelegenheiten von Akteuren und für eine Analyse der rele-
vanten Akteure des betroffenen Innovationssystems. Abschließend werden die Aktivitäten zum Ener-
giegipfel sowie der Aktionsplan der EU für Energieeffizienz kurz unter Verwendung der entwickelten
Kriterien diskutiert.

Summary: The paper first outlines the challenges the global energy system is facing. It then summa-
rises the present knowledge of energy efficient solutions in all energy using sectors from primary
energy to useful energy and, more importantly, from useful energy to energy services (material effi-
ciency and substitution) The examination of these efficiency potentials considers the lifetimes of
manufactured artefacts: buildings and infrastructure that will save or waste energy over the next 60
to 70 years. The result – a reduction of present energy use per capita by a factor of 3, labelled the
„2000 Watt/cap society“, is briefly discussed as are organizational measures and entrepreneurial
innovations which could be immediately taken up. Besides discussing the classical reasons why many
profitable energy efficiency potentials are not realized, the article also calls for more creativity and
trust in the motivation and opportunities of players and for an analysis of the relevant players of the
related innovation system. Finally, the recent activities of the Energy Summit of the German govern-
ment and the Commission's Action Plan for Energy Efficiency are shortly discussed using the criteria
developed in the article.

JEL Classification: Q28, Q31, Q41, Q54, Q55
Keywords: Energy efficiency, efficiency potential, energy innovation, energy services, global energy
system, energy efficieny policy
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1 Introduction: The Challenges and Opportunities from a Global
Perspective

In 2003, almost 450,000 PJ of global primary energy demand delivered around 295,000 PJ
of final energy to customers, resulting in an estimated 141,000 PJ of useful energy after
conversion in end-use devices. Thus, around 300,000 PJ – or two thirds – of primary ener-
gy are presently lost during energy conversion, e.g. in power plants, refineries, kilns, boil-
ers, combustion engines, and electrical motors, mostly as low- and medium-temperature
heat. These losses also include the small share of losses from the transmission, transfor-
mation and distribution of grid-based energies (see Figure 1).

Conversion efficiencies in primary energy are somewhat better in countries with high
shares of hydropower (like Norway, Switzerland), but the large conversion losses in road
vehicles (around 80%) offset most of this advantage. Carbon-emitting fossil fuels such as
coal, oil and natural gas comprise some 80% of the primary energy demand, and contrib-
ute CO2 emissions of approx. 26 billion t per year. This trend is increasing annually by
1.5%, mostly due to the fast growth of fossil fuel use in emerging countries. Today’s CO2
emissions are already four times what the atmosphere is able to absorb in this century as-
suming the global mean surface temperature does not increase by more than 2°C within
this period. The adaptation costs and damage costs of extreme climate events have already
started increasing to noticeable levels that are not included in the cost of fossil energy use
(EEA 2004).

Figure1

The Energy System from Services to Useful, Final and Primary Energy, World 2003

Sources: OECD 2005, own calculations
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Mankind is facing several major energy-related challenges in this century: the threat and
consequences of climate change, the re-concentration of crude oil production in the Mid-
dle East, and the energy price risks of peaking oil production. In the light of these perspec-
tives, the Board of the Swiss Federal Institutes of Technology (1998) is promoting the vi-
sion of a “2000 Watt per capita society by the middle of the 21st century”. A yearly 2000
Watt per capita demand of primary energy corresponds to 65 GJ/capita per year, which is
equivalent to one third of today’s per capita primary energy use in Europe. Assuming a
doubling of GDP (gross domestic production) per capita in Europe within the next 60 to
70 years, the 2000 Watt/cap society implies an improvement in primary energy use by a
factor of 4 to 5, admitting some influence of structural change on less energy-intensive in-
dustries and consumption patterns. This vision poses a tremendous challenge to research
and development, the political system and technology producers to improve energy and
material efficiency. It is obvious that completely new technologies and supporting organi-
sational and entrepreneurial measures are needed to meet this goal.

Considerations of future improvements in energy efficiency often focus on energy-con-
verting technologies (e.g. thermal power plants, gas turbines, or combustion engines).
There are, however, two additional areas for reducing future energy demand which pres-
ently receive little attention (see Figure 1):

• Energy losses at the level of useful energy (presently about 34% of the primary energy
demand in Germany or almost 32% at the global level) could be substantially reduced
or even avoided by using technologies such as low-energy or passive buildings, mem-
brane techniques or biotechnology processes instead of thermal processes in industry,
lighter vehicles, storage of braking energy, or more intensified heat recovery in many
sectors.

• Secondly, the demand for energy-intensive materials could be reduced by recycling or
substitution of those materials, by improving their design based on new knowledge
such as bionics, or by improved material properties that are still emerging from  mate-
rial science and nanotechnology (Stahel 1997). The partial substitution of plastics and
other chemical products based on petro-chemicals by products based on biomass is also
an option to reduce the dependence on fossil fuels, even though this only represents a
small share of 2.6% of total fossil fuel use (Patel 2005). Finally, when measured in
yearly operating hours, many appliances, machinery, industrial plants, and cars are not
used intensively; it would make sense therefore to intensify their use by pooling (e.g.
car-sharing, leasing of machines; Fleig 2000).

Empirical and theoretical considerations suggest that the overall energy efficiency of to-
day's industrial economies could be improved by some 80 to 90% within this century (e.g.
Enquete-Commission 1991). This complies with the vision of the Board of Swiss Insti-
tutes of Technology and was confirmed by a major analysis of its technical feasibility (Jo-
chem et al. 2002, 2004). Within this context, the authors consider technological advances
leading to highly efficient energy use to be promising investments. Research and develop-
ment (R&D) that furthers these technologies is a crucial prerequisite. Countries and firms
that invest in these technologies and related R&D are likely to boost their economies. On
top of this, they will make a significant contribution to the pressing problems of climate
change and the re-concentration of world oil production, and help to manage the secure
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supply of energy and counter the risks of high energy prices in view of peaking world oil
production within the next 10 to 20 years.

How to speed up the advances in energy efficiency

The vision of the Board of Swiss Institutes of Technology may sound over-optimistic as
the overall yearly improvement of efficient energy use would have to be doubled (to 2.0 –
2.3%/a) compared to the efficiency improvements actually achieved in OECD countries
(about 1% per year) over the last 35 years (IEA 2005). In order to identify promising ac-
tivities, innovation policy and research areas for efficient energy use and conversion, one
has to distinguish short-term and long-term options and consider the re-investment cycles
of the capital stock in the various fields of energy use and conversion as one of the major
limitations. The following analytical issues then result:

• Organisational options and short-term investments are likely to contribute towards
speeding up the efficient use of energy and materials and “buying down” the cost of
new energy-efficient technologies in this and the next decade (e.g. highly-efficient
electrical motors, components of low energy and passive houses, condensing boilers,
heat pumps etc.). Almost everybody is aware of the cost decreasing effects of learning
and economies of scale when it comes to renewable energies or fuel cells, but that many
technologies of efficient energy use follow the same pattern of specific cost reductions
has hardly been a subject of analysis so far (for example, the experience curve of
highly-efficient window systems has a coefficient comparable to that of wind power
(Jakob et al. 2003)).

• In the longer term, new technologies may significantly contribute to a 2000 Watt per
capita society in their second generation phase. This search focuses on technology sub-
stitution and less on technology improvements which are often small and incremental.
Passive houses, for instance, reduce the final energy demand by a factor of 8 to 10 rela-
tive to the present average final energy demand of the housing stock; light and efficient
cars may cut gasoline demand by more than 50%, and membrane technologies can
reduce the energy demand of thermal separation processes by 60 to 90%.

• The rather low rate of some 1% energy efficiency improvement per year over the last
35 years raises several questions: What are the major obstacles and market imperfec-
tions that have to be addressed by policy measures in order to speed up the realisation
of energy and materials efficiency potentials? Since the reflections on obstacles and
market imperfections have been around for a long time already (IPCC 2001), are there
any additional concepts of motivation or opportunities which have not yet been applied
but which are likely to speed up activities and markets for realising energy efficiency
options? 

These three analytical steps will be used to structure the article into the following sections.
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2 How to Realise Short-Term and Long-Term Efficiency Potentials

2.1 Short-Term Efficiency Potentials

Although short-term energy efficiency improvements may be quite welcome to reduce en-
ergy costs and CO2 emissions in the short term, they still have to be checked against the
criteria of sustainable development. On the one hand, minor efficiency improvements to-
day in long-lasting capital stocks such as buildings, railways, roads, or central power
plants with re-investment cycles of 40 to 60 years may lead to a lock-in situation (e.g. a
building not insulated during refurbishment now will generate high energy costs over the
next 50 years); on the other hand, costly efficiency improvements – possibly subsidised by
tax payers or energy consumers – in product areas with re-investment cycles of 3 to 5
years may result in a waste of resources if they are expected to be much less expensive and
more profitable in four to six years time.

The technique of back-casting can be used as an aid to prioritise short-term options and
long-term innovations based on their re-investments cycles and the correct timing for their
introduction. This is helpful to avoid lock-in technology pathways by examining re-invest-
ments cycles and the necessary R&D periods which have to be considered (see Figure 2).
One example is stationary fuel cells which may ultimately generate too many CO2 emis-
sions after 2040. This concept has to be combined with the usual bottom-up models as a
new optimisation strategy for energy efficiency policy (IEA 2006). As the challenges of
oil resources and climate change are pressing, the strategic concern is less “minimal cost

Figure 2

Timing and Priority-Setting of Efficiency Policies and R&D Using Back-Casting and Re-
investment Cycles, Avoiding Lock-In Pathways

Source: Jochem et al. 2004.
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at a given level of emissions”, but rather a “minimal time span over decades reducing spe-
cific energy demand by a factor of four to five at acceptable cost”.

There are numerous – profitable – short-term investments and organisational measures for
more efficient energy use in any final energy sector and in the conversion sector (Romm
1999, UNDP/WEC/UNDESA 2000, IEA 2006). There are even many very simple organi-
sational measures to avoid losses of useful energy or energy for conversion which are not
known or not considered in many cases (see Box 1). If these organisational measures and
small investments are profitable, why are they so often neglected and not implemented to
reduce energy costs?

2.2 Efficiency Potential of the Second Re-Investment Cycle and the Role of R&D

Over the long term, additional and dramatic gains in energy and material efficiency are
possible at all stages of energy conversion, particularly from “useful energy” to “energy
services” as well as in the more efficient design and use of energy-intensive products and
vehicles. Thermodynamic analyses show that most current technologies are not close to
reaching the theoretical limits for energy efficiency and that very significant improve-

Box 1

Organisational Measures and Short-Term Small Investments in Energy Efficiency

Express check for organisational measures in firms, public administrations and private 
households (a selection)

Heating
• Is the room temperature setting correct (e.g. 18°C; 20°C)? Is it possible to lower the

temperature overnight when rooms, halls, or workshops are not used? 
• Are the operating hours of boilers and circulation pumps correctly controlled overnight

and at weekends? Is the pressure of the extension container correct ?
• Steam generation and distribution
• Is the pressure level really necessary for the processes served? 
• Are there any losses of the condensate system? Any leakages, steam losses when the

condensate pressure is reduced?

Warm water supply
• Are boiler temperatures higher than the maximum temperature needed for the proces-

ses? (Avoid related losses in the boiler, storage, and piping). 
• Does the daily operating time of the warm water storage and the circulating pumps

match the daily pattern of demand (showers, one shift working day)? 

Ventilation
• Are the filters serviced on a regular basis? 
• Do controlled operating hours fit the demand patterns of production processes or the

use of the building? 
• Is free ventilation used under favourable weather conditions (by windows etc)?

Source: Standard information material within learning networks of energy efficiency.
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ments in the whole energy system may eventually be achieved by replacing traditional
technologies. This could improve the efficiency by a factor of 5 over six to eight decades
(Jochem et al. 2002, 2004).1

The identification of potentially relevant energy-efficient technologies can be structured
along the lines of the traditional energy economic sectors and then extended by examining
materials and systems efficiency as well as behavioural and entrepreneurial aspects. This
process results in five steps of the analysis and potential efficiency gains:

• significantly improved degrees of efficiency at both conversion steps – primary to final
energy and final to useful energy; achievable by the application of new technologies
(e.g. co-generation and tri-generation (including cooling) plants, fuel-cell technologies,
substitution of burners by gas turbines or heat pumps (including heat transformers),
ORC turbine systems, Stirling engines);

• significantly reduced demand for useful energy per energy service (e.g. passive solar or
low energy buildings, substitution of thermal production processes by physico-chemi-
cal or biotechnology-based processes, light-weight architecture of mobile parts and
vehicles, recuperation and storage of kinetic energy (Levine et al. 1995, IPCC 2001);

• enhanced recycling and re-use of energy-intensive materials and increased material
efficiency by improved design, construction, or material properties which result in a
significantly reduced primary material demand per material service unit (Fleig 2000);

• intensification of the utilisation of durable and consumer goods through increased leas-
ing of machines and equipment, car-sharing and other product-dependent services (Sta-
hel 1997);

• and finally, improved spatial configuration of new industrial and residential areas
according to exergy-relevant aspects, and improved merging of residential services in
order to reduce the need for motorised mobility.

If the efficiency potentials are as high as a factor of 4 or 5 in the long term from a theoret-
ical point of view, then the process of R&D – both its decision making and its performance
– has to be improved. This means creating a process which identifies the present technical
and cost bottlenecks of a new efficient technology with greater accuracy and which makes
the right selection of promising new and efficient technologies (including their acceptance
by the target groups involved in the innovation process).

In general, in order to be selected for further R&D efforts, a technological field has to
meet the following selection criteria (Jochem et al. 2006): 

1 Conventionally, energy efficiency was defined on the basis of the first law of thermodynamics. The second law
of thermodynamics recognises that different forms of energy have different potentials to carry out specific
tasks. For example, a natural gas boiler for space heating may operate at close to 100 per cent efficiency (in
terms based on the first law of thermodynamics). This seems to suggest that limited additional efficiency impro-
vements are possible. However, by extracting heat from the ground or other sources, a gas-driven heat pump
could generate considerably more low-temperature heat with the same natural gas input. The second example
illustrates the potential for energy efficiency improvements according to the second law of thermodynamics.
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• A minimum energy demand of at least 0.2 to 0.3% of a country’s primary energy
demand at present, or a similar percentage to be realised by the new technology in
2050.

• An envisaged energy-efficiency potential of at least 20 to 25% in the field of energy
conversion technologies and more than 50% at the level of useful energy and material
efficiency.

Beside these selection criteria, the analysis used some evaluation criteria to cover quanti-
fiable and non-quantifiable aspects: 

• the position in the technology cycle, major technical bottlenecks and the position rela-
tive to competing or traditional technologies,

• cost reduction potentials of the new technologies considered due to learning and econo-
mies of scale effects,

• a present favourable (or in the future achievable) export position of German or Euro-
pean technology producers who are capable of producing the new technology,

• perceived favourable acceptance of the new technologies or present market obstacles
that are to be overcome during the next decades, and finally

• the timing of re-investment cycles and the length of periods of R&D necessary for pos-
sible market introduction.

These selection and evaluation criteria were systematically applied to four technological
fields, three of which contribute to new energy-efficient solutions: passive houses; for ex-
ample, with their major components of insulation solutions, window systems, ventilation,
and control techniques are close to market diffusion within the next ten years. Fuel cells
for mobile uses in vehicles, however, are a long way from market introduction due to un-
resolved problems of membrane fouling and the need for cost reductions by one order of
magnitude. Other types of fuel cells for stationary uses may be closer to market introduc-
tion due to less severe technical bottlenecks and better economic competitiveness.

3 Why are so many Efficiency Potentials not Realised? Untapped 
Opportunities

Consulting engineers usually return from on-site visits to companies with substantial ener-
gy efficiency potentials that are easy to realise and usually have high rates of internal re-
turn (Romm 1999). Even the energy managers of large companies are often uninformed
about all the new innovations of efficient energy use. The limited realisation of profitable
efficiency potentials has been the subject of discussions about obstacles and market imper-
fections for a decade (IPCC 2001), and the heterogeneity of these obstacles and potentials
has been tackled by sets of policy measures and instruments.

Surveys and interviews show that the attention given to energy efficiency investments in
companies, public administrations or private households is often very low and heavily in-
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fluenced by the priorities of those responsible for the company, the building management,
or the private household's decisions (Stern 1992, Rahmesohl 2000, DeGroot 2002, Schmid
2004). In other cases, project-based economic evaluations do not consider the relatively
high transaction costs of the investor and also the substantial risks involved in the case of
long-term investments; both aspects may be decisive for small efficiency investments (Os-
tertag 2002).

Traditional investment priorities steer the motivation and behaviour of the staff and deter-
mine the careers of young engineers and their efforts; energy engineers often have diffi-
culties in “making a convincing case” to the management (Schmid 2004). The co-benefits
of energy-efficient new technologies are rarely identified and not included in the profita-
bility calculations by the energy or process engineers due to the lack of a systemic view of
the whole production site and possible changes related to the efficiency investments
(Madlener and Jochem 2004).

Besides the economic reasons behind this priority setting of companies, public administra-
tions, and private households, there are also psycho-social, motivational, and behavioural
aspects, which have rarely been analysed except by some sociologists and psychologists in
the 1990s (e.g. Stern 1992, Jochem et al. 2000, Flury-Kleubler et al. 2001). Social rela-
tions such as competitive behaviour, mutual estimation and acceptance not only play a role
between enterprises, but also internally within a company. Efforts to improve energy effi-
ciency are influenced by the intrinsic motivation of companies' actors and decision mak-
ers, the interaction between those responsible for energy and the management, the internal
stimuli of key actors and their prestige and persuasive power (InterSEE 1998, Schmid
2004).

Widening the view from energy-related research to innovation systems

These concepts of obstacles and market imperfections still have the flavour of a mechani-
cal concept about them, that obstacles simply have to be removed and proper boundary
conditions have to be set. However, accelerated innovation and more effective R&D will
only become a reality if the system of innovation in place is ready to consider new means
and entrepreneurial solutions and invest in R&D and new products and technologies. The
existence of a proven technology’s energy-saving potential alone does not further the 2000
Watt/capita society. Only when a technology’s (behavioural) potential has materialised
due to research and development and the technology is broadly marketed and used is ener-
gy actually saved.

Therefore, the research and innovation system of a country has to be analysed and must be
convinced by the opportunities and the new vision of a 2000 Watt/capita society. Any rec-
ommended efficiency policy portfolio and R&D efforts have to be evaluated within the
context of the relevant research and innovation boundary conditions of the actors and in-
stitutions involved (see Figure 3). The research and innovation systems of a country en-
compass the “biotopes” of all the institutions that are: 

• engaged in scientific research and the accumulation and diffusion of knowledge (i.e.
research institutions, universities, schools),
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• engaged in education and professional training as well as the dissemination of new
knowledge to a broader audience (i.e. educational institutions, media),

• developing and producing new technologies, processes, and products; and commercial-
ising and distributing them (e.g. intermediates, infrastructure, technology producers,
trade).

An innovation system also comprises the relevant policy institutions that set the economic,
financial (e.g. venture capital), and legal boundary conditions and regulatory bodies
(standards, norms) as well as the public and private investments in the appropriate infra-
structure. Each innovation system of a country (and even of a sector or a technological
field within a country) is unique and develops its profiles and strengths only over decades.
Each is based on stable exchange relationships and interactions among the institutions of
science and technology, industry, commerce, and the political system (Edquist 1997).

Since energy and material efficiency is dispersed over all the sectors of an economy and
private households, the efficiency innovation system is characterised by 

• a high degree of compartmentalisation (e.g. buildings, road transportation, industrial
branches, energy companies) and a corresponding sectorisation of the political adminis-
tration with low inter-departmental exchange and co-operation; 

• non-interlinked arenas (corporatist negotiation deadlocks involving the sovereignty of
regions in federal states (e.g. cantons in Switzerland in cases such as building codes),
or of member states of the European Union and related failed attempts at restructuring
responsibilities in governments or at the EU level); 

Figure 3

Scheme of Swiss Energy and Energy Efficiency Research and the Innovation System

Source: Jochem et al. 2004.
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• dominance of a “linear model” of energy supply in political approaches (and among
related technologists, energy economics researchers and consultants) focussing on
energy supply options (such as costly renewables or fusion energy for which the techni-
cal and economic feasibility will remain an open question for many decades to come)
and neglecting opportunities at the useful energy and energy service levels.

These characteristics of the efficiency innovation system are general and almost independ-
ent of the country considered, but they are highly dependent on the ubiquity and heteroge-
neity of energy and material efficiency itself. The weaknesses of under-coordinated inno-
vation policy-making, which seem to prevail in the energy and material efficiency field,
should be analysed in more detail. Topics here include poorly articulated demand and
weak networks which hinder fast knowledge transfer, legislation and market boundary
conditions which favour incumbent technologies (with high external costs), flows in the
capital markets (focussing on large-scale technologies and players); and insufficiently or-
ganised actors.

4 The Action Plan of the European Commission and the Recent Status 
of Energy Efficiency Policy in Germany

In the light of the challenges faced by the global energy system, the potentials of energy
efficiency and related opportunities, and the obstacles and market imperfections, the read-
er may wonder whether the most recent policy declarations on the energy and material ef-
ficiency policies of the European Commission (2006) and of its member states like Ger-
many reflect these issues of dispersed markets and lobbying structures, the lack of
knowledge of co-benefits, and the low priority given to energy efficiency by many societal
groups relative to social prestige, comfort, and consumerism.

4.1 The Recent Process of the German Energy Summit

Continuing high crude oil prices since 2004, which rose even higher in the Autumn of
2005 due to hurricanes in the Golf of Mexico, and the disruption of gas supplies to the
Ukraine in the Winter of 2006 led to the German Government's “Energy Summit” process.
The second meeting was held early in October 2006 and based on three papers of the ad-
ministration, one of which was devoted to the efficient use and conversion of energy
(BMU, BMBF 2006).

The paper states the objective of the German government is to reduce the primary energy
intensity of Germany by 50% by 2020 relative to 1990. This is an extremely ambitious
target as the yearly improvement in energy intensity was only 1.8% per year over the last
15 years (including the effect of the unification of Germany). This will have to be raised to
2.8% annually. The paper suggests many measures and instruments to reach this target
which reflect the dispersed markets and obstacles: 

• re-considering national building codes, labelling of electrical appliances, top 10 runner
programme, and the co-generation law;

• financial incentives for refurbishing homes, buildings and schools;
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• incentives for information, consulting, and training programmes;

• CO2 based taxation of road vehicles, additional voluntary agreements of industry and
specific sectors which have not been very successful in the past.

However, the low involvement in the discussion process of the potential stakeholders who
would have to actually act and handle the programmes later and achieve the progress tar-
geted, indicates the risk that the Government may have written a paper and – possibly –
made some decisions about the final action programme which seem far too weak to sup-
port the activities required in all the energy-using sectors in order to reach the target in
2020.

• Little is said about internalising the external cost of fossil fuel use by taxation, sur-
charges, or emission certificates; or about the taxation of jet fuel at the OECD or EU
level, or about the de-regulation of traditional rules, standards, ordinances, and laws
which are preventing new energy-efficient technologies from penetrating new markets.

• Little is said about eliminating direct or indirect subsidies for energy production, distri-
bution and use, or about the energy efficiency-related planning of settlements and trans-
port infrastructures.

• Aspects of using socio-psychological drivers among the actors are not mentioned (e.g.
energy tables reducing transaction costs and stimulating priority shifts in companies at
the local and regional level (Jochem et al. 2004), television spots by popular stars
inducing new shopping behaviour and value systems, etc. (see Jochem et al. 2000)).

• The role of the efficient use of energy-intensive materials is not mentioned at all, even
though this could be expected to contribute an additional reduction in primary energy
demand of about 0.3% to 0.5% per year (Alberti et al. 2005).

4.2 The Recent Directives and Communications of the European Commission

The most recent communication from the Commission “Action Plan for Energy Efficien-
cy” (2006) clearly indicates that the initiative in energy efficiency issues is increasingly
focused at the EU level. This may be a wise strategic policy process as many products are
trades, many companies have plants in several EU member states and many consumers
cross national borders quite often or even regularly. So the need for harmonisation of the
efficiency markets and technologies within the EU is increasingly being promoted by the
Commission. The recently published Action Plan is “intended to mobilise the general pub-
lic and policy-makers at all levels of government, together with market actors, and to
transform the internal energy market in a way that provides EU citizens with the globally
most energy-efficient infrastructure, buildings, appliances, processes, transport means,
and energy systems”.

The Action Plan does not set an efficiency target (like the German government), but cites
energy efficiency potentials between 25 to 30% for individual sectors, and suggests a
2.5% improvement of the primary energy intensity per year between 2005 and 2020. The
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plan identifies 10 priority actions comprising appliance and equipment labelling and mini-
mum energy performance standards, building performance requirements, more efficient
power generation and distribution, high fuel efficiency of cars, and supporting small and
medium sized companies with several measures.

The priority actions also include specific actions for energy efficiency in the new member
states, a coherent use of taxation (which certainly needs more attention), specific activities
in large cities and fostering energy efficiency worldwide through collaboration with inter-
national organisations. The Action Plan does not explicitly include research and develop-
ment issues or a time horizon longer than 15 years. However, the Action plan sets very
distinct policy signals for the most important sectors and promising technological areas of
energy efficiency. And the holistic character of the Commission's Action Plan is more ob-
vious than the position paper of the German government's Energy Summit.

5 Conclusions

Although the technical feasibility of a 2000 Watt/cap society in the second half of this cen-
tury has been clarified and its economic feasibility is likely to be achievable under present
energy price levels, the practical realisation remains an open question. The external cost of
fossil fuel use and many obstacles still remaining at the sectoral and technology level
hinder a fast realisation, but there is also a limited perception of the motivation and oppor-
tunities of possible actors and a limited understanding of the innovation system.

Preconditions for success include research on innovation-focussed and co-ordinating roles
for government, addressing the large portfolio of technologies and innovations, reinforc-
ing user-producer relations, supporting the building of new networks stimulating learning
and economy of scale effects, as well as the articulation of demand and prime movers. Re-
search on these issues will have to involve evolutionary economics, the sociology of or-
ganisation and science, political science, and management science.

Up to autumn 2006, the process of the Energy Summit of the German government was not
very promising in its decisions on substance regarding policy measures, although the tar-
get of a yearly increase of 2.8% in primary energy productivity is extremely ambitious.

For the first time, the author has the impression that energy efficiency potentials are being
clearly recognised and adequately addressed by the Action Plan of the European Commis-
sion as a policy programme supporting all energy policy objectives (low energy costs, en-
ergy security, environmentally benign energy use), but also other innovation, employment,
and environmental policies. The Action Plan has the potential to speed up the innovative
capacity in efficient use of energy in Europe by leading the policy process, assuring a har-
monised setting of boundary conditions in Europe, and inducing more competition among
administrations of the member states as well as technology producers and service sectors.
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