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Preface 

In 1998 the Board of the Swiss Federal Institutes of Technology promoted the vision of a "2000 
Watt per capita society by the middle of the 21st century". A yearly 2000 Watt per capita energy 
demand corresponds to 65 GJ/capita per year, which is one third of today's per capita primary 
energy use in Europe. Assuming a doubling of GDP (gross domestic production) per capita 
within the next 50 years, the 2000 Watt society implies a factor 4 to 5 improvement in primary 
energy use, admitting some influence of structural change on less energy-intensive industries 
and consumption patterns. 

This vision poses a tremendous challenge for R&D to improve energy and material efficiency. It 
is obvious that completely new technologies and supporting organisational and entrepreneu-
rial measures are needed to meet this goal. 

The authors have screened the technological areas and necessary research in this first attempt. 
They are grateful for all the advice and suggestions given by colleagues in Switzerland and 
abroad, particularly by the participants in the international workshop on September 9 - 10 
2002. 

In view of the challenges facing humanity this century, the authors are convinced of the need 
to take action immediately to further research and policy in energy and materials efficiency. 
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If you want to build a ship, 
don't drum up the men to gather wood, 

divide the work and give orders. 
Instead, teach them to yearn for the vast and endless sea.  

Antoine de Saint Exupéry 

Executive summary 

In the coming decades, the threat and consequences of climate change and of the re-
concentration of crude oil production in the Near East will compel industrialised nations to 
make much more efficient use of energy. R&D that helps realise energy efficiency potentials is 
likely to be regarded as important in scientific, entrepreneurial, and political realms. Demand 
for highly energy-efficient technologies will rise steeply, and firms that can provide them will 
prosper. The identification of energy-efficient technologies and related energy conservation 
potentials undertaken in this pre-study is a first step toward designing a R&D strategy that is 
consistent with the need to evolve towards a 2000 Watt per capita society. Reaching this level 
by 2050 implies reducing primary energy use from 1200 to 460 PJ per year, despite a projected 
65% economic expansion (see Figure 0-1). 

 

 
Figure 0-1: Energy flows and energy services of Switzerland in 2000 and 2050 – reducing  

energy per capita demand by two thirds while increasing energy services by two 
thirds 
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This report examines efficiency potentials in energy’s transformation from primary energy to 
useful energy and, more importantly, from useful energy to energy services. The examination 
of these potentials must consider the lifetimes of manufactured artefacts: buildings and infra-
structure that will save or waste energy in 2050 are being built today; 2050’s computers will be 
designed in 2040. It is easy to envisage technologies that would make a 2000 Watt society pos-
sible by the year 2050. However, without exploiting the opportunities re-investment cycles of-
fer, a 2000 Watt society will not emerge and will not even be technologically feasible. This re-
port emphasizes the enormous size of energy conservation potentials achievable not only by 
reducing energy losses but also by decreasing the specific demand for several different energy 
services through improved material efficiency and intensification of product use (Figure 0-1). 

This pre-study reaches the following definitive conclusions: 

(1) Achieving 2000 Watt per capita by the middle of this century implies a complete re-
investment of the capital stock in industrialised countries (and a complete refurbishment of 
the building stock to be used in 2050). 

(2) In light of these requirements, energy research must be understood to encompass all tech-
nical systems that use energy during their operation and production phases, not solely en-
ergy conversion technologies. 

(3) Reducing current per capita energy demand by two-thirds within five decades requires not 
only research in natural and technical sciences but also behavioural research on decision 
making and day-to-day operation and innovation in industry, services, crafts, transportation, 
and private households. 

(4) Moreover, the transition to a 2000 Watt per capita society needs the support of a funda-
mental change in innovation system (e.g. research policy, education, standards, incentives, 
intermediates and entrepreneurial innovations). This system must be continuously ex-
tended, evaluated, and improved over the coming decades with the perspective being part 
of a Swiss policy on sustainable development. 

Contributions to this enormous change will have to come from all sectors and technical sys-
tems but also from changed behaviour of many actors: 
• Buildings, which use a third of final energy for heating, have a very large energy efficiency 

potential. Past technological advances, although considerable, have by no means exhausted 
the technological and cost reduction possibilities. Key technological developments include 
new types of insulation and integrated designs for new buildings and houses such as low-
energy and solar passive houses and commercial buildings, combined heat and power, and 
heat-pump systems. 

• Similarly, the efficiency of large equipment like power stations, paper machines, and indus-
trial kilns will continue to be improved greatly. Here, however, the re-investment cycles are 
long. Energy-intensive manufacturing equipment will undergo substantial changes through 
loss reduction and total process substitution (e.g. new physical, chemical and biotechno-
logical processes instead of conventional thermal separation and synthesis processes). 

• One of the areas with the largest savings potential for 2050 is road transport, especially 
passenger cars. Further advances in internal combustion engines and fuel cell technology, 
braking energy recuperation systems, lightweight frames and new tire materials are very 
promising. The aviation sector is of high importance and can be considerably ameliorated 
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by improved turbines, improved structural and aerodynamic efficiency as well as air traffic 
management techniques. New high-speed train systems with highly efficient magnetic 
levitation technology are an interesting alternative. Telematics offer helpful solutions to 
implement traffic and modal split management as well as freight logistics. New trans-
shipment and container technology is important to make multi-modal freight traffic more 
efficient and attractive.  

• Systematic innovations through the use of information technologies will be very important 
despite short re-investment cycles for the single elements of the energy-using systems con-
sidered. Putting control technologies at the service of more efficient use of energy and other 
resources is a large, rewarding technological challenge.  

• More efficient material use, additional recycling of energy-intensive materials or substitution 
with less energy-intensive materials, greater re-use of products, and improved material effi-
ciency will all contribute to reducing the quantity of materials produced and, hence, energy 
demanded. Entrepreneurial innovations will support these options and the intensified use 
of machinery and vehicles by pooling. 

• The report identifies techno-economic bottlenecks and existing obstacles to the develop-
ment, acceptance, and market diffusion of innovative technologies; it may be important to 
consider them even at the R&D stage. Finally, the report identifies the necessary research on 
group-specific behaviour in investment decisions and everyday operation relevant to re-
source efficiency.  

Wherever possible, the report specifies the research areas and topics that would contribute the 
most to realising the identified energy conservation potentials. However, the timely implemen-
tation of high-efficiency technologies and solutions in areas with long re-investment cycles will 
be crucial.  

The authors strongly recommend the design of a research programme and process that could 
have a decisive impact and help Switzerland to become a leader in technologies for a 2000 
Watt society. 
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1  Introduction 

Energy plays a central role in the economy of both industrialised and less-developed countries. 
All countries face three major energy-related challenges in this century and over the next dec-
ades especially: 
• The share of fossil fuels in current primary energy use, amounting to 80% globally and 58% 

in Switzerland, is likely to remain high during the next decades, given the economics and 
limited acceptance of nuclear power and the small economic potentials and market shares 
for renewable energies. This situation conflicts with the pressing need to reduce energy-
related CO2 -emissions driving global climate change. These emissions cannot be suffi-
ciently absorbed by the geosphere and have thus increased the atmospheric CO2-
concentration by at least 100 ppm or 35% since 1880. The impacts of climate change are a 
major threat to mankind in this century (IPCC 2001a). 

• Recognising the role of crude oil as an energy price setter on world markets, energy policy 
will have to pay more attention to the peaking of oil production within the next two to 
three decades. With declining oil production, energy price levels are likely to increase substan-
tially.  

• Energy policy also will have to give more attention to diversity and security aspects given that 
present road, air and ship transportation are globally almost 100% dependent on oil and 
that two-thirds of the remaining oil resources are concentrated in the Near East, a region 
with considerable political instability. 

To meet these challenges, energy and technology policy must pursue improved efficiency in 
energy production and use as well as improved material efficiency and increased use of renew-
able energies as a substitute for fossil fuels, especially oil.  

Today, more than 400,000 PJ per year of global primary energy demand deliver almost 
300,000 PJ of final energy to customers, resulting in an estimated 150,000 PJ of useful energy 
after conversion in end-use devices. Thus, 250,000 PJ or two-thirds of primary energy demand 
is presently lost in energy conversion, mostly as low- and medium-temperature heat (UNDP 
/WEC/UNDESA, 2000). The Swiss conversion efficiencies of the transformation sector are 
somewhat better due to high shares of hydropower, but the large conversion losses in road 
vehicles offset most of that advantage; the total energy conversion losses at the final energy 
level efficiency, therefore, amount to about 37% on average (see Figure 1-1). 

Considerations of future improvements in energy efficiency are often focussed on energy-
converting technologies and the distribution of grid-based energies where the energy losses 
amount to some 60% of primary energy in most economies. But there are two additional areas 
for reducing future energy demand presently given little attention (see Figure 1-1):  
• Energy losses at the level of useful energy (presently almost 39% of the Swiss primary energy 

demand) could be substantially reduced or even avoided through such technologies as low-
energy buildings, membrane techniques or biotechnology processes instead of thermal 
processes, and lighter vehicles or re-use of waste heat;  
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Figure 1-1: The Energy System from Services to Useful, Final and Primary Energy, Switzerland 

2001 

 
• The demand for energy-intensive materials could be reduced by recycling or substitution of 

those materials, by improving their design or material properties, and by the intensification 
of the use of products and vehicles by pooling (e.g. car-sharing, leasing of machines). 

 

Empirical and theoretical considerations suggest that the overall energy efficiency of today's 
industrial economies could be improved by some 80 to 90% within this century (e.g. Enquete-
Commission 1991). Given the above-mentioned challenges connected to energy use and the 
high potentials for efficiency improvements, the Swiss Board of the Federal Institutes of Tech-
nology (1998) promoted the vision of a 2000 Watt per capita society by the middle of the 21st 
century, which would reduce present Swiss per capita primary energy use by two thirds. 

Within this context, the authors consider technological advances that lead to highly efficient 
energy use to be promising investments. R&D that furthers these technologies is a crucial pre-
requisite. Countries and firms that invest in these technologies and related R&D will boost their 
economies and make a significant contribution to the pressing problems of climate change and 
re-concentration of world oil production.  

This pre-study concentrates on identifying technological advances with high energy conserva-
tion potentials but also supporting services and changed behaviours of actors. The systematic 
identification of the research areas that will help to realise these potentials will be the topic of 
the suggested main study. 
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2 Objectives of the pre-study 

In order to identify promising research areas, we begin this pre-study by pointing out relevant 
technologies and favourable conditions for their timely market penetration. The overall objec-
tives of the pre-study can be summarised as follows:  
• Identify the main technology fields that are likely to contribute significantly to a 2000 Watt 

per capita society based on present energy use losses and conceivable major direct or indi-
rect improvements in efficient energy and material use. It was essential to limit the focus to 
the most promising technologies and, wherever possible, to related R&D in order to give the 
envisaged short-term research programme a manageable scope.   

• Develop a preliminary methodological approach for the ex-ante evaluation of resource effi-
ciency and related R&D in these fields. The prospective evaluation has to consider techno-
logical maturity and market contiguity, long-lived commodities or investments, and con-
sumer goods with life-cycles of less than 10 years, i.e. goods with several investment cycles 
until mid-century. 

• Design a research agenda for the main study planned for the period from 2003 to 2005 based 
on the insights and results of this pre-study, with particular focus on R&D opportunities for 
the Swiss scientific community and on Swiss technology manufacturers’ competitive ad-
vantages. 
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3 Methodological approach and basic assumptions  

This section briefly describes the methodological approach (see Figure 3.1-1) and the criteria 
used to identify, select, and evaluate the various technological fields (Chapter 3.1). As an aid to 
prioritising innovations on the basis of their timely introduction, the technique of backcasting 
is introduced, which examines re-investments cycles and necessary R&D periods (Chapter 3.2). 
To help generate ideas on new technologies and their implementation, possible boundary con-
ditions for technological development in the energy field over the next decades are described in 
a short scenario design (Chapter 3.3). Finally, the role of an international workshop in this pre-
study is described (Chapter 3.4) and the limitations of the pre-study are mentioned (Chapter 
3.5). 

 

Figure 3.1-1: Methodological approach and working steps for identifying major technologies 
and R&D to realise a 2000 Watt/capita industrial society 
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3.1 Identification methods, selection and evaluation criteria 

The identification of potentially relevant technologies was structured along the lines of the  
traditional energy economics sectors and extended by examining materials and systems effi-
ciency as well as behavioural and entrepreneurial aspects:  
• 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 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-chemical or bio-
technology-based processes, light-weight architecture of mobile parts and vehicles, recu-
peration and storage of kinetic energy (Levine et al. 1995, IPCC 2001b). 

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

• Intensification of the utilisation of durable and consumer goods through increased leasing of 
machines and equipment, car-sharing and other product-dependent services.  

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

In general, in order to be selected for further consideration, a technological field had to meet 
the following selection criteria:  

(1) A minimum energy demand at present of at least 2 to 3 PJ in Switzerland, i.e. a minimum 
of 0.2 to 0.3% of current total Swiss primary energy demand, or a similar percentage that 
will likely be realised by the new technology in 2050. 

(2) An envisaged energy-saving potential of at least 20 to 25% in the field of energy conver-
sion technologies and more than 50% at the level at useful energy and material effi-
ciency. 

The evaluation criteria cover quantifiable and non-quantifiable aspects: 
• cost reduction potentials of the new technologies considered,  
• a present favourable (or in the future achievable) export position of Swiss technology pro-

ducers,  
• perceived favourable acceptance of the new technologies or present 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 possible 

market introduction (see Chapter 3.2). 
These selection and evaluation criteria were systematically applied to each technological field 
considered (see appendices). The results are documented in tables in the appendices. Given the 
limited time and budget allocated to this pre-study, the evaluation according to these criteria 
could not be performed at a level of detail necessary for definitive final conclusions and  
recommendations.  
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The search for possibly interesting technologies was carried out by literature analysis, data 
bank screening, and interviews (by phone or in person); the search will require greater efforts in 
the main study. Taking into account these limitations, the results of this pre-study should be 
considered more as exemplifications of the methodological approach than as the final results 
of a comprehensive analysis. 

3.2 Back-casting, Re-investment cycles and necessary periods for R&D 

If the vision of the 2000 Watt/capita society is to be realised, re-investment cycles of different 
technologies in the various sectors must be taken into account. For instance, the re-investment 
cycle of cars and electrical appliances is 10 to 15 years, allowing three to five new generations 
from now until 2050 (Figure 3.2-1). On the other hand, the refurbishment of the stock of resi-
dential buildings may take more than 50 years, which means that the investments in insulation 
of buildings made (or not made) in this decade could determine the success or failure of the 
2000 Watt/capita society in 2050. 

In almost all cases, substantial technical and economic progress has to be achieved by means of 
prerequisite R&D before large-scale investments can be made to insure that resource-efficient  
 

 

 

   2002                2010              2020              2030                2040        2050 

Timing and priorities by backcasting and re-investment cycles 

    
point in time to have a substantial     
impact by mid of the 21st century 

 
minimum time needed for R&D

new buildings and refurbishment of buildings–residential sector 

office buildings, new and refurbished

                                trains, aircraft, paper machines 

2nd generation                                            1st generation

factory buildings, new and refurbished

cement kilns, thin sheet steel casting

1st generation 2nd generation 

mobile fuel cells in vehicles

2nd generation                                           1st generation

highly efficient electrical appliances

light weight cars

aircraft turbines

 
Figure 3.2-1: Timing and priority-setting of R&D by backcasting and re-investment cycles 
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technologies will be in place in the year 2050. Given long lead times for R&D and long re-
investment cycles, e.g. in the case of buildings, trains, aircraft, thermal power plants and certain 
very long-lasting process technologies, the success of the vision may already be in question 
today (Figure 3.2-1). 

Considering the dynamics of necessary R&D periods and the typical re-investment cycles, the 
backcasting method is very useful to prioritise R&D ideas in related technological fields in a 
dynamic fashion. Given the short time of the pre-study and budget limitations, the backcasting 
method was not fully applied to the various technical fields of energy and material efficiency. 
Nevertheless, it will certainly be useful for setting major priorities for important sectors and 
technologies such as the existing building stock, trains, aircraft, water turbines, and new indus-
trial processes including paper-making plants and planning of new long-lived industrial sites 
and transportation infrastructure. 

3.3 The societal and economic background of technology use in Europe in 
the year 2050 – a scenario sketch to facilitate technological foresight  

Identifying low energy technologies expected to be in use by the middle of this century was a 
challenge for the authors of this study, since looking 50 years ahead is unusual for R&D in 
many technological fields. Therefore, the identification of future low-energy technologies and 
related R&D ideas had to be supported by describing possible techno-economic, demographic, 
geopolitical and other boundary conditions in 2050.  

3.3.1 Some global boundary conditions in 2050 

As a starting point for the back-casting exercise, the authors offer the following hypothetical 
description (projection) of the state of affairs for the year 2050. The following conditions can be 
expected (here described in the past tense form to sharpen the view for a point in time half a 
century away from today): 
• World population grew to 8 billion people, less than was projected at the end of the 20th 

century. Except in Africa, all world regions have high shares of elderly people (UN Report 
2002).  

• Global Gross Domestic Product (GDP) grew more slowly than expected until 2050, because 
former industrialised countries grew at a linear per capita growth rate of some 400 
Euro/cap and year (as already observed between 1950 and 2000). Reasons for this were 
shrinking shares of industrial production in GDP (compare related theory and empirical data 
in Danielmeyer, 1999) and a decreasing willingness of ageing and increasingly wealthy so-
cieties in most world regions to "work hard" (except in certain still developing countries in 
Africa and Asia).  

• The major challenge at the global level is still climate change. Necessary adaptation invest-
ments became substantial in world areas with large, highly populated river deltas (e.g. dam 
construction in Bangladesh, the Netherlands, New Orleans/Mississippi) and river valleys and 
in semi-arid zones (e.g. huge irrigation projects in the Mediterranean countries and long-
distance water transport systems). All countries have accepted and established greenhouse 
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gas emission reduction targets and strict international control, with UNDP enforcing the 
obligations even through internationally accepted sanctions. Jet fuel use for international 
flights has been taxed since the 2030s, whereas regional domestic flights were taxed even 
earlier. Hydrogen as jet fuel is minimally taxed. The tax income from all jet fuels is used for 
adaptation investments in poor countries with major potential damage from climate 
change. 

The prices of fossil fuels grew substantially (crude oil prices on the world market doubled from 
some 20 $/barrel in 2000 to 50 $/barrel), as the mid-depletion point of oil resources was passed 
and oil production started decreasing in 2030. Coal prices did not increase so much, reaching 
some 100 $/tonne; coal is still used but is very often gasified, and the separated CO2 is seques-
trated in exhausted oil and gas fields and in suitable aquifers. 

Renewable energies experienced a fascinating take off during the last decades, starting with 
wind power after the turn of the 21th century, later in the 2020s with bio-mass use and geo-
thermal energy and since the 2030 with ocean and wave energy, solar thermal power plants 
and photovoltaics accumulating to almost 40% of global primary energy supply. 

Nuclear energy had maintained its role as basic supply for electricity generation in some parts 
of the world, but could not increase its share in global primary energy supply due to lack of suf-
ficient acceptance in many countries. 

3.3.2 The situation in Europe and Switzerland in 2050 

Europe is a federation of the former European countries. The federation follows some major 
policies at the European level, including general energy and economic policy, climate change 
policy, trade and foreign policy as well as military policy. 

The European population has been constant for several decades: the decline in population born 
in Europe has been compensated for by controlled immigration of young and middle-aged 
people from Asia, Africa and Latin America. The population has a high share of elderly people 
(around 40% are over 65). 

The linear growth in economic expansion in GDP of some 400.- Euro per capita and year has led 
to an increase in income of more than 80% over five decades, or 1.3% per year on average. The 
income distribution among individuals is more pronounced in 2050 than it was in 2000, but 
differences between European countries being 1:10 in the first decade are less pronounced. The 
European market, including all energy carriers, has become a competitive domestic market for 
all countries on the European continent. 

European climate change policy had a reduction target of energy-related CO2 emissions of 70% 
between 1990 and 2050 within the context of the Frame Convention on Climate Change 
(FCCC). The 2050 target was almost met. CO2 -emissions per GDP decreased by 3.5% per year, 
most of which was achieved by higher energy efficiency. Carbon-based fuels for road vehicles 
are highly taxed and the use of all fossil fuels required CO2-emission rights since the late 2010s, 
the prices of which are traded on worldwide markets. 
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The 2000 Watt per capita vision of the Board of the Swiss Federal Institutes of Technology was 
accepted as a guide at the European energy policy level between 2010 and 2020, stressing en-
ergy and material efficiency as central technological strategies, and with accompanying meas-
ures also intended as major drivers for innovation and successful worldwide export of technol-
ogy.  

Nuclear power was phased out in some European countries because of negative popular sen-
timent there. In other countries, the use of nuclear energy remained acceptable over the five 
decades, with no major accident having occurring since Chernobyl in 1987. 

The Swiss population did not change significantly over the period 2000 – 2050. It peaked at 7-4 
million people in 2020 and then declined to 7.1 million in 2050 (BFS 2000 trend scenario). The 
share of elderly people (25% in 2000) increased to 42% in 2030 and then remained constant at 
that level. 

The growth of GDP per capita averaged 650.- CHF per capita and year, so that GDP per capita 
increased from 48,000.- to 80,000.- CHF/capita and year, i.e. 1.03% per year on average (1.3% 
per year in the first decade 2000-2010). CO2 taxation that goes to finance investments in public 
adaptation and private mitigation has become the accepted norm since the late 2010s. 

The Swiss Government has worked closely together with the EU countries in energy and climate 
change policy. Switzerland took advantage of its leading position in many technological fields 
by designing a demanding policy including export-oriented energy technologies, a long-term 
climate change policy, and a pronounced innovation policy. The well developed banking and 
educational sector contributed much to the Swiss exporting industrial branches’ maintaining 
the momentum of developing lead markets over the last five decades. 

3.3.3 Selected technological developments until 2050 

The technological change that took place in numerous areas of energy use was largely depend-
ent on re-investment cycles of the technologies and infra-structures concerned. Re-investment 
cycles have been understood as limiting factors for technological progress towards a 2000 
Watt society since the first decade of the 21st century: 
• Buildings with very long re-investment cycles as well as infrastructure such as railways and 

tunnels have received much attention in terms of repair, maintenance, and refurbishment 
since 2010. The former share for heating of 30% in final energy use (in 2000) was able to be 
drastically reduced by early actions after 2005 in Switzerland, as there were clear pathways 
of technological development towards low energy and solar passive houses and buildings 
and towards the abandonment of boiler systems in favour of combined heat and power 
(CHP) -systems and heat pumps supported by solar collector systems. 

• Large equipment including power stations, refineries and energy-intensive processes with 
re-investment cycles of 30 to 40 years have been improved greatly over the five decades. 
With regard to power stations, improvements in steam and gas turbines, combined-cycle 
power stations, and small CHP-plants (including fuels cells of various types) as decentralised 
power generators contributed much to diminishing losses in the conversion sector. Rela-
tively few replacements for nuclear power stations were needed at the end of the lifetime 
of the former plants due to large efficiency gains in electricity use since 2010. An European 
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wide, policy-induced, lightweight construction for new generations of railroad cars substan-
tially improved the energy efficiency of trains.  

• Energy-intensive manufacturing equipment with lifetimes between 12 and 20 years (glass-, 
cement-and clay-kilns, paper and pulp machinery, iron) underwent substantial changes by 
reducing losses and through total process substitution (e.g. new physical, chemical, and bio-
technological processes instead of conventional thermal separation and synthesis  
processes). 

• System innovations proved to be important, in spite of short re-investment cycles for the 
single elements of the systems considered. For example, time-dependent electricity tariffs 
for all electricity consumers (also for private households and their washing machines, deep 
freezers, and warm water production) substantially reduced peak power demand and 
thereby reduced the pumping losses of hydropower stations (which were considerable in 
2000). New settlement policies, introduced slowly between 2010 and 2030, are another ex-
ample. 

3.4 Reflections on the international workshop of September 9-10, 2002 

An international workshop was held in Zurich on September 9 and 10, 2002 as an outreach for 
advice from experts in the worldwide research community. Preliminary results of the pre-study 
were distributed to workshop participants as an input paper six weeks in advance; these results 
were enriched and largely validated as a result of the workshop. The workshop was also meant 
to indicate that the Swiss research community was starting seriously to engage in the long-
term process of developing sustainable technologies for the future.  

The programme was structured along the lines of the major sectoral, technological and behav-
ioural dimensions (see appendix 8). The broad spectrum of applied natural sciences and tech-
nologies as well as behavioural and innovation research aspects proved challenging for partici-
pants. The results of the discussions and recommendations from participants were taken up by 
the authors and included in this report. General outcomes and recommendations can be sum-
marised as follows: 
• The basic results in the input paper were confirmed; some of the cross cutting technologies 

are difficult to assess; social science and behavioural aspects need more attention directed 
to resource efficiency and related decision-making and entrepreneurial innovations. 

• In order to identify crucial R&D activities needed to overcome technical bottlenecks, much 
more in-depth analysis is needed as a follow-up; as failures of certain applied basic research 
initiatives cannot be excluded, alternative technical options should be considered.  

• Improve the methodological approach; stress the importance of re-investment cycles and 
the related backcasting method; improve the set of evaluation criteria for R&D prioritisa-
tion. 

• The informal network produced through the workshop might be useful for future co-
operation, partially at the European level within the 6th Research programme of the EU 
starting in 2003.  

• The writing team should consider further steps such as a publication of a White Paper on 
R&D in energy and material efficiency, a further more detailed analysis (major study), or a 
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concept for a research programme on sustainable energy to be launched by the Swiss gov-
ernment. 

3.5 Limitations of the pre-study 

In light of the pre-study’s small budget, the analysis of the feasibility of a 2000 Watt per capita 
society had to be restricted to promising technologies that could contribute to the overall ob-
jective. The identification and evaluation of associated research and development initiatives 
was of necessity limited to examples and clues gathered from interviews, the international 
workshop, and the authors’ own work. 

A systematic screening of R&D options and a rigorous application of the evaluation criteria 
have been left for the main study (see Chapter 5.3.1). These tasks include consideration of pre-
sent and possible future comparative advantages for Swiss technology and groups of excel-
lence for individual R&D areas. 

This report’s appendices reflect the status of the fact-finding in all these respects.  The report 
and appendices do not cover all the literature that has been examined or that could be cited 
after the completion of a major study. 

However, the basic methodology and conceptual approach - with its emphasis on the backcast-
ing method, re-investment cycles, and time requirements for R&D (see introduction of Chapter 
3) - have been developed and are likely to contribute to the success of a main study. 
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4 R&D towards a 2000 Watt society - results of the pre-study 

The core activity of the pre-study was the identification and a preliminary evaluation of tech-
nologies having a substantial potential to contribute to the reduction of the per capita energy 
demand by at least two thirds within the next five decades. The analysis was carried out on a 
sectoral basis (Chapter 4.1), but also included cross-cutting aspects of information and commu-
nication technologies, material efficiency, and recycling of energy-intensive materials (Chapter 
4.2) as well as decision-making and day by day operating behaviour (Chapter 4.3). The authors 
used a typified structured framework on the selection and evaluation criteria described in 
Chapter 3.1 that could be used in many, but not in all cases. The results are documented in the 
Appendices. In this section, the results have been condensed to essential aspects on efficiency 
potentials, necessary research efforts, and involved bottlenecks and obstacles; they also include 
the major outcomes of the international workshop. 

In order to estimate absolute energy saving potentials, an idea of the energy demand with "fro-
zen technology" by 2050 had to be developed. Assuming an increase in economic growth of al-
most 70% between 2000 and 2050 (see Chapter 3.3.3), the primary energy demand at "frozen 
structures and technologies" would grow at the same rate as the GDP. If structural changes to 
less energy-intensive services in the economy and saturation processes are considered (at an 
assumed (and often observed) yearly rate of declining energy intensity of 0.4%/a), primary en-
ergy will increase less, i.e. about 47%, amounting to some 1'700 PJ in 2050 (or 7'500 W/cap) still 
assuming frozen technology of the year 2000. The reduction of the Swiss energy system neces-
sary to reach 2 000 W/capita (or 65 GJ/cap) in 2050, therefore, amounts to some 75% or in ab-
solute terms about 1'300 PJ of primary energy down to the target of 400 PJ (see Figure 4-1):  

 

Figure 4-1: Scheme of drivers on Swiss primary energy demand: economic growth, saturation, 
structural changes, autonomous and policy-induced energy and material efficiency 
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As the analysis was carried out with the perspective of final energy use at the sectoral level, 
final energy use of 2050, amounting to a total of 1'270 PJ at frozen technology of 2000 (overall 
efficiency of the conversion keeping constant at around 75%) was estimated at the four sectoral 
levels (see Table 4-1): residential sector (320 PJ, i.e. 25% of final energy), commer-
cial/public/agricultural sector (255 PJ, i.e. 20%), industry (235 PJ, i.e. 18,5%), and transportation 
(460 PJ, i.e. 36.5%). These figures projected at frozen present technology for 2050 were used as 
a preliminary yardstick to evaluate the energy savings potentials identified for individual tech-
nologies or sectors (see also the summarising Chapter 4.4). 

Most relevant bottlenecks and obstacles to R&D or to the application of technologies to be de-
veloped are briefly mentioned in tables in the following chapters, as they may point to research 
or application risks and/or to the need for further technical solutions to alleviate them. With 
regard to the main study, priorities have been set on the basis of the selection and evaluation 
criteria mentioned in Chapter 3.1 (absolute energy saving potential, homogeneity of the tech-
nology concerned, the export potential for Swiss technology producers, and the R&D risks in-
volved). 

 

Table 4-1: Present and future energy demand at frozen present technology by sectors 

Sector energy demand in PJ 

 2000 2050 

at frozen technology of 2000, 
but structural changes included

Residential sector 230.6  320 

Commercial/public/agriculture 163.1  255 

Industry 153.5  235 

Transportation 302.8  460 

Non-energy use 7.6  30 

Conversion and distribution 300.4  400 

Total 1158.0  1700 

Source: BFE, 2000; own estimates 

4.1 R&D fields by sectors 

Four sectors of energy use have been separately analysed, as their technologies and related 
energy efficiency potentials differ quite substantially. 
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4.1.1 Residential and commercial sector 

About 50% of final energy consumption is directly or indirectly used for buildings, about 10% of 
which goes for building construction and about 40% for operation. About 55% of the floor area 
is made up of residential buildings, many of these multi-family houses. Heating and hot water 
account for about 80% of energy demand in existing residential houses, while construction and 
operation may have an equal share with heating and warm water in solar passive houses. The 
energy use of new energy efficient buildings is no longer dominated by heating demand: Elec-
tricity use has become the main energy demand in some cases.  

The role of research and development in the building sector should be to improve the applica-
bility and robustness of new emerging energy-efficient conservation technologies. The eco-
nomic competitiveness of these new technologies should also be considered, which is also 
strongly influenced by traditions, existing building fashions, knowledge of architects, crafts-
men and building owners as well as their priorities and financial resources (see Chapter 4.3.1).  
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Figure 4.1-1: Saving potentials of the Swiss building sector in PJ final energy per year (according 

to Fact Sheets A1-1 - A1-10) 

 

Reducing heat losses through the building's envelope has by far the largest saving potential in 
the building sector. About one third of Swiss final energy consumption is used for space condi-
tioning that compensates for these presently high thermal losses. The largest saving potential, 
therefore, relates to thermal insulation and reduced ventilation losses of existing houses and 
non-residential buildings. The estimated saving potential by improved insulation is as high as 
107 PJ (see Figure 4.1-1). A large part of this could be achieved with traditional insulation tech-
nologies, but often new, less space-consuming solutions must also be available for retrofit. In 
addition to thermal insulation, the air-tightness of building envelopes can also be improved. 
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Old buildings are often extremely leaky; air losses and draft are generating large energy losses 
and making occupants uncomfortable.  

The second important area for energy efficiency in buildings is heat generation and distribu-
tion. Little improvement can be achieved by further developing traditional gas and oil boiler 
systems. Instead, advanced co- and triple-generation technologies (including heat pumps) have 
to be applied. Their saving potential is as high as almost 40 PJ. This estimation also includes the 
effect that extensive insulation measures will reduce the building’s heating demand, thus re-
ducing the losses of final energy.  

Hot water systems have a large potential for the application of renewable energies. If they were 
no longer operated by conventional heating systems or by electrical resistant heaters, some  
26 PJ could be saved, mainly be applying solar collector systems. But also major systems im-
provements (reduced storage and distribution losses) are possible. 

A further important efficiency potential is related to electricity use. Growing electricity use by 
private households and commercial buildings may turn out to become a central future energy 
problem in the Swiss climate change policy. Additional electricity supply is either energy-
intensive (from thermal processes) or likely to be expensive (from renewable energies).  About 
43 PJ of final energy could be saved with improved lighting technologies (15 PJ), advanced appli-
ances (16 PJ) and demand controlled electricity management (12 PJ). Additional savings of 12 PJ 
would result from reduced cooling loads.  

Finally an additional efficiency potential relates to ventilation. About 30 PJ may be saved by 
demand-controlled ventilation with heat recovery systems. Mechanical ventilation is also 
linked to advanced heating technology, which is no longer part of a central hydronic system but 
has to be replaced by an integrated heating and ventilation system. Ventilation is not only a 
question of energy efficiency. Comfort also enters into it highly, particularly in buildings of in-
dustrial production. Potential energy savings can easily be lost again due to exorbitant comfort 
expectations, over-designed high air change rates, and poor system efficiency (e.g. without 
heat recovery). 

Besides others the following R&D areas could be pursued and evaluated in more detail (see also 
Table 4.1-1): 

Thermal insulation 

The relatively slow market acceptance of advanced insulation standards in building retrofits 
has been mainly caused by increasing marginal cost, high indirect costs of insulation measures 
and the loss of space the insulation entails but also due to ignorance of achievable co-benefits 
(Jakob et al., 2002). One promising new insulation technology is vacuum insulation. Vacuum 
insulation panels (VIP) can reduce the thickness of the insulation layer by a factor of 5 to 10. First 
VIP products have reached the market stage, but further R&D is needed to improve the robust-
ness and applicability of this technology and explore possibilities to reduce production and in-
stallation cost (see Fact Sheet A1-1).  

Further improvements could also be achieved in window technology. Reliable and effective 
switchable glazings could reduce cooling loads and replace traditional shading devices, which 
are resource- and maintenance-intensive. 
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Heating systems 
New oil- and gas-fired simple boiler1 technologies presently achieve energy conversion effi-
ciencies of more than 90%. Further significant improvement of this technology is not feasible. 
Electrically driven heat pumping systems however, presently operate at efficiencies (COP) be-
tween 2.5 and 4. The overall system performance is significantly better using the Swiss mix of 
electricity but only slightly better than traditional gas- and oil fired boilers using a predomi-
nately fossil based electricity mix. Advanced heat pumping technology could achieve COPs of 
between 4 and 6 and offer real progress in energy efficiency, especially in combination with 
new electricity/heat-generating technologies such as fuel cells or engine-based co- and tri-
generation (Appendix Figure A1-3). 

The technology of such new systems is essentially developed, but only for systems designed for 
large customers. Future markets will require small-scale units to match the much lower heat 
demand of future buildings. Therefore, research and development should focus on standard-
ised small scale heat pumps, co- and tri-generation systems.  

Controlled ventilation 

Controlled ventilation systems guarantee not only good indoor air quality and comfort but also 
offer the opportunity of heat recovery from exhaust air. For low-energy houses, heat recovery 
from exhaust air will be the major energy source. Heat exchangers and small-scale heat pumps 
will allow recovery of the heat from exhaust air as well as energy from internal and solar gains. 
Further R&D to develop inexpensive high-capacity heat exchangers by foamed metals and/or 
nano-technology based heat exchanger surfaces (see Fact Sheet A1-2).  

Further R&D should focus on integrated energy systems, which manage the energy demand for 
heating, ventilation, hot water and probably provide base load electricity. For cost competitive-
ness, easy maintenance and energy efficient standard “plug and play”-type units have to be 
developed (see Fact Sheet A1-4).  

Hot water 

Electrical heaters or central heating systems normally produce warm water with rather low 
efficiencies during the summer period (and extremely poor from the exergetic pursuit of view.). 
Producing warm water with solar systems offers a large saving potential of non-renewable 
energies. Standardised solar systems are currently available on the market. They are reliable 
over most of the year, but they still need a back-up system to meet the demand during the cold 
winter periods or periods of high demand. This back-up system could preferably be provided by 
integrated heat pumps using waste heat from exhaust air or waste water. 

A weak point of most hot water systems is the distribution pipe work. The thermal losses are 
high in relation to the warm water actually consumed. Circular pipes in particular loose sub-
stantial shares of heat produced. Further R&D should be done to develop inexpensive super-
insulated piping, storage tanks and new concepts of control (see Fact Sheet A1-6). 

Electricity 

There are three major options of reducing electricity demand in buildings: 

                                                 
1 Future co-generation systems are likely to be primarily based on oil and gas 
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• Progressive standards and labels for energy-efficient electrical appliances, including stand-
by losses and operation modes (see Fact Sheet A1-9), 

• New lighting technologies such as OLED’s combined with optimal day-lighting strategies 
(see Fact Sheet A1-8), 

• Advanced electricity management systems, optimising operation time and power according 
to the real demand and for peak shaving (see Fact Sheet A1-7).  

 
Table 4.1-1: Summarising efficiency potentials 2050 of buildings and electric appliances and 

other major findings  

Sector / tech-
nology 

Efficiency 
Potential 

in%2)3) 

Efficiency 
Potential

in PJ2) 

Research 
efforts and 

risks 

Obstacles and 
social environ-

ments 

Importance for 
main study, re-

marks 

Buildings 

(heating and 
warm water 
generation) 

- residential 

- commercial 

 

 

 

 
67*** 

62*** 

 

 

 

 
155** 

96** 

Medium 
efforts, 
high risk for 
new tech-
nologies, 
e.g. vacuum 
insulation 
techniques 

Difficult markets, 
traditional con-
struction design 
and architects, 
planners, in-
stallers; difficult 
for industrial 
pre-fabrication 

++++ 

focus on signifi-
cant improve-
ments, long re-
investment cycles 
urge for priority in 
R&D; increase in-
dustrial involve-
ment 

Appliances, ser-
vices 

electric appli-
ances 

cooling loads 

 

 
10 to 20** 

 

30** 

 

 
21 to 43** 

 

12** 

Medium 
efforts, 
high risk for 
new tech-
nologies 

Information and 
product 
availability on 
the market, con-
sumer trends 
and lifestyles 
may influence 
electricity sav-
ings to a large 
extend 

+++ 

relatively short re-
investment cycles, 
efficiency poten-
tials may be un-
derestimated 

2) Reliability of estimated potential:  ** = to some extent known and certain 
 *** = well documented and reliable data on potentials available 
3) Percentages given in relation to total energy use of the related sector or technological area 
 

Recommendations 
• Increase fundamental and applied research on high-performance thermal insulation mate-

rials and systems (fundamental research on vacuum insulation (e.g. vacuum tight-sealing 
films, bonding and welding of films, aging processes) and nanoporous super insulating ma-
terials (nanogels); applied research on production processes and property tuning and sys-
tem application). 
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• Improve properties of shading and daylight devices (e.g. develop improved switchable glaz-
ing and cost efficient light tube technology). 

• Focus on small scale advanced heating systems, applying heat pumps, co- and tri-
generation based on renewable and fossil fuels (e.g. basic research on new refrigerants, ap-
plied research on efficient small-scale heat pumps designed for low-exergy heat recovery, 
gas-operated co- and tri-generation systems such as small Stirling engines and fuel cells). 

• Develop integrated energy units for heating, ventilation, warm water and electricity supply 
for low energy housing (e.g. applied research on optimal system design and system integra-
tion of small “all in one” units, development of standardised low maintenance “plug an 
play” units for low-energy houses or dwellings). 

• Develop advanced electricity management systems for real demand controlled operation of 
electrical systems. Reduce stand-by losses; develop intelligent and self-learning demand-
oriented control systems, investigate automatic on and off systems to reduce stand-by 
losses. 

• Improve efficiency of small electrical motors, appliances, and lighting. (e.g. investigate new 
motor technologies with low energy demand, such as adaptive materials (shape-changing 
materials), and ionic air transportation; develop efficient lighting systems with OLED-
technology). 

Research suggestions on changing behaviour in decision-making, daily operation and construc-
tion knowledge are given in Chapter 4.3.2 and 4.3.3. 

4.1.2 Industry 

Swiss industry’s final energy use, presently amounting to nearly 170 PJ, is split among various 
industrial branches, with major demands in the pulp and paper industry, chemical industry, 
cement production, food industry, electrical industry and metal production (see Table 4.1-2 and 
4.1-3). The industrial processes are extremely manifold, covering high temperature processes 
(e.g. cement, steel, lime, glass), medium temperature heat (investment goods industries, 
chemicals), and low temperature heat (food, textiles, pharmaceuticals) including heating of 
buildings and factories. Because of the high variety of industrial production processes it is im-
possible to adequately cover all of them in a pre-study. Therefore, some examples of industrial 
processes have been chosen to demonstrate the methodological approach that could be taken 
in a broader analysis. 

The industry sectors presented in Table 4.1-2 were selected for further investigation within this 
pre-study. The selection includes the four most energy-intensive sectors (pulp & paper, chemi-
cals, cement, and food) as well as the textile industry because of the importance of high-
volume exports of textile machine producers in Switzerland (an example of the influence of 
innovative machine production). Wastewater treatment was included to discuss energy effi-
ciency in contrast to rising environmental standards. Within each sector the relevance for the 
future energy efficiency of different unit operations and other energy-relevant system aspects 
were investigated. Detailed descriptions of the technologies considered and their potential are 
given in Appendix 2. 
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Table 4.1-2:  Industrial sectors covered within the pre-study, their final energy demand 1999, 
efficiency potentials, and relevant processes within the sectors 

 Sector Pulp &  
Paper 

Chemi-
cals 
Pharma 

Cement Food Textile Waste 
water 

 Final energy demand  
in 1999 

27.1 PJ 21.1 PJ 18.1 PJ 17.7 PJ 5.4 PJ 3 PJ *) 

 Estimated efficiency 
gains 

max. 30% 30-50% max. 30% max. 35% 20-50% ~30% 

Pr
de

ocess and Product 
velopment 

 ++ (A2-2) +  ++ (A2-5)  

Process optimisation 
(methodologies, tech-

logies) no

 ++ (A2-2) + + ++  

Sy
st

em
 a

sp
ec

ts
 

(o
n 

sy
st

em
  l

ev
el

 
(

t
t

)

Material efficiency (e.g. 
recycling, new prod-
ucts) 

++ (A2.1) ++ (A2-2)     

Reaction heat  ++ (A2-2) ++ + ++  
Mechanical separation ++ (A2.1)    + + 
Drying + +  + (A2-6) ++ (A2-6) + 
Distillation, Crystalisa-
tion, Concentration 

 ++ (A2-2)  + (A2-2)   

U
ni

t  
pr

oc
es

se
s 

Grinding / Crushing +  ++(A2-3)    
*) Only municipal wastewater treatment plants (also included is an additional 1 PJ a-1 heat demand for sludge 
drying) 
Importance for future energy efficiency: + = important; ++ = very important 
Values in brackets refer to the chapter in Appendix 2 where the corresponding Fact Sheets presented. 

 

The energy used for heating and ventilation in production buildings (and offices) make up a 
substantial part of the efficiency potential. Those aspects are discussed in the Chapter 4.1.1 
“Residential and Commercial sector”. One Fact Sheet included here treats the specific possibili-
ties and obstacles of clean room technologies in the chemical and food industries. Industrial 
sectors not covered within this pre-study account for about 45% of final energy use in industry 
(see Table 4.1-3). 
 

Table 4.1-3: Industrial sectors not covered within the pre-study 

Sector Total final energy 
demand in 1999 

Comments 

Iron, non steel-
ferrous metals 

12.5 PJ Material efficiency and improved recycling 
are the most important efficiency potentials 

for this sector (see chapter 4.2.2).   
Machine industry 8.6 PJ  Large heterogeneity; example for efficiency 

gains see  textile machine industry (weaving 
machines) 

Electrical industry 15.8 PJ  Large technical heterogeneity; no general 
statements possible 

Construction  13.9 PJ  Partly connected with transport sector. Ob-
stacles are long lifetimes of construction 

machines. 
Other (wood-, plas-
tic-processing, etc.) 

26.3 PJ  Large technical heterogeneity; no general 
statements possible 
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Recommendations 

Within the industry sector, the technological complexity of the processes is high, and possible 
efficiency-improving technologies vary considerably. However, some areas of interest have 
been identified and quantified. These areas have been selected for different reasons, including 
the criteria as described in Chapter 3.1 (availability of data, and importance for Switzerland). The 
areas recommended for more detailed analysis were selected according to their direct effi-
ciency potential as well as possible secondary benefits (material efficiency, technology export). 
Moreover, the process designs of industrial production lines or basic research on new products 
or processes are of a more general nature, but nevertheless optimisation by improved process 
control and process cascading can generate significant energy efficiency improvements.  

We recommend the following areas for further study and analysis (see also Table 4.1-4): 
• Basic research and research in collaboration with industry on process or product develop-

ment: The chemical industry (new products) and machine industry (export products) are es-
pecially promising. 

• Possibilities to improve energy and material efficiency on several counts: Research on new 
catalysts (also biocatalysts), reducing process energy demand and/or improving the proper-
ties of polymers, new machine designs, and research on new dyeing processes. 

• Investigation of methods and techniques for energy-efficient process design and control on 
the basis of case studies: Especially in the chemical industry, but also in other industrial sec-
tors where energy efficiency is not adequately considered during process design. The largest 
influence on the energy demand of a process is possible within the process design stage 
(e.g. by reducing stand-still times, eliminating or reducing process steps by new processes 
and process combination, de-bottlenecking of plants, etc.). 

• R&D on technologies to replace thermal separation and concentration processes (such as 
distillation or evaporation): In addition to reducing the energy demand, technologies such 
as membrane separation offer the possibility of recovering valuable raw materials or in-
creasing product yield. 

• R&D on optimising the industrial drying process: Technologies to reduce the need for drying 
processes (improved mechanical separation, working in cold conditions with pressure, etc.) 
would lead to the highest reduction in energy use within drying and the process steps that 
lead up to it. This topic should be pursued in relation to processes relevant within Swiss in-
dustry conditions (textile, food, chemistry, or paper). Results may be transferable to other 
industry sectors and may have a multiplier effect. 

• R&D on new grinding technologies within the cement industry: Energy demand for grinding 
is high in this sector and the efficiency of the current processes is low. It may also be possi-
ble to implement and diffuse such a new technology more successfully through the strong 
market position of Holcim. Results may also be transferable to other industry sectors such 
as some food industries and the chemical industry. 

The energy-saving potential in the industrial sector seems to be on average about 30%, and in 
some cases like new processing routes much higher. R&D  on focused areas such as energy-
demanding unit operations and process intensification is highly recommended. 
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Table 4.1-4: Importance of the recommended R&D fields in various technologies and industrial 
sectors 

Process, research field Sector CH Re-
search 
Area 

EU Re-
search 
Area 

Industry 
Projects 

Long 
Range 

Short, 
me-
dium 
Range 

Process design and 
product develop-
ment1) 

Chemical, tex-
tile, machine 

industry 
++++ ++ +++ ++ + 

Process intensifica-
tion and optimisation 
(methods, technolo-
gies) 

Various, espe-
cially chemical +++  ++  ++ 

Alternatives to drying 
and thermal separa-
tion 

Food, textile, 
chemical  ++   + 

Mechanical separa-
tion processes: Grind-
ing technologies 

Cement, Food 
Chemistry,  

Recycling indus-
tries 

++ + ++ +  

1)  Depends on specific project and may be long-term and international research (catalysts) but also shorter 
ranged and specific to Swiss industry (textile machine developments). 

 

4.1.3 Transportation 

Transportation has become a predominant energy-using sector in Switzerland during the last 
two decades, using about 300 PJ currently. The present energy demand of all relevant traffic 
modes (see Appendix 3) shows the following picture: The passenger car sector is the most im-
portant traffic mode, with an energy consumption of about 137 PJ in 2000, followed by aviation 
with 66.2 PJ (allocation method: kerosene sold in Switzerland), trucks (light-duty and heavy-
duty) with about 44 PJ, trains with 10 PJ, and buses with about 4 PJ. Other minor traffic modes 
showing an energy consumption less than 2 PJ are not considered in this analysis. The analysed 
research areas in the transportation sector consist not only of the major traffic modes men-
tioned above but also include further research fields, namely city cars with reduced functional-
ity, high-speed trains faster than 300 km/h, traffic management, and modal split management. 
Table 4.1-5 summarises the major findings in the transportation sector. 

The detailed analysis of all research areas resulting in a series of fact sheets is documented in 
Appendix 3. In the following, we give an overview of the major findings in the different research 
areas.  
Technical measures to improve the energy efficiency of vehicles for road transportation affect 
passenger cars, city cars, and light-duty and heavy-duty trucks as well as buses. Such measures 
comprise, first, vehicle design measures such as aerodynamic drag reduction, rolling resistance 
reduction, and weight reduction; and second, the improvement of the drive train system, which 
refers to the optimisation of the internal combustion engine (ICE), mechanical drive train, and 
the implementation of alternative propulsion systems. The latter include the ICE-hybrid and the 
fuel cell-hybrid drive train in combination with an electric motor and a super-capacitor. This  
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Table 4.1-5: Summarising efficiency potentials for 2050 and other major findings in the trans-
portation sector 

Sector/ 
technology 

Efficiency 
potential 

in %1) 

Efficiency 
potential 

in PJ 

Research efforts 
and risks 

Obstacles and 
social  
environments 

Importance for 
main study,  
remarks 

passenger 
cars 

up to 70%
 

143 Reduced driving 
resistance, use of 
light-weight ma-
terials and im-
proved drive train 
efficiency; risk 
due to numerous 
competing drive 
train concepts 
and fuels 

fuel storage tech-
nology, high costs 
of hybrid and fuel 
cell components; 
availability, infra-
structure and con-
sumer acceptance 
of new fuels (e.g. 
hydrogen) 

++++, high over-
all impact, nu-
merous R&D 
activities and 
important 
automotive sup-
ply industry in 
Switzerland 

city cars compared 
to present 
passenger 
cars in 
inner-city 
traffic: 
85% 

48 2) new solutions for 
smaller cars with 
reduced func-
tionality; risk con-
cerning consumer 
acceptance 

trade-off:  reduced 
functionality, 
safety, and suffi-
cient comfort at 
low costs; integra-
tion in multi-
modal traffic con-
cepts 

++, potential for 
exports to devel-
oping countries, 
numerous R&D 
activities and 
some companies 
in Switzerland 

heavy-
duty trucks 

>15% >7 limited research 
potential for 
more efficient 
truck design and 
diesel engine 

fuel efficiency is 
already major 
concern (high ac-
ceptance), prob-
lems concerning 
integration of new 
concepts for load 
management and 
intermodal freight 
traffic 

+, low potential 
for much further 
improved vehicle 
efficiency 

light-duty 
trucks 

up to 60% 13 similar to pas-
senger cars 

similar to passen-
ger cars but ad-
vantage of central 
refuelling favours 
new fuels 

+++, see passen-
ger cars, suited 
as front-runners 
for new drive 
trains 

aviation 
 

up to 45% 
3) 

45 4) 
 

improved engine 
technology, struc-
tural and aerody-
namic efficiency; 
new aircraft de-
sign for hydrogen 
use required 

long reinvestment 
cycles, no jet fuel 
taxation 

+(+++), impor-
tant sector due 
to large growth 
perspectives but 
R&D impact only 
in international 
context 

trains up to 60% 9 improved vehicle 
components, 
whole-train de-
sign, and opti-
mised technical 
operation 

railway system 
management, 
long reinvestment 
cycles, need for 
comfortable travel 
and for new multi-
modal concepts 

+++, significant 
growth perspec-
tives and techni-
cal potential, 
R&D activities in 
Switzerland 
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high-speed 
trains 

compared 
to short-
distance 

air traffic: 
up to 80%

depends 
on mode 
and vol-
ume of 
substi-

tuted traf-
fic 

steel-wheel-on-
steel and mag-
netic levitation 
technology, risk 
of competing 
technologies and 
systems 

long reinvestment 
cycles, safety, in-
frastructure costs 
and compatibility 
between systems, 
need for multi-
modal concepts 

++, considerable 
Swiss R&D on 
magnetic levita-
tion, more re-
search on traffic 
system aspects 
needed 

buses >33% 2.5 improved drive 
train efficiency, in 
particular fuel cell 
buses 

costs; advantage 
of central refuel-
ling and large on-
board storage 
capacity favours 
new fuels 

+++, high visibil-
ity in public 
transport, busses 
as front-runners 
for fuel cell 
technology 

traffic 
manage-
ment 
(technical 
measures) 

high po-
tential 

no quanti-
tative 

analysis 
since sys-
tem as-

pects 
dominate 

air traffic man-
agement, 
telematics appli-
cations and load 
management, 
risk of increasing 
traffic volume 

user and system 
aspects dominate, 
in some cases dif-
ficult implemen-
tation  

++++, high im-
pact, large vari-
ety of possible 
measures 

modal split 
manage-
ment 
(technical 
measures) 

high po-
tential 

no quanti-
tative 

analysis 
since sys-
tem as-

pects 
dominate 

telematics appli-
cations and 
transshipment 
technology, hu-
man-powered 
mobility, risk of 
increasing traffic 
volume 

see traffic man-
agement, behav-
ioural changes of 
consumers and 
transportation 
business required 

++++, see traffic 
management, 
strong Swiss 
R&D efforts in 
human-powered 
mobility 

1) Numbers refer to overall consumption of 450 PJ with “frozen technology” for the transportation sector in 2050. 
2) Number refers to short-distance car travel (ca. 45 PJ in 2000). 
3) With improved air traffic management efficiency potential goes up to 50%. 
4) Number refers to kerosene sold in Switzerland. 

 
hybrid set-up allows restoring braking energy, which is a fundamental concept to achieve 
maximum efficiency. The vehicle energy efficiency potentials resulting from these technical 
measures differ for each vehicle category because of different car design options (e.g. different 
concepts for passengers vs. freight transport) and different driving cycles (e.g. inner-city buses 
vs. long-distance heavy-duty trucks). The variety of competing drive train concepts is enlarged 
by a number of fuel options, namely gasoline, diesel, natural gas (methane), methanol, and hy-
drogen whereas most fuels can be produced either from fossils or (in the future) from renew-
ables such as biomass (biofuels) and solar energy. It should be emphasized that the implemen-
tation of new fuels has a considerable impact on the preceding energy chain (and the well-to-
wheel efficiency), if e.g. secondary fuels such as hydrogen are required for fuel cell-driven cars.   
Passenger cars show a large potential for efficiency improvements of up to 70%, which refer to 
more than 140 PJ in our scenario for 2050. This maximum potential for a car with the present (or 
improved) driving and load capabilities, safety and comfort can be achieved by lowering the 
aerodynamic drag coefficient by 30% thanks to better car body design, the rolling resistance 
coefficient by almost 50% thanks to better tire materials, and the car body weight by more than 
20% thanks to the use of aluminium and other light-weight materials and the use of the most 
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efficient hybrid drive train systems. Estimated potential savings (tank-to-wheel) for an average-
sized car with optimised ICE drive train are about 50%; ICE- and fuel-cell-hybrids with super-
capacitors show the previously cited potential of about 70%. Besides infrastructure and the 
availability of new (renewable) fuels, major R&D problems are connected with new concepts 
for car bodies (integration of new drive trains and reduced driving resistance), with lowering 
costs for fuel cell and hybrid components as well as efficient solutions for fuel storage (in par-
ticular hydrogen) to achieve a sufficient driving range. 

Light-duty trucks and buses have a much less decisive direct impact on total energy use than 
passenger cars, but they play an important role as front-runners for new drive train systems. 
Their use in inner-city traffic, their larger space capacities for fuel storage and hybrid compo-
nents, the possibility for central refueling, and their high visibility make them especially attrac-
tive for alternative and efficient propulsion systems, in particular fuel cell systems. Overall sav-
ing potentials of up to 60% and 33%, respectively, can be envisaged. The reduced relative po-
tential compared to passenger cars largely results from stricter boundary conditions in vehicle 
design.  

Heavy-duty trucks show a limited savings potential of about 15%, mainly because of their al-
ready optimised drive train efficiency and because they are operated primarily at full load, 
where hybrid and fuel cell systems have no advantages in terms of energy efficiency. Most ex-
perts expect that diesel, as the current fuel for heavy-duty trucks, together with kerosene for 
airplanes, will be the last fuels to be replaced by new fuels, e.g. hydrogen. Efficiency measures 
have to focus on reduction of aerodynamic drag, rolling resistance and chassis weight and in-
cremental improvement of the diesel engine technology (reducing local emissions and improv-
ing efficiency at the same time). 

To move towards the realisation of such potentials in different vehicle categories, an enormous 
R&D effort is necessary. Although there is no major car company located in Switzerland, the 
Swiss automotive supply industry, with a turnover of more than 6.3 billion CHF, is substantial. Its 
current R&D activities are focused on the development of lightweight materials, drive-train 
components and the development of concept cars. The ETH domain, mainly ETH Zurich, PSI, 
and EMPA, is involved in numerous R&D activities concerning new drive train concepts ranging 
from the optimisation of combustion engines to the development of new fuel cell drive trains 
with super-capacitors, and in R&D on the production of new fuels from biomass and solar en-
ergy.  

Some Swiss companies and universities of applied science as well as the ETH domain have been 
involved in the development of city cars. By 2050, it might be possible that city cars will gain 
importance for short-distance and low-speed travel, with reduced passenger and load capacity 
and weight below 500 kg. City cars could improve the efficiency of inner-city car traffic by up to 
85%. However, city cars would fulfil a new function compared to passenger cars, which are 
suitable for long-distance travel. Thus, city car contributions to reduce energy demand - more 
than any other efficiency measures in the vehicle sector – are strictly dependent on behav-
ioural, marketing, and policy changes and seem most useful in multi-modal traffic concepts. 

Aviation has shown the largest growth of all traffic modes during the last decades and will be 
of the highest importance in the future. Technical improvements aiming at turbine technology  
as well as structural and aerodynamic efficiency could result in efficiency improvements for 
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aircraft of up to 45% until 2050. Alternatives to kerosene-based fuels are promising but long-
term as well since hydrogen fuel, which would dramatically reduce direct CO2 and NOx emis-
sions from aircraft, requires new approaches to aircraft design and supply infrastructure. Long 
reinvestment cycles imply that the best technology of 2025 to 2030 will represent the fleet av-
erage by around 2050. Thus, it can be expected that new fuels and completely new aircraft de-
sign may only have a partial decisive impact until 2050. The impact of Swiss R&D contributions 
may be restricted to turbine efficiency and advances in material science due to the dominance 
of a few large global producers and related research institutes.  

R&D on trains with a maximum speed under 300 km/h and steel-wheel-on-steel technology 
will have to generate faster and more comfortable passenger trains as well as freight trains 
with improved freight handling and efficiency. To reduce the energy consumption of trains it 
will be necessary to realise measures in three categories: improvement of train components or 
single vehicles, whole-train measures, and improved technical operation of trains and vehicles. 
The estimated savings potential is up to 60%, resulting from new propulsion concepts (up to 
30%), new light constructions (up to 20%), reduced air and mechanical resistance (up to 10%), 
and the combination of these measures together with optimised technical operation. The Swiss 
rail industry is traditionally quite active in this field where substantial R&D are undertaken. 

There is no high speed train system in Switzerland as of yet. Currently available high-speed 
trains, like the French "TGV" and the German "ICE", are compatible with the existing track sys-
tem but need special high-speed tracks with reduced curve radii to reach top speeds higher 
than 200 km/h in regular service. Their potential for further increases in speed and, thus, for 
their competition with flights up to 1000 km is limited. Several concepts for new high-speed 
railway systems based on magnetic levitation or jet-powered hover trains, like the Japanese 
"MLU", the German "Transrapid", and the SwissMetro/EuroMetro are being developed. With top 
speeds over 500 km/h, they enable fast and energy-efficient (passenger and freight) transport 
with a potential to replace short-distance air traffic. In Switzerland, EPFL, some universities of 
applied science, and some companies are developing the SwissMetro/EuroMetro which would 
operate below ground in partially evacuated tunnels running on magnetic propulsion, levitat-
ing, and guiding systems. Main problems concerning the implementation of new high-speed 
systems consist of the possible generation of additional traffic as a result of comfortable travel 
at high speeds. It is an important (and as yet unanswered) question whether the substitution 
of non-efficient air traffic by high-speed trains would lead to an increase of the overall traffic-
related energy consumption as an unintended rebound effect of energy and economic effi-
ciency improvements.  

Technical measures for traffic management can aid the implementation of legal, political and 
economic measures to improve safety, traffic flow, and capacity. Thus, a systems view focusing 
on a set-up of measures that support one another and aim at low energy demand as one of the 
decisive criteria is fundamental. The analysis has focused mainly on technical measures with-
out assessing quantitative efficiency potentials. Air traffic management systems are used for 
the guidance, separation, coordination, and control of aircraft movements and lead to an addi-
tional 5% efficiency gain. For car traffic, telematics applications in various forms include plan-
ning and control instruments to ensure better traffic flow on highways and in inner cities, bet-
ter navigation, and better control of driving behaviour. For truck traffic, load management is 
the critical factor. The average load factor is presently only around 50%, which results from a 
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decentralized distribution and “just-in-time” delivery. Telematics applications can help to im-
prove freight and terminal management and therefore lead to higher load factors.  

Technical measures for modal split management - as for traffic management - can only aid 
other measures either to substitute less efficient traffic modes by more efficient ones or by 
new forms of multi-modal traffic. At present, cars are often used for short distances. In Switzer-
land, there are leading R&D contributions to new forms of human-powered mobility, in particu-
lar hybrid solutions for bicycles, which help to replace short-distance driving. Technical meas-
ures focus on making multi-modal passenger travel, including public transport (mainly train and 
bus sector) and car-sharing (see Chapter 4.3.2), more attractive and comfortable by providing 
information on intermodal route planning and by setting up interactive systems to reduce 
waiting times. Intermodal freight traffic, including an increasing share of freight trains and 
fewer heavy-duty trucks, is improved by better transshipment technology as well as better 
freight handling and controlling by using telematics applications. In our analysis, we do not 
refer to any transport on waterways. It should be mentioned that in a more extended study, 
freight traffic on waterways should be integrated due to its growth potential. 

 

Recommendations 
• R&D on vehicle technology for road transport is one of the most important, with a focus on 

the passenger car sector with potential savings of up to 70%. Since there will be an open 
competition between combustion engine and fuel cell propulsion systems over the coming 
decades, R&D has to cover both these different drive trains and for the different vehicle 
categories. Optimised ICE and ICE-hybrids for operation with gasoline, diesel, and natural gas 
are needed for passenger cars and light-duty trucks, with a focus on diesel technology for 
heavy-duty trucks. R&D has to focus, first, on providing precisely controlled and downsized 
internal combustion engines with improved fuel injection, variable valve timing, improved 
compression ratios and temperature control, less friction, and engine shutdown at idling. 
Second, R&D should concentrate on optimised hybrid components with reduced weight at 
lower costs, better designed hybrid systems with intelligent control thanks to power elec-
tronics and continuously variable transmission (CVT). 

• Fuel cell propulsion systems are mainly relevant for passenger cars, light-duty trucks, and 
buses. In this context, R&D has to aim for the low-cost production of high-performance 
polymer electrolyte fuel cells (PEM), fuel cell membranes, optimisation of the fuel cell stack 
and hybrid system as well as its components, in particular super-capacitors and technology 
to recover braking energy.  

• R&D in materials, including new materials, processing, joining, and durability issues, is most 
relevant for new tire materials and light-weight car body materials (from alumin-
ium/magnesium to polymer-based composites) to reduce weight of mainly passenger cars 
and light-duty trucks and enable better recycling at lower cost.  

• New car concepts for passenger cars and city cars are needed to reduce driving resistance and 
enable new modular design of car body and drive train system, in particular for electric cars. 

• R&D on vehicles has to take into account new types of fuels with important impacts on the 
well-to-wheel efficiency of transport vehicles. A close collaboration with R&D on renewable 
fuels from biomass and solar energy is necessary. 

  



R&D towards a 2000 Watt society - results of the pre-study 31 
  

• In Switzerland, R&D in the aviation sector may focus on improved air traffic management 
for improved guidance, navigation, and lower idling time as well as multi-modal traffic con-
cepts to replace short-range air traffic in collaboration with neighbouring European coun-
tries. R&D on aircraft technology could be predominantly related to material science and 
light-weight components.  

• R&D on a new high-speed train system with highly efficient magnetic levitation technology 
seems to be important in the long-term and needs further technical development to im-
prove efficiency, and safety, and reduce the infrastructure costs of such a new system. It 
should be accompanied by a detailed systems analysis to work out a compatible and effi-
cient overall infrastructure (e.g. underground or above-ground solutions) and to develop 
measures to prevent major growth in transport volume. R&D on trains and steel-wheel-on-
steel technology will be important for the coming decades. Swiss contributions to R&D 
could focus on new powertrain systems and electronics, light-weight vehicle and overall 
train design, and improved technical operation.  

• Technical measures for traffic management and modal split management can accompany 
political and economic measures in those areas where system aspects and behavioural 
changes are dominant. Telematics applications that allow improved planning and control-
ling (e.g. for intermodal routing and freight management) offer a great potential if imple-
mented in a reasonable way. Load management measures (container and transshipment 
technology) are important for the attractiveness of new forms of intermodal freight traffic. 
R&D on new bicycle solutions for human-powered mobility may result in attractive solutions 
to partially replace short-distance car travel. 

4.1.4 Energy conversion sector 

Energy conversion refers to converting primary energy resources into final energy (with losses of 
about 300 PJ) and converting final energies into useful energy (with losses of about 420 PJ). For 
the purposes of this study, three energy services have been considered in three different forms: 

- Thermal for heating and cooling services in the household, services and industry sec-
tors; 

- Electricity in the household, services, and industry sectors and to a smaller extent the 
transportation sector; 

- Reformulated fuels (hydrogen or synfuels) that have mainly to do with the transporta-
tion sector. Petrol refining has not been considered: It represents 5% of fuel processed 
(i.e. 11 PJ), and the major efficiency benefits come from advances described in the indus-
try sector. 

Presently, heating services are mainly produced by combustion of fossil fuels (with exergy effi-
ciencies often under 10%), and electricity is primarily produced in centralized power plants (hy-
dropower has efficiencies in the 90% range and nuclear power has low efficiencies of some 
35%). The last decade has seen a large growth in decentralized production (conversion of 
wastes and co-generation) reaching 4.3% (10 PJ) in 2000 in Switzerland (see figure in Appendix 
4). The trend towards decentralized production and cogeneration (electricity, heat) or trigenera-
tion (+cold) often combined with heat temperature upgrading using heat pumps will likely 
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accelerate in many countries around the world and presents an opportunity for Swiss industry. 
The integration of cogeneration and heat pumps for heating purposes represents a large im-
provement potential with at least a doubling of exergy efficiency. Furthermore, scales of appli-
cation of these technologies and their proximity to the users need to be considered (present 
electricity grid losses correspond to nearly 10% of the electricity produced).  

Consequently, in this report, three major scales have been distinguished: centralized plants 
generally located outside towns and producing electricity only; district plants usually designed 
to deliver both electricity and heating and/or cooling services via district networks; and domes-
tic plants at the private house or building level primarily delivering thermal services and/or 
electricity. The two other scales not examined here are room units usually considered for ther-
mal services and human-dedicated units (from electric blankets to future active clothes for 
comfort conditioning) (see Chapter 4.1.1). 

The availability of different energy resources will strongly influence the efficiency of the conver-
sion sector. Presently, the major non-renewable resources in Switzerland are oil, natural gas, 
and nuclear energy. The renewable energy resources are mainly hydropower (with very low 
efficiency growth potential, given the present high performance) and biomass (including parts 
of wastes and wood) with the potential for at least a doubling of the exergy efficiency using 
integrated technologies including gasification or bio-methanisation. The other renewable en-
ergy resources (wind, geothermal and solar energy) with the potential for a significant effi-
ciency improvement play a very limited role (in 2000 in Switzerland, solar electricity reached 
only 0.039 PJ, representing an average growth of 0.0032 PJ/year during the last years; and wind 
electricity reached only 0.014 PJ, an average growth of 0.0018 PJ/year).2 Wastes are considered 
partly renewable energy resources. 

All these resources have to be considered not only with respect to their renewability but also to 
their future availability (e.g. limits of hydropower potential or daily variation for solar energy, 
but high potential of bio-mass within the next five decades) and ease of conversion, which is 
not directly reflected in terms of energy efficiency (or better exergy efficiency). The emergence 
of wind and solar will increase the need for efficient energy storage and backup technologies 
and electrical grid management, unless hybrid systems are implemented (e.g. solar-(bio)fuel). 
Even though this report focuses on energy (exergy) efficiency improvements, it is important to 
keep in mind the above-mentioned factors as well as environmental impacts (greenhouse 
gases), social acceptance (nuclear waste, safety and dissemination) and the geopolitical con-
text (supply security, primarily for oil). Evolution in resource use will also be affected by the en-
ergy distribution infrastructure needed and its efficiency: fossil fuel substitution, increased use 
of renewables, use of hydrogen as an energy carrier, synthetic fuels production.  

In the field of energy conversion, a worldwide view should be adopted in terms of technology 
(e.g. Alstom turbines or Liebherr engines) and an European view in terms of grid interconnec-
tion. It is interesting, however, to note that Switzerland is a net exporter of electricity, but the 

                                                 
2 For example, for solar electricity in Switzerland, a linear growth according to present trends would 

mean a production of only 0.2 PJ by 2050. It would take an exponential growth of some 14% per year 
to reach an annual production in 2050 corresponding to 10% of Swiss production in 2000.  
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level of current exchanges is such that imports and exports are of the same order of magnitude 
as the electricity consumption in the mid 1990s.  

Different strategies may be considered with respect to energy conversion: we assumed that 
hydropower is almost fully exploited in Switzerland, except for a small potential in mini-hydro 
(with units lower than 300 kW) representing in 2000 only about 0.7 PJ. The international mar-
ket is still important for hydropower, but the role of Swiss manufacturing industry has been 
decreasing during the last decades and the trend is unlikely to change. The same applies to 
nuclear fission, where involvement of Swiss equipment manufacturers has declined. The share 
of electricity is increasing, and this trend will be hard to reverse in view of electricity’s growing 
role in transportation as well as in energy transfer, for example between cogeneration and 
electrically-driven heat pump units, which are necessarily located on the same site. In Switzer-
land, as in other industrialised countries like Germany, continuing to keep nuclear plants opera-
tional remains a major issue of contention. Shutting them down would boost the present 
growth of fossil fuel-based electricity, as renewables are unlikely to be available in time to play 
a major substitutive role. Therefore, efficiency improvement in fossil fuel-based conversion 
technologies is both a need and a significant industrial opportunity, particularly considering 
the fact that such improvements will also directly benefit biomass conversion. Due to its low 
costs and the huge available reserves, coal resources will continue to play an important role 
worldwide, especially if combined with a successful development of CO2 capture and disposal 
strategies. 

Among renewables, biomass has thus far the most significant diversification and energy effi-
ciency potential both in Switzerland and worldwide, especially if one considers its conversion to 
liquid and gaseous fuels, including hydrogen. Solar thermal is significant for heat services, with 
4.2 PJ in Switzerland in 2000 and a present growth rate of 7% per year. Its exergy efficiency po-
tential lies primarily in systems based on vacuum and concentrating technologies. Geothermal 
energy reserves are potentially enormous, but here the techno-economic challenges and major 
uncertainties are quite high. 

More complete data about energy conversion technologies are given in the fact sheets provided 
in the appendix and summarised in Table 4.1-6. They consider efficiency potential, research 
effort, and challenges towards the 2000 Watt society goal. 

Based on the technology analysis, we list here general recommendations for R&D priorities, 
focussing on areas with a high potential for efficiency improvement and impact on the Swiss 
equipment-producing industry in the world market. Some of the research fields concern several 
energy-conversion technologies and are, for example, strongly related to material sciences and 
other cross-cutting technologies like IT: 
• Integrated systems feature a high potential in terms of energy efficiency. The R&D concerns 

the design methods, including lifecycle and exergy concepts, optimisation and other com-
puter-aided systems (artificial intelligence). Also needed is the development of reliable (and 
autonomous) energy systems and the enabling technologies like optimal remote control, 
energy management-peak shaving, high-power density machines with direct high-speed 
electrical drives. 
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Table 4.1-6: Summarising efficiency potentials 2050 and major findings in the conversion 
sector and conversion technologies 

Energy  
conversion 

Efficiency 
potential 

Research 
effort 

Obstacles Importance for  
main study 

Advanced co-
generation inte-
grated systems 

70 % Heating 

53 % Heating 
+ Electricity 

36 % to 45% 
industry 

High ef-
fort 

Low risk 

Infrastructure 
Methods to identify 
potentials 
To be applied follow-
ing energy savings 
studies 
Flexibility 

++++ 
High potential for ra-
tional transformation of 
energy 
In industry, the savings 
are closely related to 
type of process and the 
site’s scale dimension. 

Autonomous 
integrated sys-
tems 

49 % electric-
ity + heat + 
transport 

High ef-
fort 

Medium 
risk 

Reliability, remote 
control, flexibility 
Custom design 
Acceptability of com-
plex integrated sys-
tems 

++++ 
High potential when 
integrated with the en-
ergy concept: transport, 
heating, electricity 

Fuel cells 33 % electric-
ity production 

45% cogene-
ration 

High ef-
fort 

Low risk 

High temperature 
materials 

Operation manage-
ment 

Integrated designs 

++++ 
High potential for do-
mestic or cogeneration 
applications 
High potential in com-
bined cycles systems 

Heat pumps 70 % heating 

Est. 100-170 PJ 

High ef-
fort 

Low risk 

High temperature 
systems (industry) 
Low temperature in-
frastructure in build-
ings 

+++ 
Very high energy saving 
potential to combine 
with cogeneration sys-
tems 

Biomass fuels 100 PJ 
(substitution 
potential) 

Medium 
effort 
Low risk 

Technology efficien-
cies, Flexibility,  
Economics 

++++ 

Based on renewables 

Other renew-
ables 

Not investi-
gated 

High ef-
fort, low 
risk 

Economics ++ 
Not investigated 

Combined cycles 46 % 

w.r.t. EU mix 

Medium 
effort, 
Low risk 

Gas supply ++ 
Important with respect 
to CO2 emissions 

Hydropower 5 PJ Low ef-
fort, low 
risk 

Low remaining poten-
tial in Switzerland 

+ 

Fission 30 % (HTR) – 
5000 % (LMR) 

Medium 
(HRT) 
High 
(LMR) 

Long-term radioactiv-
ity, waste prolifera-
tion, safety, social 
acceptance.  

++ (eventually not so 
relevant for CH) 
++ (eventually not so 
relevant for CH) 

Fusion  High  
effort 
High risk 

Technical feasibility; 
Economics; 
Sizes 

++ (basic research) 
Very long term 
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• High temperature technologies: are important for gas turbines, fuel cells and CO2 capture 
domain. R&D should focus on high-resistance and reliability materials, complex fluid flow 
and jet cooling, advanced electrochemical and sealing materials, micro-channel fluid flows, 
and heat transfer in the presence of chemical reactions, and other areas. R&D is also par-
ticularly needed in the field of high temperature oxygen separation membranes for nitro-
gen-free combustion and CO2 capture, for high-temperature catalytic combustion in high-
temperature cogeneration systems, and syngas production. 

• CO2 capture and sequestration technologies: R&D is needed in the field of CO2 capture tech-
nologies including chemisorption, absorption, membranes and compression technologies 
but also in the development of new zero-emission plants considering syngas and hydrogen-
based conversion technologies. For CO2 sequestration, the research needs concern of the 
use of solar-assisted biological conversion (photosynthesis), chemisorption (clathrate, hy-
drate) as well as the suitability of exploited gas and oil fields and deep aquifers including 
the efficiency of such technologies. 

• Heat pumps and tri-generation: emphasis should be put on efficiency increases and system 
cost reductions, variable speed oil-free compressors, enhanced heat transfer technologies 
(including absorption), the use of new fluids (pairs), and low cost solutions. 

• Biomass technologies The research needs are in the development of higher exergy efficiency 
concepts for the conversion of biomass, considering gasification, pyrolysis and biological 
conversion. R&D should also be put into biomass-to-fuel conversion (synfuels, hydrogen) 
and on efficient conversion technologies of biomass to heat and electricity. 

• Fuel cells: the most promising technologies are the SOFC and the PEMFC. Both will play a 
role in energy conversion in specific application areas. R&D emphasis should be placed on 
materials and system design and operation. 

• Hydrogen technologies: efforts should be put on the development of efficient hydrogen pro-
duction systems (new catalysts and autothermal reactors) as well as on reliable elements 
and systems of distribution and storage. 

• Solar thermal: The main areas of R&D are advanced concentration with high temperature 
storage and processes and for solar photovoltaic (with or without concentration, flexible or 
not, transparent support or not).  

• Geothermal: Research is required on efficient low-temperature conversion cycles and the 
development of hot dry rock technologies  (crack generation, sealing technologies, and anti-
deposit technologies).  

• Electricity Storage and transport: Super capacitors, supra conductors, and electrolysers. 
• Fusion: This very long term R&D effort should be kept in close collaboration with interna-

tional programmes with very fundamental research aspects. However, fusion requires suc-
cessful demonstration steps and increased attention to plant pre-design. 

4.2 R&D fields of cross cutting technologies and material efficiencies 

The analysis’ sectoral approach implies a high redundancy for technologies that are applied in 
all sectors such as information and control techniques (see Chapter 4.2.1). In addition, the de-
mand for energy intensive products and materials is not a fixed, non-influencable energy ser-
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vice; on the contrary, the demand reflects a certain status of technology, which can be im-
proved through many technical options (see Chapter 4.2.2). 

4.2.1 Cross-cutting technologies 

The introduction of new information technology (IT) in all technological areas and walks of life 
is transforming society. IT’s influence is so large that a study of it cannot be undertaken in a 
purely scientific way; there is no reference system.3 Most serious studies find mixed effects of 
IT on energy use as a whole. The principal effect is likely an indirect one from IT’s contribution 
to economic growth. However, the data on net impact of IT on net energy use are inconclusive. 
In principal, information processing does not use much energy (the lower limit is theoretically 
zero except for deleting information, and even there it is extremely small, a quantum jump per 
bit). IT has the potential to make all energy using processes much more (energy-) efficient. 

Several research areas contribute to the advance of IT. It is impossible to say beforehand which 
research areas will lead to more energy use and which research areas (see Appendix Figure  
4.2-1) to less. In general, a new technology’s use in practice will determine its energy effect. For 
example, an on-board navigation system or road vehicles can be used to avoid detours and thus 
reduce driving, or it can enhance the automobile’s general attractiveness and lead to more driv-
ing. As another example, in the textile industry, IT’s time-saving acceleration of manufacturing 
processes has contributed to shorter fashion cycles, greater output, and therefore higher over-
all energy use, even while the specific energy per ton or franc of produced goods has decreased.  

It is possible to generalize that technological developments stemming from IT may have either 
deliberate or unintended consequences for energy use. Depending on societal and political 
choices, IT may facilitate a decoupling of economic growth and energy use or it may stimulate 
an increase in energy use. Much more systematic study of the energy impacts of IT applications 
should be undertaken to clarify the possible outcomes.  

IT in stand-alone systems currently accounts for about 5% of Swiss electricity demand, while 
microelectronics in equipment of all sorts accounts for about another 5%.  However, potential 
energy savings by extended use of IT in all energy sectors are enormous. Since IT is an integral 
part of almost all technological advances, it is difficult to give quantitative savings estimates 
without an extensive analytical work. One principle function of IT is the translation of sensor 
signals into control signals. For example, measurements of humidity in textile drying, the 
brightness of daylight, or the exact millisecond condition in an internal combustion engine 
cylinder can be translated to provide the greatest precision and energy-saving control for the 
respective processes. IT applications in colour metrics, for instance, provides about 30% energy 
savings in textile dying and about 20% in potato chip roasting.  

IT equipment is becoming rapidly smaller and cheaper. It is also becoming an integral part of 
many goods. Computers and telecommunication systems are increasingly inseparable systems 
(computers talk and transmit messages, telephones are smart devices). The economics of 

                                                 
3  The lack of a reference system for comparison was noted by de Sola Pool in his seminal study on the 

telephone (Ithiel de Sola Pool, Ed. 1977. The Social Impact of the Telephone. Cambridge MA: MIT Press) 
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“ubiquitous computing” is rapidly improving. Intelligent machinery, software and IT integrated 
in other products will, unlike stand-alone IT, be very important in the future. 

Power electronics 

Power electronics are so important to future energy use that, for the fact sheets in the appendix 
5, we distinguish between two separate functions: transformers and switches (T&S) on the one 
hand and motors and generators (M&G) on the other. T&S focus on changing voltages and 
strengths of electrical currents, while M&G (the transformation of electrical energy to me-
chanical drives and vice versa) is strongly influenced by the ability to change the frequency of 
electrical currents.  

Research in power electronics influences energy use in a way similar to IT research. The distinc-
tion and sometimes opposition between unit machine- or process-level advances and system 
or society-level conservation applies here as well. However, the special case of power electron-
ics is simpler. Compared to IT, the link between power electronics and energy use is much more 
straightforward, while the link between power electronics and societal development is much 
weaker (Spreng 2002). 

It is estimated that about 60% of electricity are used in electrical motors. All electricity is pro-
duced in generators. Currently, still only a small fraction of mechanical work is recuperated in 
generators, except in new trains, trams, and elevators. Improving the steady-state efficiency of 
M&G is of secondary importance. The two most important factors are the following: (1) Motors 
can be configured to provide mechanical drive according to momentary needs (e.g. a ventilator 
can be controlled by real-time air quality monitors). In many applications motors provide at 
least twice as much mechanical drive as necessary. (2) Variable speed motors can be used as 
breaks and recuperate mechanical drive. In many traction applications about one third of the 
electricity can be recuperated. 

All electric energy flows many times through T&S before being dissipated. Total loss in ineffi-
cient T&S is presently about 10% of the total electricity supply. In energy transmission so called 
FACTS allow the flows to be channelled to some extent. This provides for a better utilisation of 
transmission grids. In particular, it makes decentralised electricity production much more fea-
sible. 

The 10% loss from inefficient T&S could be halved. Transportation T&S are a central part of 
train drives; reducing their weight could save energy (compare fact sheets in the appendix). The 
advance of decentralized energy production could generate large savings, e.g. through CHP, 
which is one of the main energy-relevant Swiss export sectors (see Chapter 4.1.4). The econom-
ics of CHP production may exert a large, albeit not decisive, influence on the scale of house-
holds. Therefore, improved energy efficiency of devices is necessary for technical progress. For 
large M&G, the technology is already currently economical and it remains only to improve 
M&G, e.g. with regard to size and economic parameters. ABB is a world leader in efficient vari-
able-frequency motors and generators. The market share is, however, probably much smaller 
than that of T&S, which are an important source of future Swiss exports.  
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Recommendations 

In this research-intensive technology area, we recommend concentrating on supporting indus-
try-university collaborations that explore new energy-conserving applications in IT and power 
electronics (Table 4.2-1). 

 
Table 4.2-1: Summarising efficiency potentials 2050 of information and communication tech-

nologies, power electronics and other major findings of the pre-study 

Sector / tech-
nology / 
behaviour 

Information & Communication- tech-
nologies 

Power systems 

Efficiency 
Potential 
in%1) 

Potential energy savings for all types of 
energy carriers are enormous - in all 
energy use sectors. 

 

Efficiency 
Potential 
in PJ1)2) 

As IT is an integral part of almost any 
technological advance, it is difficult to 
give any quantitative estimates. 

30*(M&G) 

10* (T&S) 

Research ef-
forts and risks 

Industry-university collaborations with 
explicit energy targets. 

Problem of heat dissipation at higher 
speeds, voltages, currents and minia-
turisation is an additional driver for 
more energy efficient devices. 

Obstacles and 
social envi-
ronments 

Uncontrolled growth of unsustainable 
applications. 

The attractions of novelty may override 
the fears of possible losses of privacy 
and other risks. 

The technology is economical today for 
large M&G. The lower size limit for its 
economical application depends on the 
area.   

Often technical energy saving poten-
tials are sacrificed for other forms of  
“progress” such as smoother traction, 
higher acceleration, etc. 

Importance 
for main 
study, re-
marks 

+ + + +  with special emphasis on forms 
of technology transfer. 

+ + +  R&D of industry-university col-
laborations with explicit energy targets

1) Estimates of potentials cannot be summarised 
2) Reliability of estimated potential:  * = uncertain, depending on assumptions and lack of knowledge 
 

4.2.2 Recycling, material efficiency and substitution 

The close relationship between the use of materials and energy use has not received very much 
attention in the past. Looking at energy-intensive material production, however, amounting to 
about one third of total industrial energy demand, it becomes obvious that the intelligent use 
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of materials can substantially contribute to reducing per capita energy consumption. The major 
strategic options in this field are: 
• Recycling and re-use of energy-intensive waste materials or used products (e.g. steel, 

aluminium, paper, plastics, or glass as well as re-use of bottles, engines, or tires from 
trucks). • Substitution of highly energy-intensive materials by less energy-intensive materials or even 
by other technologies (e.g. steel and cement/concrete by wood, newspaper by electronic 
news), 

• More efficient use of materials by better design and construction, improved properties of 
materials, oils or solvents, or even foamed plastics or metals. This strategy is particularly 
important in the case of moving parts or vehicles, as lighter constructions may contribute to 
radically lower energy demand over the lifetime of the particular application (e.g. cars). 

All three elements contribute to structural changes within industrial production, mostly in the 
direction of less energy intensity of total industrial production. 

Within the scope of a diploma thesis (Kemmler, 2002) on material efficiency and substitution 
effects on energy demand, about 10 material scientists were interviewed and asked how their 
research area might contribute to a decrease in energy use. Furthermore, the relation between 
the energy saving potential of a technology and its impact on the energy use was discussed. All 
the interviewed scientists enumerated various technologies with an energy saving potential. In 
addition they claimed that perhaps 90% of this technologies and materials already exist (Table 
4.2-2). Currently they are not implemented, mostly because of non-technical barriers, and nec-
essary incentives for their use and related economies of scale are missing. Therefore, most of 
the interviewed scientists see in the overcoming of these barriers a better possibility to reduce 
the energy use than in developing new technologies. Nevertheless, the assumption that 90% of 
the necessary technologies exist does not relieve the scientists of their duty and responsibility 
to continue increasing the efficiency of existing technologies and developing new ones at 
lower cost and higher performance, which may contribute to a further reduction in energy use 
by some 40 to 80 PJ (Table 4.2-3). 

As important technology areas, the interviewed scientists also often named the miniaturisation 
(by means of nano-technologies and increases in specific surface of heat transfer), artificial 
photosynthesis, tribology and synthetics made from bio-mass. 

 

Recommendations and comments 

As many of the new material technologies base on expensive high quality materials, the price is 
often the most common barrier for their implementation. For this reason research, apart from 
the technical analysis, support must integrate also the economical and policy conditions, in-
cluding innovation and solid waste policies.  
• R&D on improved separation technologies of post consumer waste and cars, in particular 

non-famous metals, glass, metal- and plastic composites, plastics; R&D on improved and 
less energy-intensive purification processes of metal scrap, plastics and waste paper to re-
duce the deterioration of properties of the secondary materials produced from recycling 
materials. 
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Table 4.2-2: Summarized presentation of the interviewees’ answers and evaluations.  

Research 
area 

Application areas  Evaluation: Importance 
for energy saving 

Status of research 

Metal-
lurgy  

Aluminium- / magnesium 
alloys or foamed metals 
can be applied in light-
weight construction. 

Aluminium lightweight 
components important; 
magnesium components 
too expensive; present 
use limited to niches.  

Metals are already well 
researched. No further re-
search urgent. 

Ceramics Ceramics can be used in 
fuel cells, photovoltaics, 
and in control systems. 

Important. Most appli-
ances lie in the energy 
conversion sector.  

Further research is neces-
sary. 

Synthet-
ics / 
Compos-
ites 

Can be applied for light-
weight construction. These 
materials further show 
good tear and wear resis-
tance and have a long life-
time expectation; made 
from bio-mass 

Very important, because 
of their good lightweight 
characteristic and close-
ness to market introduc-
tion. Synthetics are 
cheap and can be used in 
bulk freight.  

The material research well 
advanced; further research 
needed to reduce cost by 
economies of scale. New 
adhesives are required; re-
search also needed for recy-
cling and de-bonding  

Textiles / 
Bio-
Materi-
als 

Wood or bio-fibres can be 
used for construction; bio-
fibres for textile produc-
tion. 

Importance is low. Further research is not ur-
gent. 

Corro-
sion/ 
Surface 
protec-
tion 

Surface layers protect 
buildings and infrastruc-
ture against UV- radiation, 
acid rain, algae growth and 
pollution; surface protec-
tion for particular interest 
in coastal regions, with 
salty air.  

Very important. Allows 
the sustainable mainte-
nance of infrastructure 
and saves resources.  

Further research is required 
for active and intelligent 
protection layers, like easy 
clean technologies, algae 
free surfaces of walls of 
passive solar buildings. 

Evalua-
tion- 
Tools  

LCA Tools can be used in 
early stages of product 
development and provide 
data about the potential 
energy use of different 
options. 

Important. Could help 
energy saving options to 
its breakthrough. 

More research is needed, to 
simplify and standardize 
the tools.  

Con-
struction 

New construction designs 
allow lightweight, multi-
functional products or sys-
tem solutions. 

Important. This research area is highly 
applied. Still, further re-
search is required.  
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Table 4.2-3: Summarising efficiency potentials 2050 due to material efficiency, recycling and 
substitutions and other major findings of the pre-study 

Sector / tech-
nology / behav-

iour 

Efficiency 
Potential 

in% 

Efficiency 
Potential

in PJ1)2) 

Research 
efforts and 

risks 

Obstacles and 
social environ-

ments 

Importance for 
main study, re-

marks 

Material effi-
ciency 

Recycling 

Substitution 

 

Indirect 
effects on 
energy 
efficiency, 
no esti-
mates on 
relative 
figures 
possible 

40 to 80 
PJ*, 

 by reduced 
energy 

demand 
for primary 
materials 
and other 

energy 
savings 

In some 
fields me-
dium to 
high ef-
forts, me-
dium risks  

Higher risks

Innovation 
research 

Several group-
specific obstacles; 
(separate collec-
tion, material 
quality, customer 
acceptance, life-
styles,  decision 
traditions, 
entrepreneurial 
risks 

+++, in average 
 

++ 

+++, new re-
search fields 
under energy 
aspects 

1) Estimates of potentials cannot be summarised 

2) Reliability of estimated potential:  * = uncertain, depending on assumptions and lack of knowledge 
 
• R&D on polymer catalysts, particularly for polyethylene, polypropylene, polystyrene, polyes-

ter and interesting co-polymers to improve their properties and to substitute specialised 
plastics (poly-condensates and poly-addates). 

• R&D on improved design for inexpensive dismantling of mass produced appliances and 
partial re-use of frames and long lasting components, including economic optimisation over 
product and component’s lifetime. 

• R&D on foamed plastics and non-famous metals for light weight construction, in particular 
for moving parts and vehicles. 

• R&D on bio-mass-based materials and products, including applied gene-technology to im-
prove properties and yields (e.g. natural fibres, starch, wood). 

4.3 R&D fields concerning behavioural, socio-economic and entrepreneu-
rial aspects 

Achieving a substantial reduction in per capita energy use requires not only technical innova-
tions but also new behavioural patterns in decision-making and daily operations, professional 
energy management, and major entrepreneurial innovations. 

4.3.1 Intensification of product and vehicle use 

Using products, machinery, and vehicles more intensively through short-term leasing, sharing 
or renting and its technical dimension of material efficiency -- and indirectly of energy effi-
ciency -- seems to be a more social science-related research area at a first glance. In order to 
realise the strategy "renting instead of owning" at the commercial level, however, experience 
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strongly suggests the need for supporting technologies. These technologies would offer the 
user clear documentation on the use of the product or vehicle, identify responsibilities during 
its operation, and develop adequate rental tariffs. These mostly information and communica-
tion technologies require research that is focused on small, inexpensive, and reliable electronic 
systems. 

Swiss industry is very well positioned in this field, given its competence and substantial domes-
tic experience in many areas such as car-sharing and leasing of trucks and construction ma-
chinery. 

The realisable direct energy efficiency potential very much depends on the future acceptance 
and market diffusion of services such as car-sharing, pooling of public (municipal) or company 
vehicle fleets or machinery, and moving elderly people into adequately but appropriately-sized 
apartments (Zanger, 1999). Assuming moderate market shares in 2050 (e.g. 10% car-using 
households, 50,000 elderly people moved with an average gain of 20 m2 per move and apart-
ment), the energy savings may be on the order of 30 PJ at current levels of specific energy con-
sumption. Increased renting of products and vehicles may indirectly affect energy use through, 
for example, higher energy efficiency of the "younger" capital stock or vehicle fleet, walking or 
bicycling displacing the car for short trips, and more reasonable use of the machines or vehicles 
thanks to the accompanying documentation system. Indirect effects are estimated to be some 
10% of the direct effects. 

In addition, to realise the full impact of intensifying the use of products, vehicles, and apart-
ments, new entrepreneurial forms are needed that reduce the capital stock for those applica-
tions where intensified use is desired.  

 

Recommendations 
• Research on customer acceptance: In many cases the various services will be new, e.g. incen-

tives for machinery and car-sharing or improved consciousness about the fixed and capital 
costs of owning machinery and vehicles with low yearly operating hours.  

• Research on the willingness of innovative companies to invest in pooling services.  
• R&D on inexpensive accompanying I&T-based monitoring and control techniques for easy 

and fair pricing, easy scheduling and access, and protection against theft. 
• New services may need first pilot projects with socio-economic evaluations in order to design 

the necessary policy and financial boundary conditions, to clarify legal questions, and to de-
sign professional training and educational programmes. 

4.3.2 Household energy consumption: Behavioural and social factors 

End-use domestic consumption of goods and services in Western countries has risen spectacu-
larly over the past several decades, and much of it has been material and energy-intensive, as 
observable from such indicators as per capita appliance purchases, square meters of housing, 
and air conditioning. In Switzerland, per capita heated floor area for residential housing dou-
bled between 1960 and 1997, even while technical improvements steadily reduced the unit 
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Table 4.3-1: Summarising efficiency potentials for 2050 of pooling and intensification of 
product and vehicle use and other major findings  

Sector / tech-
nology / behav-

iour 

Efficiency 
Potential 

in%1) 

Efficiency 
Potential

in PJ1)2) 

Research 
efforts and 

risks 

Obstacles and 
social environ-

ments 

Importance for 
main study, re-

marks 

Intensification 
of product and 
vehicle use 
(pooling) 

 

 

 

30 PJ** 

Innovation 
research, 
changing 
group-
specific 
behaviour  

Customer accep-
tance, documen-
tation of custom-
ers' use; high en-
trepreneurial risks, 
lifestyles, decision 
traditions 

+++  I&T solu-
tions such as 
monitoring and 
controlling sys-
tems needed; 
social science 
research on pool-
ing responsibility

1) Estimates of potentials cannot be summarised 
2) Reliability of estimated potential:  ** = to some extent known and certain 
 

energy consumption to 500 megajoules/square meter. Apart from heating, per capita electric-
ity consumption tripled during the same period, despite efficiency improvements of 20-25% 
since 1973, because of household dilution, higher levels of service utilization, and diffusion of 
new appliances and services. For example, an estimated 11 times more electricity was used for 
lighting in the household sector in 1990 than in 1950. For another example, the percentage of 
Swiss households equipped with at least one computer more than tripled between 1990 and 
1998 (to 51%), while 7% owned two or more. 

On the household sector level in general, progress of energy efficiency has been offset by large 
increases in the number of (small) households as well as increasing incomes and leisure time. 
Social transformations in values and lifestyles have contributed to family dissolution and 
household dilution, while demographic changes like increasing elderly populations have also 
reduced household size and correspondingly increased the quantity of goods and services de-
manded. In general, the largest decreases in household size in Western Europe, changes of 
more than 20% over 30 years, occurred in Scandinavia, the Netherlands, and Switzerland. 
Household dilution affects energy and electricity demand not only from the increase in the 
number of separate dwellings but also by eliminating domestic economies-of-scale.  

Efficiency gains in one area often stimulate demand for the product or service itself by render-
ing it less expensive, or they lead to the development of new products and areas of consumer 
demand. For example, the 75% improvement in the efficiency of washing machines per kilo-
gram of washed laundry that has been achieved since 1960 has been counterbalanced by a 
fourfold increase in per capita demand. If efficiency gains are chronically inadequate to effect a 
reduction in total or per capita energy use, or are even indirectly fuelling the increase as de-
mand co-evolves in lockstep, a “sufficiency” revolution may be needed in addition to an effi-
ciency revolution.  

Income is a primary driver and therefore predictor of household energy use. Much research fo-
cuses on redirecting patterns of household expenditure towards lower material and energy-
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intensive goods and services in order to lower the corresponding environmental impact per 
franc spent. This may require changing policies that encourage energy-intensive consumption 
at the expense of (energy-extensive) leisure, like those that perpetuate the work-and-spend 
cycle among high-income earners. 

Wealthier consumers typically have more acknowledged luxuries, more flexibility, and among 
certain segments greater motivation to trim their energy use. In such cases, direct behavioural 
conservation efforts can be more effective for certain activities than better technology choices 
(e.g. appliance purchase decisions) in holding down residential energy use. Nevertheless, in a 
low energy price environment, many people are only concerned about energy, if at all, when 
making the initial appliance purchase decision, and not when using it from day to day. Here too 
householders – lacking knowledge, know-how, or technical skills – typically “under invest” in 
energy-efficient appliances.  

Human behaviour, especially in a social context, is as important an influence on residential en-
ergy use as it is on general household resource and commodity consumption (Schipper 1997; 
Lutzenhiser 1993, 1997). End-use consumption behaviours are highly patterned, often routi-
nised, and are therefore stable over certain ranges within a single household. Unconscious 
habit plays an important role in energy use, although little research on it has been done. Differ-
ent patterns of behaviour and consumption characteristics of various social groups are associ-
ated with different lifestyles in social science and marketing research. At each income level the 
deviation from a group’s average household energy consumption is similar (25%), suggesting 
that a residual “lifestyle” factor is at play (Wilting 1998). Residential energy use and associated 
practices vary tremendously with social networks, sub-cultures, communities, and families. 
Clusters of behaviours, beliefs, and values among householders make for numerous typologies 
of consumption orientations. For example, analysing household “milieus” (conservative-
technocratic, working class, liberal-intellectual, post-modernist, hedonistic, etc.) can yield rough 
estimates of the percentages of the population willing to accept the changes in behaviour or 
decision patterns required by a given energy policy (see Figure 4.3-1). Viewing the possibilities 
for consumer-citizen involvement more broadly, different lifestyle groups support certain inter-
ventions or reduction strategies differentially over other strategies, and information or educa-
tion efforts can be specifically targeted to capitalize on these differences. 

In Stern’s pyramid of influences on end-use energy use (1992), the lowest level consists of direct 
behaviours like turning on a light or using an electrical appliance. The middle level comprises 
residential (or industrial) energy users’ technology choices, whose effects on energy use are 
more indirect, e.g. the choice to settle in a house of a given size and location largely determines 
one’s heating and commuting needs. Here, however, the room to manoeuvre is more limited 
for many: for example, the investor-user dilemma prevents many renters from exerting control 
over the heating levels or insulation in their buildings. The highest, most indirect influences are 
so-called policy choices by governments and companies. Generally, many householders deflect 
control and responsibility for their energy consumption to decision-makers on these higher 
economic and political levels.  
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Figure 4.3-1: Scheme for ten different milieus of an industrialised society 

 

From a sociological and cultural perspective, residential energy use has increased along with 
general consumption with the development of the consumer society. Greater material (goods 
and services) acquisition has become not just a near-universal aspiration but constitutes a pri-
mary marker of status and success. In the consumer society, the consumer’s self-respect de-
pends strongly on his level of consumption relative to others (“positional consumption”), a rec-
ipe for personal frustration and resource profligacy, especially as the models shift from the 
next-higher social rung to the super-rich portrayed in films and advertisements. Some research 
finds that a significant part of growing consumer expenditure stems from attempts to satisfy 
non-material – social and psychological – needs like identity-forming, even though such in-
creased consumption often fails to meet these needs and may even actively hinder their satis-
faction. Arguably, some of the driving forces for energy-relevant household consumption are so 
deeply rooted in the consumer society that only sea changes in social practices, norms, and/or 
the political economy could alter them significantly. These changes may include a revision in 
the meaning of quality of life, decoupling individual and aggregate notions of welfare from 
(resource and energy) consumption, and restoring signals for restraint and sufficiency (Princen 
1998, 2001).  

Environmental sociology and anthropology also concerns itself with the continuous increase in 
standards of comfort, cleanliness, and convenience and the diffusion and normalization of ever 
more energy-intensive lifestyles. The satisfaction of continuously expanding wants-turned-
needs seems to be the object of a significant fraction of Western consumption. The relationship 
of luxuries to necessities, and the transformation of the one to the other, is an important area 
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in consumption and sufficiency research. Policy tools should target the “habitus”, inducing re-
consideration of energy-intensive practices that are newly taken for granted by bringing them 
back into the realm of discourse where “needs” can be reconverted to “wants” (Wilk 1999).  

Depending on possible changes in behaviour (appliances purchase, choice of size and heating 
demand of a dwelling, ventilation habits) the energy savings may be substantial (see Table 4.3-
2; Income increases and related additional energy use are accounted for). 

 
Table 4.3-2: Summarising efficiency potentials 2050 of changed habits and decision  

behaviour in private households and other major findings  

Sector / tech-
nology / 

behaviour 

Efficiency 
Potential 

in%1)2) 

Efficiency 
Potential

in PJ1) 

Research 
efforts and 

risks 

Obstacles and social 
environments 

Importance 
for main 
study, re-

marks 

Behavioural 
aspects 

private 
households/ 
transport 

Highly  
dependent 
on policies 

10 - 20%** 

 

 
 

30-60** 

The research 
on these is-
sues is not 
highly devel-
oped; risks 
depend not 
only on scien-
tific efforts 
but on 
broader so-
cietal devel-
opments 

General trends in 
societal values may 
be barriers or sup-
porting factors (e.g. 
hedonism and con-
sumerism versus 
post-materialism or 
post-modernism; 
degree and speed of 
acceptance of the 
vision of sustainable 
development 

Research in 
this areas  
increasingly 
important 

++++ 

 

1) Reliability of estimated potential:  ** = to some extent known and certain 
2) Percentages given in relation to total energy use of the related sector or technological area 
 

Recommendations:  

Research on household energy use should focus on many or all of the following areas: 
• Mechanisms and policies for redirecting patterns of household expenditure towards lower 

material and energy-intensive goods and services.  
• Psychological and sociological research into energy use and conservation behaviours, life-

styles (especially their evolution and proliferation), and social practices. 
• Communication and information instruments, targeted to lifestyle groups, to promote en-

ergy conservation.  
• Revising the meaning of quality of life and decoupling individual and aggregate notions of 

welfare from material and energy consumption.  
• Research on restraint and sufficiency: restoring signals for individual socio-ecological re-

straint and the political-economic conditions that promote aggregate sufficiency. 
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• Residential energy demand evolution; the growth of energy-intensive lifestyles (e.g. escalat-
ing standards of comfort, cleanliness, and convenience); and the co-evolution of demand or 
rebound effects from advances in technology and efficiency.  

• Diffusion of energy-intensive practices and lifestyles to developing countries and potential 
for ecological modernization of consumption in both developed and developing countries. 

• Sociological and anthropological research into changing social norms and the conversion of 
“wants” to “needs” (and potential reconversion). 

4.3.3 Private companies in industry and commerce 

Private companies and small and medium-sized companies (SMCs) represent the majority of 
companies in industry and the service sectors. SMCs in particular tend to invest on the basis of 
payback period considerations instead of profitability calculations (e.g. net present value). The 
share of energy costs in the total cost is usually below 2 % or even 1 %. Consequently, SMCs lack 
knowledge and market surveys of energy-efficient solutions. Installing new highly efficient 
equipment is far more challenging than simply paying for energy use, particularly in "lean 
firms" or small service companies that suffer from a shortage of technical people or external 
advice (Velthuijsen, 1995). Insufficient maintenance of energy-converting systems and related 
control equipment cause substantial energy losses. External consultants are not always wel-
come, especially if proprietary production processes are involved. Thus, SMCs are less likely to 
invest in new, commercially unproven technology. An aversion to perceived risks is an especially 
powerful barrier for energy and material efficiency (Yakowitz/Hammer 1993). 

To broaden horizons, professional training is recommended for technical staff in companies in 
industry and the service sectors, including consulting companies, architectural firms, crafts, 
and so on. This training should be centred around issues of efficient energy use to improve 
technical and economic knowledge as well as psychological knowledge (e.g. on group dynam-
ics) for preparing decisions on investments in new technologies, increasing their acceptance, 
and reducing the perceived risks. Techno-economic potentials seem to be substantial, based on 
the experience of energy consultants (Energiemodell Schweiz, 2002, Romm 1999). 

 

Recommendations 
• R&D of inexpensive measurement and control systems for energy use, particularly for meas-

uring heat flows, leakage of compressed air, efficiency performance of components; 
• R&D  of software (e.g. benchmark data and expert systems for branches, buildings, and tech-

nologies or unit operations, and also for  decentralised remote sensing and controlling sys-
tems or for optimisation of maintenance periods); 

• Behavioural research on decision processes in the construction sectors, small and medium 
sized companies and large companies, focusing on specific characteristics and motivational 
structures of the various groups, hierarchical levels and branch traditions; 

• Behavioural research on every day operating behaviour of machinists, supervisors, operators, 
and truck drivers (e.g. their motivation, their education, their social acceptance, their knowl-
edge about the responsible role with regard to efficient resource use); development of con-
cepts to improve the situation of those groups operating most of the capital stock of the 
economy. 
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Table 4.3-4: Summarising efficiency potentials for 2050 and other major findings of private 
companies in industry and commerce  

Sector / tech-
nology / behav-

iour 

Efficiency 
Potential 

in%2)3) 

Efficiency 
Potential

in PJ2) 

Research 
efforts and 

risks 

Obstacles and 
social environ-

ments 

Importance for 
main study, re-

marks 

planners, archi-
tects, installers 

small busi-
nesses 

large companies 

5 - 20%* 

 

5 - 15%** 

 

5 - 15%* 

5 - 20* 

 

10 - 30** 

 

15 - 40* 

The re-
search on 
these is-
sues is 
poorly de-
veloped; 
the risks 
not only 
depend on 
scientific 
efforts, but 
on broader 
societal 
develop-
ments 

Many of the ob-
stacles are well 
known by experi-
ence of consulting 
engineers; but 
more should be 
known about the 
motivation of the 
different groups, 
leading to new 
policy concepts 
and entrepreneu-
rial recommenda-
tions 

+++ 

 

+++ 

 

+++ 

2) Reliability of estimated potential:  * = uncertain, depending on assumptions and lack of knowledge 
 ** = to some extent known and certain 
3) Percentages given in relation to total energy use of the related sector or technological area 

 

• Design of a coherent social science programme in this behavioural field, because existing re-
search is scattered and isolated with regard to developing policy concepts on the basis of 
achieved results. 

4.3.4 Governments and other public institution 

The boundary conditions and the decision environments of public institutions are quite similar 
to small and medium-sized companies (see Chapter 4.3.3): Lack of knowledge, market overview 
and lack of funds are often severe constraints. In addition, in public budget planning, budgets 
for operating costs are often separate from budgets for investment. Therefore, possible savings 
in the operating budget from energy efficiency investments are often not adequately consid-
ered in the investment budget. Public procurement is often not carried out on the basis of life 
cycle cost analysis; instead, the cheapest bidder gets the contract. And as long as the offered 
investment meets the project's specification for energy use, it need not be energy efficient. 
Municipalities often receive a significant share of their annual budgets through some kind of 
tax or surcharge for local distribution of electricity and gas from the local energy distributor, 
lowering the enthusiasm of local politicians for promoting energy conservation and efficient 
energy use. Politicians often prefer energy projects that are likely to be taken up by the media 
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(e.g. renewable energy projects), but economically less attractive than energy efficiency in-
vestments.  

Supervisors and building managers or department heads do not have any advantage or incen-
tives if they improve the energy efficiency or reduce the energy demand of buildings, the public 
vehicle fleet or of the water supply or waste water treatment system.  

Many policy measures and supporting technologies have been developed in the past 20 years 
to overcome those traditions and obstacles (e.g. specialised energy managers, outsourcing and 
contracting of energy-converting plants, external consultants, joint procurement, integration 
of the energy operating and investment budget, incentive schemes for daily operation), but 
they are not yet widespread used or have been performed for some period without being insti-
tutionalised in education, professional training or marketing. Changed budgeting practice, joint 
procurement, external consultants, professional training, exchange of positive experiences in 
regular workshops (e.g. EnergieModell Schweiz), and supporting control techniques and soft-
ware are likely to spur up the realisation of present and future energy efficiency potentials in 
public institutions. The potentials in public institutions of some 10 to 30 PJ are only known by 
case studies (Table 4.3-5) 

 

Recommendations 
• Identification analysis of major obstacles on decision making at the level of local govern-

ments, the cantons, and the federal level on investments and maintenance/every day op-
eration/staff; particular focus on separate budgeting, conflict of interests govern-
ment/administration and the operating departments (e.g. utilities, water supply, waste wa-
ter treatment, other public services), lack of incentive structures; 

• Identification of success stories of innovative behaviour and decision making in the context of 
public institutions, particularly from abroad (e.g. integrated budgeting, contracting, new in-
centive structures to support energy and material efficiency in the various departments, 
procurement strategies, use of external consultancy); analytical research on the stability of 
these managerial changes and incentive structures in the context of public administrations; 

• Behavioural research on every day operating behaviour of supervisors, operators, and main-
tenance staff (e.g. their motivation and incentives, their education and professional train-
ing, their knowledge about handling political conflicts of interest with regard to efficient re-
source use);  

• Development of concepts to improve the incentive structure, existing knowledge and the 
budgetary set up, including necessary changes of the legal system, and to improve effi-
ciency-oriented priority setting in energy projects;  

• R&D of inexpensive measurement and control systems for energy use, particularly for meas-
uring heat flows, leakage of fresh and waste water, efficiency performance of components 
(e.g. pumps, ventilation), and their remote control. 
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Table 4.3-5: Summarising efficiency potentials 2050 of changing decision behaviour of local, 
Canton and Federal Government and other major findings 

Sector / tech-
nology / group 

Efficiency 
Potential 

in%2)3) 

Efficiency 
Potential

in PJ2) 

Research ef-
forts and risks

Obstacles and 
social environ-

ments 

Importance for 
main study, 

remarks 

public institu-
tions 

 

 

 

 

 

 

publicly owned 
utilities 

 

5 - 15%** 

 

 

 

 

 

 

 

 

3 - 6%** 

 

10 - 30** 

 

 

 

 

 

 

 

 

5 - 10** 

Research on 
behaviour on 
decisions and 
on the incen-
tives for inter-
nal staff is still 
in its infancy; 
accompanying 
sensing and 
control tech-
niques , bench-
mark informa-
tion; clear 
rules for prior-
ity setting and 
information on 
success stories 
are important. 

Lack of inte-
grated budget-
ing, acceptance 
of contracting for 
energy convert-
ing technologies 
and efficiency 
contracting (e.g. 
insulation of 
buildings); politi-
cal conflicts and 
representative 
behaviour; ex-
ploiting the me-
dia impacts to 
please the voters; 
unsolved conflict 
of interest be-
tween govern-
ment and own 
utilities. 

 

+++ 
analysis of 
decision mak-
ing in local, 
Canton and 
Federal admin-
isteration and 
other public 
authorities 

 

++ 

 may become 
less important 
after privatisa-
tion and liber-
alisation 

2) Reliability of estimated potential:  ** = to some extent known and certain 
3) Percentages given in relation to total energy use of the related sector or technological area 

 
 

4.4 Summary 

This section gives a short summary of the individual findings (4.1 to 4.3) by sectors, technologi-
cal fields, and behavioural areas. The overview summarises the assessment of efficiency poten-
tials that might be achievable with new technologies by the middle of this century. The saving 
potentials, documented in absolute terms for the various sectors, technological fields and be-
havioural areas, have been synthesised, taking into account mutual interference and sequential 
efficiency improvements along the energy chain (see Figure 4.4-1).   
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Figure 4.4-1: Swiss energy use in 2000 and estimated energy use summarising the energy/ 
material efficiency potentials (including behavioural changes and entrepre-
neurial innovations) in 2050 by sectors and three levels of energy conversion  
and use. 
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Major savings of more than 200 PJ can be expected from the residential building sector from 
new insulation techniques for walls, roofs, windows and basements and tighter building enve-
lopes and solar gains through adapted construction techniques for houses and buildings. How-
ever, this potential is only feasible by the mid of this century if substantial insulation measures 
are made by almost all building owners within the re-investment cycle starting this decade! A 
similar reduction in final energy use may be achievable in the transportation sector, particularly 
from the car subsector, through lighter vehicles and substantially improved propulsion sys-
tems, better logistics, and transferability between the different modes. Increasing air transport, 
however, may diminish the saving potentials in this sector. 

Smaller and less certain potentials are possible in industry (100 to 130 PJ); in the commercial 
and agricultural sector (150-200 PJ); for cross cutting technologies such as information and 
communication technology, variable speed drives and power electronics; and through im-
proved material efficiency and substitution, recycling, and intensification of product use (80-
100 PJ). The latter area also demonstrates that energy services involving vehicles, machines or 
appliances can be differently organised and will thereby change the demand for energy ser-
vices. Finally, organisational changes and entrepreneurial innovations or policies influencing 
behaviour and even lifestyles have substantial energy-saving potentials that are often eco-
nomically favourable but rarely perceived (60-120 PJ). 

It can be safely assumed that the partial substitution of nuclear power plants after 2020 by 
decentralised integrated systems will substantially improve the efficiency of the Swiss conver-
sion sector. There is thus a chance that the total necessary efficiency gains in the final energy 
sectors required by the 2000 Watt per capita society may be realised under very optimistic as-
sumptions of further technological progress in all sectors of the economy and the residential 
sector. Of course, as a first result, this estimate is highly hypothetical, but it indicates that the 
2000 Watt society vision is not out of the range of theoretical possibility. 
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5 Conclusions, recommendations and further steps of the analysis 

Within the limitations of a pre-study, this chapter draws first conclusions for R&D policy in 
Switzerland and offers some recommendations at the sectoral level (Chapter 5.1). As the rec-
ommended R&D efforts have to be evaluated within the context of relevant research boundary 
conditions, actors and institutions, some first remarks are presented for further discussion 
(Chapter 5.2). Finally, steps for further analysis and the communication of achieved and ex-
pected future results are suggested (Chapter 5.3). 

5.1 Promising R&D areas of analysis – conclusions and recommendations 

(1) The existence of a technology’s energy-saving potential alone does not further the 2000 
Watt society. Only when a technology’s (behavioural) potential is realised and the technol-
ogy is broadly marketed and used is energy actually saved. 

(2) The goal of a 2000 watt per capita society by the middle of this century cannot be achieved 
if energy-related R&D is exclusively focused on efficiency improvements of energy conver-
sion technologies in the transformation and final energy sector (total energy conversion 
losses in both sectors amount to two thirds or about 700 PJ in Switzerland today). R&D must 
also be extended to cover several other technological fields as well as behavioural and en-
trepreneurial aspects (see Table 5.1-1): 
• Transformation of useful energy to energy services presently loses 400 PJ. Major improve-

ments in and substitution for existing technologies are possible in this area (e.g. passive 
solar houses and buildings, substitution of traditional energy-intensive processes by new 
low-energy processes in industry, lighter vehicles). 

• More efficient use of energy-intensive materials and their substitution with less energy-
intensive materials (e.g. foamed plastics or non-ferrous metals) will not only reduce the en-
ergy demand required to produce them but also the final energy required by the lighter 
moving parts and vehicles during their operating lifetime. Increased R&D is recommended 
to facilitate the recycling of energy-intensive materials (such as paper, steel, glass, plastics, 
aluminium, asphalt) and the partial re-use of long-lasting investment and consumer prod-
ucts, contributing to lower material demand. 

• More efficient organisation of individual and societal needs by offering services instead of 
owned but rarely used products, vehicles or unwanted floor space in dwellings, office 
buildings and factories (e.g. instead of owning, short-term renting or leasing of vehicles, 
harvest and production machines). In addition, more professional planning, construction, 
and operation of energy-converting plants may help reduce energy losses (e.g. contracting 
of heat generation, cogeneration, compressed air, or cooling). The savings potential of this 
organisational and entrepreneurial field is at least 50 to 100 PJ by 2050. 

• A final point is the explicit consideration of systems aspects with regard to wasteful and un-
productive exergy losses or unproductive mobility in urban areas or freight transport. The 
design of industrial parks could integrate aspects of cascaded heat use along its tempera-
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ture level; non-polluting production and low-noise crafts could be re-integrated into resi-
dential areas, thus reducing local mobility between home and workplace. This strategy 
would contribute to a low-energy society with reduced demand for short-distance motor-
ised mobility in the long-term. 

(3) However, long re-investment cycles in some applications (particularly in the building, train, 
aircraft, and infrastructure sectors) necessitate forward-thinking policy that applies the new 
low-energy solutions as early as possible. 

(4) The crucial R&D areas outlined above will have to be taken up by researchers in many coun-
tries. Therefore, periodic, thorough evaluations will be needed to identify the most suppor-
tive technological and social science-related research areas. These should be best suited to 
advance future Swiss energy efficiency, and they should sustain and improve the competi-
tiveness of Swiss producers of sustainable technologies in future world markets. This selec-
tion of the most promising areas for Swiss research, development and innovation has to be 
seen as a continuous ongoing process of evaluation of the opportunities and the comparative 
advantages of the Swiss research and innovation system. 

(5) For private households and passenger transport, however, it is somewhat doubtful that im-
proving the energy efficiency of a technology with a high energy-saving potential will actu-
ally lower energy use. In the past decade, for example, the increasing use of lightweight 
components in car construction has not lead to lighter cars. The gains have been mostly 
counterbalanced by the addition of new technical features such as air-conditioning, GPS-
navigation, motor-driven windows, and safety components. Good research support may be 
able to compensate for these trends and preserve the energy savings. 

 

Recommendations 

On this basis of the conclusions and the results of chapter 4, the authors make the following 
recommendations: 

(1) Policy on R&D in energy and materials efficiency should be increasingly accepted as part of 
an innovation policy towards sustainable development, not only for Switzerland but glob-
ally, by mutual international exchange of new knowledge on technology and organisation 
and through foreign trade in new energy-efficient technologies. 

(2) In order to make progress towards a 2000 Watt per capita society, research has to cover all 
technological, economic, and behavioural aspects related to energy and materials use. This 
poses an enormous challenge for interdisciplinary research in the future. 

(3) A larger study should analyse in greater detail the potentials of a 2000 watt per capita soci-
ety, promising technologies, and the most advanced research groups and institutions in 
these fields. It should be carried out soon. The study should cover the technological and or-
ganisational areas identified in this pre-study and be conducted by a broad team of scien-
tists from the Swiss scientific community, taking advantage of the many types of formal and 
informal co-operation with researchers and research institutions in other countries (see 
Chapter 5.3.1). 

(4) The following specific recommendations for individual research areas in the various energy-
using sectors focus on priority aspects: 
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• Buildings: The largest expected savings will come about from substantially improved insu-
lation and air tightness, demand-controlled energy systems (including heat recovery in 
ventilation systems), heat pumps, and fuel cells. Installation of new high-performance 
thermal insulation materials at low cost on existing buildings is crucial.  

• Industry: The recommendations cover the substitution of energy-intensive processes such 
as thermal separation by processes based on membrane techniques, improved mechanical 
separation instead of thermal drying, and the substitution of traditional grinding tech-
niques by new ones. This strategy will require basic but applied research. The other strat-
egy focuses on improving existing industrial processes by improving process design and 
control (e.g. reducing or combining process steps) 

• Transportation: Given the passenger car sector’s significance for energy use and potential 
savings (30% of final energy use; potential savings of up to 70%), car design measures, 
light-weight models, the optimisation of the internal combustion engine, and fuel-cells as 
well as specially designed city cars are of major importance. It also seems prudent to con-
sider the substitution of short-range air traffic by a completely new high-speed train sys-
tem using magnetic levitation technology, given long lead times for R&D and implementa-
tion. 

• Conversion Sector: Sustained R&D in high-temperature, energy-converting techniques in-
cluding advanced co-generation systems and gas turbines, fuel cells and related compo-
nents such as ceramics and long-lasting, selective membranes promises further improve-
ments in energy and exergy efficiency. Particular attention should be paid to integrated 
and inexpensive systems composed of several elements (e.g. heat pumps, micro gas tur-
bines, cooling, or district heating, all of which contribute as a system to improved exergy 
efficiencies). Remote control may be important for operating the decentralised units. 

• The widespread availability of biomass in Switzerland suggests that some R&D resources 
should focus on highly efficient biomass-converting technologies in different applications, 
while considering the possible impact on rural areas and the agricultural sector. 

• Adequate R&D should be conducted in integrated systems: zero-emission plants, energetic 
autonomous systems (with an emphasis on process integration and optimisation), and CO2 
capture and storage. 

• Behavioural sciences and innovation research is equally important as to improve the deci-
sion process, motivation and knowledge of operators, professional training and to support 
new services supplying professionally generated useful energy. 

5.2 Widening the view from energy-related research to innovation  
 systems 

Scientists as well as society have to develop a vision to deal with the energy problem as a chal-
lenge. The 2000 Watt society may serve as such a vision. Research support can stimulate and 
invigorate it, but vision will only become reality if the system of innovation in place is ready to 
adopt the new technologies or entrepreneurial innovations. 

Innovation systems encompass the “biotopes” of all those institutions (see Figure 5.2-1) that are 
• engaged in scientific research and the accumulation and diffusion of knowledge (i.e. re-

search institutions, universities, schools), 
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• engaged in education and professional training as well as the dissemination of new knowl-
edge to a broader audience (i.e. educational institutions, media), 

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

An innovation system also comprises the relevant policy institutions that set the economic, 
financial, and legal boundary conditions and regulatory bodies (standards, norms) as well as 
the public and private investments in appropriate infrastructure. Every innovation system is 
unique and develops its profiles and strengths only over decades. Each is based on stable ex-
change relationships among the institutions of science and technology, industry, commerce, 
and the political system. 

Since energy and material efficiency is dispersed over all sectors of the economy and the private 
households, the efficiency innovation system is characterised by  
• a high degree of compartmentalisation (e.g. buildings, road transportation, industrial 

branches, energy companies) and corresponding sectorisation of the political administra-
tion with low inter-departmental exchange and co-operation, 

• non-interlinked arenas (corporatist negotiation deadlocks involving sovereignty of cantons 
in cases such as building codes; cogeneration using fossil fuels and heat pumps following a 
systems view), and related failed attempts at restructuring responsibilities in government; 

• dominance of a “linear model” of energy supply in political approaches (and  among related 
technologists, energy economics researchers and consultants) neglecting then opportuni-
ties at the useful energy and energy service level in most cases. 

These characteristics of the efficiency innovation system are general and almost independent 
of the country considered, but they are highly dependent on the ubiquity and heterogeneity of 
energy and material efficiency itself.  
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ure 5.2-1:  Scheme of the Swiss energy and energy efficiency innovation system 

e weaknesses of under-coordinated innovation policy-making, which seem to prevail in the 
ergy and material efficiency field, should be analysed in more detail. Topics here include 
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poorly articulated demand and weak networks which hinder fast knowledge transfer; legisla-
tion and market boundary conditions in favour of incumbent technologies (with high external 
costs), flows in the capital markets (focussing on large-scale technologies and players); and 
insufficiently organised actors (Johnson, 2000). 

Preconditions for success in realising the 2000 Watt per capita society include research on in-
novation-focussed and co-ordinating roles for government, addressing the large portfolio of 
technologies and innovations, reinforcing 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. Research on these issues will involve evolutionary economics, soci-
ology of organisation and science, political science, and management science.   

5.3 Further steps of the analysis 

The activities that could follow this pre-study are a main study that develops a research and 
development agenda in greater detail for major technological fields that have been identified 
(see Chapter 5.3.1). Secondly, the results of this pre-study could be enriched and enlarged to a 
book publication in order to stimulate and strengthen the discussion on R&D opportunities in 
the various technological fields (see Chapter 5.3.2). 

5.3.1 Proposal for the main study 

As described in the methodological approach (see Chapter 3), this pre-study did not systemati-
cally identify and evaluate R&D areas according to criteria like “high competence of the Swiss 
research community” or “first movers’ potential for Swiss manufacturers”. The limited effort of 
the pre-study also did not permit involving a sufficient number of senior researchers for all 
relevant R&D areas or a broader interview campaign among high-level scientists in Switzerland 
and abroad. 

The objectives of the main study, therefore, will focus on the following two topics: 
• Identification of the most relevant R&D themes to achieve energy and material efficiency in 

the technical fields identified as important in the pre-study; to overcome technical as well 
as cost bottlenecks, and to develop a knowledge base on related entrepreneurial innova-
tions and educational needs. 

• In these selected R&D areas, identification of existing or potential strengths of both Swiss 
research institutions and Swiss technology producers whose contributions towards a sus-
tainable energy technology development could be the largest. 

• Recommendations on different research areas, that also consider the dynamics of re-
investment cycles in the various fields of energy and material use and R&D periods needed. 

The methodology that will be used (and improved) in the main study is briefly described in 
Chapter 3 (Figure 3-1). More detailed analysis would be done on the expected boundary condi-
tions in European and world markets, the present and potential competitive export position of 
Swiss manufacturers in the different technological areas, and the institutional structure of the 
Swiss research and innovation systems. 
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The methodological technique of backcasting will have to be applied in detail to the various 
system components (e.g. two turbine generations over the lifetime of a single airplane). A 
broad and in-depth interview campaign will be necessary and will include personal and tele-
phone interviews and critical reviews from workshops and invited scientists from academia 
and industry.  

The authors suggest the following four areas be analysed in detail in the main study:  

(1) Applied engineering research with the aim of developing highly energy-efficient products, 
components, practices, and systems. This research could be part of any of the fields men-
tioned in Chapter 5.1 but would most likely concentrate on energy-converting technologies. 
Such research would be partially done through an industry-university collaboration and 
have explicitly stated energy-efficiency goals, particularly in the case of pure energy-
converting technologies. These goals will, obviously, have to be much more ambitious than 
the usual incremental technological improvements (e.g. ceramic gas turbines, high-capacity 
heat exchangers with surfaces modulated by nano-technology, super-conductive power 
lines, high efficiency integrated fuel cell/heat pump/cooling systems). In the long-term, 
academia will have to play a pioneering role in many of these technical fields. 

(2) Applied engineering research with significant implications for energy efficiency at the level of 
useful energy, driven primarily by non-energy goals such as higher product quality, in-
creased labour or capital productivity for processes, or a service such as mobility or housing. 
Improvements in the efficiency of providing energy services from useful energy will be a co-
benefit of this category. The main study will have to make specific recommendations for 
the various research areas covered in Chapters 4.1 to 4.2 of this report (e.g. building design, 
separation by membranes or crystallisation, light vehicles, and foamed plastics).  

(3) In R&D areas without direct and obvious links to applications of energy-efficient products, 
components, practices and systems, improvements of the strategic properties of materials 
and devices (sensors, software and communication technologies) may warrant special atten-
tion and support. It is difficult to identify these areas of strategic importance and would re-
quire considerable effort in the main study. For example, inexpensive and improved sen-
sors, information, and communication systems are key factors not only for process automa-
tion and optimisation and for intermodal transportation, but also for reliable and practical 
solutions for intensifying product use by developing and supplying information and com-
munication systems-based services. 

(4) The development of systems construction procedures and analytical tools may be important. 
Given the large number of design options of buildings, vehicles, industrial process systems, 
integrated energy systems, and infrastructure, optimisation methods to identify cost reduc-
tion potentials of new technologies and systems while accounting for environmental ef-
fects may play an important supporting role in engineering efficient components and sys-
tems. Such methods would include exergy concepts, life-cycle analysis (LCA), and databases. 
Pooling data among industries without infringing on proprietary rights would facilitate de-
cision-making about specific R&D paths. 

The study will conclude with recommendations on promising fields for R&D in natural sciences, 
technology, entrepreneurial, behavioural and policy sciences, the latter taking into considera-
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tion the Swiss innovation system as well as existing obstacles and market imperfections that 
hinder the timely implementation of energy- and material-efficient processes and products. 

The comprehensive work will be performed within a period of 2,5 years. It will be accompanied 
by a specially appointed scientific board of representatives from industry, administration, CORE 
and the national and international scientific community. Interim results will be reported at the 
end of the first and second year; the interim results will be discussed in an international work-
shop with parallel sessions on major sectors and organisational and behavioural aspects. 

The research effort is estimated to amount to some eight years of scientific manpower. The 
existing team of six researchers will be increased by five to six senior researchers, with particu-
lar emphasis on electric systems, material science, thermodynamic machines, behavioural sci-
ence and innovation research. 

5.3.2 Publication in book form by mid 2003 

As additional possibility for next steps, the authors propose to cast this pre-study in book form. 
The authors expect the text to be both enriched and condensed, but additional research will be 
limited to narrowly specified topics. This course could be taken independent of any other possi-
ble future steps. Publishing a book could complement the efforts of pursuing a full study 
(Chapter 5.3.1). If only book publication is pursued at this point, it would serve to round out the 
pre-study, even if it does not, by itself, lead directly to more research towards a 2000 Watt soci-
ety.   

The pre-study as written-up in this report is the work of several authors. Although considerable 
effort was made to avoid repetitions and gaps, this report, along with its appendix, is not yet a 
well-rounded whole ready for publication in book form. Considerable work will have to go into 
organising the text differently and presenting the content more concisely.  

As an addition to this study, we propose a series of case studies in which we discuss in detail 
how various research areas may contribute to the realisation of the identified energy conserva-
tion potentials. These case studies will use specific research areas rather than conservation 
potentials as their starting points.  
• One research area might be ceramics, whose contribution to more efficient turbines, bet-

ter/cheaper fuel cells, and new devices in photovoltaics and control systems would be de-
scribed.  

• Another research area could be the study of transport phenomena in solids with a view to-
wards increasing knowledge of osmosis ultrafiltration and extraction of adsorption. Re-
search in this area might contribute to the substitution of energy-intensive industrial ther-
mal separation processes by less energy-intensive processes.  

• A third area could be a university-industry collaboration in control technology dedicated to 
applications with significantly reduced energy use.  

These case studies would not seek to cover a large number of possibly interesting research ar-
eas. Rather, they would serve as illustrations of how research in areas traditionally not consid-
ered part of energy research can have major energy impacts.   
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The book will provide the community of researchers and administrators in science and industry 
with a source of inspiration. It will encourage them to consider the relevant energy impacts 
when launching research programmes or projects. As a result, some programmes may be initi-
ated with the specific goal of reducing energy use, while on-going research may consequently 
be seen from a new angle. 
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7. Glossary 

Given the highly interdisciplinary level of this pre-study, only a few major, but most important 
terms have been included in this short glossary. 

 

 

Ancillary benefits 

The ancillary, or side effects, of investments and policies aimed exclusively at climate change 
mitigation. Such policies have an impact not only on greenhouse gas emissions, but also on 
emissions of local and regional air pollutants associated with fossil fuels, and on issues such as 
transportation, agriculture, employment, and fuel security. 

 

Barrier 

A barrier is any obstacle to reaching an economic potential of resource efficiency that can be 
overcome by a policy, programme, or measure not only by government, but also by trade asso-
ciates or other third parties. 

 

Co-benefits 

The benefits of investment and policies that are implemented for various reasons at the same 
time – including energy or material efficiency – acknowledging that most policies designed to 
address resource efficiency also have other, often at least equally important, rationales (e.g. 
related to objectives of improved product quality or capital and labour productivity). 

 

Co-generation 

The use of waste heat from electric generation, such as exhaust from gas turbines, for either 
industrial purposes or district heating. 

 

Contracting 

Contracting is the outsourcing of an energy converting plant (e.g. heat generation, co-
generation, production of compressed air, cold, or technical gases) that is planned, built, fi-
nanced, operated and maintained by an other company (energy service company). It can also 
cover energy saving services such as efficient illumination, heat recovery and insulation of 
buildings (the latter facing legal obstacles). 
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Economic Potential 

Economic potential is the portion of technological potential for energy or material efficiency 
improvements that could be achieved cost-effectively through the creation of markets, reduc-
tion of market failures, increased financial and technological transfers. The achievement of 
economic potential requires additional policies and measures to break down market barriers 

 

Energy efficiency 

Ratio of energy output of a conversion process or of a system to its energy input or of an energy 
service to its useful energy input. 

 

Energy intensity 

Energy intensity is the ratio of energy use to economic or physical output. At the national level, 
energy intensity is the ration of total domestic primary energy consumption on final energy 
consumption to Gross Domestic Product, value added, or physical output such as heated floor 
area or person-km. 

 

Energy service 

The application of useful energy to tasks desired by the consumer such as transportation or 
persons and freight, a warm room, or illuminated production facility, or tonnes of electro steel 
produced.  

 

Final energy 

Energy supplied that is available to the consumer to be converted into useful energy (e.g. elec-
tricity at the wall outlet, heating oil, gasoline, diesel, natural gas, coke, wood ships). 

 

Frozen efficiency 

The material or energy efficiency of today is projected to be the same in future years. 

 

Material efficiency 

Ratio of a desired service to the physical quantity of material necessary to deliver the service 
(e.g. 0.6 to 2.0 tonnes per car, 30 g per 1 ltr. glass bottle,  60 g per m2 newspaper). 

 

Mitigation 

An anthropogenic intervention to reduce the source or enhance the sinks of greenhouse gases 
(e.g. by energy and material efficiency, renewable energies instead of fossil fuels). 
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Pooling 

Machines or vehicles are used by several customers instead of owning them. The renting or 
leasing is organised by a service organisation that generally owns and maintains the pool. 

 

Primary energy 

Energy embodied in natural resources (e.g. coal, crude oil, natural gas, sunlight, wood, wind, 
bio-mass, uranium) that has not undergone any anthropogenic conversion or transformation. 

 

Recycling 

The material of an used product or vehicle is returned to the production step of secondary ma-
terial after being shredded, selected and eventually  purified (steel scrap for input into electric 
arc furnaces to produce new steel). 

 

Re-use 

An used product or vehicle is partially or totally returned to the market after some repairs, ame-
lioration or partial substitution of components (e.g. tires, gear boxes, combustion engines, glass 
bottles, frame of copy machines). 

 

Structural change 

Changes over time in the relative shares of energy-intensive and-extensive economic sectors in 
the industrial, agricultural, or services sector, changes of the share of floor area of one- and 
two-family houses to the total floor area of residential buildings or of heavy, large cars of the 
car stock. 

 

Technical potential 

The amount by which it is possible to improve energy and material efficiency by implementing a 
technology or practice that has already been demonstrated. 

 

Useful energy 

The energy use related to all energy losses that are lost by end-uses (heated rooms, moving 
vehicles) to dissipated heat at ambient temperature. 
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Appendix 1: Residential and commercial sector 

The residential and commercial building sectors are presently dominated by the final energy 
use for space conditioning and hot water (about 83% of some 231 PJ in the residential sector 
and around 75% of some 154 PJ in the commercial building sector). The next important energy 
users in both sectors are the electricity-consuming drives in electric appliances, pumps, ventila-
tors, air conditioning, compressors, elevators, and escalators. The rest are of minor importance 
and, therefore, are not treated in this section.  

Figure A1-1: End energy demand of the building sector in relation to other energy consumers 
(according ETH 2000-Watt society). Approximately 50% (1999) is used for building operation, 
and another 10% is needed for the production of building materials and related processes. 
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Figure A1-2: Primary energy consumption of typical Swiss multi-family houses. For comparison, 
an estimation of embodied energy consumption for construction and renovation is also shown 
(upper bars) 
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A1.1. Energy conservation 

Thermal insulation is the most important energy conservation measure. Large amounts of 
insulation materials are used in the building sector. But the materials themselves have not 
been substantially improved since they were invented around 1930. Window technology has 
changed significantly. Thermal losses have been reduced by a factor of 5 to 10. Modern glazing 
systems have much better thermal performance than insulation layers of the same thickness. 
For an appropriate thermal performance, insulation layers of 20 to 30 cm are needed. Such 
space-consuming constructions are neither practical nor economical. There is an urgent need 
for high performance thermal insulation materials. 

 

Fact Sheet A1-1: Energy conservation 

Technological field Energy Conservation 

Short description: Reduction of energy losses due to thermal insulation and 
air tightness of buildings 

Present energy demand in 
Switzerland: 

About 20% of the Swiss energy consumption is influenced 
by thermal insulation of the building envelopes. 

Present importance of Swiss 
exports: 

Traditional energy conservation technology has rather a 
local market. But Swiss industry could export “high-tech” 
insulation materials and super-insulated products, because 
of their lightweight, reduced volume and high-quality 
specifications. In the past, the Swiss industry was able to 
export the HIT window technology very successfully. 

Short description of the new 
technology(ies): 

Vacuum insulation panels and gas filled nano-powders 
would have the potential for a performance 5 to 8 times 
better than conventional air-based insulation material. 
Nanoporous fumed silica and aerogels offer excellent 
thermal resistance already at low vacuum levels of 1 to10 
millibar. To maintain this low vacuum, the evacuated core 
material may be packed in inexpensive multi-layer films 
similar to those used in the food industry. 

Technical energy saving  
potential: 

 

 

 

Estimated savings from 
thermal insulation of  

The energy saving potential is twofold: 

Vacuum insulation could improve conventional insulation 
in construction elements (doors, window frames, floors 
etc.) and in appliances (boilers, refrigerators etc.) by a factor 
5 to 8. 

Vacuum insulation could be applied where traditional insu-
lation is too space-consuming (interior insulation of walls, 
constructive thermal bridges, etc.) 
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buildings in total 107 PJ/a, 
about 38 PJ/a from vacuum 
insulation  

The main application of vacuum insulation will be in the 
building sector. But also the transportation sector and the 
packaging sector could make use of this technology. 

R&D bottlenecks: The durability of the vacuum sealing with inexpensive 
packaging films and its welded joints have to be investi-
gated. 

The robustness and applicability of vacuum-sealed systems 
on site has to be improved. 

Economics if close to market 
introduction: 

Due to its space-saving technology, vacuum insulation will 
be very competitive. The advantages are not only energy 
savings: space savings are often much more important.  

Expected acceptability prob-
lems: 

Leaky vacuum insulation will lose about 70% of its insula-
tion performance. Safe solutions and a good quality assur-
ance have to convince customers about the practical feasi-
bility of this technology.  

The initial costs of such systems will be higher than for 
traditional systems. Therefore, vacuum-insulated systems 
will first be applied in situations where conventional insu-
lation is not possible (lack of space, planning errors) 

Future importance for Swiss 
exports: 

Vacuum technology can be exported, either as high-
performance insulation or integrated in Swiss products. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

The IEA Energy Conservation in Buildings and Community 
Systems Programme has started, under Swiss direction, an 
international research and demonstration project on High 
Performance Thermal Insulation (Annex 39). 

A new international initiative to start an integrated project 
on vacuum insulation is proposed for the 6th EU Framework 
Programme. 

Recommendations: Follow up the topic in the main study 

Focus R&D on new innovative solutions and applications 
for high-performance insulation systems 
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A1.2 Heating 

Typical Swiss heating systems are fossil fuel (oil or gas)-operated central heating boilers with 
low temperature radiators for the heating distribution. Single-family houses also often have 
heat pumps and floor heating systems.  

The efficiency of oil and gas boilers is normally higher than 90%, heat pumps are typically op-
erated with a COP between 2.5 and 3.5. 

All fossil fuel-operated heating systems have in common their use of valuable high-exergy fuels 
for a low temperature application. The efficiency of the boiler technology cannot be substan-
tially improved. 
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Figure A1-3: Environmental aspects of heating systems (impact in relation 
to gas heating system, according OGIP/ecoinvent '96). Heat pump systems 
with a COP > 4 would represent presently the best technology for heating 
systems. They would also be economically competitive. 

 

Fact Sheet A1-2: Heating systems 

Technological field Heating Systems 

Short description: Heat generation systems such as oil and gas boilers, wood 
stoves, heat pumps, fuel cells and solar collectors 

Present energy demand in 
Switzerland: 

About 32% of the Swiss energy consumption is used for 
building heating. 

Present importance of Swiss 
exports: 

As a result of the European market, most heating systems 
are imported from Germany and France. Switzerland has a 
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exports: dominant position in heating control systems (Siemens 
Landis & Staefa), a good position in burners (Low-NOx) and 
is the headquarters of Hoval boilers and heating systems) 

Short description of the new 
technology(ies): 

The burning of fossil fuel has to be considered as an anti-
quated technology. Future energy systems are co- and tri-
ple-generation systems, which make better use of the high 
exergy potential of fuels. Small-scale heat and power units 
such as fuel cells, Stirling and conventional heat and power 
engines will in combination with efficient heat pumps in-
crease the system efficiency from 90% to 190%. They will 
also allow a better use of gasified wood and biomass. 

Technical energy saving  
potential: 

 
Estimated savings in total, 
larger that 50 PJ/a, most of 
it in the building sector 
(39 PJ/a) 

Assuming an electricity production from fossil and biofuels 
of 35% and a COP of 4 an overall system efficiency of 190% 
will be achieved, thus increasing the efficiency by a factor 2. 

The estimation of savings takes the reduced energy de-
mand of thermally retrofitted buildings into account. 
Without that, the values would be 90 to 115 PJ/a. 

R&D bottle necks: • Cost reduction 
• Optimal integrated small-scale systems 
• Life expectancy and maintenance 

Economics if close to market 
introduction: 

Not yet economic, but in some cases (CHP in commercial 
buildings) very close to it, depending on electricity market. 

Expected acceptability prob-
lems: 

• Higher initial costs 

• Life expectancy and maintenance costs and risks 

Future importance for Swiss 
exports: 

Good export possibilities for small-scale units, but only en-
gineering for large plants. Switzerland, with its small home 
market, is always in a difficult position. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

• Fuel cells: Sulzer Hexis, Universities PSI and EMPA  
• Stirling:  SIG development stopped, new German prod-

uct on the market, other products from U.S. and India 
• Heat pumps: good experience with waste heat and 

ground coupled heat pumps 
• CHP: Internationally strong involvement in fuel cell 

development and for renewable fuels, some industrial 
success in Stirling engine development, good progress 
in heat pumping technology 

Recommendations: Follow up the topic in the main study 

Focus R&D on optimal system integration  
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A1.3 Heat distribution 

Typical Swiss heat distribution systems are hydronic systems with a large heating capacity. This 
results often in an overheating of buildings, because the distribution system is losing more 
heat than the building needs.  

The very low energy demand of future buildings requires more adapted heat (and cold) distri-
bution systems. 

 

Fact Sheet A1-3: Heat distribution 

Technological field Heat Distribution 

Short description: Heat distribution from boilers to rooms, radiators and floor 
heating system, control systems 

Present energy demand in 
Switzerland: 

About 4% of the Swiss energy consumption may be consid-
ered as distribution losses (pumping, transmission, and 
regulation). 

Present importance of Swiss 
exports: 

Switzerland has a strong position in heating control and a 
good position in low power pumping in hydronic systems. 
Low-temperature floor heating systems are well estab-
lished. 

It has rather a weak position when it comes to air heating 
systems. 

Short description of the new 
technology(ies): 

Possible improvements to hydronic systems are basically: 
• 
• 

• 
• 

• 

Efficient pumping technology 
Insulated distribution pipe work or very low tempera-
ture distribution systems (< 28 °C) 
Improved thermostatic valves (demand-controlled) 
Combined slab cooling and heating is already well es-
tablished in commercial buildings. 
For domestic buildings probably more interesting is the 
heat distribution by air-heating or by the ventilation 
system. 

Technical energy saving  
potential: 

Estimated savings in total 
about 5 PJ 

The saving potential of the heat (and cold) distribution sys-
tems is, at 5 PJ/a, relatively small. Demand controlled heat 
distribution would allow for larger savings in existing hous-
ing, but not in future low-energy buildings.  

R&D bottle necks: • 
• 

Cost/benefit relation of measures at hydronic systems 
Thermal and acoustical comfort of air systems 

Economics if close to market 
i d i

It is not really a question of economics. 
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introduction: 

Expected acceptability prob-
lems: 

Higher risks for insufficient heating power 

Distrust of air heating systems 

Future importance for Swiss 
exports: 

Good export possibilities for small scale pumps and intelli-
gent thermostatic valves 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

• 
• 

• 

• 

Research on air heating systems at EMPA and HTA 
Research on intelligent control systems at CSEM, EPFL 
and L&G  
Development of low-temperature heating and cooling 
by self regulating building components (slab cooling) 
by EMPA and industry 
No major international research topic, some investiga-
tions and developments for low temperature distribu-
tion systems. 

Recommendations: Not follow up the topic in the main study 

A1.4 Controlled ventilation 

Buildings have to be ventilated in order to remove odours from occupants and building materi-
als, moisture, and harmful substances and to renew the air for breathing. Natural ventilation by 
air leakage and/or occupants is possible but difficult to control and causes non-recoverable 
heat losses in winter. Mechanical ventilation allows a controlled air change rate and heat re-
covering from exhaust air. Supply air and exhaust air are well balanced; the building shell is air 
tight in order to control the air change and to ensure optimal heat recovery. 

 

Fact Sheet A1-4: Controlled ventilation 

Technological field Controlled Ventilation 

Short description: Mechanical and hybrid (mixed natural and mechanical ven-
tilation) air supply, and extract systems for air-quality con-
trol 

Present energy demand in 
Switzerland: 

About 12% of the Swiss energy consumption is used for 
ventilation, 51 PJ/a in residential and 39 PJ/a in commercial 
buildings. In modern buildings, ventilation losses are of a 
similar magnitude as the transmission losses, and in spe-
cial buildings like schools, theatres, and laboratory build-
ings the ventilation losses dominate. 

Present importance of Swiss 
exports: 

Swiss industry is well positioned in terms of large-size, 
high-quality commercial ventilation systems. But they are 
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exports: confronted with an increasing pressure from countries, 
which produce more cheaply. 

Unfortunately, there is no important industry supporting 
small residential ventilation systems. Most components 
have to be imported from countries with a longer tradition 
in residential ventilation. 

Short description of the new 
technology(ies): 

Natural ventilation based on leakage and/or window open-
ing has to be considered antiquated and not energy effi-
cient. Future low energy buildings (Minergie, Passivhaus) 
are dependent on a mechanically-controlled ventilation 
system during the heating period. 

The central component of each mechanical ventilation sys-
tem is the heat recovery system. 50 – 60% heat recovery is 
standard (cross-flow), 80 – 90% heat recovery is possible 
(counter-flow). Additional heat gains are possible if heat 
pumps recover additional heat from the exhaust air. This 
concept is often used in combination with ground coupled 
pre-warming of the supply air. 

Pressure drops, air leakage, poor ventilator efficiency and 
noise problems are other topics of great importance. New, 
more efficient and silent means of air transport have to be 
investigated. An interesting technology could be to move 
ionizised air through electric fields (ionic breeze). 

Technical energy saving  
potential: 

 

 

 

 

Estimated savings in total 
31 PJ/a in the building sector 

Only about 5% of existing residential buildings presently 
have mechanical ventilation with heat recovery installed. 
About 40% have a simple exhaust air ventilation system in 
bathrooms. Considering the additional mechanical energy 
needed, the energy saving potential of the residential sec-
tor will be about 21 PJ/a (primary energy 25 PJ/a). 

In the commercial sector it has to be considered that about 
50% of the buildings have already a kind of a ventilation 
system. 30% can still be equipped and 20% are not suitable 
for mechanical ventilation. Savings will be approx. 10 PJ/a 
(12.5 PJ/a primary energy) 

R&D bottle necks: • 
• 
• 
• 
• 
• 

More efficient air transportation and components 
Development of ventilation components for retrofit 
Air-tightness of buildings and ducting 
Demand controlled ventilation, air quality sensors 
Improvement of noise levels 
Maintenance requirements 

Economics if close to market Mechanical ventilation is not only a question of energy but 

 



Appendix 80 
  

introduction: also of comfort. 

Energy cost can only be reduced in some applications in the 
commercial sector 

Expected acceptability prob-
lems: 

Costs, noise, and maintenance are the major problems 

Future importance for Swiss 
exports: 

New and innovative products still have a good market po-
tential if they can be produced in large quantities. Unfortu-
nately, Swiss industry is focused on expensive high quality 
products rather than on cheap mass products. 

Major R&D on these  
technologies 
- in Switzerland 
- in foreign countries 

Much research related to mechanical ventilation has been 
done nationally (ERL, research at EMPA, HTA, EPFL, ETH) as 
well as internationally (IEA, Air Infiltration and Ventilation 
Centre, EU Framework-Programmes). Nordic countries have 
long experience with domestic ventilation systems 

Recommendations: Follow up the topic in the main study 
Focus on new innovative air-handling components with 
higher efficiency 

A1.5 Air-Conditioning 

Room temperatures between 22 °C (in winter) and 26 °C (in summer) are considered comfort-
able for offices and living spaces. There is no doubt that in the future, the cooling requirements 
will increase. Users are becoming increasingly aware of comfort criteria and increasingly severe 
climate conditions have to be expected. Energy efficient buildings in particular have excess 
heat that has to be mechanically removed.  

Apart from climatically adapted architecture and hybrid cooling systems, solutions for the en-
ergy efficient combined production of heat and cold have to be investigated. The room air hu-
midity has to be controlled through more energy efficient systems. 

Future air conditioning has to provide quality and demand-controlled air and comfort. These 
will to some extent replace traditional heating and ventilation. 

 

Fact Sheet A1-5: Air-Conditioning 

Technological field Air-Conditioning 

Short description: Room air control by heating, cooling and/or humidification, 
normally by ventilation system, but also by chilled ceilings, 
or slab cooling and heating. 

Present energy demand in About 3% of the Swiss energy consumption is used for cool-
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Switzerland: ing and room air humidification. The energy source is 
mainly electricity and therefore results in a primary energy 
need of 77 PJ/a.  The demand for cooling especially is rap-
idly growing. 

Present importance of Swiss 
exports: 

The Swiss industry has a good position and a good reputa-
tion in air conditioning and related control system. Due to 
strict energy regulations in some cantons, Switzerland is a 
pioneer for innovative cooling concepts. But countries like 
US, Japan, Germany and France clearly have a larger share 
of the international market. 

Short description of the new 
technology(ies): 

• 

• 

• 
• 

• 
• 

• 

Typical future air conditioning systems will include 
components such as: 
Ground coupling as cost-efficient heat and cold sources 
and for seasonable low-temperature storage 
Advanced exhaust air heat and cold recovery systems 
Efficient heat pumps and solar-driven Stirling engines 
for cold production 
Slab cooling and sound absorbing cooling elements 
Passive humidification control by hygroscopic building 
components 
Switchable glazing as advanced shading system with 
high visual comfort, low maintenance and less embod-
ied energy 

Estimated savings in total 
about 15 PJ/a, most of it in 
the building sector 

Reduction of electricity consumption in commercial build-
ings approx. 15 PJ/a for cooling and humidification. 

R&D bottle necks: • 
• 

• 

Development of new cooling fluids, 
Development of both, thermally active and sound ab-
sorbing components 
Investigation of hygroscopic construction materials for 
passive humidification control 

Economics if close to market 
introduction: 

Traditional cooling technology with cooling machines will 
stay the cheapest and most flexible solution for a long 
time. 

New, energy efficient and environmentally optimised sys-
tems afford integrated, standardised solutions for heating, 
cooling, ventilation, and hot water. 

Expected acceptability prob-
lems: 

Energy efficient and standardised solutions will always 
have limited power capacity.  
Integrated systems are more difficult to repair and replace. 

Future importance for Swiss 
exports: 

Well-integrated and high-performing HVAC components 
could be an interesting business opportunity for Swiss in-
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exports: dustry.  Unfortunately, such Swiss-produced components 
are usually expensive and hardly competitive on the inter-
national market.  

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Most developments on innovative HVAC systems are pres-
ently being made in Germany in relation to the Passive 
House concept. The focus is here on small-scale integrated 
HVAC and hot water units. 

Switzerland plays in important role in the development of 
“silent”, low-exergy cooling and heating systems using the 
building structure as a self-regulating, low temperature 
system (auto-adaptive slab cooling and heating). 

Not much research is being done for combined-cycle Stir-
ling engines. 

Recommendations: Follow up the topic in the main study 
Focus R&D on new cooling fluids, allowing direct use in 
cooling systems and better performance 

A1.6 Hot water 

The energy demand for hot water is relatively small in existing buildings compared with the 
energy demand for heating (about 6:1). But in new, energy efficient housing, the energy de-
mand for hot water can be higher than that of heating. Whereas the heating demand reduc-
tion has been successful, the improvement of hot water systems has been very slow. The effi-
ciency of hot water systems is normally very poor (measured at the hot water consumed at the 
tap, it is probably less than 50%) 

 

Fact Sheet A1-6: Hot Water 

Technological field Hot Water 

Short description: Hot water production, distribution and heat recovery from 
hot water. Hot water consumption is not primarily consid-
ered a technology problem. 

Present energy demand in 
Switzerland: 

About 6% of Swiss energy consumption is used for hot wa-
ter, 37 PJ/a in residential and 6 PJ/a in commercial build-
ings. A large part of it is still produced by electric heaters.  

Present importance of Swiss 
exports: 

Hot water systems are mainly produced for the local mar-
ket. Specialities (heat pumps, solar collectors) are imported 
rather than exported. 
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Short description of the new 
technology(ies): 

Solar collectors and waste heat recovery (small heat 
pumps) should be the future heat source for hot water sys-
tems. 

Storage tanks are available but still have very different 
qualities. Vacuum insulation technique could further re-
duce the losses. 

Hot water distribution systems generally have a very poor 
efficiency. Hot water circulation systems as well as single 
pipe systems lose a lot of energy. Super-insulated pipes 
could reduce the losses dramatically. 

Technical energy saving  
potential: 

 

Estimated savings in total 
26 PJ/a in the building sector 

Solar collectors and heat pumps could reduce the energy 
demand for hot water by more than 70%. 

Improvements on the storage and distribution side could 
amount to about 40%, thus resulting in an overall effi-
ciency improvement of 60% 

R&D bottle necks: • 
• 
• 

Optimised waste heat recovery with heat pumps 
Super-insulated storage and piping 
Legionnaires' disease 

Economics if close to market 
introduction: 

Solar collectors and heat pump boilers are close to market 
prices. 

Super-insulated piping is not yet available. Besides energy 
gains, it will also offer much higher comfort. 

Expected acceptability prob-
lems: 

Building integration of solar collectors 

Maintenance of heat pumps 

Future importance for Swiss 
exports: 

Hot water systems are a good opportunity to introduce 
new concepts  

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 

• 

• 

Except for solar collectors, not much research is done 
nationally or internationally. 
New innovative concepts for hot water production are 
developed for passive houses (Germany and Austria) 

Recommendations: Follow up the topic in the main study  

Focus on new innovative waste heat recovery concepts and 
super-insulated piping systems 
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A1.7 Electricity in buildings 

Electricity consumption as a whole and in the building sector is still growing. There are new 
technologies (automation, information, lighting) that create additional demand, but there is 
also a shift from fossil fuelled systems to electricity-driven systems (heat pumps instead of 
boilers). On the other hand, political resistance against new power plants is more common. 

Reduction in electricity consumption must be a major issue of future energy programmes. 
Since in the future thermal power plants and renewable electricity will likely be the only option 
for new power production, the efficiency of the use of electricity needs to be improved.  

Despite large improvements of the thermal properties of buildings, electricity consumption in 
buildings has hardly changed. Some direct electrical heating systems may be converted into 
more advanced heating systems (fuel cells, heat pumps) and some combined heat and power 
plants may be installed, but a major reduction in electricity demand has to come from better 
electricity management. Electricity consumption should be limited to necessary services and 
stand by losses eliminated. Appliances with poor efficiency also have to be replaced. 

 

Fact Sheet A1-7: Demand-Controlled electricity management 

Technological field Demand-Controlled Electricity Management 

Short description: Intelligent electricity management system that detects 
unneeded consumption and stand-by losses. 

Present energy demand in 
Switzerland: 

About 10% or 78 PJ of the Swiss energy consumption is elec-
tricity used for lighting and appliances in buildings. There is 
a very large electrical savings potential, just from eliminat-
ing unnecessary electricity-consuming devices such as 
transformers, pumps, fans, lights etc. In commercial build-
ings, this avoidable consumption can amount up to 50% of 
the total demand. 

Present importance of Swiss 
exports: 

Switzerland has a very strong position in control and 
metering systems (Siemens Landis and Staefa) 

Short description of the new 
technology(ies): 

An intelligent controller (probably several) analyses the 
electricity demand of the connected appliances. It registers 
long stand-by periods, the absence of users and their de-
mands, and using a self-adapting process, it optimises the 
operation of the electrical equipment.  

Technical energy saving po-
tential: 

 

 

Depending on the building type and the extent of control, 
savings from 10 to 30% of the total electricity consumption 
can be expected. 
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Estimated savings in total, 
larger that 43 PJ/a, in  
building sector (31 of it also 
accounted under lighting 
(15) and appliances 16) 

R&D bottlenecks: • 

• 

What are the best control algorithms, which will reduce 
electricity losses without overly detracting from com-
fort? 
How can these algorithms be cheaply implemented? 

Economics if close to market 
introduction: 

Economics are best in commercial buildings where electric-
ity consumption creates a cooling problem. 

Expected acceptability prob-
lems: 

Probable loss of comfort in combination with difficult to 
understand control strategies. 

Future importance for Swiss 
exports: 

High potential for export, either as central control system 
or as distributed intelligence in appliances. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 

 
Most present developments are related to product related 
electricity savings. Relatively little effort is related to central 
electricity optimisation in buildings but some progress is 
made in connection with building automation systems. A 
main player among many others Siemens Landis & Stäfa. 

Recommendations: Follow up the topic in the main study  

Start with simple, cost-efficient measures (standard appli-
cation). 

A1.8 Lighting technology 

Lighting has become an important element of our lifestyle. Lighting levels – artificial and natu-
ral – have been continuously increased. Strongly glassed facades have become very popular in 
modern architecture, for commercial buildings as well as for residential housing, thus resulting 
very often in additional cooling needs.  

Incandescent lighting still represents a first generation of lighting technology. Bulbs have been 
improved in relation to lighting quality and pricing but hardly in relation to energy efficiency. 
The lighting efficiency is less than 5%.  

Fluorescent lamps represent the second generation of lighting technology. They have an im-
proved performance (efficiency of about 12-15% in relation to daylight) and a longer life expec-
tancy but are technically more complicated and their application is more restricted. 
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Table A1-1: Characteristics of light sources 

Type of lamp Luminosity 
factor  

[lm/W] 

Efficiency 

 

Brightness 

[Candela/cm2] 

Life  
expectancy 

[h] 

Incandescent lamp 5-15 < 2 % - 1'000 

Halogen lamp 15-25 <3.5 % - 1'500-2'000 

Compact lamp 40-80 12 % ca. 1 10'000 

Fluorescent lamp 65-95 14 % 0.8-1.5 10'000 

OLED 150 22 % ca. 0.1-8 100'000 

 

The availability of natural daylight is often not optimal for illumination, thus resulting either in 
lack of daylight or in excess light and heat. Excess daylight may cause severe overheating prob-
lems. 

 

Fact Sheet A1-8: Lighting 

Technological field Lighting Technology  

Short description: Artificial and natural light for room illumination and work-
ing places 

Present energy demand in 
Switzerland: 

About 3% of the Swiss energy consumption is used for arti-
ficial lighting in buildings. The energy source is electricity 
(22 PJ/a) and corresponds therefore to a primary energy 
need of 72 PJ/a.  

An additional primary energy demand of 18 PJ/a has to be 
accounted for, from resulting cooling needs, mainly in 
commercial buildings.  

Present importance of 
Swiss exports: 

Artificial lighting has an international market. Switzerland 
has never played an important role in the lighting sector.  

Short description of the 
new technology(ies): 

LEDs’ conversion of an electrical current directly into light 
has a large potential to become the third generation of 
lighting technology. They have a very high efficiency of 
about 30% in relation to daylight and convert about 90% of 
the electricity into light. Organic Light Emitting Diodes 
(OLED) are presently the most promising technology: high 
efficiency, bright light, inexpensive to produce, long life 
expectancy, easy to apply, and easy to control. 
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Besides new technologies for artificial lighting, the better 
use of natural light also has to be investigated. Light tubes, 
which allow a better distribution of the natural light, are a 
technology not yet sufficiently developed, but they have a 
promising potential. 

Technical energy-saving 
potential: 

Estimated savings in total 
15 PJ/a for lighting, 6 PJ/a 
for cooling 

The energy-saving potential is twofold: 

• Reduction of electricity consumption  

• Reduction of cooling loads, avoiding the need for me-
chanical cooling  

R&D bottle necks: • Development of cost-effective, light-emitting films, 
which permit illuminating large surfaces 

• Development of PV and daylight-integrated solutions 

• Demonstration of pilot installations 

Economics if close to  
market introduction: 

New applications and new design possibilities will be more 
important for market introduction than cost competitive-
ness.  

OLEDs have to potential to become competitive in the long 
run. 

Lighting tubes may allow for attractive architectural solu-
tions, but they will probably always be expensive and 
space-consuming. 

Expected acceptability 
problems: 

Light quality 

Availability of direct current electrical installation 

Integration of lighting tubes into building construction 

Future importance for 
Swiss exports: 

New lighting technologies would offer the opportunity to 
build up an export-oriented industry.   

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Worldwide there are many university institutes and indus-
trial companies that do research on OLEDs. Presently, the 
application focus is more on electronic equipment and on 
display illumination than building use. 

No major research is done on lighting tubes, but interesting 
pilot installations have recently been realised. (Berlin, by 
Swiss designer)  

Recommendations: Follow up the topic in the main study 

Focus R&D on new innovative applications  
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A1.9 Household and office appliances 

Electric appliances offering comfort, efficiency, and entertainment have proliferated in Swiss 
households and commercial buildings. Usually powerful appliances (vacuum cleaners, hair dry-
ers, stoves, etc.) are considered to be better than lower wattage appliances. There are no laws 
or even means to restrict the energy consumption of electrical appliances. The buyer’s choice 
can best be influenced by product labelling and consumer tests but means to influence the 
user behaviour directly are limited largely to education. 

 

The most important electricity consumers are (per average household): 
- drying ~ 800 kWh/a 
- cooking, baking ~ 600 kWh/a 
- cooling  ~ 500 kWh/a 
- washing ~ 400 kWh/a 
- dish washer ~ 300 kWh/a 
- electronic equipment, radio, TV ~ 300 kWh/a 
- other appliances ~ 550 kWh/a 

 

Fact Sheet A1-9: Household and office appliances 

Technological field Household and Office Appliances 

Short description: Electrical equipment and appliances installed by user or by 
occupant 

Present energy demand in 
Switzerland: 

About 7% of the Swiss end-use energy consumption is used 
by electrical appliances. The energy source is electricity 
(56 PJ/a) and results in a corresponding primary energy 
demand of 188 PJ/a.  

An additional primary energy demand of 20 PJ/a is ac-
counted for by resulting cooling needs in commercial build-
ings.  

Present importance of Swiss 
exports: 

Most electric appliances for households and offices are 
produced either in other countries or under licence.  

But a sizeable share of professional equipment, mainly 
used in commercial buildings and in the food sector, is do-
mestically produced.  

Short description of the new 
technology(ies) 

Drying: Condensing dryers with good efficiency are avail-
able. Other options are drying cupboards, tempered by 
heating system. 
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Range, oven: Induction cooking plates are available but 
expensive, new types of ceramic cooking plates are under 
development. 

Refrigerator: Refrigerators with vacuum insulation, new 
means of cooling (magnetic resonance cooling) 

Washing machine: New washing processes, using ultra-
sound instead of hot water and washing powder 

Dish washer: No new technologies in sight, but efficient 
dish washers available 

Electronic equipment, computers, TV: Portable information 
tools and LED-television screens will reduce power demand, 
cold printing processes will reduce stand by losses 

Estimated savings in total 
16 PJ/a, plus additional 
6 PJ/a savings for cooling 
load 

The energy saving potential is twofold: 

• Reduction of electricity consumption  

• Reduction of cooling loads, avoiding the need for me-
chanical cooling 

R&D bottlenecks: Short-term potentials are basically dependent on product 
availability on the market and on consumer trends. They 
are difficult to influence. 

New, energy-saving technologies (>30 %) are long term 
items with high risks. 

Economics if close to market 
introduction: 

The success of new appliances will not depend on energy 
savings and costs, but on lifestyle and trends. Most prod-
ucts will be more expensive. 

Expected acceptability prob-
lems: 

Lower performance than conventional appliances (except 
computers, information technology) 

Future importance for Swiss 
exports: 

Little chance for Swiss industry to become international 
leader in appliances; only for small market sectors.   

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Most research and development is done by industry with 
little public involvement. Strong public involvement in la-
belling process. 

Recommendations: Not follow up the topic in the main study: impact too small 
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Appendix 2: Industry 

A2.1 Pulp & Paper industry 

Few small companies produce large amounts of paper. One company also processes cellulose. 
The major associated energy consuming processes are the mechanical and thermal pre-
treatment of paper from wood or from recycled paper. Recycled paper uses six times less en-
ergy than paper from native cellulose. The energy savings largely depend on the recycling rate 
and transport cost (e.g. cheap cellulose from Sweden and Finland). 

 

Fact Sheet A2-1: Pulp and paper 

Technological field Industry 

Research field or 
category: 

Pulp and Paper 

Short description: Paper manufacturers produce paper from different sources 
(cellulose (import or domestic), raw material (wood) or re-
cycled paper). About 1.5 Mio tons/year. 

Present energy demand in 
Switzerland: 

27,1 PJ/a 

Present importance of Swiss 
exports: 

Exports equal imports, (all imports from surrounding coun-
tries.) 

Short description of the new 
technology(ies) 

Use of recycled paper (energy savings around 1/6 of native 
material use). 

Heat recovery generally. 

New drying methods, i.e. impulse drying. 

New processes to grind wood mechanically. 

Improvement of motor efficiencies. 

Technical energy saving  
potential: 

Estimated savings in total, 
(PJ): 3-5 PJ/a. 

Using recycled material permits reduction of the energy 
consumption by as much as 1/6. 

The potential is around 3 PJ/a without recycling and 5 PJ/a 
with recycling [Worrell, et al., 1997]. 

Impacts on energy use of 
preceding energy chain 

 

- 
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R&D bottlenecks: Grinding machine development. 

New, better separation technologies for recycled paper. 

Economics if close to market 
introduction: 

New technologies are associated with large investment 
costs. State support is needed to enhance the introduction 
of energy-efficient new technologies. 

Expected acceptability prob-
lems: 

None 

Future importance for Swiss 
exports: 

At least 50% of the products is for export. This proportion 
will increase.  

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

None in Switzerland 

In companies , i.e. Voith 

Germany: Papierforschungsinstitut (TU Darmstadt) 

Special remarks, limits None 

Recommendations: Not recommend special research program, but support in 
introduction and increase collection of paper for recycling. 

A2.2 Chemical and pharmaceutical industry 

To a large extent chemical production in Switzerland is based on batch production. As exam-
ples the production of pharmaceuticals (dry process) and of dyes (wet process) were investi-
gated to show the possibilities of efficiency improvements in the chemical industry. 

Within the chemical industry in Switzerland, it can be assumed that the total final energy de-
mand used for laboratories, clean rooms, offices and storage rooms is of high importance and 
will reach on average at least 20% of the total final energy demand (over 50% within the phar-
maceutical industry). The energy demand of the infrastructure in production buildings (e.g. 
space heating, ventilation) also makes up a substantial part of the final energy demand of the 
production process. In the example considered (dye production), this share was around 9%, but 
it can be much higher in other cases. According to figures for energy use in the U.K. chemical 
industry [DOE, 1986], the most important energy-consuming processes (heat) were process 
heating (40% of the total final energy demand), distillation (13%) and drying (10%). For electrical 
energy, compressing and pumping were considered most important (16% of the total final en-
ergy demand). Within an order of magnitude these figures may also be applicable for Swiss 
chemical industry. 

Of the total heat consumed within production, the major part is used for process heating. This 
energy demand is determined largely within the process development. Further, a large part is 
used for solvent distillation (mostly as steam). For these separation processes, membrane tech-
nologies (or combined technologies such as pervaporation) could reduce the energy needs. In 
water-based processes, drying requires a large amount of heat energy (e.g. drying of dyes). Here 
new drying technologies could save a substantial fraction of the energy. 
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The main electricity consumption within production stems from the operation of electrical mo-
tors in pumps, compressors and stirrers. The potential efficiency gains are more likely to be 
found in proper dimensioning and system optimisation than in the actual efficiency of the 
pump or fan itself. In some cases electricity use could be reduced by 50%. The efficiency gain of 
adjustable speed drives could reach 30%, but in some cases higher electricity consumption has 
been reported (proper application is important to obtain efficiency gains). Besides the electric-
ity demand of the production process itself, ventilation (especially involved in waste air treat-
ment) is an important electricity consumer. 

 

Fact Sheet: A2-2a: Thermal separation 

Technological field Industry 

Research field or 
category: 

Thermal separation [Distillation / Crystallisation] in 
chemical industry 

Short description: Distillation of solvents used in chemical reactions and 
concentration of dilute solutions need substantial 
amounts of energy in the form of steam. Depending on 
the production, solvents will be recycled (if possible) to 
the process or (if regeneration is too costly) incinerated as 
substitutes for fossil fuels. Besides economic factors, spe-
cific production factors (size of batch production, storage 
capacity, good manufacturing practice directives, etc.) will 
also determine the decision what will be done with waste 
solvents. 

Present energy demand in 
Switzerland:  

Within the production of pharmaceuticals about 15% of 
the consumed final energy is used for distillation (figures 
for U.K. [DOE, 1986]). Authors’ own estimates led to a 
comparable share for the energy demand of thermal 
separation within the Swiss chemical industry at 2-4 PJ/a. 

Present importance of Swiss 
exports: 

High: 90% of production in the chemical industry is ex-
ported (34 billion CHF in 1999) 

Short description of the new 
technology(ies) 

Wider use of pervaporation for concentrating processes. 

Membrane separation instead of in combination with dis-
tillation for solvent regeneration. 

Use of heat pumps for mechanical vapour recompression 
(MVR). 

Melt- or freeze-crystallisation instead of distillation. 

Technical energy saving  
potential: 

 

The heat demand for distillation could be reduced 
through new separation technologies by 50% (thermal 
energy) by 2020. These technologies would cause an in-
crease in electricity demand equivalent to 10% of the sav-
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Estimated savings in total 
for chemical industry: 
1-2 PJ a-1  

ings [Nieuwlaar, 2001]. 

Membrane separation has an energy demand of 90 kJ 
(electricity) per kg of water removed for concentrating 
dilute solutions [Kumar, et al., 1999]. The same process 
would need 350 kJ per kg of water removed using me-
chanical vapour recompression (BAT) and more than 3 MJ 
per kg of water removed using thermal evaporation with-
out heat recovery. 

Impacts on energy use of 
preceding energy chain 

Higher solvent recycling leads to less energy demand for 
solvent production. Higher separation rates lead to higher 
product yields (lower energy demand per kg product). 

R&D bottlenecks: • Extension of membrane lifetime. 

• Development of solvent-compatible membrane mate-
rials with good transport properties. 

• Problems with contaminant fouling. 

• Flexibility for different solvent mixtures and handling 
of larger amounts of impurities. 

• Reducing membrane costs. 

Economics if close to market 
introduction: 

Reverse osmosis is already used for pervaporation in cer-
tain cases, which reduces energy needed for distillation. 

Expected acceptability prob-
lems: 

• Advanced state of current technology (reliability, costs).

• Good Manufacturing Practice (GMP) directives solvent 
might prohibit recycling.  

• Purity of product (for recycling solvent into process). 

• CO2-Law does not favour reducing solvent use. 

• In competition with solvent incineration. 

Future importance for Swiss 
exports: 

Export of new technologies might be of importance for 
Swiss high-tech companies. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Sulzer Chemtech, Membrane Systems 

Kühni AG (Allschwil) 

Membrane Technology Group, University of Twente, En-
schede (NL); Prof. Dr. M. Wessling. 

Membrane Research Electricity Group, Dept. of Chemical 
Engineering, Lund University (S) 
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University of Sheffield; Department for Chemical and Proc-
ess Engineering. 

University of Colorado, Boulder; Department of Chemical 
Engineering. 

TH Aachen 

National research council of Canada, Ottawa; Institute for 
Chemical Process and Environmental Technology. 

Membrane Technology & Research, Inc.; Menlo Park, CA 
(USA); Dr. Anurag Mairal 

Cargill Inc.(USA), Osmonic Inc. (USA); see also Advanced 
Technology Program (www.atp.nist.gov). 

Special remarks, limits Also of importance in concentration processes within 
food industry. 

Recommendations: Investigation of technologies replacing thermal separa-
tion recommended for main study. 

 

 

Fact Sheet A2-2b: Process design and control 

Technological field Industry 

Research field or 
category: 

Process design and control (in chemical industry) 

Short description: The energy demand for processes (e.g. reaction heat) in the 
chemical industry is largely influenced by the selected pro-
cess parameters (determined already within process devel-
opment). Improved or new production processes and 
reaction routes could reduce the energy demand of a proc-
ess drastically. 

Present energy demand in 
Switzerland:  

About 15 PJ/a or 70-80% of the total final energy consump-
tion of the chemical industry is used within production 
(including production infrastructure). The rest (20-30% on 
average, over 50% in the pharmaceutical sector) is used for 
offices and laboratories (not considered here).  

Around 1/3 of the final energy is used as electricity mainly 
in electrical motors (pumps, ventilation, etc.).  

Present importance of Swiss 
exports: 

High; 90% of production in the chemical industry is ex-
ported (34 billion CHF in 1999) 
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Short description of the new 
technology(ies) 

New biotechnological processes replacing conventional  
(high temperature / solvent based) processes. 

Introduction of chemical transformations with non-
classical conditions (e.g. supercritical fluids) to reduce auxil-
iary chemicals and wastes. 

Micro-reactor components that offer possibility of higher 
space-time yields. 

Strategies for process optimisation leading to higher space-
time yields, quality, and shorter design times. 

Process integration methodologies for batch processes. 

Technical energy saving  
potential: 

Estimated savings in total, 
(PJ): up to 4 PJ a-1 

Due to the low reaction temperature in biocatalytic split-
ting processes the energy consumption (for process heat-
ing and cooling) could be reduced by up to 50% compared 
to solvent-based processes. 

70% of the energy demand of a process is determined 
within the process design. The actual reduction potential is 
very specific to each process and could therefore not be 
determined in total for the whole industry. 

Impacts on energy use of 
preceding energy chain 

Reduced consumption of auxiliary chemicals (e.g. solvents) 
and reduced waste treatment needs can lead to additional 
energy savings. 

R&D bottlenecks: Time needed for process design. 

Technical problems associated with biological processes 
such as high levels of water use. 

Achieved yields in biotechnology are not high enough to 
warrant full-scale commercial production. 

Economics if close to market 
introduction: 

Processes with clear economic benefits for enzyme engi-
neering (e.g. production of 6-aminopenicillanicacid) have 
been implemented already since the end of 1970s. 

Expected acceptability prob-
lems: 

Advanced state of current chemical processes (reliability, 
product quality). 

Development costs of chemical processes. 

Investment in new plants. 

Future importance for Swiss 
exports: 

Use of new technologies (and new products) could be of 
high importance for Swiss chemical industry. 

Major R&D on these  
technologies 

- in Switzerland 

EPFL: Institute of Chemical and Biological Process Science 
(ISP)/ Laboratory of industrial Energy system (LENI).  

ETHZ: Laboratory of Technical Chemistry. 
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- in foreign countries Energieonderzoek Centrum Nederland (ECN). 

Forschungszentrum Jülich; Institut für Biotechnologie (IBT).

Technical University of Aachen; research centre ACCESS. 

Universität Erlangen-Nürnberg; Institut für Mikrotechnik 
Mainz GmbH. 

Special remarks, limits Important in other contexts e.g. within textile processing 
and cement industries. 

Recommendations: For the main study, we recommend further investigation in 
the form of a case study. 

 

Fact Sheet A2-2c: Clean rooms, laboratory buildings 

Technological field Industry 

Research field or 
category: 

Clean rooms, Laboratory buildings 

Short description: Clean rooms and laboratories account for a substantial part 
of the energy demand within the chemical- and the food-
industries. Laboratory-type facilities represent a poorly un-
derstood hybrid of commercial and institutional building 
space and industrial facilities. There is great diversity in 
their types, as well as in their equipment and process 
needs. They will have a growing importance in future. 

Present energy demand in 
Switzerland: 

Within the Swiss chemical industries, about 20-30% (or 
~5 PJ/a) of the final energy consumption is used for labora-
tories and offices. For the pharmaceutical sector this share 
exceeds 50%.  The share of the energy consumed by clean 
rooms and laboratories (offices excluded) was not deter-
mined in this pre-study but was assumed to be important. 

In clean rooms, the electricity intensity is up to 30 times 
higher than in typical office buildings. Fume hoods are a 
major factor in making a typical laboratory 4-5 times more 
energy intensive than a typical office building. 

Present importance of Swiss 
exports: 

High due to large export share of pharmaceutical products 
in the chemical industry. 

Short description of the new 
technology(ies) 

Design of flexible, adjustable environmental system that 
can match load variations. 

Integrated systems approaches to laboratory-type facility 
design. 

New fume hood designs. 
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Scientific basis for determination of air change rates in 
clean rooms (lowering the airflow). 

Technical energy saving  
potential: 

Estimated savings in total, 
(PJ): up to 50%, not esti-
mated as PJ/a 

Based on estimates of [Mills, 1996] an overall savings po-
tential of 50% in new and existing buildings seems achiev-
able primarily through improved integrated design, com-
missioning, and operations. 

New fume hood designs can achieve energy savings on the 
order of 50% compared to state-of-the-art variable air vol-
ume (VAV) fume hood systems. 

Impacts on energy use of 
preceding energy chain 

Decreasing fan power to re-circulate clean room air would 
also reduce the overall cooling load due to the reduction in 
heat generated from the fan motors. 

R&D bottlenecks: Time and priority need to be given to working out new, 
non-traditional designs. 

Lack of knowledge about the actual operating characteris-
tics of laboratory-type facility equipment hampers the de-
sign of HVAC or dedicated cooling equipment needed to 
serve this equipment reliably. 

Economics if close to market 
introduction: 

A new type of fume hood is expected to be less expensive 
than VAV fume hood systems (because of downsized heat-
ing, ventilating, and air conditioning systems). 

Expected acceptability prob-
lems: 

Product quality and avoiding contamination is much more 
important than energy demand. 

Designers may risk legal consequences if the laboratory’s 
operation does not meet design. 

Performance envelope specifications may limit possibilities 
for energy efficiency. 

Inadequate space may be available for energy-efficient 
equipment. 

Future importance for Swiss 
exports: 

Assumed to be rising due to higher demand for clean room 
technologies. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Lawrence Berkeley National Laboratory, Centre for Building 
Science, MS 90-3058, Berkeley (CA). 

ETH: Air & Climate Group 

Special remarks, limits Related to technologies in Fact Sheets “ventilation” and “air 
conditioning” in building sector. 

Recommendations: Investigation of some aspects within building sector. No 
further investigation of specific topic in main study. 
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A2.3 Cement industry 

With the company Holcim, the second-largest producer of cement worldwide is located in 
Switzerland and influences the technologies in this area dramatically. Large energy savings 
may be realized if new or improved technologies in mechanical separation become available. 
The efficiencies of these tools are still very low (below 5 percent). Within heat recovery small 
improvements are still possible. These processes are to be used to incinerate more waste (tires, 
sewage sludge) and contribute to effective waste reduction and energy savings in waste incin-
eration. 

 

Fact Sheet A2-3: Cement 

Technological field Industry 

Research field or 
category: 

Cement 

Short description: The second largest cement producer is located in Switzer-
land. Energy consumption comes mainly from grinding / 
crushing and the thermal sintering process. 

Present energy demand in 
Switzerland: 

18.1 PJ/a 

Present importance of Swiss 
exports: 

Production is normally for local markets. 

Short description of the new 
technology(ies) 

Grinding and crushing machines have very low efficiencies. 
Newly developed systems based on new materials and use 
of different forces allows an increase in the efficiencies. 

Technical energy saving  
potential: 

 

Estimated savings in total, 
(PJ): 1-2 PJ/a 

For 1 t cement, about 1000 kWh was needed in 2000. 

Impacts on energy use of 
preceding energy chain 

none 

R&D bottlenecks: Grinding machine development. 

Sintering process (partly decrease the temperature). 

Economics if close to market 
introduction: 

Besides the raw materials, energy has the largest impact on 
the success in production. Industry is very interested in this 
issue. 

Expected acceptability prob-
lems: 

none 
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Future importance for Swiss 
exports: 

small 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

In companies, i.e. Holcim 

Many institutes worldwide are working on new grinding 
systems, i.e. TH Clausthal, Clausthal 

Special remarks, limits  

Recommendations: Fundamental research in grinding/crushing, solid/solid 
heat exchangers
Follow up on topic in main study. 

A2.4 Food industry 

The food industry is very heterogeneous in Switzerland (many small producers and the world 
largest food company Nestlé are located in Switzerland). Products are in solid form with small 
exception. Therefore drying is the process mostly in use here. We are focusing mainly on drying 
processes and their potential to reduce energy use (see appendix A2.6). Furthermore, special 
hygienic procedures are used, as in the pharmaceutical industry. For example, plants, rooms 
and apparatus are sterilized for a few seconds with steam. The quality of the products remains 
of the highest interest. In many cases this forces neglect of energy-efficient processes. 

The total efficiency potential was estimated to be around 1 PJ in dairy industry (~20% of the 
present demand) and <10% in the other sectors of the food industries. 

A2.5 Textile industry 

The textile industry in Switzerland accounts for several highly specialized production sites. Be-
sides the production of textiles themselves, research and development of textile production 
machines is mainly driven by Switzerland. As the Fact Sheet on weaving demonstrates, there 
are machines in development, which highly increase productivity and reduce the energy con-
sumption involved in the unit production of textiles. Worldwide this research has a tremendous 
effect, considering that only in the next 50 years the demand for textiles will double. However, 
in Switzerland the energy demand reduction is only moderate. Whereas in wet processing sec-
tors, the dyeing and drying technologies are characterized by a high energy optimisation po-
tential through regulation and new emerging techniques (drying: see appendix A2.6). 

 

Fact Sheet A2-5: Textile, textile machinery; weaving 

Technological field Industry 

Research field or Textile, Textile Machinery; Weaving 
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category: 

Short description: A new era in weaving-machine development has been in-
troduced by multi-phase-weaving. The present technology 
improves the productivity of conventional machines by a 
factor 3 to 4. Also, the energy demand per kilo is diminished 
considerably. It is thought that the demand for woven fab-
rics will at least double within the next 50 years. 

Present energy demand in 
Switzerland: 

80-240 TJ  

Present importance of Swiss 
exports: 

98% of Swiss production is exported 

Short description of the new 
technology(ies) 

Multi-phase weaving allows the introduction of several 
weft yarns at a time into the warp: until now just one inser-
tion per unit time was possible. 

Replacement of 3 conventional machines by one new ma-
chine 

Considerable energy saving per kilo woven fabric 

Productivity improvement 

Technical energy saving  
potential: 

Estimated savings in total, 
CH > 200 TJ 

Worldwide > 100 PJ 

It is assumed that the demand for textiles will double by 
2050: 

Energy saving from new technology: at least 50% 

Effect of new technology will be much more beneficial 
worldwide than for CH 

Impacts on energy use of 
preceding energy chain 

None 

R&D bottlenecks: Improvement in raw material quality required by higher 
stress from increased production speed. 

Development of energy-economic air-pressure production 

Economics if close to market 
introduction: 

 

Expected acceptability prob-
lems: 

Considerable investment for new machinery. 

Future importance for Swiss 
exports: 

Success factor because of increased competition from Asia. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Sulzer Textil (Rüti, CH) 
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Special remarks, limits The new productive technology is moreover beneficial for 
the outside world because textile production is performed 
to a large extent outside of Switzerland. Switzerland bene-
fits in return from lowered embodied energy content of 
imported textiles. 

Recommendations: Investigation of productivity aspects within a case study in 
field of material efficiency or technology transfer. No fur-
ther investigation of specific topic in main study. 

A2.6 Drying (as unit process in textile- and food-industry) 

The unit process drying is applied in every industrial sector with the same basic physical princi-
ples. In contrast, the food industry shows a high variety of drying process technologies because 
of differences in product and product requirements. Future technologies identified in the field 
of drying are applicable to several industrial sectors. Energy efficiency in drying technologies 
could be achieved as follows:  

• Elimination of drying processes: Also have effects on previous processes in the produc-
tion chain. Drying processes should be promoted that have an effect on previous proc-
esses by limiting the amount of water, or that work at cold conditions with pressure in-
stead of heat. 

• Combined drying steps: Mechanical drying processes should be applied as intensively as 
possible before thermal drying steps. 

• Multistage drying: Within thermal drying, the temperature should be regulated and 
adapted to the drying stage of the product in different drying compartments. 

• Heat recovery: New process technologies should be based on a closed-loop heat-
transporting medium to recover waste heat. 

 

Fact Sheet A2-6: Drying in textile industry and food industry 

Technological field Industry 

Research field or 
category: 

Drying; Textile Industry, Food Industry 

Short description: The drying process is a very energy-intensive step in indus-
trial production. Drying processes involving hot air offer 
only limited possibility of heat reuse. Mechanical drying 
processes do not work continuously. In the textile industry 
the type of fibre is crucial to the technology and energy 
demand for drying, e.g. Polyester dries at least 50% faster 
than cotton. 

In the food industry the quality of the product is essential 
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for the drying process (flavour, appearance) as well as for 
avoiding contamination. 

Present energy demand in 
Switzerland: 

1.5 – 2 PJ in textile industry 

4 – 6 PJ in food industry 

Present importance of Swiss 
exports: 

High for textile industry. Nearly 100% of textiles are ex-
ported 

Low for food industry. 

Short description of the new 
technology(ies) 

MA-Process (Mini-application): reduction of degree of water 
applied to the textile while wet processing. Involves kiss 
role and vacuum slit (textile industry). 

Hot vapour drying: coupled with a vapour recompression 
cycle to recover heat (textile, paper, food, aluminium indus-
try). 

Pulse combustion drying: fast drying by controlled explo-
sion (pharma-, food-industry). 

Mechanical Vapour Recompression (MVR): instead of 
Thermal Vapour Recompression (milk industry). 

Cold deformation: instead of heating and cooling, extruder 
technology and high-pressure deformation (food industry). 

Technical energy-saving  
potential: 

Estimated savings in total, 
2-4 PJ/a for textile and food 
industry.  

MA-Process: 60-70% energy saving in drying. Another 45-
55% in dyeing 1. 

Hot vapour drying: 40-50% energy saving, 15% cost savings 
[Mujumdar, 1995] 

Pulse combustion drying: 30-70% energy savings compared 
to spray drying [Zbicinski, 2002] 

MVR: estimate savings of 0.27 MJ/kg milk [Alsema, 2001], 
energy consumption of 134 kJ/kg water, that is 20 times less 
than adiabatic spray drying [Mujumdar, 1995] 

Cold deformation: estimate of 25% 2. 

Impacts on energy use of 
preceding energy chain 

MA-Process induces energy savings of at least 50% in the 
preceding dyeing process. 

R&D bottlenecks: MA-Process: Application of critical water amount to ensure 
solubility of textile dyes and fixation of dye as well as inhi-
bition of extraction of dye while drying. 

                                                 
1 Personal communication, Dr. Ulrich Meyer, ETHZ (June 2002) 

2 Personal communication, Mr. Stiefel, Lindt & Sprüngli AG (June 2002) 
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Hot vapour drying: Avoiding convection for migration prob-
lems, ensure vapour relaxation, construction innovation to 
ensure continuous production without vapour loss. 

Pulse combustion drying: Controlling noise emissions. 

Economics if close to market 
introduction: 

New investment necessary, process technology less expen-
sive than state-of-the-art. 

Expected acceptability prob-
lems: 

Investment cost 

Future importance for Swiss 
exports: 

High for textile industry 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

In companies: e.g.  Lindt & Sprüngli AG, Benninger AG 

University of Utrecht (Nl) 

Special remarks, limits By improving heating regulation, reducing transport of hot 
medium, and using the high exergy content of the heating 
medium, the energy consumption of this process could be 
reduced by 20 – 30 % with state-of-the-art technologies. 

Recommendations: Follow up topic in main study. In particular, research on 
technologies to reduce the need for drying processes 
should be investigated. 

A2.7 Waste water treatment 

In Switzerland, more than 95% of industries and households are connected to central sewage 
plants. The energy consumption of these aerobic water treatment plants is mainly determined 
by the pumping of the air and, in recent times, by drying of sludges. In Switzerland, the (nearly 
1000) municipal waste-water treatment plants used 1 PJ/a of heat (in 1990), of which 0.27 PJ/a 

were fossil fuels. 90% of this heat was used within sludge treatment [Müller, et al., 1995]. An 
additional estimated 1 PJ/a of heat is needed for sludge drying (in 2000 around 0.12 Mt/a dry 
weight). The electricity demand for the municipal waste-water plants account for 1 PJ/a (in 
1990). 70% of this electricity is used within the aeration and 20% within the sludge treatment. 
95% of the electricity used is consumed by motors (compressors, pumps). 

With the actual processes, up to 60% of the electricity and 100% of the heat needed could be 
covered with sewage gas. In the future, nitrification will be required to meet environmental 
standards. With conventional aeration techniques, this leads to an increase in the electricity 
demand of 60-80% in the plant. Average potential efficiency gains through existing (and eco-
nomic) technologies are thought to be between 15-30% of the electricity consumption. Effi-
ciency gains of over 30% within aeration (electricity for ventilation) could be obtained with a 
process-control system based on a neuronal network. New technologies have improved the 

 



Appendix 104 
  

energy efficiency through new reactor design (change of relation of height to diameter). This 
allows a better consumption of oxygen from the air. Also, combinations with anaerobic pre-
treatment could reduce the electricity use for air compressors and reduce the amount of sludge 
(less drying energy). Improvements in mechanical sludge dewatering would also reduce the 
needed heat energy in sludge treatment. 

In the long-term, new waste management systems which lead to concentrated waste streams 
could help to lower energy demand (and costs) of waste water treatment. One possibility is 
recovery of the nutrients (N, P, K) from urine which then could be reused as fertilizer in farming. 
Compared with a “recycling over the atmosphere” (N fertiliser produced with Haber-Bosch pro-
cess), this management system would need only around 43% of primary energy (calculated per 
kg N) [Maurer & Larsen, 2002]. 

Due to its minor total energy demand, there was no Fact Sheet included for waste-water 
treatment. No further investigation of the specific topic is recommended for the main study. 
Further investigation of nutrient recycling could be of interest within the field “material effi-
ciency”. 
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Appendix 3: Transportation 

A3.1 Relevant research areas for analysis 

For the selection of the relevant research areas for our analysis of future potentials, we have to 
refer to the present energy demand for transportation in Switzerland. Table A3.1-1 gives the en-
ergy consumption per year of different traffic modes between 1990 and 2000. 

Table A3.1-1: Final energy demand of different traffic modes in Switzer-
land from 1990 to 2000 

traffic mode, 
PJ per year 

1990 1995 2000 

cars (gasoline) 120.36 125.06 127.43

cars (diesel) 6.32 6.98 9.13

cars 126.68 132.04 136.56

trucks (light) 11.04 11.77 13.52

trucks (heavy) 25.76 24.73 30.26

trucks 36.8 36.5 43.78

aircraft1) 48.0 55.0 66.2

trains (person) 6.09 5.92 5.93

trains (freight) 3.43 3.37 3.67

trains 9.52 9.29 9.6

buses 3.98 4.18 4.33

motorbikes 2.04 1.92 2.02

ship 0.69 0.67 0.64

varia 4 3.94 3.81
1) Numbers refer to kerosene sold in Switzerland. 

Source: S.F. Lienin (2002), and references therein. 

 

The passenger car sector is the most important traffic mode with an energy consumption of 
about 137 PJ in 2000, followed by aviation with 66.2 PJ (allocation method refers to kerosene 
sold in Switzerland), trucks (light-duty and heavy-duty trucks) with about 44 PJ, trains with 10 PJ, 
and buses with about 4 PJ. Other minor traffic modes showing energy consumption lower than 
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2 PJ are not considered in our analysis. The analysed research areas in the transportation sector 
consist not only of the major traffic modes mentioned above but include further research 
fields, namely city cars with reduced functionality, high-speed trains faster than 300 km/h, and 
technology to support traffic management and modal split management. 

A3.2 Passenger Cars 

The importance of the passenger car sector in Switzerland is illustrated by its very large contri-
bution of approx. 137 PJ to the Swiss end energy demand and by the total number of cars in the 
fleet, which was 3.6 million cars for 7.1 million inhabitants in 20013. At present, the car fleet con-
sists of cars that are optimised for short- and long distance travel and therefore exhibit weights 
with an average of about 1350 kg. If the functionality of these passenger cars is preserved, there 
are certain limits to, first, car body measures due to space, safety and comfort requirements 
and, second, also to drive train measures due to requirements for driving performance and 
range. These boundary conditions have been taken into account. 

The technological measures focus on car design and drive train measures. For the latter cate-
gory, we have to compare optimisation potentials of internal combustion engines (ICE) based 
on conventional fuels (gasoline and diesel) and new fuels (in particular compressed natural gas, 
CNG, and hydrogen), ICE-hybrid systems with electric drive train components (battery, superca-
pacitor) and fuel cell (FC)-hybrid drive trains with supercapacitors to recover the braking energy. 
We do not refer to electric cars powered by battery alone as most international experts agree 
on the limited functionality of this concept. 

We have to re-emphasize that in Fact Sheet A3-2 we list competing drive train technologies and 
corresponding fuels without assessing their market penetration potential. Market penetration 
of these different drive train and fuel concepts depend on several, very different factors such as 
supporting fuel infrastructure and fuel availability, fuel storage options, investments for R&D, 
and consumer acceptance. As the evaluation of the market penetration chances and timelines 
are not part of this pre-study, we do not give any final conclusions on their market potential. 

Although there is no major car company located in Switzerland, the automotive industry is 
economically very important. Exports by the Swiss automotive supply industry comprise more 
than 6.3 billion CHF 4. The average purchase prize of a Swiss car was CHF 35000, which makes it 
(together with additional costs for e.g. fuel and insurance) the largest expense part of Swiss 
households.  

Although outside the scope of this section, we re-emphasize that the above supply-side meas-
ures are most effective when combined with appropriate demand-side strategies (car sharing, 
traffic and modal split management), which e.g. would help to obviate the necessity of a sec-
ond (or sometimes third) car for families with children. 

In our analysis, we refer to the state-of-the-art report by P. Dietrich et al. This study in prepara-
tion combines a most comprehensive data collection resulting from interviews with experts in 

                                                 
3 Swiss federal Office for Statistics 

4 Vereiningung Schweizer Automobil Importeure (VSAI). 
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the automotive industry world-wide and computer simulation programs developed at ETH Zu-
rich, PSI and MIT. The time horizon of the calculations is 2030. Since the study represents a 
quite optimistic view, we expect best technology presented here for 2030 as being imple-
mented in 2050. 

 

Fact Sheet A3-2: Passenger cars 

Technological field Transportation 

Research field or category: Passenger Cars 

Short description: Focus on technological measures to increase the energy 
efficiency of passenger cars while the present passenger 
and load capacity as well as the present driving perform-
ance (optimised for short- and long-distance travel) is re-
tained or even improved. Efficiency improvements include 
car design measures, optimisation of the internal combus-
tion engine (ICE) in combination with different fuels, and 
alternative propulsion systems like ICE- and fuel cell (FC)-
hybrid systems with electric drive trains, also in combina-
tion with different fuels. 

Present energy demand in 
Switzerland: 

137 PJ (in 2000) 

Present importance of Swiss 
exports: 

The Swiss automotive supply industry consists of about 150 
companies with an overall turnover of larger than 6 billion 
CHF. Most products are used for the international car in-
dustry. 

Short description of the new 
technologies 

a.) car design measures: 

aerodynamic drag reduction (shape adjustments) 
rolling resistance reduction (new tire technologies) 
weight reduction (lightweight constructions with new car 
body materials, from aluminium/magnesium to polymer-
based composites) 

b.) optimisation of ICE mechanical drive train: 

downsizing of motor due to reduced weight and new en-
gine technology improving the power-to-weight ratio: for 
calculation, Dietrich et al. refer to 3-4 cylinders, 4 
valves/cylinder, variable valve timing, improved compres-
sion ratios and temperature control, friction reduction, con-
tinuously variable transmission (CVT), gasoline inline injec-
tion (GDI), engine shutdown at idling 
for remarks concerning differences between diesel and 
gasoline-powered engines see below 
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optimizing ICE for use of new fuels like CNG (increased 
compression ratio), hydrogen or methanol 

c.) alternative propulsion systems: 

ICE-hybrid drive train in combination with different fuels 
(gasoline, CNG, hydrogen) 
fuel cell-hybrid drive train in combination with different 
fuels (gasoline, CNG, hydrogen) 
electric motor is combined with an supercapacitor for re-
storing (braking) energy, this additional element allows 
downsizing of the fuel cell 

Technical energy saving 
potential: 

 

 

 

 

 

Estimated possible savings 
in total: up to max. 70% (re-
fers to 100 PJ baseline con-
sumption in year 2000)  

Results acc. to Dietrich et al., assessment refers to average 
new European car: 

a.) car design measures: 

aerodynamic drag reduction: aerodynamic drag coefficient 
(cD) lowered from 0.34 (1996) to 0.24 (2030) 
rolling resistance reduction: rolling resistance coefficient 
lowered from 0.011 (1996) to 0.006 (2030) 
weight reduction: independent car body & platform meas-
ures yield (reference car body 1996: 826 kg): 
- high-strength steel body (> -10%) 
- aluminium-intensive body (>-20-30%) 
(hybrid solutions and new fuels with lower energy densities 
compensate partly for weight reduction because of re-
quired heavier drive train and fuel storage components) 

b.) optimisation of ICE mechanical drive train: compared to 
baseline gasoline car (average new European car in 1996) 
with 2.5 MJ/km (7.7 litre gasoline/100km) and including 
measures under a); Dietrich et al. give results in MJ/km (we 
add results in liter gasoline/100km using a conversion fac-
tor of 32.2 MJ/l for conventional gasoline): 

with gasoline: 1.3 MJ/km (4.0 l gasoline/100km), -49% 
with diesel (not mentioned in study): it can be expected 
that the currently better efficiency advantage of diesel en-
gines compared to gasoline engines will decrease over time 
and similar efficiencies will result; for diesel compared to 
gasoline engines additional efforts for local emission re-
duction has to be taken into account 
with CNG (300 bar): 1.4 MJ/km (corresponds to 4.3 l gaso-
line/100km),       -45% 
with hydrogen (300 bar): 1.6 MJ/km (corresponds to 5.0 l 
gasoline/100km), -37% 

c.) alternative propulsion systems: compared to baseline 
gasoline car (average new European car in 1996) with 2.5 
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MJ/km (7.7 liter gasoline/100km) including measures under 
a) 

ICE-hybrid drive train powered by gasoline: 0.8 MJ/km (cor-
responds to 2.5 l gasoline/100km), -69% 
ICE-hybrid drive train powered by CNG (300 bar): 0.8 
MJ/km (corresponds to 2.5 l gasoline/100km), -69% 
ICE-hybrid drive train powered by hydrogen (300 bar): 0.86 
MJ/km (corresponds to 2.7 l gasoline/100km), -66% 
FC-hybrid drive train powered by gasoline: 1.1 MJ/km (corre-
sponds to 3.4 l gasoline /100km), -56% 
FC-hybrid drive train powered by hydrogen (300 bar):  
-  1.4 MJ/km (corresponds to 4.3 l gasoline /100km), -45%, 
with equal range than gasoline car leading to relatively 
high weight 
-  <0.80 MJ/km (corresponds to <2.5 l gasoline /100km),     > 
-68% with reduced range (and therefore similar weight 
compared to gasoline car) 

Impacts on energy use of 
preceding energy chain 

Above given efficiency increases refer to tank-to-wheel effi-
ciencies. In case of a fuel switch from gasoline to, in 
particular, hydrogen (a secondary fuel) the well-to-wheel 
efficiency has to be taken into account. This will lead to 
considerable compensation effects and therefore 
significantly lowered overall efficiencies. Thus, a fuel switch 
might only be justified if renewable hydrogen can be 
provided. 

R&D bottle necks: high cost of hybrid drive trains (due to more components) 
and of fuel cell components 
trade-off between costs and fuel-efficiency target when 
using new materials for car body  
trade-off between low- to near-zero-emission target (Euro 
V/SULEV and beyond) and fuel-efficiency target 
fuel storage technologies for hydrogen and CNG 

Economics if close to market 
introduction: 

For all mentioned concepts, there exist at least early-stage 
prototypes. Main problems for market introduction are 
high costs (hybrid system, fuel cell), non-existing fuel infra-
structure or limited availability of new fuels, in particular 
for hydrogen. 

Expected acceptability prob-
lems: 

general tendency towards even heavier and more powerful 
cars can compensate for fuel-efficiency gains due to tech-
nological improvements 
consumers expect high safety, comfort and best driving 
performance at low cost; government expects low local 
emission and low CO2 emissions; this leads to trade-offs 
which cannot be solved by considering technological crite-
ria alone 
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Future importance for Swiss 
exports: 

For Switzerland, the focus is on the automotive supply in-
dustry: new materials for car body (e.g. Alcan), powertrain 
system elements (e.g. supercaps, Montena SA). Some com-
panies focus on design studies and prototype development 
(see city car section). Since the production of whole system 
components (e.g. drive train) by supply companies is get-
ting more important in the automotive sector, there is a 
good chance that production will grow in the future and 
exceed the present level of >6 billion CHF.  

Major R&D on these  
technologies 

- in Switzerland 

 

 

 

- in foreign countries 

 

 
ETH domain (ETH Zürich, PSI, and EMPA: optimisation of 
combustion processes and of internal combustion engines; 
PSI on fuel cell power trains and renewable fuels), universi-
ties of applied science Rapperswil and Biel on engine devel-
opment. 
Swiss automotive supply industry: more than 150 compa-
nies. 

All major car companies, in particular Volkswagen, Daimer-
Chrysler, BMW, Toyota, Honda, Ford, GM/Opel, Peugeot, 
Fiat. 

Special remarks, limits None 

Recommendations: The passenger car sector belongs to the most important 
sectors of end energy consumption at all and is the re-
search field with the highest impact potential in the trans-
portation sector. 

A3.3 City Cars 

City cars are smaller cars optimised for short-range inner-city travel. City cars consume less 
energy than passenger cars due to their much smaller size resulting from reduced passenger 
and load capacity, and due to a driving performance optimised for short-distance and low-
speed travel. The smaller size, the less costly safety measures for low-speed travel and the re-
duced power requirements enable a city car construction with much reduced weight. We as-
sume that weights less than 500 kg are reasonable in this category. Reduced weight and lim-
ited speed requirement enable a radical downsizing of the motor power. For short-distance 
travel, propulsion systems (including fuel storage) with a limited range have better chances to 
be accepted. 

In our discussion, we refer to two categories of city cars. For a first category, we assume a car for 
2 to 3 passengers, reduced load capacity and a weight below 500 kg. The successful Smart of 
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DaimlerChrysler could be seen as a representative of this class in terms of size and load capac-
ity. Not so in terms of weight, driving performance and, of course, fuel consumption which still 
compare to a car optimised also for long-distance or highway travel. For the second category, 
we assume a more radical vehicle concepts for travel of 1 to 2 passengers and a very reduced load 
capacity with a weight less than 300 kg. The “1 litre car” of Volkswagen (with a 6.3 kW one-
cylinder combustion engine and an empty-vehicle weight of 290 kg) might represent a vision in 
terms of fuel consumption in this category. In Switzerland, there is already now a limited pro-
duction of cars which are prerunners in this category like the SAM, which is a 3-wheeler. For 
example, the SAM vehicle (Cree AG) for 2 passengers with a 15 kW electric motor which con-
sumes about 5 kWh per 100 km (energy provided by battery) and enables a top speed of 85 
km/h can be bought at a price below 15.000 CHF already now. However, the limited range of 
70km, long battery recharging times and an empty vehicle weight of 545 kg shows that there is 
a potential for improvement. 

From the viewpoint of energy consumption, city cars will show very low fuel consumption (see 
Fact Sheet A3-3). However, it has to be taken into account that in this category the energy con-
sumption for construction will already play a major role. 

Compared to passenger cars, city cars are products with new functionality. In general, city cars 
are attractive because of their reduced size enabling increased comfort in inner-city traffic (e.g. 
parking). Different scenarios are possible for Switzerland. In a non-sustainable scenario, city cars 
might be atttractive to households as second or third cars and might compete with inner-city 
public transport travel. In a more sustainable scenario, city cars are part of a multi-modal con-
cept (together with public transport modes) to replace passenger car traffic where reasonable. 
Thus, this research category is dominated by system aspects, and a partial analysis on efficiency 
assessments has to be interpreted with special care. 

A different situation has to be taken into account for developing countries (with at present low 
levels of car ownership). There is a large potential for export of smaller vehicles to developing 
countries with growing markets in metropolitan areas. Swiss companies involved in R&D might 
take their chance in this field. 

 

Fact Sheet A3-3: City cars 

Technological field / group Transportation 

Research field or category: City Cars 

Short description: City cars offer limited functionality compared to passenger 
cars. They are optimised for low-speed and short-range 
travel and are designed for one to three passengers and 
limited or even very limited load capacities. We refer to two 
categories of city cars: First, cars for 2 to 3 persons and re-
duced load capacity with less than 500 kg (empty-vehicle 
weight). Second, extremely light vehicles (less than 300 kg 
empty vehicle weight) for max. 2 persons. While low fuel 
consumption of such vehicles is possible already now, fu-
ture development will focus on improving safety and driv-
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ing performance at lower costs. 

Present energy demand in 
Switzerland: 

About one third of all driving takes place in a short-distance 
range; this refers to about 45 PJ (in 2000). However, much 
less than one third of the number of cars are used for inner-
city travel alone. Thus, the present substitution potential is 
lower than 45 PJ. City cars can only contribute to energy 
efficiency goals if consumer preferences and travel behav-
iour change and multi-modal concepts will be more ac-
cepted (whereas the contribution of the city car as part of a 
multi-car household is highly questionable).  

Present importance of Swiss 
exports: 

A number of companies (see below) are involved in city car 
design studies (e.g. Esoro) and production of 2 to 3-wheeler 
like the SAM (Cree AG). These vehicles are not only pro-
duced for the Swiss market, but aim at the export to coun-
tries like China. 

Short description of the new 
technologies 

use of new materials which enable both low weight and 
safety at the same time at speeds < 100 km/h 
radically downsized drive train power because of largely 
reduced weight and low-speed requirements: 

• downsized ICE (e.g. 1 cylinder engine) 
• or electric drive train powered by either battery or 

fuel cell 

City Car Category I: 2 to 3 persons, reduced load capacity, 
empty-vehicle weight below 500 kg 

City Car Category II: 1 to 2 persons, very reduced load capac-
ity, empty-vehicle weight below 300 kg 

Technical energy saving  
potential: 

 

 

 

Estimated savings in total, 
for operation of cars 85% 
(refers to max. 38 PJ baseline 
consumption in year 2000) 

Current average car fleet consumption in inner-city driving 
is approximately 10 litre gasoline per 100 km. Any target 
fuel consumption depends very much on functionality of 
the car and safety requirements. While low fuel consump-
tion can already be achieved now for city cars that are in-
sufficient for a mass market (see introductory text), our 
target fuel consumption stated below refers to mass prod-
ucts with much improved safety and comfort at lower 
costs. 

City Car Category I: Target equivalent to below 1.5 litre 
gasoline per 100 km in city drive cycle. 

City Car Category II: Target equivalent to below 1.0 litre 
gasoline per 100 km in city driving cycle. 

Reduction of about 85% when compared to present inner-
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city passenger car travel.  

Impacts on energy use of 
preceding energy chain 

In case of fuel switch to electricity or hydrogen, compensa-
tion effects in the preceding energy chain (well-to-wheel 
efficiencies) have to be considered. In addition, energy con-
sumption for construction of cars represents a very signifi-
cant share of the overall energy consumption. 

R&D bottle necks: Low-weight materials for high safety standards and good 
recyclability at low costs. Radically new car concepts. 

Economics if close to market 
introduction: 

Present city car concepts are only successful if car charac-
teristics are still optimised for long-distance travel as well 
(see Smart, which is a city car only from its size-aspect). 
Present city cars like 2 to 3-wheelers (e.g. SAM) are for niche 
markets in Switzerland (or growing markets in developing 
countries). 

Expected acceptability prob-
lems: 

Cars which are optimised for inner-city travel require 
changes of consumer preferences, driving and travel behav-
iour, in particular if used in multi-modal travel (together 
with public transport). 

Future importance for Swiss 
exports: 

Future prospects for Swiss market is unclear. Some compa-
nies in Switzerland see considerable potential for Swiss 
exports to countries like China where there is, at present, a 
clear need for cheep city cars for travel in metropolitan ar-
eas with more congestion problems as in Switzerland. 

Major R&D on these  
technologies 

- in Switzerland 

 

 

- in foreign countries 

University of applied science Biel, Cree AG (SAM-like vehi-
cles, design and production), Esoro (design prototypes), 
Horlacher (design and production), MES (batteries), Saia-
Burgess (electric drive train equipment), Stromboli (proto-
type electric vehicle), Scholl SSP (small series production), 
swissauto Wenko AG (SmILE-like vehicels). 

Most car companies have concept cars (e.g. Volkswagen’s 
"1-liter-car"), various small companies world-wide work on 
design of prototypes. 

Special remarks, limits - 

Recommendations: Most interesting aspect with largest impact potential 
might be the chance for export of light and cheap vehicles 
to countries like China with large agglomerations, emission 
and congestion problems. R&D in this field should be com-
bined with necessary support measures for multi-modal 
traffic concepts. 
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A3.4 Trucks 

The number of light-duty trucks (less than 3.5 tons) sold has practically doubled over the last 7 
years, while the sale of heavy-duty trucks followed the evolution of the economic cycles. This is 
a result of the increasingly applied just-in-time delivery enabling flexible regional freight han-
dling. We discuss the two categories separately, since both vehicle categories have different 
requirements for load capacity and drive cycle with consequences for the used technology. 

Important measures for reducing truck traffic volumes consist of load management measures 
(see Traffic Management section) and of intermodal freight traffic solutions (see Modal Split 
Management section). 

A.3.4.1 Heavy-duty Trucks 

More so than with passenger cars and light-duty trucks, heavy-duty truck designs already re-
flect a strong customer interest in achieving maximum fuel efficiency. Since they are primarily 
used in commercial applications, heavy-duty trucks are commonly designed to achieve the 
minimum level of fuel cost while meeting basic customer requirements for cargo capacity and 
towing ability. It should also be noted that heavy-duty truck design is constrained by govern-
mental requirements for maximum permitted size and weight. Without such constraints, lar-
ger and/or heavier vehicles would be used by many companies to achieve further economies of 
scale. 

In addition, there is a severe trade-off situation between reduction of local emissions (mainly 
NOx and particles) and reduction of fuel consumption. It is a major challenge for R&D to im-
prove drive train technology in both directions at the same time. According to several experts, 
with the technologies available, no major fuel efficiency increases can be expected. In fact, hy-
brid trucks with electric drive trains are not expected to become important for long-distance 
trucks. Fuel efficiency advantage of hybrid drive trains compared to already optimised diesel 
technology would mainly be in the partial load regime, but heavy-duty trucks are operated pri-
marily at high load. Trucks for short-range transport, however, are more and more replaced by 
flexible freight handling systems including light-duty trucks. 

Most experts expect that diesel, as the current fuel for trucks, together with kerosene for air-
planes, will be the last fuel to be replaced by new fuels, e.g. hydrogen. In the absence of new 
fuels or powertrain concepts for heavy duty trucks, efficiency measures are restricted to con-
ventional improvements as reduction of aerodynamic drag, rolling resistance and chassis 
weight, and incremental improvement of the ICE diesel technology. 

 

Fact Sheet A.3-4a: Heavy-duty trucks 

Technological field Transportation 

Research field or category: Heavy-duty Trucks 

Short description: Focus is on heavy-duty trucks with ICE diesel technology. 
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Present energy demand in 
Switzerland: 

30 PJ for heavy trucks (year 2000). 

Present importance of Swiss 
exports: 

Mainly truck equipment. Bucher Automotive: turnover of 
CHF 300 million, MOWAG (belongs to GM): only for military 
vehicles, Robert Aebi for construction vehicles (Unimog), 
Liebherr: only construction vehicles, IVECO: in Switzerland 
focused on R&D. 

Short description of the new 
technologies 

aerodynamic drag reduction (shape adjustments) 
reduced rolling resistance (new tire technology) 
improvement of ICE diesel engines in terems of fuel effi-
ciency and local emissions performance: numerous meas-
ures including common rail technology 
engines powered by CNG show largely reduced local emis-
sions but have fuel efficiency disadvantages, CNG trucks 
can be attractive for inner-city trucks (see e.g. Migros truck 
fleet) 

Technical energy saving  
potential: 

 
 

Estimated savings in total, > 
15% (refers to 5 PJ baseline 
consumption in year 2000) 

Optimistic estimation of savings for 2020 relative to year 
2000: 

a.) according Sierra Research (1999): 

powertrain efficiency improvement for diesel engines: 6% 
aerodynamic drag reduction: 5% 
reduced rolling resistance: 2% 
Total: up to 13% of 30 PJ = 3.9 PJ 

b.) according to Athanassiou (1998): 

powertrain efficiency improvement for diesel engines: 7.3% 
combined aerodynamic drag and rolling resistance reduc-
tion: 8% 
Total: up to 15% of 30 PJ = 4.6 PJ 

Estimation of savings for 2050 relative to year 2000: 

c.) according to Smokers et al. (1997): 

28% energy savings in “stagnation scenario”, unknown 
measures. 
Total: 28% of 30 PJ = 8.4 PJ 

Impacts on energy use of 
preceding energy chain 

- 

R&D bottle necks: In further engine development, trade-off problems con-
cerning reduction of local emissions and fuel consumption 
play a major role. 

Economics if close to market 
introduction: 

Incremental improvements penetrate market according to 
fleet dynamics. Relatively short reinvestment cycles com-
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introduction: pared to aircraft and train sector. For inner-city freight traf-
fic, some companies use CNG-powered heavy-duty trucks 
(e.g. Migros truck fleet). This trend could be enhanced by 
CNG fuel tax advantages or by companies which focus on 
low local emission trucks for corporate responsibility rea-
sons. 

Expected acceptability prob-
lems: 

Transportation companies aim at maximum cost reduction. 
If fuel reduction pays, technological improvements will 
more easily be implemented than, for example, in the pas-
senger car sector. 

Future importance for Swiss 
exports: 

For automotive supply industry providing materials and 
components see remarks on passenger cars. Limited sig-
nificance for truck production. 

Major R&D on these  
technologies 

- in Switzerland 

 

 

 

 
- in foreign countries 

Swiss academic research institutes: see also passenger car 
sector 

ETH domain: ICE technology, new powertrain systems,  
universities of applied science Rapperswil and Biel are in-
volved in research on ICE technology 
“Hochschulkompetenzgruppe Verbrennungsmotoren“  
Swiss industrial R&D: 

• IVECO: engine research center in Arbon: some R&D 
for the Italian market; 

• Schmidhauser, Neukirch-Egnach: electric power for 
mobile applications. 

all major truck producers: MAN, Neoplan, IVECO, Scania, 
Volvo, Daimler-Chrysler 

Special remarks, limits - 

Recommendations: In this sector, relatively small fuel efficiency improvements 
result from R&D because of limited potentials and major 
challenge of reducing local emissions. It is important to 
strengthen traffic management and modal split manage-
ment measures. 

A3.4.2 Light-Duty Trucks 

The sector of light duty trucks has been the fastest growing vehicle market in Switzerland over 
the last decade. From 1993 to 2001, the number of sold light trucks has increased from 13’000 
to 25’000 units. This is mainly due to a shift towards just-in-time delivery, which has a negative 
impact on the energy efficiency of freight transport. The legal weight limit of this type of truck 
is 3.5 t; it may be driven with a normal driver’s licence. The load capacity is usually between 1 
and 1.5 t. Thus, any body weight reduction increases the load capacity. 
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Technical development of light-duty trucks is very similar to the passenger car sector but quite 
different from the heavy-duty truck sector. Light-duty trucks are used under similar driving 
conditions than passenger cars. Thus, they most often operate in partial load regimes making 
hybrid technology and fuel cell technology in combination with recuperation systems attrac-
tive.  

There are differences to passenger cars. Light-duty trucks have more constraints concerning 
shape adjustments and new car body designs because of the need for maximum load capacity. 
However, their larger space enables larger fuel storage systems in case of hydrogen or CNG-
powered vehicles. Many light-duty trucks are run in fleets, which enable refuelling at a central 
fuel station. Thus, light-duty trucks can be pre-runners (similar to buses) for a transition to new 
fuels like natural gas or hydrogen. 

Long-term studies on European light-duty trucks were rarely found. We refer to an US study (De 
Cicco et al. 1999) which aims at the year 2015 but gives very optimistic technical assessments 
for ICE-hybrid light-duty trucks (by referring to the current US reference light-duty truck, the 
assumed potential savings are larger than is the case for European trucks, which are already 
show lower consumptions). Thus, this study might represent a good starting point for poten-
tials of ICE-hybrids beyond 2030 in the Swiss light-duty truck sector. In any further analysis, 
data on fuel cell-hybrids has to be included. In analogy to the passenger car sector, similar re-
sults for fuel cell-hybrids and ICE-hybrids might be expected. 

 

Fact Sheet A3-4b: Light-duty Trucks 

Technological field / group Transportation 

Research field or category: Light-duty Trucks 

Short description: Focus is on light-duty trucks (below 3.5 t, may be driven 
with normal driver’s licence) in combination with improved 
ICE and ICE-hybrid drive trains.  

Present energy demand in 
Switzerland: 

14 PJ for light trucks (in 2000). 

Present importance of Swiss 
exports: 

See remarks for passenger cars. 

Short description of the new 
technologies 

See passenger car sector: 

a.) car design measures  
b.) improvement of ICE technology 
c.) hybrid drive trains 

Technical energy saving  
potential: 

 

a.) car design measures: 

weight reduction: up to one third 
rolling resistance: see passenger cars 
aerodynamic resistance: aerodynamic drag coefficient re-
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Estimated possible savings 
in total: ca. 60% (refers to 
8.4 PJ baseline consumption 
in 2000) 

duced to 0.3. 

b.) improvement of ICE engines: 

• "advanced package" taking into account all measures 
listed under a.) and largely improved ICE (see passenger 
car sector) supplied by gasoline: expected fuel economy 
relative to baseline: -49% 

 c.) hybrid power trains: 

In De Cicco et al. 1999, they refer to an ICE-hybrid with bat-
tery, electric motor, largely improved ICE, and recuperations 
systems. Hybrid vehicles can be classified (see below) ac-
cording to the share of total power provided by electric 
drive. This includes idle-off, regenerative braking and some 
electric-only driving. Compared to an US baseline vehicle 
with 160 horse power and a gasoline consumption of 11.6 
l/100km, they give the following potential: 
full ICE-hybrid drawing 30-50% of total power from electric 
drive system according to b.) and including measures under 
a.): expected fuel economy relative to baseline, -62%.  
from the study on passenger cars we conclude that a fuel-cell 
hybrid with supercapacitors supplied by hydrogen has about 
the same potential 

Impacts on energy use of 
preceding energy chain 

See remarks for passenger cars. 

R&D bottle necks: See remarks for passenger cars. 

Economics if close to market 
introduction: 

Prototype light-duty trucks do exist for basically all men-
tioned concepts, in particular ICE-hybrid and fuel cell-
hybrid systems. 

Expected acceptability prob-
lems: 

Users of light-duty trucks are much more cost-driven than 
users of passenger cars. Thus, improved fuel economy at 
reasonable prices is attractive for light-duty trucks with 
high mileage if their functionality is not constrained due to 
range problems. 

Future importance for Swiss 
exports: 

See remarks for passenger cars. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

See remarks for passenger cars. 

 

 



Appendix 119 
  

Special remarks, limits - 

Recommendations: Similar to passenger car sector. Less absolute impact when 
compared to passenger cars but larger growth numbers 
suggest light-duty trucks to be a major focus for R&D ac-
tivities as well. In addition, better freight handling systems 
can have a large impact for fuel efficiency in this sector. 

A3.5 Aircraft 

Aviation is the least environmentally sustainable of all transport modes at present and shows 
the least promise of becoming sustainable. Largely because commercial aircraft are usually 
better occupied than cars, fuel-use per passenger kilometre is, on average, only slightly higher 
than for cars. However, in the most recent report of the IPCC, it is concluded that in terms of 
global warming impact burning a given amount of fuel in an airplane at 10 km height appears 
to be equivalent to burning about two to three times as much fuel in a car because exhaust 
gases result in a much more potent greenhouse effect 10-11 kilometres above ground than at 
sea level (mainly due to the increased production of the greenhouse gas ozone, which is the 
transformation product of exhausted NOx). Thus, one return trans-Atlantic trip by airplane 
could be equivalent in global warming impact to about two years of average European auto-
mobile travel. 

The globalised economy, resulting in growing demand for business trips, and modern lifestyle, 
with travel-intensive leisure activities, have lead to annual growing rates of air traffic of about 
5-10% in recent decades, and future air-traffic growth are variously placed at 4-6% per year. This 
dramatically increasing demand has by far not been compensated by technological improve-
ments concerning energy efficiency, although aircrafts are about 70% more fuel efficient per 
passenger-km than 40 years ago and it is projected (see Fact Sheet A3-5) that future aircraft 
improvements will result in a further 40-50% improvement by 2050. 

Alternatives to kerosene-based fuels are promising but long-term options as well since hydro-
gen fuel, which would dramatically reduce CO2 and NOx emissions from aircraft, requires new 
approaches to aircraft design and supply infrastructure. These developments will certainly af-
fect research and development, but more than in most other traffic modes realized reductions 
in emissions are hindered by the relatively long lifespan and large capital cost of individual air-
craft and the resulting lag in the adoption of new technologies.  

Our analysis is based on one central study by Lee et al. (2001), which integrated data from many 
other research studies and unpublished key data from NASA. We follow the central argument 
in this study that, given the current rates of efficiency lag, it is expected that the best technology 
of 2025 will represent the fleet average by around 2050. This means that it is expected that new 
fuels and completely new aircraft design will not have any decisive impact until 2050 and will 
not be discussed in the Fact Sheet A3-5. 

In general, it should be said that the importance of the aviation sector in terms of energy de-
mand related to Switzerland is clearly dependent on the allocation method. It is questionable 
to just refer to the historically established energy demand resulting from kerosene sold in Swit-
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zerland. For discussions of the 2 kW Society, it should be discussed if one should refer to the 
consumption of (international) flights of Swiss inhabitants as well which would lead to a much 
increased energy consumption.  
 

Fact Sheet A3-5: Aircraft 

Technological field / group Transportation 

Research field or category: Aircraft 

Short description:  

Present energy demand in 
Switzerland: 

66.2 PJ (due to kerosene sold)  

Present importance of Swiss 
exports: 

The market is dominated by large international players. 

Short description of the new 
technology(ies) 

According to Lee et al. (2001): 

engine technology: development of unducted, ultrahigh 
bypass turbofans, propfan technology 
aerodynamic efficiency: full chord laminar flow control 
structural efficiency: use of leighter-weight high-strength 
materials to substitute predominantly metallic aircraft 
structures 

Technical energy saving  
potential: 

 

Estimated savings in total, 
max. 45% (refers to 12 PJ 
baseline consumption in 
year 2000) 

Best Technology 2025 according to Lee et al. (2001): 

engine technology: 0.5-1.0% annual reduction of specific 
fuel consumption (SFC) of an engine like PW8000, resulting 
in 15-25% by 2025 
aerodynamic efficiency: 0.3-0.5% annual increase of lift-to-
drag ratio (L/D), 10-15% by 2025 
structural efficiency: 0-0.4% annual weight reduction, re-
sulting in 10-15% by 2025 
overall reductions: reduction of energy demand in MJ per 
available seat kilometre (ASK): 1.0-2.0 % per year, 25-45% by 
2025 
reduction of “energy intensity” in MJ per revenue passenger 
kilometer (RPK), including load factor optimisation and air 
traffic management (ATM), see also Traffic Management 
section: 1.1-2.2 % per year, 30-50% by 2025 

In Lee et al. (2001), it is pointed out that, given the current 
rates of fleet efficiency lag, the best possible technology of 
2025 will represent the fleet average in 2050. 

Impacts on energy use of 
preceding energy chain 
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R&D bottle necks: Engine technology: Optimisation of local emission and 
noise performance as well as fuel efficiency at the same 
time. 

New concepts for overall weight reduction because there is 
an offset for added weight for other purpose, e.g. enter-
tainment. 

Economics if close to market 
introduction: 

Fuel consumption is of central importance for airline’s cost 
but long reinvestment cycles have to be taken into account.

Expected acceptability prob-
lems: 

Trade-offs between production of noise, local emissions 
and energy efficiency. Noise constraints and passenger 
acceptability might restrict introduction of unducted en-
gines. 

Future importance for Swiss 
exports: 

The market is dominated by large international players. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
The production of aircrafts is dominated by Boeing and 
Airbus and its suppliers. R&D on aircraft technology could 
be predominantly related to material science and light-
weight components. 

Special remarks, limits Air traffic shows much higher growth rates than the rates 
for specific energy demand reduction. Strong socio-
economic measures have to support technological im-
provements. 

Recommendations: The aircraft sector is internationally dominated. Swiss R&D 
efforts are of minor importance. Measures should focus on 
improved guidance concepts in Switzerland (see Traffic 
Management), demand-sided measures, and R&D related 
to material science and light-weight components. In par-
ticular, the relevance of air transport for a 2 kW society and 
its citizens should be clarified.  

A3.6 Trains 

In this sector, we focus on trains with a speed less than 250 km/h and steel-wheel-on-steel 
technology (for “high speed trains” with mainly magnetic levitation technology see next sec-
tion). Research and development in this area will generate faster and more comfortable pas-
senger trains as well as freight trains with improved performance. The request for more com-
fortable and faster trains will lead, at first sight, to increased energy consumption, because 
elementary physical boundary conditions (e.g. air resistance) impose limits to further develop-
ment in steel-wheel-to-steel technology. Thus, part of the efficiency increase is needed to bal-
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ance the increase of the energy demand. The overall aim is to reduce the specific energy con-
sumption per passenger or ton. Swiss Rail industry at present offers vehicles and components, 
which already include new solutions. 

To reduce the energy consumption of trains it will be necessary to realise measures in three 
categories: improvement of components and construction of every particular vehicle, whole-
train measures, and improved operation of trains and vehicles. The need for improvement of 
single components is obvious. R&D for the construction of railway vehicles has to profit from 
R&D efforts for other sectors (e.g. for planes, cars, and busses) to gain a maximum efficiency 
increase of most components. 

The replacement of conventional trains with locomotive and wagons by power car and motor 
coach train allows several possibilities for more efficient energy usage: e.g. the engines can be 
optimised for this special use and the waste heat of the engines can be used for the heating. 
Also the aerodynamic is better because of the continuous surface. With coupling-and-sharing-
systems, the capacity of motor coach trains can be adapted on the actual demand leading to 
decreasing energy demand and costs. The different design of vehicles (e.g. double-decker, wider 
passenger rooms with 2+3-seats) can help to reduce the specific weight per passenger or ton. In 
case of freight trains the air resistance is not the main problem, but the mechanical resistance 
(especially drives and wheels). Because of the necessity to reduce the life-cycle-costs and the 
intervals of maintenance, there will be a fast implementation of development of new materials 
(e.g. for bearings). 

To evaluate the possibilities of energy reduction, it is necessary to integrate new forms of op-
erations. Mostly, this affects technology located outside of the train itself. Measures in this field 
will be mentioned here and not in the Traffic Management section because in the train sector 
the vehicles and their infrastructure are much more closely interconnected than, for example, 
in the car sector. 

Most of the measures in energy reduction of trains have feedback on other elements of the 
railway-system: 

• more efficient energy usage also means lower costs of operations 

• light weight trains can use light-weight infrastructure  

• flexible signalling systems can increase the capacities of the infrastructure 

 

Fact Sheet A3-6: Trains 

Technological field Transportation 

Research field or category Trains 

Short description Focus on trains with steel-wheel-on-steel technology used for 
passenger and freight traffic with speeds below 250 km/h. 

Present energy demand in 
Switzerland 

9.6 PJ (in 2000) 
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Present importance of Swiss 
exports 

Importance of components (e.g. electronics) and special con-
struction trains (e.g. for rack-railways). In the past 2 centuries, 
Swiss rail companies produced complete systems (trains, 
signalling). At present and even more in the future, the 
production of specialized components and systems will become 
more important. In the export association SWISSRAIL 
(http://www.swissrail.com) more than 70 enterprises are asso-
ciated to market Swiss railway products and solutions all over 
the world. 

Short description of the new 
technologies 

a.) improvement of components: 

new and light materials for surface, construction, and equip-
ment (in combination with new forms of connections) 
propulsion system (optimised combustion, fuel cell, linear mo-
tor), 
engine-control in part load 
power electronics instead of electric or mechanical components 
(less heat loss) 
superconducting transformers 
braking energy recovery (in electric and diesel trains), new con-
struction of bogies with less mechanical resistance 

b.) whole-train measures: 

power car and motor coach concepts with impact on propulsion 
system efficiency and aerodynamic resistance 

c.) Optimised operation:  

continuous way of driving 
minimization of signal-stops 
minimization of temporary speed spikes 
flexible signalling system 
automation of the operation (without engineer) 
staff training  
optimized state of the rails 

Technical energy saving  
potential 

 

Estimated savings in total, 
max. 60% (refers to 5.8 PJ 
baseline consumption in year 
2000) 

Efficiency improvement in energy consumption per passenger 
kilometre or ton refers to present systems according to various 
studies (see DB AG (2000)): 

Propulsion:                                 up to 30% 
Light construction:                    up to 20% 
Air and mechanical resistance: up to 10% 
Combination of measures              
with optimised operation:           40 - 60% 

Impacts on energy use of pre-
ceding energy chain 

- 
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R&D bottle necks Know-how transfer from other fields to train research.. 

Economics if close to market 
introduction 

High capital costs and long reinvestment cycles have to be 
taken into account. 

Expected acceptability prob-
lems 

High costs for train operators. Consumer expectations on com-
fort and short travel times at low cost.  

Future importance for Swiss 
exports 

See also remarks above. 

Know-how of efficient special solution in light constructions 
and components will be more in demand. 

Major R&D on these  
technologies in Switzerland 

SWISSRAIL-associated companies, ETH domain as well as uni-
versities: 
power electronics 
light-weight material (ref. to other traffic modes, e.g. aircraft) 
alternative and modular light vehicle construction 
operation system 

Special remarks, limit optimised operation is absolutely necessary to profit from im-
pact of energy-efficient technologies  
system optimisation is most important  

Recommendations The train sector shows a relatively small contribution to the 
overall energy consumption in the transportation sector. How-
ever, it belongs to the most energy-efficient traffic modes with 
considerable potential to handle further growth processes. 
With Switzerland’s relatively high engagement in the train sec-
tor, a focus on R&D in this field is recommendable.  

A3.7 High Speed Trains 

High-speed trains, like the French "TGV" and the German "ICE", are compatible with the existing 
track system but need special high-speed tracks with reduced curve radii to enable top speeds 
larger than 250 km/h in regular service. Introduced about one decade ago, they are widely ac-
cepted by consumers in many countries. However, their potential for further progress in speed 
and, thus, competition on a time-basis with flights up to 1000 km is limited. Thus, several con-
cepts for new high-speed railway systems based on magnetic levitation or jet-powered hover 
trains, like the Japanese "MLU", the German "Transrapid", and the SwissMetro/EuroMetro, with 
velocities up to more than 500 km/h are developed to enable fast and energy-efficient trans-
port with a potential to replace short-distance air traffic. The Eurometro, for example, would 
operate below ground in partially evacuated tunnels running on magnetic propulsion, levitat-
ing, and guiding systems.  

Main problems concerning the implementation of new high-speed systems consist of the pos-
sible induction of additional traffic due to this new fast and comfortable traffic mode. It is an 
important strategic goal to promote the substitution of non-efficient air traffic by high-speed 
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trains but prevent a large overall traffic growth. It has to be further clarified how such an ap-
proach can be realized. 

 

Fact Sheet A3-7: High speed trains 

Technological field Transportation 

Research field or category: High Speed Trains 

 

Short description: Focus is on trains with top speed larger than 250 km/h us-
ing either steel-wheel-on-steel or magnetic levitation tech-
nology. High-speed trains can conquer market share from 
various other traffic modes. From the viewpoint of energy 
efficiency, the comparison with short-range air traffic is of 
particular interest. 

Present energy demand in 
Switzerland: 

It is argued in Ernst et al. (2000) that at least about 20% of 
the air traffic could be replaced by high-speed trains. This 
refers to 13 PJ (in 2000) if sold kerosene is the reference. 
Further substitution potential of conventional trains, bus-
ses, and cars is unclear at this point. 

Present importance of Swiss 
exports: 

In Switzerland, only R&D efforts so far. Export mainly in 
form of know-how transfer. 

Short description of the new 
technologies 

Steel-wheel-on-steel technology: improvement of already 
existing TGV (Train a Grande Vitesse) and ICE (InterCity 
Express) technology: 

velocities >300 km/h are possible but track infrastructure 
underlies strict boundary conditions, only large curve radii 
and low slope factors can be tolerated 

Magnetic levitation technology: vehicle is propelled by mu-
tual attraction and repulsion of magnets. Super-conducting 
magnets constitute a linear synchronous motor, top speeds 
larger than 500 km/h are possible, systems under devel-
opment: 

Transrapid above the ground 
SwissMetro/Eurometro: underground in partially evacu-
ated tunnels 
Japanese MLU MagLev 

Technical energy saving  
potential: 

 

Energy efficiency is highly dependent on speed. We refer to 
Ernst et al. (2000) in which different high-speed train tech-
nologies at speeds of 370 km/h are compared with aircraft 
consumptions. Here, it is assumed that 370 km/h is fast 
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Estimated savings in total, 
up to 80% (refers to energy 
consumption of short-
distance flights) 

enough that high-speed trains can compete with aircrafts 
for journeys like Zurich-Paris. 

If short-distance aircraft travel is the reference point, the 
following efficiencies result according to Ernst et al. (2000):

TGV/ICE about factor 2-3 more efficient 
Transrapid about factor 2-3 more efficient 
EuroMetro about factor 5 more efficient 

Impacts on energy use of 
preceding energy chain 

 

R&D bottle necks: Steel-wheel-on-steel technology is limited concerning top 
speed. MagLev technology is much less limited concerning 
top speed but production at low cost is a major (initial) 
problem. 

Economics if close to market 
introduction: 

Large capital costs and long reinvestment cycles prevent 
fast market penetration. However, ICE and TGV are well 
established. Thus, further improvements in speed can be 
more easily implemented than in case of MagLev technol-
ogy. However, the higher the speed the more cost-intensive 
is the infrastructure because low slope and large curve radii 
are required. Here, the MagLev technology has important 
advantages resulting in lower costs for setting up the infra-
structure. 

First Transrapid projects have been and will be established 
in China and in Germany. The Japanese MLU is operating in 
Japan. The SwissMetro or EuroMetro technology has sub-
stantial introduction barriers in Switzerland and Europe, 
partly because of its underground concept. 

Expected acceptability prob-
lems: 

High capital costs for implementation is a main barrier for 
MagLev technology. Safety issues and consumer acceptabil-
ity of underground travel over long distances are further 
problems. 

Future importance for Swiss 
exports: 

Swissmetro SA and related Swiss companies are active 
players in the MagLev technology market. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 

 
SwissMetro SA, EPFL Lausanne 

e.g. Thyssen and their supply companies 
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Special remarks, limits System aspects in several dimensions (economic, political, 
etc.) dominate the discussion on the pros and cons of an 
introduction of high-speed trains with top speed larger 
than 300 km/h. 

Recommendations: High-speed trains can be an energy-efficient alternative to 
short-range air traffic. However, further research should be 
undertaken on multi-modal impacts of the establishment 
of a comprehensive high-speed train system to enable 
measures which prevent an overall growth of traffic vol-
ume. 

A3.8 Buses 

Fuel efficiency improvements for buses can be achieved in the same areas as for heavy-duty 
trucks, namely improved power-train efficiency, reduction of rolling resistance and weight. 
However, there are a couple of important differences. First, buses normally have a totally differ-
ent driving cycle compared to heavy-duty trucks much more similar to passenger cars with ex-
tended city traffic (stop and go). Therefore, they often operate in a partial load regime where 
the application of hybrid technology and the recovering of braking energy can contribute sub-
stantially to improved energy efficiency. Second, most buses have the advantage that they do 
not depend on an extensive network of fuelling stations. Thus, new fuels can be implemented 
easily thanks to centralized refuelling for a whole fleet of buses. Finally, some buses require 
auxiliary power for air conditioning (“hotel load”). 

The auxiliary load systems deserve special attention since their power requirement may even 
outweigh the one for propulsion alone. The auxiliary power requirement is in the 30- to 40-kW 
range for a heavy-duty, 12-m transit bus, depending on which auxiliaries are in use; however, it 
is a constant draw on the propulsion system, consuming substantial total energy. In some ur-
ban duty operations, energy for accessory load can surpass energy required for propulsion over 
the course of a day. One study indicated that for a 15-t vehicle, an additional 5-kW accessory 
load is equivalent to a 20% decrease in propulsion efficiency. This accessory load may increase 
when engine-driven pumps and fans are electrically driven. As far as auxiliary load due to air 
conditioning is concerned, it is a decision left to the companies running the urban bus fleets 
whether they provide high power air conditioning for the comfort of their passengers or not. 
The gains of fuel efficiency can be considerable: The bus fleet of the City of Basle, equipped 
with high performance engines in order to meet the “hotel” load requirements, has a 15% larger 
fuel consumption than the one of the city of Baden-Wettingen. Due to the frequent stops of 
urban buses, the cold or warm air is always escaping into the atmosphere thus rendering the 
air conditioning system extremely inefficient. 
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Fact Sheet A3-8: Buses 

Technological field Transportation 

Research field or category: Buses 

Short description: Buses for inner-city and inter-city transport are responsible 
for about 4 PJ energy consumption in 2000 and will be ana-
lysed as one sector.  

Present energy demand in 
Switzerland: 

4 PJ in 2000. 

Present importance of Swiss 
exports: 

Hess in Bellach: body for buses 
Larag in Will: stopped the production of electric busses 

Short description of the new 
technologies 

a.) reduced rolling resistance: similar to trucks 

b.) auxiliary power: 

demand-responsive fans and pumps 
more efficient air compressor 
demand-responsive power steering 

Auxiliary power could be provided from fuel cell auxiliary 
power units (APU) operated on hydrogen or gasoline re-
former, depending on the fuel available on board. 

c.) consecutive stages of power train improvements with 
respect to conventional diesel: 

diesel hybrid with regenerative braking 
natural gas fuelled bus with advantages of being less pol-
lutant (emissions of PM10 and NOx), but does not yield en-
ergy savings compared to diesel technology 
fuel cell (compressed hydrogen) hybrid with regenerative 
braking 

Technical energy saving  
potential: 

 

 

 

 
 

Estimated savings in total, 
33% (refers to <2 PJ in year 
2000 consumption) 

a.) according to Athanassiou (1998): 

relative improvements to present consumption: 
reduced rolling resistance: -2% 

b.) auxiliary power: 

demand responsive fans and pumps: -1.5% 
more efficient air compressor: -0.4% 
demand responsive power steering: -0.5% 

c.) according to Carpetis (2000): 

relative improvements to present consumption: 
diesel hybrid with regenerative braking: -25% 
fuel cell (compressed hydrogen) hybrid with regenerative 
braking: -33% 
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Impacts on energy use of 
preceding energy chain 

Above given efficiency increases refer to tank-to-wheel effi-
ciencies. In case of a fuel switch from diesel to hydrogen, 
the well-to-wheel efficiency has to be taken into account. 
This will lead to considerable compensation effects and 
therefore significantly lowered overall efficiencies. Thus, a 
fuel switch at large scales might only be justified if renew-
able hydrogen can be provided. 

R&D bottle necks: See passenger car sector for general problems combined 
with fuel cell and hybrid technology. However, hydrogen 
storage problems are much less important here due to 
much larger space capacity. 

Economics if close to market 
introduction: 

Most buses can be fuelled centrally and do not depend on a 
fuelling network. For this reason, a whole bus fleet can un-
dergo a fuel switch to natural gas or hydrogen. 

Public transport buses are used as prototype fuel cell-
hybrid vehicles. Several test have been performed so far in 
the US and Europe; for a detailed list we refer to R. Wurster, 
www.lbst.de and www.hydrogen.org. 

Within the EU project CUTE (Clean Urban Transport for 
Europe), new fuel cell busses will be tested in several Euro-
pean cities in various countries. 

Expected acceptability prob-
lems: 

New technologies must be achieved at low cost to go be-
yond subsidized demonstration project stage towards mass 
application. Public concern on safety issues connected with 
hydrogen is a challenge but also a chance for public learn-
ing. 

Future importance for Swiss 
exports: 

Hess in Bellach: body for buses. See also passenger car and 
heavy-duty truck sector. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

For R&D see passenger car sector. 

 
 

All main bus manufacturers, e.g. DaimlerChrysler for fuel 
cell bus Citaro (with fuel cells from Ballard power systems). 

Special remarks, limits - 

Recommendations: The public nature of this traffic mode and its highly visible 
service suggests that R&D including demonstration pro-
jects should be an important focus of the overall strategy. 

 

 

http://www.lbst.de/
http://www.hydrogen.org/


Appendix 130 
  

A3.9 Traffic Management 

Traffic management measures comprise political, legal, economic, and technical measures. 
Technical measures, most often, cannot be implemented independently but can support other 
measures. In addition, the success of technical measures in terms of energy efficiency depends 
very strongly on the user of the technical application. Bad implementation might lead to nega-
tive results in form of increased energy demand because of traffic growth or reduced safety. 
Here, we focus on technical measures but, mostly, will only name such measures without as-
sessing quantitative potentials. 

Air traffic management systems are used for the guidance, separation, coordination, and con-
trol of aircraft movements. Existing national and international air traffic management systems 
have limitations, which result, for example, in holding (aircraft flying in a fixed pattern waiting 
for permission to land), inefficient routings, and sub-optimal flight profiles. These limitations 
result in excess fuel burn and consequently excess emissions. This can be considerably reduced 
by improved air traffic management. 

For car traffic, telematics applications in various forms consist of planning and control instru-
ments to enable better traffic flow on highways and in inner cities, better navigation, and bet-
ter control of driving behaviour. It must be emphasized that better traffic flow might increase 
traffic volumes because of the improved attractiveness of cars. Therefore, it is important to set 
the right framework conditions.  

For truck traffic, load management is the critical factor. The average load is only around 50%, 
which results from a decentralized distribution. An important reason for decreasing loads is the 
increasing application of “just in time” delivery, which is a function of storing cost versus trans-
portation cost and which is leading to the boost of light duty trucks. Telematics applications 
can help to improve freight and terminal management and therefore lead to higher load fac-
tors. 

 

Fact Sheet A3-9: Traffic management 

Technological field Transportation 

Research field or category: Traffic Management 

Short description: Focus on technical measures to enable more efficient use 
of airplanes, cars, and trucks in operation. 

Present energy demand in Swit-
zerland: 

Covers several traffic modes. 

Present importance of Swiss 
exports: 

Most IT products and telematics applications for transpor-
tation are in conceptual stage or pilot project stage. Only 
minor Swiss contributions to EU R&D activities. 

Short description of the new 
technologies 

Telematics applications integrate: digital mobile commu-
nication, one-way data transfer to mobile installations 

d l h d h l
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using new digital methods with terrestrial emitters or 
satellites, short-range radio communication with chip-
cards as data carrier (specially developed for purposes of 
transport telematics). 
Telematics and other technical measures with respect to 
traffic modes: 

1.) air traffic: load factor optimisation and air traffic man-
agement (ATM) including reduced idling time, improved 
idling and starting efficiency 

2.) car traffic: according to ASIT (2000), telematics applica-
tions for 

fleet management (taxi, companies): route planning, posi-
tion overview 
traffic information enabling less congestion 
parking guidance system and reservation reducing search 
times and mileage 
control: highway flow control, satellite-based navigation, 
external speed limit control, adaptive routing, all meas-
ures leading to improved traffic flow 

3.) truck traffic:  

measures for improved load management (see also Modal 
Split Management section): 

development of new container systems: use of several 
small containers instead of a single big one, containers 
can be unloaded with easier logistics and may serve as 
intermediate warehouses, thus avoiding delays due to 
unprepared recipient 
telematics applications for: 
freight and terminal management: control positioning of 
containers, better planning of freight distribution 
city logistics: guidance of trucks to prevent inner-city traf-
fic 

4.) rail traffic: see train sector and for intermodal traffic 
Modal Split Management section 

Technical energy saving  
potential: 

most measures are not quanti-
tatively assessed since they  
depend on implementation  
scenario 

1.) air traffic: 

see Lee et al (2001): about 5% in addition to aircraft meas-
ures mentioned above (best technology 2025) 

2.) car traffic: 

for fleet management: -5% in travel time and energy (see 
ASIT (2001)) 
all car guidance and information measures mentioned 
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 above can significantly contribute to better efficiency, but 
possibly also to overall traffic growth 

3.) truck traffic: all freight management measures enable 
better planning of freight distribution and better control 
of car fleet and container distribution leading to improved 
energy efficiency 

Impacts on energy use of  
preceding energy chain 

- 

R&D bottle necks: ad 1.) air traffic: congestion and low load factor during 
early morning/late evening flights limit improvements 

Telematics applications: 

in guidance and navigation measures very high safety 
standards have to be fulfilled 

Economics if close to market 
introduction: 

1.) air traffic: many ATM measures are expected to be im-
plemented within the next 20 years since airports have to 
handle air traffic growth and ensure safety at the same 
time 

2.) car and 3.) truck traffic: some telematics applications 
are already used in pilot projects (see R&D projects) 

Expected acceptability  
problems: 

problems concerning the applications of telematics: 
legal and political problems in control applications leading 
to resistance of certain consumer groups 
in some cases unclear who will be responsible for opera-
tion: vehicle constructors, transport associations, opera-
tors of communication systems 
limited number of vehicles have to take part, otherwise no 
system implementation possible 

Future importance for Swiss 
exports: 

Importance of telematics applications will grow substan-
tially.  

Major R&D on these  
technologies 

- in Switzerland 

 

- in foreign countries 

Some institutes in the ETH domain including the Institute 
of Transportation, Highway- and Railway-Engineering 
(IVT) at ETH Zurich and ITEP (Transports et planification) at 
EPFL Lausanne. 

 

According to ASIT (2001) the EU invests several hundred 
million CHF in R&D on telematics with only marginal con-
tributions from Switzerland: 

ad 2.) car traffic: large EU research program on all aspects 
of telematic applications: projects COREM, SURFF, Road-
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com for fleet management, SOCRATES, EPISODE, FORCE 
for traffic information, AUSIAS, ENTRANCE, INTERCEPT for 
parking guidance, CLEOPATRA for highway and congestion 
control, CARPLUS and AUSIAS for speed control. 

ad 3.) truck traffic: large EU research program on all as-
pects of telematic applications: projects MULTITRACK, 
TRACAR, SURFF, WISDOM, INTERPORT, WELCOM for 
freight and terminal management 

Special remarks, limits Focus in this study on technical measures. Their impact on 
overall performance of the system is sometimes unclear 
and energy demand might decrease or increase depend-
ing on the implementation approach as well as the 
user/consumer/supplier behaviour. 

Recommendations: Traffic management measures are of fundamental impor-
tance for efficiency gains in the transportation sector. 
Most important are political and economic measures but 
technical measures can support the implementation and 
control of these other measures. 

A3.10 Modal Split Management 

Modal split management measures - like traffic management measures - consist of political, 
legal, economic, and technical measures. Technical measures can only support other measures 
to induce either substitution of less efficient traffic modes by more efficient traffic modes, 
mainly by inducing new forms of intermodal passenger and freight traffic. Apart from technical 
measures which make e.g. public transport more attractive and efficient (see train and bus sec-
tor), technical measures can focus on providing information on intermodal route planning or 
tailor-sized passenger information. 

Some general aspects have to be taken into account. Passenger travel demand and mode 
choice follows regular patterns (Schäfer and Victor, 1997) that root on regularities in time and 
money expenditures. At highly aggregate (world-regional) levels, humans spend a roughly con-
stant fraction of their income and time on transportation. A roughly constant fraction of travel 
money expenditures implies that travel demand rises approximately in proportion to income, 
while a roughly constant “travel time budget” (1-1.5 hours per capita and day) requires the rising 
travel demand to be satisfied with higher-speed modes. Walking is replaced by public trans-
port, then private cars, and finally high-speed modes, which involve high-speed trains and air-
planes. In Switzerland, the transformation of the transportation sector will continue along 
these lines. The discussion in the high-speed train sector is based on these considerations. For 
other traffic modes and, in particular, new forms of intermodal transport we conclude that 
considerably shortened travel times and improved comfort or lifestyle aspects for passengers 
and increased capacities for freight transport are necessary prerequisites for an acceptance of 
such measures. 
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In some cases, a focus on reducing travel time and increasing comfort might be shifted towards 
a focus on a more active lifestyle. Human-powered mobility plays an important role in this con-
text and has some potential to replace short-distance driving as 34% or 50% of all car opera-
tions are below 3 or 5 km, respectively. Some companies in Switzerland are involved in R&D on 
new form of bikes or 3-wheelers which assist one passenger by (quite reduced) battery-
powered propulsion. 

 

Fact Sheet 3-10: Modal split management 

Technological field Transportation 

Research field or category: Modal Split Management 

Short description: Focus on technical measures to enable more efficient in-
termodal passenger and freight traffic. For substitution of 
short-range air traffic by high-speed train traffic see section 
on high-speed trains. Human-powered mobility has some 
potential to replace short-distance driving. 

Present energy demand in 
Switzerland: 

Covers several traffic modes. 

Present importance of Swiss 
exports: 

Most IT products and telematics applications for transpor-
tation are in conceptual stage or pilot project stage. Only 
minor Swiss contributions to EU activities. 

In car sharing sector, the company Mobility offers state-of-
the-art solutions which are interesting for foreign compa-
nies (already existing know-how export). 

In intermodal freight sector, some companies and organi-
zations are active, for example, ICM Intermodal Concepts & 
Management AG, Schweizerische Gesellschaft für Logistik 
SGL, Tuchschmid (Frauenfeld), Neuweiler (Kreuzlingen). 

Short description of the new 
technologies 

1.) telematics applications which support combined pas-
senger travel by car and public transport: 

information for intermodal route planning accessible in 
public transport vehicles and cars 
passenger information in public transport system and for 
pedestrians 
increased comfort for car sharing: improved reservation 
procedure, parking management, and information access 
to bus and train information in the vehicle 
increased comfort for car pooling: information system for 
demand management (data handling of positions of vehi-
cles and users), optimized route planning 
consumer call options for bus system: demand manage-
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ment systems, information exchange with headquarter 

2.) technical measures which support intermodal traffic of 
trucks and freight trains: 

telematics applications for freight and terminal manage-
ment and logistic information as described in Traffic Man-
agement section also support intermodal traffic systems 
further development of transshipment technology which 
allows transshipment under catenary 
new intermodal loading units: development of a new gen-
eration of small containers to handle increasing demand 
for small loading size or less than container loading (LLC)  

3.) Human-powered mobility: new bikes or 3-wheelers 
which combine human and battery power for propulsion 

Technical energy saving  
potential: 

Measures are not quantitatively assessed since they de-
pend on implementation scenario. 

Impacts on energy use of 
preceding energy chain 

- 

R&D bottle necks: For telematics applications see Traffic Management sec-
tion. 

Economics if close to market 
introduction: 

Some telematics applications are already used in pilot pro-
jects (see R&D projects). Mobility car-sharing offers state-
of-the-art solutions in Switzerland. In Switzerland, new 
bikes have been developed and are increasingly popular. 

Expected acceptability prob-
lems: 

Intermodal traffic for passengers and freight require behav-
ioural change of all actors involved. This is the major prob-
lem for implementation since even economically solutions 
might not be attractive enough. 

Future importance for Swiss 
exports: 

Importance of telematics applications will grow considera-
bly. Substantial grow of car sharing in Europe might offer 
chances for Swiss companies (e.g. Mobility) to organize 
improved forms of international car sharing. New and in-
novative bikes might be attractive for export, also to devel-
oping countries. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

Some institutes in the ETH domain including the Institute 
of Transportation, Highway- and Railway-Engineering (IVT) 
at ETH Zurich and ITEP (Transports et planification) at EPFL 
Lausanne. 

According to ASIT (2000) EU invests several hundred mil-
lion CHF in R&D on telematics with only marginal contribu-
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tions from Switzerland. 

1.) telematics applications which support combined pas-
senger travel by car and public transport: 

intermodal route planning: EU-projects PROMISE, INFOTEN, 
MAGNET  
passenger information in public transport systems: EU-
projects NFOPOLIS, CAPITALS, AUSIAS 
car sharing : ICARO (including Lyss, Switzerland) 
car pooling: CARPLUS with contributions from Switzerland 
consumer-call options for busses: first test regions in Swit-
zerland (no telematics applied yet) 

2.) technical measures which support intermodal traffic of 
trucks and freight trains: 

see also remarks in traffic management section 
terminals and transshipment technology: EU-project 
INHOTRA for horizontal transshipment machines, Swiss 
prototype was tested in Dietikon as part of the IDIOMA 
project 
small containers: see project COST 339 with Swiss contribu-
tions  
transshipment technology:  Tuchschmid (Frauenfeld), 
Neuweiler (Kreuzlingen) with ETH Zurich 
3.) Human-powered mobility: see 
www.humanpoweredmobility.ch 

Special remarks, limits Focus in this study on technical measures. Their impact on 
overall performance of the system is sometimes totally 
unclear and energy demand might decrease or increase in 
some cases according to the implementation approach as 
well as the user/consumer/supplier behaviour. 

Recommendations: Modal split management measures are of fundamental 
importance for efficiency gains in the transportation sector. 
Most important are political and economic measures but 
technical measures can support the implementation and 
control of these other measures. Human-powered mobility 
has some potential to replace short-distance driving. 
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Appendix 4: Energy conversion sector 

Energy conversion is the conversion of energy resources into useful energy. A schematic repre-
sentation of energy conversion in Switzerland is given in Figure A4-1.  

 

 

Petrol
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Nuclear
Hydro
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Source : OFEN : http://www.energie-schweiz.ch/bfe/fr/statistik/gesamtenergie (2001)  
Figure A4-1: Energy conversion figures for 2001 

 

 

Figure A4-2 and Figure A4-3 give an overview of the range of efficiency of the two main sets of 
technologies involved in energy conversion. 
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Figure A4-2: Approximate efficiencies of the main technologies for electricity generation. (Note 
that in this graph the efficiencies of PWR and BWR nuclear energy technologies are artificially 
increased by a factor of at least 30) 

1 : nuclear + electric heating

2 : gas turbine / steam turbine combined cycle + electric heating 

3 : hydraulic + electric heating
4 : boiler

5 : nuclear + heat pump 
6 : cogeneration engine + heat pump

7 : gas turbine / steam turbine combined cycle + heat pump

8 : gas turbine / steam turbine cogeneration +  heat pump
9 : fuel cell cogeneration + heat pump
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Figure A4-3: First and Second Law efficiencies of technologies for heating (Grid losses = 4 %, 
Network thermal losses = 5%, Heat pump exergy efficiency = 65%, Network temperature = 
65°C, Atmospheric temperature = 0°C, Cogeneration unit thermal losses = 10%) [Buerer, Favrat 
et al., 2002] 
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Figure A4-3 in particular shows how the integration of technologies and the valorisation of en-
vironmental heat could substantially increase the conversion efficiency of fossil fuel for heat-
ing. Doubling of present average heating efficiencies is feasible and improvements of both co-
generation and heat pumping technologies would reinforce this potential. 

A4.1 Electricity production 

Currently, electricity is produced mainly from centralized plants (hydro and nuclear) as shown 
in Table A4-1 below. The future of nuclear energy and its potential and progressive substitution 
between 2010 and 2025 are central uncertainties. 

 

Table A4-1: Swiss electricity generated by centralized plants in the 2000 

 in PJ 

Hydro 121 

Nuclear 86 

Thermal (without cogeneration) 4 

Thermal cogeneration 6 

Other renewables negl. 

Country supply 216 

Country demand 195 

 

The net power export of Switzerland shows that the efficiency of electricity production should 
be assessed on a European level. Thus, the savings figures given below have been computed 
assuming a mean efficiency of 40% (European mix).  

For electricity production, natural gas offers the best conversion efficiencies. Due to its low cost 
and huge reserves, coal resources will play an important role in the future at European and In-
ternational levels. 

The share of renewable energy resources is very low at the present time but should be consid-
ered as an important resource for the future. We suggest that the renewable energy resources 
(with the exception of the grey energy for equipments) should not be considered in the 2000 W 
accounting. (Haldi P.A., Favrat D, "Société à 2000 Watts: terminologie et définitions", Feb 1999) 

In the field of energy conversion, energy efficiency will not be the sole concern: GHG emissions 
will also have to be considered. This will stimulate developments in CO2 capture and renewable 
energies. Both may reduce efficiencies in natural gas-based technologies. 
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A4.1.1 Centralized plants 

Centralized technologies (out of town areas) include the following: 

• Hydropower with no further growth potential except for electricity storage and retrofit 
or small hydro (<300kWe), which had a growth of 20% in the last ten years (about 0.7 PJ in 
2000), or for technology export. 

• Nuclear fission faces major social resistance and most technologies have low to ex-
tremely low efficiencies except for high temperature gas reactors and/or breeders. Swiss 
manufacturing has little involvement in the latter, however. Nuclear fusion is still hypo-
thetical but has a large potential from about the mid of the century. Major questions re-
main concerning adequacy (flat market demand and the multi-gigawatt size of plants en-
visaged) as well as supply stability  

• Thermal plants in priority natural gas combined cycle plants as advanced coal power 
plants are mainly of possible consideration for technology export. CO2 capture and seques-
tration and the combined used of renewables fuels present a challenge but hold potential. 

• Other renewables like solar power plants (marginal), wind farms which at present rep-
resent only 0.01 PJ, and geothermal hot dry rock plants 

 

Fact Sheet A4-1a: Nuclear (fission and fusion) 

Technological field Energy conversion: centralised plants 

Research field or 
category: 

Nuclear (fission and fusion) 

Short description: To convert the energy released during the fission of heavy 
atoms (Ex: uranium U235) or the fusion of light atoms (Ex: 
isotopes of hydrogen), mainly for electricity production 
(although "heating only reactors" have been proposed) 

Present energy demand in 
Switzerland: 

Large and growing demand for electricity 

Present importance of Swiss 
exports: 

Summer electricity (economics questionable) 

No remaining major Swiss component manufacturer 
(Alstom steam turbines are mainly manufactured abroad) 

Preliminary interest from industries in components for 
fusion or derived products (plasma processes) 

Short description of the new 
technology(ies) 

Advanced fission reactors (high power European pressur-
ized water reactor, advanced passive medium-power, 
light or heavy water reactors, gas-cooled fast reactors, 
high-temperature reactors (HTR), liquid metal-cooled re-
actors- breeders (LMR), accelerator-driven hybrid reactors 
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ADS 
Magnetic confinement fusion (ITER), inertial fusion 

Technical energy saving 
potential: 

 

Estimated savings in total, 
(PJ): 

Warning: the energy efficiency of traditional nuclear 
plants is conventionally defined in an arbitrary way taking 
only the heat delivered by the reactor into consideration 
and not the full fuel energy potential (see Haldi P.A., 
Favrat D, "Société à 2000 Watts: terminologie et défini-
tions", Feb 1999). Nevertheless the following estimates 
can be made: 

HTR: savings of 30% (with respect to once through LWRs, 
with no credit taken for the energy content of the irradi-
ated fuel which still contains valuable products (Pu239, 
U238,etc.) 

LMR: savings of 5000% (breeders could potentially give 50 
times more electricity from the same initial nuclear fuel) 

Impacts on energy use of 
preceding energy chain 

n.a. 

R&D bottle necks: Long life of nuclear wastes: storage, transmutation 
Passive safety with respect to reactivity accidents and re-
sidual heat removal.  
Fusion: numerous technological challenges 

Economics if close to market 
introduction: 

n.a. 

Expected acceptability prob-
lems: 

Enhanced safety, waste disposal, and proliferation: major 
changes not expected in the next 15 years. Net improve-
ment in safety expected from passive safety concepts and 
on waste problems expected from ADS and fusion. 

Future importance for Swiss 
exports: 

Low to nil in fission 

Too early to evaluate in fusion 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

PSI (Fission); EPFL (fusion) 

CEA(F), EPRI(US), JAERI(J) 

Special remarks, limits None 

Recommendations: Only pursue in close cooperation with international pro-
grams 
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Fact Sheet A4-1b: Hydropower 

Technological field Energy conversion: centralised plants 

Research field or 
category: 

Hydropower 

Short description: Conversion of the potential energy from water mainly 
from rivers or from water storage in dams. The latter of-
fers the most efficient electricity storage with water 
pumping and turbining between two dams at different 
altitudes 

Present energy demand in 
Switzerland: 

Exceeds available hydropower resources 

Present importance of Swiss 
exports: 

High for peak loads. High development potential for daily 
electricity storage. 

Short description of the new 
technology(ies) 

Design methods for an efficient retrofits 
Variable speed units to further improve efficiency 
Packaged minihydro units 

Technical energy saving  
potential: 

Estimated total savings, 5 PJ 
PJ 

A few percent through retrofit 

Growth of minihydro 

Impacts on energy use of 
preceding energy chain 

n.a 

R&D bottlenecks: Cavitation (materials, runner profiles) 
Better coping with sand-loaded streams 
Cheap mass production of minihydro units 
Wave energy recovery 

Economics if close to market 
introduction: 

Highly site-dependent in particular for minihydro 

Expected acceptability prob-
lems: 

Environmental and social impact of large dams, biological 
impact of pump-turbine systems 
Safety concerns even if well accepted thus far 

Future importance for Swiss 
exports: 

High in peak electricity supply and electricity storage, al-
though strongly dependent on Switzerland’s own grow-
ing needs 

Major R&D on these  
technologies 

- in Switzerland 

 
 

ISE-EPFL, Mylab (Montcherand) 
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- in foreign countries Grenoble 

Special remarks, limits Need to maintain a residual water stream 

Recommendations: - 

 

 

Fact Sheet A4-1c: Advanced combined cycle systems with CO2 capture 

Technological field Energy conversion: centralised plants 

Research field or 
category: 

Advanced combined cycle systems with CO2 capture 

Short description: New concepts of high-efficiency, advanced combined cy-
cles including gas turbines, steam turbines and fuel cells 
integrating CO2 capture technologies.  

Present energy demand in 
Switzerland: 

n.a. 

Present importance of Swiss 
exports: 

Alstom is the world’s second largest manufacturer of gas 
turbines, with 11% of the market. Turbomach (Ticino) for 
packaging of smaller units 

Short description of the new 
technology(ies) 

High temperature gas turbines with advanced cooling 
techniques, materials, and aerodynamic designs for com-
pactness 
New cycles concepts with high-temperature O2 separation 
from air and partial or sequential combustion  
Pressurized solid oxide fuel cell (SOFC, high temperature) 
replaces the gas turbine burners 
New cycles for zero emission plants (with CO2 capture); 
cycles with nitrogen-free combustion, integrated air sepa-
ration units, CO2 capture equipments and adapted high 
temperature turbines. 
CO2 storage strategies 
Coal-based systems and integrated renewable fuel conver-
sion systems 

Technical energy saving  
potential: 

 

Estimated savings in total, 
(PJ): 

Electric efficiencies up to 75% even in the range of a few 
MWe  

Energy savings with respect to the EU mix: 46% 

Not relevant for Switzerland, high savings potential at the 
world level; opportunity for Swiss industry. 

Impacts on energy use of 
preceding energy chain 

n.a. 
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R&D bottlenecks: • Gas turbines technologies: Material and sealing 

• New system design and optimisation 

• Complex integrated schemes for design, operation and 
control for efficient partial load operation and possible 
cogeneration  

• High temperature, high speed gas turbines with further 
reduced emissions 

• Clean gas turbine with different gas quality 

• Air separation technologies (including high tempera-
ture membranes) 

• CO2 capture technologies: membranes, PSA, chemical 
absorption, etc. 

• CO2 sequestration techniques (underground storage) 

• Coal and biomass gasification techniques: concept 
&control 

Economics if close to market 
introduction: 

Strongly linked to natural gas and oil prices as well as CO2 
trading opportunities 

Expected acceptability prob-
lems: 

Thus far no major acceptance problems 

Future importance for Swiss 
exports: 

Expected to remain a major export area with a high 
worldwide sales potential 

Major R&D on these  
technologies 

- in Switzerland 

 
- in foreign countries 

 
 
ISE-EPFL , ETHZ, PSI on pressurized combustion; ALSTOM, 
ABB 

Electricity producers 

Special remarks, limits Strong potential impacts on the worldwide situation of 
increased interest for CO2 trading. 

Recommendations: To be supported because of the major position of the 
Swiss industry and the high potential worldwide market. 

A4.1.2 Co-generation (heat/cold and power) 

Cogeneration plants linked to industrial processes and/or connected to a district heating (pos-
sibly cooling in the centre of towns) have a high potential for growth, provided that economic 
and public policy issues to favour the implementation or the extension of district heating net-
works are addressed. 
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Cogeneration plants include 

• Biomass cogeneration plants: waste, wood, biogas from wastewater treatment plants, etc. 

• Advanced integration of industrial sites with combined heat and power distribution includ-
ing waste treatment with possible interconnection with district heating systems. 

 

Fact Sheet A4-2a: Advanced combined heat and power 

Technological field Energy conversion: cogeneration 

Research field or 
category: 

Advanced combined heat and power integration for in-
dustrial and district heating applications 

Short description: Combined heat and power production for industrial and 
urban area energy integration. 

Electricity is produced by converting fuel (usually natural 
gas) into waste heat that is further used to satisfy a heat 
demand.  

Present energy demand in 
Switzerland: 

Most of the heating requirements in urban area might be 
satisfied by district heating systems in combination with 
heat pumps. 

Heat requirements of industrial production sites for the 
chemical, pharmaceutical, and agricultural industry gen-
erate many combined heat and power opportunities. 
Combined heat and power should be considered after 
process integration and other saving measures. 

Present importance of Swiss 
exports: 

Alstom is the world’s third largest manufacturer of small 
gas turbines and is a leader in steam turbines. Turbomach 
(Ticino) for packaging of smaller units. Liebherr for en-
gines technologies. Sulzerr, HTceramix for fuel cells. 

Short description of the new 
technology(ies) 

Cogeneration technologies are gas turbines, gas engines, 
steam turbines, and fuel cells. Overall energy efficiency is 
up to 90% for the cogeneration systems. Marginal effi-
ciency of the electricity production is in the range of 85% 
(to be compared with 58% for today’s best combined cy-
cles). 
Process integration, operation and control systems. 
High-temperature medium and small sizes gas turbines 
with high-temperature heat exchange. 
Fuel cells for cogeneration: integrating heat exchange into 
fuel cell systems (see also fuel cell Fact Sheets below). 
Integrated heat pump systems for district heating includ-
ing new concepts of combined cycles, absorption and me-
chanical driven heat pump  (see also heat pump Fact Sheet 
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below) 
Waste heat valorisation systems like organic Rankine Cy-
cles.  

Technical energy saving  
potential: 

 

Estimated savings in total, 
(PJ): 

 

Cogeneration systems are designed with respect to the 
heat supplied. The energy saving potential is based on 
both electricity and fuel savings with respect to the same 
energy supply. Potentials are 40% efficiency for electricity 
and 90% efficiency for combustion.  

For a heating-only system (electricity is used to drive heat 
pumps), the energy saving can be up to 70% 

For a cogeneration system in space heating (with absorp-
tion heat pump), with respect to the electricity mix: the 
energy saving are up to 53% (heat demand = 100, electric-
ity=40). 

For industrial application (without heap pump system), 
the savings are up to 36% for gas turbines, 45% for fuel 
cells. 

Impacts on energy use of 
preceding energy chain 

Combined heat and power will reduce the electricity de-
mand: lower the nuclear power plant production, increase 
exports or reduce the investment needed in new central-
ised plants  

R&D bottle necks: Gas turbine technologies: see above. Smaller gas turbines 
will be needed, i.e. gas turbine efficiency increases will have 
to be transferred to smaller-size gas turbines.  
High temperature heat exchangers and heat recovery sys-
tems 
New integrated system analysis, design and optimisation 
methodologies integrating exergy-based concepts 
Complex integrated schemes for design, operation, control 
and management (including juridical aspects) 
Use of waste and renewable fuels: see below 
Organic Rankine cycles for waste heat valorisation 
New concepts of absorption heat pumps 
New concepts for large-scale heat pump- based district 
heating systems 

Economics if close to market 
introduction: 

Strongly linked to natural gas and oil prices as well as CO2 
trading opportunities 

Expected acceptability prob-
lems: 

Thus far no major acceptance problems 

Future importance for Swiss 
exports: 

Both from the energy supply side and for technology in-
dustry. 
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Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 
ISE-EPFL , ETHZ, 

ALSTOM, etc. 

Special remarks, limits Strong potential impacts on the worldwide situation with 
opportunities for the Swiss industry: both in terms of effi-
ciency and in terms of services and technology exports 

Recommendations: Aggressively pursue research en the R&D bottlenecks 
identified above. 

Actions to be taken on both the political and the R&D lev-
els to promote and create suitable infrastructures for 
such technologies. 

 

Fact Sheet A4-2b: Biomass cogeneration plants 

Technological field Energy conversion: cogeneration 

Research field or 
category: 

Biomass cogeneration plants 

Short description: Valorisation of biomass and wastes for both heat and 
power already represents 86% of the renewable energy 
(outside hydro) used in Switzerland but operate at low effi-
ciency. Biomass includes urban wastes, biogas from 
wastewater treatment, wood. Biomass, in particular wood, 
is an important, readily available resource for rural areas in 
Switzerland.  

Present energy demand in 
Switzerland: 

Heat and power: see introduction 

Present importance of Swiss 
exports: 

not fully investigated but covers both material and engi-
neering services (von Roll, Elektrowatt, ALSTOM, etc.) 

Short description of the new 
technology(ies) 

Gasification integrated together with gas treatment com-
bined with engines, gas turbines or fuel cells. 
New incineration techniques and biomass conditioning 
Organic Rankine Cycles 
Biological conversion techniques integrated with advanced 
power cycles 
Chemical or biochemical conversion from biomass to liquid 
fuel  (ethanol, biodiesel) 

Technical energy saving  
potential: 

Average efficiency improvements of 30 to 70% are ex-
pected 
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Estimated savings in total, 
(PJ): 

not estimated 

 

Renewable energy will have a major effect on the CO2 
emissions and a high potential with respect to the biomass 
energy available.  

Savings: 100 PJ, i.e. 70 PJ of resources available leads to 35.2 
PJ of heat (without heat pumps) and 24.7 PJ of electricity. 

Additional capacities by valorizing low grade agricultural 
surfaces. 

Impacts on energy use of 
preceding energy chain 

Favoring the use of renewables will reduce the production 
by classical fuel based technologies. 

Biomass to be valorised in rural areas (place of production). 

R&D bottle necks: Wood gasification particularly with variable fuel quality, tar 
management in gases, low pollution engines in the ab-
sence of catalytic post-treatment 
Bio conversion processes, efficiency, stability and control 
Gas quality in fuel cell and gas turbines 
Higher steam pressure furnaces and low capacity high 
pressure turbines 
Organic fluids turbines 

Economics if close to market 
introduction: 

n.a. 

Expected acceptability prob-
lems: 

No major problems identified 

Future importance for Swiss 
exports: 

The use of renewables will be a major challenge in the next 
decade but will present large opportunities for Swiss indus-
try 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

ISE-EPFL, PSI, ETHZ 

UCL(B), ECN (NL) 

Special remarks, limits None 

Recommendations: R&D support is needed to promote the development of the 
energy biomass processing technologies.  
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A4.1.3 Domestic units 

Technologies include all combinations of those in Figure 4-3: some are mutually exclusive. 
 
Fact Sheet A4-3a: Heat pumps 

Technological field Energy conversion: domestic 

Research field or 
category: 

Heat pump 

Short description: Allows heat upgrading from waste heat sources or the en-
vironment 

Present energy demand in 
Switzerland: 

All building heating as well as about 1/3 of industrial energy 
demand 

Present importance of Swiss 
exports: 

Of medium importance but with significant growth poten-
tial according to a recent survey of the Swiss Federal Office 
of Energy 

Short description of the new 
technology(ies) 

Technologies aiming at improving the present exergy effi-
ciency of domestic vapour compression units (35 to 45%) to 
over 60% of the range of the large district heat pumps. 
They include multistage heat pumps with either new oil 
management schemes or oil-free technologies (like high-
speed compressor motor assemblies). An alternative is the 
development and integration of two-phase expansion tur-
bines as well as more efficient permanent magnet electric 
motors, etc. 

Systems with new working fluids or better integration of 
natural ones. Better and more compact heat exchangers (in 
particular in the presence of frosting) 

Improved schemes for thermally driven heat pumps (cou-
pling of engine cycles including ORC with the Rankine heat 
pump cycles, absorption including diffusion concepts, inte-
gration of solar heat and/or storage schemes, etc.)  

Technical energy-saving 
potential: 

 
Estimated savings in total, 
(PJ): 

40 to 70% of present average fossil energy consumption for 
heating (which is at present mainly gas or fuel boilers). 60 
to 90% of electric consumption for heating 

100 to 170 PJ compared to present consumption. 

Impacts on energy use of Above results strongly dependent on improved efficiency of 
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preceding energy chain electricity or cogeneration devices 

R&D bottle necks: Electro-mechanical devices (including oil-free high speeds 
of rotation)  
Materials and design of heat exchangers (with phase 
change or frosting) or storage 
New fluid 
Cycles design (new concepts) and cycle optimisation (opti-
mal control) 

Economics if close to market 
introduction: 

Economic advantages proportional to the level of fossil fuel 
prices. At present about 10 to 20% more costly than fuel 
heating but still a quickly growing market (15% growth in 
recent years) due to side advantages (lower space used- no 
chimney or storage tank, low maintenance) 

Expected acceptability prob-
lems: 

Potential problems with acceptance of synthetic refriger-
ants (fears of unknown effects after the previous experi-
ence of CFCs) or flammability of most natural refrigerants 

Future importance for Swiss 
exports: 

Growth expected for packaged units 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

ISE-EPFL; SATAG, KWT, Sulzer 

SINTEF (N), Univ Essen (D), PennState (US), Copeland (US) 

Special remarks, limits None 

Recommendations: To be encouraged 

 

Fact Sheet A4-3b: Fuel cells 

Technological field Energy conversion: domestic 

Research field or 
category: 

Fuel cells 

Short description: A fuel cell converts the lower heating value of a fuel di-
rectly to electricity by electrochemical means. The princi-
ple of a fuel cell is to use an ion transfer membrane to 
allow for cold combustion to take place. 

Several fuel cell types exist that operate at different tem-
perature levels.  

Fuel cells can be applied from (very) small application 
(portable), to residential, transport and industrial.  
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The electricity efficiency of a fuel cell is expected to reach 
60%. 90% of efficiency will be achieved in cogeneration 
mode. 

Fuel cells may be applied in combined cycles to replace 
the gas turbine burner with a fuel cell to reach very high 
electricity production efficiencies (75%). 

Present energy demand in 
Switzerland: 

n.a. 

Present importance of Swiss 
exports: 

Technology is not mature 

Short description of the new 
technology(ies) 

High temperature fuel cells (SOFC) 

High temperature material with catalytic surfaces and 
efficient electrical interconnects 

Fuel processing systems 

Technical energy saving  
potential: 

 

Estimated savings in total, 
(PJ): 

not estimated 

 

On-site production allows 6% grid losses savings 

33 % of savings in electricity production mode (without 
cogeneration) at 60% of efficiency 

45% in cogeneration mode: 60% for electricity, 30% for 
heat. 

Impacts on energy use of 
preceding energy chain 

Wide range of applications: from small- to large-scale, 
possibility of on-site production for autonomous systems, 
peak shaving, reduction of the distribution losses 

R&D bottlenecks: High-temperature materials, membranes and intercon-
nects for stationary applications 
Higher temperature polymer membranes for transport 
applications 
Catalysts: poisoning, selectivity 
Fuel processing and treatment systems 
Integrated system design for cogeneration schemes  
Stacking technologies, dynamic behaviour, control, and 
optimal system management 
Water management for PEMFC 
Durability and reliability; thermal cycling 
Applications in residential application should be autono-
mous 

Economics if close to market 
introduction: 

First demonstrations available 
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Expected acceptability prob-
lems: 

No major problem expected 

Hydrogen safety for hydrogen based fuel cells 

Future importance for Swiss 
exports: 

Swiss industry players already present on the market 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

PSI, EPFL, ETHZ, EMPA 

Sulzer HEXIS, Sulzer Innotec, Htceramix; Powerpack 

Special remarks, limits Still needs development, but fuel cells are definitely part 
of the future energy landscape and therefore a potentially 
highly rewarding field 

Recommendations: Support technology transfer from R&D into industrial ap-
plication 

 

The next technology illustrates the potential of integrated housing systems that aim at satisfy-
ing the energetic needs of a family in terms of heat, power and transportation. The figures are 
based on fuel to hydrogen conversion followed by the use of fuel cells for electricity and car-
powering. 

 

Fact Sheet A4-3c: Hydrogen based housing systems 

Technological field Energy conversion: domestic 

Research field or 
category: 

Hydrogen-based housing systems 

Short description: Energy supply of a household to be supplied by a (bio) fuel 
conversion unit that will include: hydrogen production for 
transportation needs with appropriate storage devices, 
heat and electricity supplied to the house (by cogenera-
tion) combined with energy storage and heat pumps, hy-
drogen production from photovoltaics. 

Present energy demand in 
Switzerland: 

n.a. 

Present importance of Swiss 
exports: 

not investigated 

Short description of the new 
technology(ies) 

Integrated systems, including fuel hydrogen processors, 
cogeneration fuel cells, heat pumps.  
High temperature system for the combined production of 
three types of energy: electricity, heat and fuel 
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Hydrogen storage system 
Electricity storage system 
Efficient control system 

Technical energy saving  
potential: 

 

Estimated savings in total PJ 
not estimated 

 
49% of the energy consumed for heat, electricity and 
transportation needs of a household, reference being 
Minergie house and 8l/100 km car. 

 

Impacts on energy use of 
preceding energy chain 

Replacement of the complete chain for electricity, heat 
and transportation source by a single clean resource: 
natural gas or biogas. 

R&D bottle necks: Process intensification and downscaling 
Reacting heat exchanger design 
Integrated system design optimisation and management 
Hydrogen and electricity storage 
Autonomous system control, remote system control (cross-
cutting technologies) 

Economics if close to market 
introduction: 

At a conceptual stage, related to the market penetration 
of the other technologies for heat pumping, automotive, 
fuel cells. 

Expected acceptability prob-
lems: 

Hydrogen safety 
Highly sophisticated units in houses 

Future importance for Swiss 
exports: 

n.a. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

See above for fuel cells, automotive, reactive systems, heat 
pumps. 

Special remarks, limits None 

Recommendations: Strong support for integrated systems analysis and cross-
cutting technologies 
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Appendix 5: Cross cutting technologies 

A5.1 Information technology (IT) 

New information technology (IT) introduced in all technological and societal areas is transform-
ing society. Several research areas contribute to the advance of IT. It is impossible however to 
say beforehand which research areas, given in Figure A5-1 below, will lead to more energy use 
and which to less. In general, a new technology’s use must be examined in practice to deter-
mine its energy effect. Examining research results show that IT developments can lead to both 
higher or lower energy use, depending on the area of application. 
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Figure A5-1: Research for improving IT functions finds application in various areas. Direct and 
indirect impacts on energy consumption are often considerable, but may amount to either an 
increase or decrease in the net energy used. 

 

Fact Sheet A5-1: Information technologies 

Technological field Cross-cutting technologies 

Short description: Information Technologies (IT): Computing and communicat-
ing / networking 

Present energy demand in 
Switzerland: 

~5% of electricity demand for stand-alone systems plus an-
other ~5% for microelectronics in many types of equipment 
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Present importance of Swiss 
exports: 

Both computers and telecommunication systems are not 
important export articles. Intelligent machinery is, however, 
very important. 

Short description of the new 
technology(ies) 

IT equipment is becoming rapidly smaller and cheaper. It is 
increasingly becoming an integral part of all goods: “ubiqui-
tous computing”. Computers and telecommunication sys-
tems are increasingly inseparable systems (computers talk 
and transmit messages, telephones are smart devices). One 
point deserves special attention: The continual rapid intro-
duction of new information features may drastically shorten 
product lifetime by promoting product obsolescence. 

Technical energy saving  
potential 

Potential energy savings are enormous in all energy use sec-
tors, not especially in regard to the 5% electricity mentioned 
above. As IT is an integral part of almost all technological 
advances, it is difficult to give any quantitative estimates. 
One principle function of IT is the translation of sensor sig-
nals into control signals. There are many examples. Measur-
ing humidity in textile drying, the brightness provided by 
daylight, or the exact millisecond condition in a cylinder of an 
internal combustion engine can be translated in the most 
precise terms, and the resulting control of the respective pro-
cesses may yield large energy savings. Colour metrics, for 
instance, saves energy in textile dying (~30%), in potato chip 
roasting (~20%), etc.  

R&D bottlenecks: Bottlenecks seem to be less problematic than the uncon-
trolled growth of senseless applications. 

Economics if close to market 
introduction: 

Economics of ubiquitous computing is rapidly improving. A 
slower pace might allow for a more purposefully selected 
course of action.    

Expected acceptability prob-
lems: 

The attractions of novelty will possibly override the fears of 
loss of privacy and other risks. 

Future importance for Swiss 
exports: 

Software and IT integrated in other products will, unlike 
stand-alone IT, be very important in the future. 

Recommendations: The main study should investigate what forms of technology 
transfer, including continuing education, would be conducive 
to a 2000 Watt goal. Incorporate the idea of a highly effi-
cient, sustainable society in these considerations. In order to 
induce societal change, some R&D money could perhaps be 
spent on highly visible industry-university collaborations 
with explicit energy targets. 
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A5.2 Power electronics 

The power electronics branch is treated here as a separate research field with two distinct func-
tions: transformers and switches (T&S) on the one hand and motors and generators (M&G) on 
the other (Figure A5-2). 
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Figure A5-2: Transformers and switches have to do with changing voltages and strengths of 
electrical currents, while motors and generators (the transformation of electrical energy to me-
chanical drives and vice versa) are strongly influenced by the ability to change the frequency of 
electrical currents. Research in power electronics can influence energy use in many areas of 
application and in a way similar to IT research. 

 

As shown in one of the projects of a technology assessment program launched in Switzerland 
in 1991, the link between power electronics and energy use is much more straightforward while 
the link between power electronics and societal development is much weaker than for IT in 
general. The project was meant to assess the impact of so-called LESIT technologies on energy 
consumption (LESIT was a priority research program and a German acronym for power elec-
tronics, systems and information technology). The institutional environment, applied methods, 
and main results of the TA-study have been summarised elsewhere5. One of the questions that 
arose was whether it is reasonable to expect a high-tech engineering research program to 
serve any societal goals other than the more immediate technical and economic goals the re-
search partners in university and industry are accustomed to follow. It was found that without 

                                                 
5 Spreng, D.: "Technology Assessment: Impact of High-tech Engineering Research on Energy Consump-

tion" Technological Forecasting and Social Change (forthcoming) 2002 
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special efforts this expectation was not realistic. Politically desirable goals are best served when 
enough emphasis, time, and money is given to the process of bringing together research part-
ners from academia and industry who have a (self-serving) interest in furthering the politically 
desirable goal and then supporting their collaboration. 

 

Fact Sheet A5-2a: Motors and generators 

Technological field Cross-cutting technologies 

Research field or category: Power electronics: Motors and generators (M&G) 

Short description: New power electronics allows the use of variable speed 
M&G. 

Present energy demand in 
Switzerland: 

Studies estimate that 60% of electricity is used in motors. All 
electricity is produced in generators. Even today, not much 
mechanical work is recuperated in generators (exceptions: 
new trains, trams, and elevators). 

Present importance of Swiss 
exports: 

ABB is a world leader in efficient variable frequency motors 
and generators (the market share is, however, probably much 
smaller than for T&S). 

Short description of the new 
technology(ies) 

Power electronics allows varying the frequency of an alter-
nating current. With this, new M&G can be “turned-on” 
smoothly from 0 to 100% without much loss of efficiency.  

Technical energy saving  
potential: Estimated savings 
in total, 30 PJ 

The improvement of the steady-state efficiency of M&G is 
not the most important factor. Two of the most important 
factors are (1) motors can provide mechanical drive according 
to transitory needs (a ventilator can be controlled by real-
time air quality monitors, etc.). In many applications motors 
easily provide twice as much mechanical drive as necessary. 
(2) Variable speed motors can be used as breaks and recuper-
ate mechanical drive. In many traction applications 1/3 of the 
electricity can be recuperated. 

Impacts on energy use of 
preceding energy chain 

n.a. 

R&D bottlenecks: Advance is very fast. 

Economics if close to market 
introduction: 

The technology is currently economical for large M&G. The 
question is how small M&G can be made and still remain 
economical.  

Expected acceptability  
problems: 

n.a 
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Future importance for Swiss 
exports: 

High. 

Major R&D on these  
technologies 

- in Switzerland 

- in foreign countries 

 
 

ETH Lausanne 

ABB and others 

Special remarks, limits None 

Recommendations: The main study should seek to identify worthwhile areas of 
R&D industry-university collaborations involving explicit en-
ergy targets or other mechanisms of explicitly furthering 
extraordinary advances in energy efficiency. 

 

Fact Sheet A5-2b: Transformers and switches 

Technological field Cross-cutting technologies 

Research field or category: Power electronics: Transformers and Switches (T&S) 

Short description: T&S allows the control of electrical currents. 

Present energy demand in 
Switzerland: 

All electric energy flows many times through T&S before be-
ing dissipated. Total losses in inefficient T&S are presently 
some 10% of total electricity supply. 

Present importance of Swiss 
exports: 

ABB is a world leader at least in the higher voltage and cur-
rent area of T&S. 

Short description of the new 
technology(ies) 

In energy transmission so called FACTS allow the flows to be 
channelled to some extent. This leads to a better utilisation 
of transmission grids. In particular, it makes decentralised 
electricity production much more feasible. 

Technical energy saving  
potential: Estimated savings 
in total 10 PJ 

The above-mentioned 10% loss could be reduced by half. 
Transportation T&S are some of the main components of 
train drives: lighter T&Ss could lead to energy savings. Num-
bers are given in the Fact Sheet on motors and generators. 
The advance of decentralized energy production could poten-
tially lead to large savings, e.g. by CHP. 

Impacts on energy use of 
preceding energy chain 

Included. 

R&D bottlenecks: The advance is at present very rapid. 
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Economics if close to market 
introduction: 

Influence on the economics of CHP-production on the scale 
of households is potentially large but is not decisive. 

Expected acceptability  
problems: 

n.a. 

Future importance for Swiss 
exports: 

One of the main energy-relevant Swiss export sectors. 

Major R&D on these tech-
nologies- 

in Switzerland- 

Special remarks, limits Higher speeds, voltages and currents as well as miniaturisa-
tion make heat dissipation a problem. Higher energy effi-
ciencies of devices are therefore a necessary component of 
technical progress. However, often technical energy saving 
potentials are given up for some other “progress” such as 
traction, higher acceleration, etc. 
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Appendix 6: Use of materials: Recycling, material efficiency and  
substitution  

The close relationship between the use of materials and energy use has not received very much 
attention in the past. Looking at energy-intensive material production, however, amounting to 
about 40 % of total industrial energy demand, it becomes obvious that the intelligent use of 
materials can substantially contribute to reducing per capita energy consumption. The major 
strategic options in this field are the following: 

• Recycling and re-use of energy-intensive waste materials or used products (e.g. steel, alu-
minium, paper, plastics, or glass as well as re-use of bottles, engines, or tires from trucks). 

• More efficient use of materials by better construction or improved material quality. This 
strategy is particularly important in the case of moving parts or vehicles, as a more efficient 
use of materials generally leads to lighter constructions and may contribute to a considera-
bly lower energy demand over the lifetime of the particular application (e.g. cars). 

• Substitution of highly energy-intensive materials by less energy-intensive materials or even 
by other technologies (e.g. steel and cement/concrete by wood, newspaper by electronic 
news). But substitution of common materials by high quality materials with long lifetimes 
can also reduce energy consumption (e.g. metal matrix composites, plastic composites). 

All three strategic options contribute to structural changes within industrial production, in the 
past mostly in the direction of lower energy intensity of total industrial production. 

A6.1 Recycling and re-use of energy-intensive waste materials or used 
products 

Recycling is a well-known strategy that reapplies or re-utilizes products and materials in the 
form of closed loops. Recycling is the re-circulation of products or goods after completion of the 
lifecycle as raw product or raw material in the production process. The success of recycling is 
based not only on the availability of corresponding recycling processes but also on a functional 
logistic, for instance as part of product design or during product use.  

Three forms of recycling can be distinguished (Fact Sheet 6-1): Product recycling, material recy-
cling, and production reflux. Product recycling requires much higher know-how than low-end 
material recycling. Product recycling makes high demands on product design and product re-
flux from the market, but also on the secondary distribution of the recycled products. 

Material recycling is not always recommended – it is at most the second best solution. Material 
recycling relies upon a permanent, energy-consuming cycle of manufacturing and disintegra-
tion. It would be better to keep the products on a higher valence level. Thus, product recycling is 
preferable to material recycling. But the goal is not a high quantity of recycled material or saved 
primary material but rather the quantity of saved energy. 
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Production reflux takes residues, which emerge directly from production, and recycles them to 
the production process. Since manufacturing processes are mostly multilevel processes, on 
each level production reflux may occur. 

While most of the common basic recycling techniques are well established for long-standing 
materials, this is not the case for many new materials (e.g. plastic composites). Further research 
is also needed for the de-bonding of items and particularly for new alternatives to increase the 
recycling rates of the energy-intensive basic materials steel, aluminium and plastics. This inter-
disciplinary research must combine technical as well as socio-economic knowledge. 

 

Fact Sheet A6-1: Recycling and re-use 

Technological field / group Use of materials  

Research field category: Recycling and re-use 

Short description:  Recycling is the reapplication or the re-utilization of materi-
als or products in the form of closed loops. 

Recycling technologies for metals, paper, cardboard and 
glass are well established. This is not the case for new mate-
rials, like plastic composites. Furthermore, recycling is often 
an organisational problem. 

Present energy demand in 
Switzerland: 

As Switzerland produces very few basic materials, the do-
mestic energy demand for the following products is low: 

Steel: 0 PJ (no primary production in Switzerland) 
Aluminium: 1.6 PJ  
Paper: 27 PJ  
Plastics: 5 PJ  

Present importance of Swiss 
imports: 

Import of embodied energy amounts to about 25% of direct 
energy consumed. Intensive recycling could save some of 
this energy.  

Actual yearly import of embodied energy of 

Steel: 26 PJ 
Aluminium: 16.4 PJ 
Paper: 23 PJ 
Plastics: ~ 25 PJ 

Short description of the new 
technology(ies) 

Organic chemistry and surface chemistry: recycling tech-
nologies for new plastic composites. 
Design of recyclable products.  

Technical energy saving  
potential: Estimated savings 
in total, 40 PJ (1/4 of energy 
embodied in imports) 

An increase of the specific recycling rate leads to the follow-
ing yearly energy savings: 

Steel recycling rate 40% 90%: savings of 13.8PJ  
Aluminium recycling rate 35%  90%: savings of 13.4PJ 
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Paper recycling rate 65%  80%: savings of 5.3PJ 
Plastics recycling rate 5%  50%: savings of 7 PJ 

This is not a complete list. Increased recycling of other mate-
rials like copper, solvents, bitumen, and glass would lead to 
even higher energy savings. 

Impacts on energy use of  
preceding energy chain 

This is included in the above figures. Some energy is also 
used for the recycling process, which generally can be ig-
nored. 

R&D bottle necks: R&D is required particularly for new plastic composites and 
reinforced plastics. Research is also needed for the design of 
new logistic options. 

Economics if close to market 
introduction: 

Recycling is often driven by environmental politics (e.g. 
obligation of retraction or the “Grüne Punkt” in Germany).  

Progress in material intensity may make the economics of 
recycling less attractive. 

Expected acceptability  
problems: 

Acceptability is high for production reflux and material recy-
cling. The consumers may in some cases reject recycled 
products. 

Future importance for Swiss 
exports: 

Design of products for their recyclability may have some 
importance. 

Major R&D on these  
technologies- 

 

Special remarks, limits If the recycled material lacks the necessary degree of purity, 
it must be mixed with primary material. In addition, some 
losses are inevitable. Thus, a total closed loop-recycling 
management - a 100% recycling rate - can never be attained.

Recommendations: Materials research that furthers recycling should be sup-
ported. Not only recycling technologies but also organisa-
tional barriers and new organisational strategies for recy-
cling should be considered. The main study should identify 
such research areas.  

A6.2 Material efficiency 

The strategy of reducing a product’s material use while maintaining identical functionality is 
not new. First analytical work suggests that material efficiency improved in the past decades by 
almost 1 % per year on average (Enquete Commission 2002). The question is whether these 
trends can be maintained or even accelerated. 
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In some cases, there are conflicts of interest that have to be taken into account for future mar-
ket introduction and acceptance. There may also be problems in the transition phase from to-
day's products to light material products (e.g. safety aspects of heavy traditional cars and new 
light cars). 

The research involved is partially very basic applied research, e.g. foamed plastics or even met-
als, alloys of magnesium or aluminium (Fact Sheet 6-2). The R&D close to the different applica-
tions seems to be very dispersed but is often very advanced applied research. In many cases, the 
higher quality of the improved materials and their applications requires high performance pro-
duction machines. Such machines could present Swiss producers with a competitive advan-
tage. 

 

 

Fact Sheet A6-2: Material efficiency 

Technological field: Use of materials 

Research field category: Material efficiency 

Short description Energy-intensive materials as a mass product make up a 
substantial part of industrial energy demand; of particu-
lar interest are paper, glass, steel, aluminium, and plas-
tics. When used in mobile applications they also con-
tribute to high-energy demand, particularly in transpor-
tation. Material efficiency means that less material per 
product function is needed in the future. 

Present energy demand 
in Switzerland: 

• Directly: larger than 40 PJ, which consists of about 
30 PJ for primary material production and at least 10 
PJ for producing intermediates 

• Indirectly: transportation (using 300 PJ) and moving 
parts (systems: less freight transport and less fuel or 
electricity consumption (e.g. lifts, moving staircases) 

Present importance of 
Swiss exports: 

High quality paper, glass, steel and aluminium can be 
demonstrated by higher export prices relative to import 
prices  

Short description of the 
new technology(ies) 

• lower weight of mass papers per square meter 
• lower glass weight per ultra light bottle (with PET 

films for safety reasons) 
• lower weight of small steel products (e.g. cans, vehi-

cle steel sheets, machines and apparatus) 
• lower specific weight of aluminium per application 

(e.g. facades, window frames, vehicle sheets and 
construction (airplanes, packing, cans) 

• lower specific weight of plastics through use of 
foamed plastics, better quality plastics produced by 
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improved catalysts and co-polymers (e.g. parts in 
vehicles, window frames, floor materials, home and 
office textiles) 

• super-cellular alloys of magnesium and aluminium 

Technical energy saving 
potential: 

 

 

 

 

 

Estimated savings in to-
tal larger that 50-60 PJ, 
more that half of it in 
transport sector 

Seems to be important, but may be partially in competi-
tion with material substitution and material recycling. 
First estimates can be drawn from the literature 

• tin cans: reduced from 0.95 mm to 0.7 mm (corre-
sponds to 4000 t steel/a in Switzerland) 

• 10%lighter paper saves around 3 to 4 PJ 
• 30% lighter glass bottles saves around 1 PJ 
• 30% aluminium application in the transport sector 

and the construction sector saves on the order of 10 
PJ (most of it in transportation) 

• Foamed plastics may add a few PJ, although most of 
the monomers are imported 

• 40% lighter cars may save 30 to 40 PJ  

Total technical potential is likely to be substantial. 

R&D bottlenecks: • thinner paper, steel sheets, glass bottles: reliable 
quality, cost reduction 

• foamed plastics: product quality, stability 
• super-cellular alloys: basic applied research 

Economics if close to 
market introduction: 

• thinner paper, steel sheets, or glass bottles are close 
to market introduction, minor policies needed 

• unknown for foamed plastics and cellular alloys 

Expected acceptability 
problems: 

There may be safety problems in the transition phase 
(e.g. car safety). 

The handling of thinner packages may reduce comfort 
(e.g. milk pouch). 

Future importance for 
Swiss exports: 

Important for machines that produce and process the 
thinner material and manufacture the lighter products 

Major R&D on these 
technologies 

Foamed plastics and metals for construction purposes, 
solutions of conflict of interest (e.g. safety of light cars 
or bottles) [has to be further studied by interviews] 

Special remarks, limits The achieved weight reductions for cars are eaten up by 
consumer wishes for more comfort. Despite the use of 
lightweight components, today’s cars are heavier than 
cars 20 years ago. 
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Recommendations: • Follow up in the main study 
• Focus the R&D on foamed plastics and metals in the 

main study 
• Certain aspects of applied research are so close to 

marketability evident that immediate further devel-
opment is strongly recommended 

A6.3 Substitution 

The specific energy demand of materials can vary significantly. A replacement of energy-
intensive materials with less energy-intensive materials can generate a large energy-saving 
potential. Due to material properties, consumer wishes, and the occasional higher production 
costs for less energy-intensive materials, this potential is rarely exhausted. Nevertheless, new 
LCA- or other evaluation tools might stimulate its application. 

Wear- and tear-resistant materials with a long lifetime also contribute to energy savings. Con-
sidering the whole product lifecycle, less material and therefore less energy is needed for a 
given function. In addition, substantial energy savings can be achieved by a substitution of 
heavy materials with lightweight materials in the transport sector. Conventional steel con-
struction may be replaced by lighter aluminium or magnesium construction. Although the pro-
duction of aluminium or magnesium components is much more energy-intensive, this addi-
tional energy consumption is compensated for over the components’ lifetime. These kinds of 
technologies are discussed in chapter 4.1.3 and in appendix A3. 

 

Fact Sheet A6-3: Substitution 

Technological field / group Use of materials 

Research field or category: Substitution  

Short description: Material substitution is favourable if the energy require-
ments for a given function can be decreased. The energy sav-
ings may result from the production and/or the product use 
over the unit lifetime.  

Present importance of Swiss 
exports: 

low 

Short description of the new 
technology(ies) 

• Wood and bio-fibres can be used as construction materi-
als instead of concrete and steel. 

• Electronic media can replace paper-consuming print me-
dia. 

• Steel and aluminium may be replaced by wear-and tear-
resistant metal- or plastic composites. These materials 
have a longer lifetime and are generally also lighter than 
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steel and aluminium and can be applied in lightweight 
constructions. 

Technical energy saving  
potential 

n.a. 

R&D bottle necks: • A higher production rate for composites requires the de-
velopment of new adhesives 

• De-bonding and recycling technologies for composites 

Economics if close to market 
introduction: 

The costs for composites will probably decrease significantly 
over the next several years due to advanced production tech-
nologies with higher production frequencies.  

Expected acceptability  
problems: 

• Metal – and plastic composites are not easily recyclable. 

Future importance for Swiss 
exports: 

May be important. Producers of adhesives and high quality 
composites may have export potential. 

Major R&D on these  
technologies- 

Chemical industries (adhesives) and many others 

Special remarks, limits Higher costs for high-quality products: the use of expensive 
materials like metal-matrix composites is limited to a few 
niches. Their use in bulk freight is not likely. 

LCA’s may become a useful evaluation tool in industry. Ener-
getic favourable alternatives may be identified and promoted 
at an early stage in the development process.  

Recommendations: The main study should determine whether it would be sensi-
ble to specify particular research areas within this broad area 
for in-depth examination.  
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Appendix 7: Socio-economic aspects and entrepreneurial innovations, be-
haviour, lifestyles, and policies 

These sections attempt to combine two factors: societal and individual drivers that may explain 
the investment decisions and energy used during everyday life and operation on the one hand, 
and on the other, government policies or initiatives of companies, industry or non-
governmental organisations (NGOs) as "social techniques" to reduce per capita energy and ma-
terial use. The research fields are structured along major aspects of actors in the various energy 
sectors. An actor-oriented approach fits the general social science-based framework, which 
starts from value systems of milieus or social groups, from motivation of groups and individu-
als, or from existing obstacles that hinder specific groups from realising profitable energy effi-
ciency potentials. 

Individual motivation and personality of the management in small and large companies or in 
public administration may be an important factor influencing investment decisions or everyday 
behaviour in energy and material use as well as in the use of energy services (e.g. contracting 
for heat, compressed air, cooling, technical gases), car-sharing, and truck, bus and machine 
leasing, or leasing of solvents or cooling oils. Again, these decisions, depending on many factors 
like knowledge, acceptance of the new customers, risk taking investors and risk limiting bound-
ary conditions, generate new business opportunities for professional energy, product and ma-
terial services or the leasing of long-lived investment or consumer goods. 

Communication and decision patterns within companies, administrations and private households 
influence the investment decisions and every day operation of energy using machines, vehicles, 
plants, and buildings, reflected in (or due to) hierarchical decision processes or traditions, 
communication cultures in and image building strategies of institutions or companies, and 
group-specific consumption patterns and related social prestige.  

The conceptual framework of energy and material efficiency has been first developed by energy 
economists and technologists during the last two decades as a rather technical or "physico-
chemical" framework assuming obstacles that had to overcome or alleviated by policy measures 
and entrepreneurial innovations. But today, the conceptual framework has been broadened 
taking into consideration individual motivation, group interests, lifestyles, and cultural aspects 
(Jochem, Sathaye,Bouille 2000). 

Compared to technical systems and their potentials of more efficient use of energy and materi-
als, fewer quantitative results are available from social science on the impacts of "social tech-
niques". First empirical examples demonstrate that their influence may depend on group-
specific situations and the technology and the related behaviour of groups or individuals in-
volved: observations show a range between 10 % to 15 % (e.g. individual heat metering, special 
company campaigns; supporting elderly singles in their wish to move into a smaller apartment) 
and 50 % to 70 % (e.g. well-informed and highly motivated architects and craftsmen planning  
and building a new house or refurbishing an existing one; many forms of pooling with regard 
to material efficiency). 
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A7.1 Intensification of product and vehicle use, flexible use of floor area of 
buildings 

Intensification of product and vehicle use can be achieved by renting a pooled product or vehicle 
(e.g. car sharing, renting trucks or construction machines), by buying the service (e.g. harvesting 
grain, collecting post consumer wastes) instead of owning the appliances, machinery, or vehi-
cles. The advantages of the pooling strategy from the resource efficiency point of view are both, 
the material efficiency aspect by intensified use of a product within a given time period (a year, 
for instance) and the energy efficiency aspect by better opportunities of the user to select the 
product or vehicle adequate to the specific and individual purpose (e.g. the right size of the car 
or truck for a particular transportation need at a particular day).  

Intensification of material use may also include a better use of floor area in residential, commer-
cial or public buildings (e.g. by supporting elderly singles when they want to move in smaller 
apartments, by flexible walls in rented office buildings and production facilities). Besides the 
better use of the buildings, less energy is needed for heating, illumination, and air conditioning. 

Fact Sheet A7-1: Intensification of product / vehicle use; flexible use of floor areas 

Research field or category Intensification of product / vehicle use, flexible use of 
floor areas 

Short description Products or vehicles generally made out of energy-inten-
sive materials are often owned by individual households, 
, companies or public institutions but scarcely used over 
the year (e.g. cars 200 to 250 hours, harvest machines 20 
to 40 hours, crafts and construction machines from a 
few hours to 500 hours per year). In total, this "use while 
owning" accumulates a huge material stock in the econ-
omy that is used only minimally. Similarly, changing 
family size, changing labour productivity high capacity 
production machines lead to smaller demand for floor 
area in many cases where adaptation of floor area use is 
difficult to realise. 

Present energy demand in 
Switzerland: 

The directly related energy demand is difficult to esti-
mate; it may be on the order of some 30 to 60 PJ, de-
pending on the product area and vehicle fleet under 
consideration to be used by renting instead of owning, 
or depending on the floor area being considered to be-
come flexible. There is no systematic research on this 
aspect. 

Present importance of 
Swiss exports: 

Intensification of product, vehicle and floor area  use is 
predominantly a domestic issue, but the different ser-
vices involved need technology support from mostly I&C 
technologies (see below), with high export potentials for 
Swiss industry. 
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Short description of the 
new technology(ies), new 
organisational and entre-
preneurial innovations 
and societal rules and 
policies 

Product- and vehicle-accompanying sensor and informa-
tion systems measuring and documenting the kind of 
use by the user of the rented product or vehicle. These 
technologies will permit differentiating rental tariffs in 
accordance with competent or incompetent use (e.g. 
trucks, cars, construction machinery); 

inexpensive remote sensing and local identification sys-
tems for rented products and vehicles to avoid theft and 
losses; 

supporting internet-based software for user-friendly 
information, reservation, ordering, spontaneous cancel-
ling, delivering, billing, paying; supporting rules of the 
legal framework for limiting risks of customers and ser-
vice suppliers; marketing campaigns for " Efficiently us-
ing instead of owning" as social value. 

Technical energy-saving 
potential: 

 

 

 

 

Estimated savings in total 
larger than 30 PJ (partially 
abroad) 

First estimates can be drawn from the literature: 

10 % of Swiss potential car owners choose car sharing 
(12 PJ, of which the larger part is realised abroad); pool-
ing of public and company vehicles and machinery (in 
case of low time of use shares, estimate: 3 - 5 PJ); 

moving elderly people out of their oversized apartments 
to more appropriately sized ones on a voluntary basis 
(20 m2  gains on average; 15 PJ); more flexible renting of 
floor space of offices and in production facilities; 

If one considers the long lifetimes of scarcely-used pro-
ducts and vehicles, unrealised energy efficiency im-
provements of particular product classes could be real-
ised under rental schemes (10% effect). Total technical 
potentials are likely to be substantial but unknown. 

R&D bottlenecks: Inexpensive and reliable sensor and information sys-
tems;  

Acceptance of the changed behaviour "using/renting 
instead of owning" and "flexible floor area use versus 
social prestige"; existing risks for customers and service 
suppliers with regard to overuse, theft, timely availabil-
ity, perfect performance, etc. 

Economics if close to mar-
ket introduction: 

Smaller markets are currently profitable, but various 
bottlenecks mentioned above have to be solved. 
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Expected acceptability 
problems: 

Socio-cultural habits and traditions defining the social 
prestige of an individual, a private household, a com-
pany or a public institution through ownership of pres-
tigious products, vehicles, apartments, and floor areas. 

Future importance for 
Swiss exports: 

Very high as there are already many applications in 
Switzerland and a very good starting position of the 
relevant Swiss I&C technology producers  

Major R&D on these  
technologies, motivations, 
behaviours, policies 

 

in Switzerland 

 

- in foreign countries 

Many aspects of group behaviour, social acceptance, 
lifestyles, risk perception, and necessary legal boundary 
conditions have to be further studied; interviews may 
help to identify most urgent research in these fields. 

Only a few groups at Swiss universities (e.g. Univ. of 
Bern, Prof. Kaufmann-Hayoz, Univ. of Zürich, Prof. H. 
Gutscher 

Long research tradition in the US, UK, and Germany (e.g. 
DeCanio 1994; Stern, 1992; Lutzenhizer 1993; Moisander 
1996; Lantermann 1993 

Recommendations: Follow up the topic in the main study. 

Focus the R&D on inexpensive product-accompanying 
sensor and information systems for easy and fair pric-
ing, easy scheduling and access, and protection against 
theft; 

research on customer acceptance: various services will 
be new, e.g. incentives for machinery and car-sharing; 
improved consciousness about the fixed and capital 
costs of owning machinery and vehicles with low yearly 
operating hours or over-sized floor areas;  

research on the willingness of innovative companies to 
invest in pooling or flexible floor services;  

new services may need first pilot projects with socio-
economic evaluations in order to design the necessary 
policy and financial boundary conditions, to clarify legal 
questions, and to design professional training and edu-
cational programmes. 
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A7.2 Household energy consumption: Behavioural and social factors  

Private households: warm water use, appliances, I&C, and illumination 

These areas of energy use (of almost 60 PJ of final energy use) are very much influenced by life-
styles, demand for convenience, and household income. In many cases, efficiency gains in the 
past have been offset by additional demand of the particular energy service; the electricity de-
mand for washing per capita, for instance, did not change over four decades: the efficiency im-
provements of washing machines by 75 % over this period per kg washed laundry have been 
compensated by a fourfold increase in demand per capita. Dryers are increasingly used, even in 
those cases where natural drying would be sill easy, particularly in 1- and 2-family houses with 
garden and sufficient space in the basement. The use of information and communication sys-
tems is a major driver for increasing directly and indirectly (data centres) the electricity demand 
of private households. 

In general, residential consumers in industrialised countries substantially under 
invest in energy-efficient appliances (Lovins/Hennicke 1999). Related obstacles also include a 
lack of life-cycle costing in a culture of convenience, longstanding ties to certain manufactur-
ers, aspects of prestige, and the investor-user dilemma in the case of rented apartments. 

 

Fact Sheet A7-2a: Behaviour of private households regarding warm water use, I&T, and appli-
ances 

Socio-economic field and socie-
tal group 

Behaviour of private households regarding warm water use, 
appliances, information and communication systems, illumi-
nation (lifestyles, convenience, smaller households) 

Research field or category: Behaviour connected to buying and using electric appliances, 
hot water systems, PCs and illumination 

Short description: Social milieus and income groups of private households par-
ticularly influence decisions and behaviour in the following 
ways; marketing in the media; values and related behaviour 
pattern of the social group or opinion leaders; demand for 
convenience, traditions or new fashions; trends towards sin-
gle households; design of dwellings; possibilities to dry laun-
dry; status of information and market survey  

Present Swiss energy demand 
effected  (in PJ) : 

Electricity and warm water use in private households ca.60 PJ

Present importance of Swiss 
exports in related services: 

Not important; (some relevance to professional training pro-
grammes  "exported" e.g. RAVEL) 

Short description of the new 
societal rules, policy instru-
ments, decision patterns: 

-   more attention to efficiency in marketing of electrical ap-
pliances (energy labelling indicating cost savings over life-
time, TV campaigns, financial incentives), 
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-   more information and professional training on efficiency 
aspects for sales staff, craftsmen and architects, 

-   milieu-specific information and marketing concepts, 

-   more learning by experience about non-visible heat and 
stand-by losses at schools and by humorous TV spots; 

-   regulation on labelling, stand-by losses, and availability of 
drying rooms in residential buildings. 

Estimated energy saving  
potentials: 

Estimated savings in total, 
 5 - 20 PJ 

-   shift of buying  decisions to very high shares of A-level ap-
pliances, high efficiency screens and illumination, warm wa-
ter saving valves and control techniques, 

-   improved energy-conscious behaviour in daily life, e.g. 
fridge temperatures, freezer use and maintenance, avoiding 
standby electricity use, reduced frequency and duration of 
showers by marketing a "sustainable lifestyle" 

Impacts on energy use of  
preceding energy chain 

Normal indirect effect on the energy chain, producing elec-
tricity, heating oil, natural gas, or district heat (warm water) 

R&D bottlenecks: 

 

Insufficient empirical, socio-economic data for identifying 
the causal relationships between values, lifestyles, fash-
ions/traditions, building design of target groups and policy or 
entrepreneurial measures (e.g. energy services by utilities or 
other third parties), lack of knowlegde and lack of technical 
standards and regulations 

Assumed public acceptance, if 
measures/initiatives are con-
ceptually ready for application: 

In certain milieus (e.g. environmentalists), further policies on 
energy efficiency are easily accepted, but most need specific 
marketing, education and training programmes 

Expected acceptability problems 
by target groups or third par-
ties: 

 

Acceptance in hedonistic and many middle class groups is 
likely to be small; 

Salesmen, architects, installers and builders may refuse to 
sell, plan, and build highly energy-efficient solutions (lack of 
competence, fear of losing customers, additional efforts 
without being reimbursed or acknowledged 

Future importance for Swiss 
exports of services: 

Not very important, but indirect impacts from education of 
foreign students (business economics, architecture, construc-
tion engineers) and later by orders for Swiss products from 
the student's home country. 

Major R&D on these socio-
economic and behavioural re-
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search areas 

In Switzerland: 

 

 

In foreign countries 

 

At present, not very much research is done in Switzerland 
(Univ. of Bern, Kaufmann-Hayoz; CEPE, ETH Zürich;  and some 
consultants (Brunner, Huser, et al.) 

Univ. Kassel, Lantermann; GfK, Nürnberg; Gruber, ISI; Ney; 
Lancaster Univ., E. Shove; Mansfield Coll., Michaelis, Oxford;  

Special remarks, limits in the 
analysis of a pre-study 

The identification of relevant causal relationships needs 
much more attention than was possible in this pre-study. 

The variety of behaviour patterns and the complexity of the 
research object need sophisticated empirical data and statis-
tical analysis. 

Recommendations: Research in this area should focus on training of salesmen, 
architects and installers and on households’ decisions and 
behaviour. Women in particular often decide on investments 
and use of appliances and illumination. 

 

Heating and space use in one-and-two family houses 

Heating and space use and associated practices in one-and-two family houses vary tremen-
dously with family income, social networks, sub-cultures and lifestyles. For example, analysing 
household “milieus” (e.g. conservative-technocratic, low income working class, farmers in 
mountainous villages, high income liberal-intellectual households), behaviour or decision pat-
terns extremely vary in relation to their available income and their value systems. Even at the 
high income level of Switzerland, average per capita apartment floor area increased by 1.1 % per 
year between 1995 and 2000 (to 60 m2 /cap) and even 1.4 % per year for one-and-two family 
houses. The decisions on new buildings and their floor space as well as on re-investments in 
boilers, wall insulation and high efficiency windows vary quite substantially as well as the heat-
ing habits in one-and-two family houses. 

 

Fact Sheet A7-2b: Heating and space use in one-and-two-family houses 

Socio-economic field and  
societal group 

Behaviour of private households regarding 1-2-family houses 
(heating, use of floor area) - investment, buying, and opera-
tional behaviour (lifestyles, social groups) 

Research field or category: Preferences in investment and money spending decisions 
and behavioural patterns of home owners and renters 

Short description: Social milieus and income groups of homeowners are more 
or less sensible to sustainable decisions and energy-efficient 
behaviour.  Important causal relationships include income, 
media for value system, decisions (big living room), and be-
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haviour, social milieu on individual values; human factors e.g. 
the need for convenience (room temperatures); 

Present Swiss energy demand 
effected  (in PJ) : 

Heating of 1-2-family houses (approx. 120 PJ) 

Present importance of Swiss 
exports in related services: 

Education of architects and engineers from abroad; profes-
sional training programmes are "exported" (e.g. "Impuls Pro-
gramm") 

Short description of the new 
societal rules, policy instru-
ments, decision patterns: 

 more attention to Minergie standards and energy labeling of 
boilers in investment decisions, 

 more positive information and marketing on the aspects of 
convenience and co-benefits of well insulated houses, venti-
lation systems, and solar heat (less noise, better indoor air 
quality, higher property value) 

 milieu-specific information and marketing concepts on "sus-
tainable lifestyles", 

 more integrated concepts of passive solar houses in the edu-
cation and professional training of planners, architects, 
builders and installers 

Estimated energy saving  
potentials: 

Estimated savings in total, 20 PJ 

 

 Shift from new houses with normal building codes to 
Minergie standard or to higher insulation practice in case of 
refurbishing the walls, roofs, and windows. 

 More energy-conscious behaviour in every day life, e.g. room 
temperatures, ventilation 

Impacts on energy use of  
preceding energy chain 

Normal indirect effect on the energy chain, producing heat-
ing oil, natural gas and electricity 

R&D bottle necks: 

 

Insufficient empirical data and socio-economic data for iden-
tifying the causal relationships between values, measures 
and target groups (including services and crafts) and differ-
ent societal milieus or individual behaviour 

Assumed public acceptance, if 
measure/initiative is conceptu-
ally ready for application: 

in certain milieus, further policies on energy efficiency and 
sustainability aspects are readily accepted (often more by 
home owners than by home renters) 

Expected acceptability problems 
by target groups or third par-
ties: 

 

Acceptance in hedonistic and many middle and upper class 
groups is likely to be small (assumed high income effect); 

Architects, installers, and builders may refuse to plan and 
build high energy-efficient solutions (lack of competence, 
fear of risks, fear losing the customer, etc.) 
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Future importance for Swiss 
exports of services: 

Education of foreign students (architecture, construction 
engineers) at technical school- and university levels may have 
macro-economic relevance, directly and indirectly (e.g. by 
later orders for Swiss products from the student's home 
country, faster efficiency in energy and material use at the 
global scale). 

Major R&D on these socio-
economic and behavioural  
research areas 

in Switzerland: 

 

in foreign countries 

 

 
 
 

At present, relatively little research is done in Switzerland 
(Univ. of Bern, Kaufmann- Hayoz; CEPE, Spreng/Goldblatt 
/Jakob; econcept, Ott; 

Univ. Kassel, Lantermann; ICCR, Vienna, Ney; Lancaster Univ., 
E. Shove; Mansfield Coll., Michaelis; TU Budapest, Laszlo 

Special remarks, limits in the 
analysis of a pre-study 

The identification of relevant concepts and causal relation-
ships need much more attention than was possible in this 
pre-study. The multitude of possible influences and the com-
plexity of the research object needs sophisticated empirical 
data and statistical competence. 

Recommendations: Research in this area should focus on training of architects 
and construction crafts and on decision behaviour of private 
home owners on refurbishment of existing houses. 

 

Building owners and building society (or housing society): investments and heating 

In contrast to the private home owner, this group is generally better informed about the possi-
bilities of energy efficiency in buildings and has often better financial resources and credit con-
ditions, but is also restricted by legal boundary conditions (e.g. social housing), the unwilling-
ness of inhabitants to co-operate in the case of refurbishment of the dwelling or building. The 
building's supervisor may also operate the heating and ventilation system in not optimal man-
ners in order to avoid any complaints from the inhabitants; there are no incentives to look for 
compromises. 

 

Fact Sheet A7-2c: Building owners of multi-family houses: investments and heating 

Socio-economic field and 
societal group 

Behaviour of private and public building owners and builders 
of multi-family houses - investment decisions and opera-
tional behaviour of supervisors 

Research field or category: Boundary conditions and traditions of investment decisions 
and behavioural pattern of these groups, including interac-
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tions between owners, renters, and supervisor 

Short description: Social milieus, information status, and decision patterns of 
private building owners; legal boundary conditions (e.g. rent-
ing laws) and traditional rules of decisions on building, refur-
bishing , and operating multi-family buildings. Causal rela-
tionships and interactions between renters (social status and 
ability to pay) and landlords/lenders as well as between rent-
ers and supervisor operating the building.  

Present Swiss energy demand 
effected  (in  PJ) : 

Heating (and ventilation) of multi-family houses (ca. 70 to 80 
PJ) 

Present importance of Swiss 
exports in related services: 

Education of architects and engineers from abroad, profes-
sional training programmes are "exported" (e.g. "Impuls Pro-
gramm") 

Short description of the new 
societal rules, policy instru-
ments, decision patterns: 

- more attention of professional education and training to 
Minergie and passive building standards, high efficient boil-
ers and electrical appliances, 

- more positive information and marketing on the aspects of 
convenience and co-benefits of well insulated buildings (see 
one-and-two family houses, in addition less vacancies, better 
bank conditions); 

milieu-specific information and marketing strategies for 
building owners and inhabitants to accept high insulation 
standards and refurbishment of buildings with substantial 
co-benefits also for the unhabitants, 

financial incentives for additional insulation and tightening 
of buildings, legal changes for contracting insulation invest-
ments (at least high efficiency windows) 

Estimated energy saving  
potentials: 

Estimated savings in total, 
10 PJ 

- shift from new buildings meeting normal building codes to 
the Minergie or passive house standards, and to higher insu-
lation qualities in case of refurbishment 

- more energy-conscious design and operation of multi-
family buildings (e.g. control techniques, maintenance). 

Impacts on energy use of 
preceding energy chain 

Normal indirect effect on the energy chain, producing heat-
ing oil, natural gas, district heat, and electricity 

R&D bottle necks: 

 

Insufficient empirical data and socio-economic data for iden-
tifying the causal relationships between legal boundary con-
ditions, professional knowledge, decision traditions, policy 
measures and target groups (including services and crafts, 
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supervisor of buildings), and acceptance of different social 
milieus of major refurbishment of existing inhabited build-
ings.  

Assumed public acceptance, 
if measure/initiative is con-
ceptually ready for 
application: 

Further policies on energy efficiency (e.g. professional train-
ing, stricter building codes) are often not readily accepted by 
building owners or architects and crafts, and many renters do 
not like/accept refurbishment of their dwellings; TV spots 
and school education for general raising of awareness and 
"sustainable lifestyles". 

Expected acceptability prob-
lems by target groups or third 
parties: 

 

- Acceptance by elderly building owners and renters is likely 
to be small. 

- Architects, installers, and builders may try negotiating lower 
efficiency targets; poor performance due to lack of compe-
tence, fear of risks, fear of losing tender and contracts; super-
visor avoiding conflicts with inhabitants.. 

Future importance for Swiss 
exports of services: 

Education for foreign students (architecture, construction 
engineers) at technical school- and university level may have 
macro-economic relevance, directly and indirectly (e.g. by 
later orders for Swiss products from the student's home 
country, faster efficiency in energy use at the global level). 

Major R&D on these socio-
economic and behavioural 
research areas 

in Switzerland: 

 

in foreign countries 

 
 
 

At present, relatively little research is done in Switzerland 
(Univ. of Bern, Kaufmann-Hayoz; CEPE, Jakob; econcept, Ott; 
others) 

Univ. Kassel, Lantermann; ICCR, Vienna, Ney; Lancaster Univ., 
Gruber, Fh-ISI., Michaelis; TU Budapest, Laszlo 

Special remarks, limits in the 
analysis of a pre-study 

The identification of relevant concepts and state of knowl-
edge need much more attention than was possible in this 
pre-study 

The multitude of possible influences and the complexity of 
the research object needs sophisticated empirical data and 
statistical competence 

Recommendations: Should be included in the main study given the high effi-
ciency potentials, but also severe obstacles to realise them 
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A7.3 Private companies in industry and commerce 

Small Companies: private services, crafts, trade, industry, and agriculture 

Small and mediums sized companies (SMCs) cannot employ engineers and technical staff spe-
cialised in energy and material efficiency. The few technically trained people have to tackle with 
many decisions of production, product quality and control, maintenance, product development, 
and needed production inputs. Energy efficiency is just one (minor) aspect of their every day 
operation and decisions. In addition, SMCs often suffer from lack of capital and limited capital 
flexibility relative to big companies. They do not engage much external consultants due to sev-
eral reasons (e.g. lack of knowledge of saving potentials, lacking ability to evaluate external 
consultants, bad experiences). The behavioural research of SMCs with respect to efficient use of 
energy and materials is scarcely developed (e.g. Ramesohl 2000), although more than 90 % of 
the private enterprises are SMCs. 

 

Fact Sheet A7-3: Small and medium-sized companies in industry and commerce 

Socio-economic field and  
societal group 

Behaviour of small and medium-sized companies (SMCs): 
private services, crafts, trade, industry, and agriculture 

Research field or category: Behaviour of planning, evaluating, and deciding on energy-
efficient investments, operating and maintenance of energy-
using and converting equipment and attitudes towards ex-
ternal consulting, professional training and priority setting in 
every day operation 

Short description: Investment traditions but also entrepreneurial fashions (lean 
companies) influence the ability of SMCs to absorb new en-
ergy-efficient technology into their production processes or 
material-effcient solutions in their product portefolio. Several 
causal relationships have to be studied in more detail, e.g. 
the influence on decisions and behaviour by: the availability 
of technical staff/the attitude towards external consulting, 
marketing in professional journals, behaviour of opinion 
leaders in the branch or in the region, intra-branch and intra-
company decision traditions, intra-company formal and in-
formal consulting and decision making process.; the techni-
cal staff operate the production plants and energy converting 
technologies without sufficient knowledge. 

Present Swiss energy demand 
effected  (in PJ) : 

Commercial and agricultural energy demand: some 120 PJ 
and of SMCs in industry some 40 to 60 PJ 

Present importance of Swiss 
exports in related services: 

Not directly important; (some relevance to education of for-
eign students at Swiss universities and technical schools; on 
their return to their home countries they may ask for Swiss 
technology) 
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Short description of the new 
societal rules, policy instru-
ments, decision patterns: 

-   more attention to energy- and material-efficiency related 
knowledge in professional education and training of engi-
neers and company managers,, 

-   more information and professional training on socio-
psychological aspects of planning and preparing decisions in 
the company, 

-   branch- or technology specific information on experienced 
external consultants and useful networks of knowledge, 

-   regulation on labelling of mass-produced energy-
converting technologies such as motors, pumps, compres-
sors, ventilators (including "intel inside" labeling for machin-
ery and plants) 

Estimated energy saving  
potentials: 

Estimated savings in total, 
 10 - 40 PJ 

-   shift of investment  decisions to highly energy-efficient 
and new technologies and control techniques, 

-   improved energy-conscious maintenance and operating 
behaviour in every day life in the SMCs, 

-   increased use of competent external consulting, additional 
efforts in designing or ordering material-efficient solutions. 

Impacts on energy use of  
preceding energy chain 

Normal indirect effect on the energy chain, producing elec-
tricity, heating oil, natural gas, or district heat  

R&D bottle necks: 

 

First empirical, behavioural and socio-economic data on ob-
stacles and related policy measures are available, but evalua-
tion of recommended policy measures and entrepreneurial 
innovations (e.g. contracting, truck and machinery renting) 
are scarce. The banking sector is not well staffed to evaluate 
new technical investments or new companies with new 
technical products or service concepts. The trade assoocia-
tions do not pay sufficient attention to these Opportunities 
mostly due to insufficient knowledge. 

Assumed public acceptance, if 
measures/initiatives are con-
ceptually ready for application: 

majority of the management has reservations against regu-
latory measures; offered training programmes conflict with 
time constraints of SMCs;  

Expected acceptability problems 
by target groups or third par-
ties: 

 

energy managers may keep their reservations towards exter-
nal consultants because of fears losing face; planners and 
installers may refuse to plan and build highly energy-efficient 
solutions (lack of competence, resist additional efforts with-
out reimbursement)  

Future importance for Swiss Indirect impacts by better-trained engineers and technical 
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exports of services: staff (improved competitiveness) and by education of foreign 
students (business economics, engineers) and later by orders 
for Swiss products from the students’ home country. 

Major R&D on these socio-
economic and behavioural re-
search areas 

In Switzerland: 

 

In foreign countries 

 

 
 
 

At present, rather little research is done in Switzerland 
(Balthasar, Interface, Luzern; CEPE, ETH Zürich; Infras) 

Gruber, ISI; Ramesohl Wuppertal Institute, DeCanio, USA, 
Farla/Blok, Luiten, Univ. Utrecht, Levine/Sathaye, LBL 

Special remarks, limits in the 
analysis of a pre-study 

The pre-study focused on obstacles; they may possibly be 
alleviated by technical solutions (e.g. software, internet ad-
vise, videos, control techniques), which have not yet been 
studied, or by outsourcing and contracting. The relevant lit-
erature in Switzerland is week, although much empirical 
work, funded by BFE, and much experience is among many 
Swiss consultants. 

Recommendations: Research in this area should focus on motivation of the man-
agement and technical staff of SMCs, their risks, training of 
engineers, technical staff, and installers and on decision mak-
ing behaviour of SMCs, with particular focus on external con-
sultancy. 
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A7.4 Governments and other public institutions 

Local, regional and national governments and other public institutions 

Although governments and other public institutions have different boundary conditions rela-
tive to private companies, their behaviour in decision making and operating energy conversion 
technologies or buildings is quite comparable to SMCs regarding local and regional govern-
ments or to large companies regarding national governments. Of course, there are additional 
obstacles like the separation of the investment and the operating budget but also additional 
opportunities by the ability to use less strict profitability criteria than a private company. 

 

Fact Sheet A7-4: Governments and other public institutions 

Socio-economic field and  
societal group 

Behaviour of local, regional, and national governments and 
other public institutions 

Research field or category: Behaviour of planning, evaluating and deciding on energy-
efficient investments, behaviour on maintenance of energy-
using equipment and towards external consulting 

Short description: Investments are often made in isolation and without regard 
to the life cycle cost and related energy cost in the operating 
budget; new energy-efficient technology is not sufficiently 
considered. Several causal relationships have to be studied in 
more detail, e.g. the influence on decisions and behaviour by: 
the availability of technical staff, lack of intra-government 
incentives, the use and acceptance of external consulting, 
behaviour of opinion-leaders and decision traditions in the 
public institution within the region or country. Possibilities of 
pooling cars or trucks with other public institutions are not 
sufficiently considered as well as contracting to overcome 
financial restrictions from the investment budget. 

Present Swiss energy demand 
effected  (in  PJ) : 

Ruoghly estimated, but not yet verified: 30 to 40 PJ 

Present importance of Swiss 
exports in related services: 

Not especially important;  

Short description of the new 
societal rules, policy instru-
ments, decision patterns: 

-   more attention to energy- and material-efficiency related 
knowledge in professional education and training of public 
energy managers and controllers, change of attitude on 
planning public operating and investment budgets; more 
intelligent incentives for decentralised decisionmakers and 
supervisors at schools, hospitals, and other buildings; 

-   more information and professional training on socio-
psychological aspects of planning and preparing decisions in 

 



Appendix 182 
  

the public administration, councils and parliaments, 

-   improved branch- or technology specific information sys-
tems on experienced external consultants, 

-   possibilities for joint procurement of mass-produced en-
ergy-converting technologies such as motors, pumps, com-
pressors, ventilators (including "intel inside" labelling) 

Estimated energy saving  
potentials: 

Estimated savings in total, 
 5 - 10 PJ 

-   shift of investment  decisions to highly energy-efficient 
and new technologies and control techniques, 

-   improved energy-conscious maintenance and operating 
behaviour in every day life in public administration, 

-   increased use of competent external consulting and of     
pooling; 

Impacts on energy use of  
preceding energy chain 

Normal indirect effect on the energy chain, producing elec-
tricity, heating oil, natural gas, or district heat  

R&D bottlenecks: 

 

First empirical, behavioural, and socio-economic data on ob-
stacles and related policy measures are available, but evalua-
tion of recommended policy measures and administrative 
innovations (e.g. integrated budgeting, contracting) are 
scarce. Political conflicts and institutional policies may hinder 
efficient solutions in many cases. 

Assumed public acceptance, if 
measures/initiatives are con-
ceptually ready for application: 

Traditional voters and their political representatives may 
object to new entrepreneurial or administrative solutions 
(e.g. privatisation of utilities, public swimming pools and 
others; new incentive schemes for public servants); the role 
of the media as potentially objective observer may be helpful 
in some cases; 

Expected acceptability problems 
by target groups or third par-
ties: 

 

Public energy managers may have reservations towards ex-
ternal consultants because of fears losing face; planners and 
installers may refuse to plan and build highly energy-efficient 
solutions (lack of competence, additional efforts without 
being reimbursed)  

Future importance for Swiss 
exports of services: 

Indirect, but not highly significant impacts 

Major R&D on these socio-
economic and behavioural re-
search areas 
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In Switzerland: 

 

In foreign countries 

At present, little research is done in Switzerland (Balthasar, 
Interface, Luzern; CEPE, ETH Zürich, Infras, Zürich) 

Gruber, ISI; Farla/Blok, Univ. Utrecht, Levine/Sathaye, LBL 

Special remarks, limits in the 
analysis of a pre-study 

The pre-study focused on obstacles; they may possibly be 
alleviated by technical solutions (e.g. software, internet ad-
vice, videos, control techniques) which have not yet been 
studied or by new incentive schemes in public administra-
tions, by pooling or by outsourcing of some public services 
and by contracting of energy-using equipment.  

Recommendations: Research in this area should focus on the behaviour of deci-
sion making and of the motivation of decentralised technical 
staff, on training of public energy managers and controllers, 
technical staff, and installers; and on possible changes to 
public budgeting and decision making with particular focus 
on handling political conflicts and the role of the media. 

 

Other target groups for socio-economic and behavioural research: large companies and global 
players 

There are several other important target groups that should be considered individually in the 
main study; big companies in services, trade, industry, private car drives, and energy generating 
and distributing utilities. There was, however, not enough time during this pre-study for cover-
ing these target groups. But they should be included in the main study, because they offer sub-
stantial energy efficiency potential by either their investment decisions (car owners, big com-
panies (including their trade chains or many production sites), and utilities that may decide or 
not to invest in co-generation and energy efficiency services). Car owners and drivers may be 
also an important research area with regard to energy-efficient operation of cars by proper 
maintenance and energy-conscious driving behaviour. 
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Appendix 8:   Workshop “Steps towards a 2000 Watt-Society: Developing 
a White Book on R&D of Low Energy Technologies” on  
September 9 and 10, 2002 at ETH Zürich 

A8.1 List of participants at the workshop 

 
NAME 

 
RESEARCH INSTITUTE ADDRESS 

Prof. Dr.  
John Appleby 
 

Texas A&M University 
Center for  
Electrochemical Sys-
tems and Hydrogen 
Research (CESHR) – 
Director 
Texas Engineering Ex-
periment Station (TEES)

238 Wisenbaker  
Engineering Research 
Center (WERC) 
Texas A&M University 
College Station, TX  
USA-77843-3402 

 

Tel.: +1 409 845 8281 
Fax: +1 409 845 9287 
 
ajappleby@tamu.edu 

Dr. 
Roger Baud 

ETH Zürich 
Director AGS (Alliance 
for global Sustainabili-
ty) 

ETH Zentrum 
Alliance for global Sus-
tainability (AGS) 
ETH Zentrum BOF 
8092 Zürich 

Tel.: +41 1  632 25 28 
 
baud@sc.ethz.ch 

Dr.  
Stephan Bieri 
 

ETH-Rat 
Delegierter und  
Vizepräsident 

ETH Zentrum 
CH-8092 Zürich 

Tel.: +41 1 632 2001 
Fax: +41 1 632 1410 
jahn@ethrat.ch 

Prof. Dr 
Kornelius Blok 
 

Utrecht University 
Department of Science 
Technology and Society 

Centrumgebouw Noord
Padualaan 14 
NL-3584 CH Utrecht 

Tel.: +31 30 253 76 49 
Fax: +31 30 253 76 01 
k.blok@chem.uu.nl  

Prof. Dr.  
Joel Clark 
 

MIT 
Materials Science & 
Engineering 

77 Mass Ave. 
Cambridge, MA   
USA-02139 

Tel.: +1 617 253 6885 
Fax: +1 617 258 0860 
jpclark@mit.edu 

Dr.  
Bernhard Eschermann 
 

ABB Schweiz AG 
Forschung und  
Entwicklung 
(CH-RD) 

Segelhof 
CH-5405 Baden Dättwil 

Tel.: +41 58 586 83 19 
Fax: +41 58 588 00 02 
bernhard.eschermann@ 
ch.abb.com 

Prof. Dr  
Daniel Favrat 

EPF Lausanne  
Lab. of industrial energy 
systems (LENI) 

LENI - DGM - EPFL 
CH-1015 Lausanne 

Tel:  +41 21 693 25 11 
Fax: +41 21 693 35 02  
daniel.favrat@epfl.ch 
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Prof. Dr. 
Ludwig Gauckler 
 

ETH-Zürich 
Nonmetallic Inorganic 
Materials 
 

ETH Zentrum NO 
Sonneggstrasse 5 
CH-8092 Zürich 
 

Tel.: +41 1 632 56 46 
Fax: +41 1 632 11 32 
gauckler@ 
nonmet.mat.ethz.ch 

Prof. Dr.  
Oreste Ghisalba 
 

Novartis Pharma AG 
Forschung 
(WSJ-508.202 A) 

 

Postfach 
CH-4002 Basel 

Tel.: +41 61 324 30 84 
Fax: +41 61 324 21 03 
Oreste.ghisalba@ 
pharma.novartis.com 

Prof. Dr. 
Heinz Gutscher 
 

University of Zurich 
Socio-psychology  
 

Plattenstrasse 14 
CH-8032 Zürich 

Tel.: +41 1 634 2113 
Fax: +41 1 634 4931 

gutscher@sozpsy.unizh.ch 

Prof. Dr. 
Konrad Hungerbühler 

ETH-Zürich 
Laboratory of Tech-
nische Chemistry 
 

ETH Hönggerberg 
HCI G 133 
CH-8093 Zürich 

Tel: +41 1 631 6098 
Fax: +41 1 632 1189 
hungerbuehler@ 
tech.chem.ethz.ch 

Prof. Dr.  
Eberhard Jochem 

ETH Zurich 
CEPE, Centre for Energy 
Policy and Economics 

ETH Zentrum 
WEC C13 
CH-8092 Zürich 

Tel: +41 1 63 2 06 48 
Fax: +41 1 63 210 50 
jochem@cepe.mavt.ethz.ch 

Dr.  
Knut Kübler 
 

Bundesministerium für 
Wirtschaft und Techno-
logie 
Leiter des Referates III 
A6 Energieforschung 

Villemombler Strasse 
76 
D-53123 Bonn 
 

Tel.: +49 228 615 3164 
Fax: +49 288 615 3181 
knut.kuebler@ 
bmwi.bund.de 

Prof. Dr. 
Stefan Kuhlmann 
 

Fraunhofer ISI 
Technikbewertung und 
Innovationsstrategien 

Breslauer Strasse 48 
D-Karlsruhe 
 

Tel:  +49 721 6809 170 
Fax:: +49 721 6809 260 
stefan.kuhlmann@isi.fhg.de 

Dr. 
Stephan Lienin 

Paul Scherrer Institut 
(PSI) 

CH-5232 Villingen PSI Tel.: +41 56 310 2723 
Fax: +41 56 310 4416 
stephan.lienin@psi.ch 

Prof.  
Udo Lindemann 
 

TU München 
Lehrstuhl für  
Produktentwicklung 
 

Boltzmannstrasse 15 
D-85748 Garching 

Tel.: +49 89 28915130 
Tel.: +49 89 28915131 
Fax: +49 89 28915144 
lindem@pe.mw.tum.de 

Prof. Dr. Ing. habil. 
Thomas Lützkendorf 
 

Universität Karlsruhe 
(TH) – Fakultät für  
Wirtschaftswissen-
schaften 
Stiftungslehrstuhl  
Ökonomie und Ökolo-
gie des Wohnungsbaus 

Kaiserstrasse 12 
D-76131 Karlsruhe 
 

Tel.: +49 721 608 8336 
        +49 721 608 8340 
Fax: +41 721 608 8341 
 
thomas.luetzkendorf@ 
wiwi.uni-karlsruhe.de 
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Dr. Ing. 
Francois Maréchal 

 
EPF Lausanne  
Lab. of industrial energy 
systems (LENI) 

 
LENI EPFL-STI-ISE 
CH-1015 Lausanne 

 
Tel. +41 21 693 3516 
Tel. +41 21 693 3502 
francois.marechal@ 
epfl.ch 

Dr. 
Alexander Primas 

ETH Zurich 
Lab. of Technical Chem-
istry 
 

ETH Hoenggerberg 
CH-8093 Zürich 

Tel. +41 1 633 4437 
Tel. +41 1 632 1189 
alexander.primas@ 
tech.chem.ethz.ch 

Dr. 
Klaus Richter 

EMPA 
Abt. Holz / Wood Dept. 

EMPA Dübendorf 
Überlandstrasse 129 
CH-8600 Dübendorf 

Tel.: +41 1 823 41 15 
Fax: + 41 1 823 40 07 
klaus.richter@empa.ch 

Dr.  
Georg Rosenbauer 
 

Siemens AG 
Corporate Technology 
Innovation Field Power 
(CtiFP) 

Postfach 3220 
D-91050 Erlangen 
 

Tel.: +49 09131 7 35420 
Fax: +49 09131 7 20240 
georg.rosenbauer@ 
erls.siemens.de 

Prof. Dr. 
Marc Ross 
 

University of Michigan 
Physics Department 

Physics 

2477 Randall Lab 
500 E. University Ave. 
Ann Arbor, MI 
USA-48109-1120 

Tel.: +1 734 764 4459 

Fax: +1 734 763 9694 

 
mhross@umich.edu 

Dr. Berthold Schenkel 
 

Novartis Pharma AG 
Entwicklung 
(WSJ-88.11.19) 
 

Postfach 
CH-4002 Basel 

Tel.: +41 61 324 97 08 
Fax: +41 61 324 79 33 
berthold.schenkel@ 
pharma.novartis.com 

Dr. Günther Scherer Paul Scherrer Institut 
(PSI) 
Labor Elektrochemie 

CH-5232 Villingen PSI Tel.: +41 56 310 2362 
Fax: +41 56 310 4415 
guenther.scherer@psi.ch 

Dr. sc. nat. 
Marco Semadeni 

ETH Zurich 
CEPE, Centre for Energy 
Policy and Economics 

ETH Zentrum WEC 
WEC C13 
CH-8092 Zürich 

Tel.: +41 1 63 2 3612 
Fax: +41 1 63 2 1050 
semadeni@ 
cepe.mavt.ethz.ch 

Prof. Dr. 
Daniel Spreng 

ETH Zurich 
CEPE, Centre for Energy 
Policy and Economics 

ETH Zentrum WEC 
WEC C13 
CH-8092 Zürich 

Tel: +41 1 63 2 41 89 
Fax: +41 1 63 2 10 50 
spreng@cepe.mavt.ethz.ch 

Dipl.-Arch. 
Roland Stulz 

Novatlantis 
Nachhaltigkeit im ETH 
Bereich 

EAWAG 
Überlandstrasse 133 
CH-8600 Düberdorf 

Tel. +41-1 305 9355 
Fax.:+41 1 305 9214 
stulz@novatlantis.ch 
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Prof. Dr. 
Ulrich W. Suter 

ETH Zürich 
Vizepräsident For-
schung 

ETH Zentrum GH F 57 
CH 9082 Zürich 

Tel.: +41 1 632 2039 
Fax: +41 1 622 1592 
ulrich.suter@sl.ethz.ch 

Prof. Dr. 
Erich Tenckhoff 

Energy Technology Energy Technology 
Sachsenstrasse 8 
D-91052 Erlangen 

Tel.: +49 9131 972 511 
Fax: +49 9131 972 512 
erich.tenckhoff@t-
online.de 

Dr.  
Johan A. Thoen 
 

Dow Chemicals 
Global Research  
and Development 
Dow Benelux B.V. 

PO box 48 
NL-4530 AA Terneuzen 

Tel.: +31 115673450 
Fax: +31 115672226 
 
jathoen@dow.com 

Dr. Markus Umierski Technische Universität 
Aachen 
Lehrstuhl für Verbren-
nungskraftmaschinen 

Schinkelstrasse 8 
D-52062 Aachen 

Tel.: +49 241 95335 
 
vka.rwt-aachen.de 

Prof. Dr. 
Philipp Rudolph von 
Rohr 

ETH-Zürich 
Institute of Process En-
gineering 
 

ETH Zentrum 
ML G20 
CH-8092 Zürich 

Tel: +41 1 632 24 88  
Fax: +41 1 632 11 41  
vonrohr@ 
ivuk.mavt.ethz.ch 

Dr. sc. tech 
Andrea Weber Marin 

ETH Zurich 
Automatisierte Produk-
tion 

ETH Zentrum 
CLA F23.2 
CH-8092 Zürich 

Tel.: +41 1 632 23 68 
Fax: +41 1 632 13 15 
weber@ 
produktion.bepr.ethz.ch 

Prof. Dr.  
Niklaus Wirth 

 

Emeritus ETH Zürich 
Institute of  
Computersystems 

ETH Zentrum, RZ H1.2 
CH-8092 Zürich 

Tel.: +41 1 632 73 12 
Fax: +41 1 632 13 07 

wirth@inf.ethz.ch 
Prof. Dr. 
Alexander Wokaun 

Paul Scherrer Institut 
(PSI) 

CH-5232 Villigen PSI 
 

Tel: +41 56 310 2751 
Fax: +41 56 310 2199 
Alexander.Wokaun@ 
psi.ch 

Mark Zimmermann Zentrum für Energie  
und Nachhaltigkeit im 
Bauwesen (ZEN) 
EMPA 

Überlandstrasse 129 
CH-8600 Dübendorf 

Tel.: +41 1 823 4178 
Fax: +41 1 823 4009 
mark.zimmermann@ 
empa.ch 
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The Board of the Swiss Federal Institutes of Tech-
nology promoted a vision of the "2000 Watt society 
in the mid of this century" in 1998. A 2000 Watt per 
capita energy demand corresponds to 60 GJ/cap.a, 
that is one third of today's per capita consumption in 
Europe. Assuming a doubling of GDP per capita 
within the next 50 years, i.e. an average growth of 
1.4% annually, the improvement of energy use of this 
vision is about a factor of 4 to 5, admitting some 
influence of structural change to less energy-
intensive industries and consumption patterns. 

This vision implies a tremendous challenge on 
R&D by improving the energy and material efficiency 
by 75 to 80% on average. It is quite obvious that 
completely new technologies and supporting organ-
isational and entrepreneurial measures are needed 
to achieve this target. 

Some scientists of the Swiss Federal Institutes of 
Technology have screened the technological areas in 
a first attempt that may give substantial contribu-
tions to the vision. The workshop with invited ex-
perts is designed to discuss the technologies and soft 
innovations suggested in this preliminary and first 
attempt. The result will be a White Paper on R&D for 
a Sustainable Society from the point of view of 
resource use that should give world-wide impulses 
to R&D in the various technological areas. 

 

Programme 
 
September 9, 2002 
 
9.30 Welcome and introductory comments on the vision of  
         the ETH Board 
Stephan Bieri, vice president and delegate of the Board of 
the Swiss Federal Institutes of Technology 
 
9.45 to 12.45 Morning Session 
Moderator: Eberhard Jochem 
 
9.45 to 11.00 Buildings and facility management 
Mark Zimmermann, EMPA, introduction 
discussion and recommendations of invited discussants 
 
11.00 to 11.30 Coffee, Tea Break at GEP-Pavillon 
 
11.30 to 12.45 Road transportation 
Alexander Wokaun, PSI, introduction 
discussion and recommendations of invited discussants 
 
12.45 to 14.00 Lunch at GEP-Pavillon 
 
14.00 to 18.00 Afternoon Session 
Moderator: Daniel Favrat 
 
14.00 to 15.45 Industry 
Philipp Rudolf von Rohr and Konrad Hungerbühler, ETHZ, 
introduction 
discussion and recommendations of invited discussants 
 
15.45 to 16.30 Coffee, Tea Break at GEP-Pavillon 
 
16.30 to 18.00 Cross cutting technologies and material 
efficiency 
Daniel Spreng, ETHZ, introduction 
discussion and recommendations of invited discussants 
 
19.30 Dinner at the Restaurant "Storchen" 
Dinner Speaker: Knut Kübler, Head of Ref III A6 Energy 
Research, German Federal Ministry of Economics 

 
 
September 10, 2002 
 
9.00 to 13.00 Morning Session 
Moderator: Philipp Rudolf von Rohr 
 
9.00 to 10.45 Conversion and distribution technologies 
Daniel Favrat, EPFL, introduction 
discussion and recommendation of invited discussants 
 
10.45 to 11.15 Coffee, Tea Break at Tannenbar 
 
11.15 to 12.00 The Governance of Innovation – Long-term 
Shaping of Innovation Systems 
Stefan Kuhlmann, Fh-ISI and Univ. of Utrecht, introduction 
discussion and recommendations of invited discussants 
 
12.00 to 13.00 Socio-Economic Aspects of Achieving Sus-
tainable Energy Use 
Eberhard Jochem, ETHZ,  introduction 
discussion and recommendations of invited discussants 
 
13.00 to 13.15 Major conclusions and recommendations, 
further steps 
 
13.15 to 14.30 Lunch at the Restaurant “Palmhof” 
 
14.30 End of the Workshop 
 
 
 
Session process 
Each session will have a 10 minutes introductory pre-
sentation by the lead author and then a discussion of at 
least one hour will follow. The time scheduling is flexible to 
some extent and managed by the sessions moderator. 
Schedules for lunch breaks and dinner are fixed. 
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