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Executive Summary 

This report begins with a description of six emerging environmental concepts in 
terms of their proponents, their potential for further use and the differences between 
responses in the EU and in other countries, including developing countries. The six 
environmental policy concepts, which were selected during the scoping process and in 
particular at a meeting at the European Parliament in January 2006, are: ecological 
footprint, cradle-to-cradle, dematerialization, eco-sufficiency, transition 
management and vulnerability.   

Six emerging environmental technologies are described and assessed in terms of their 
scope, private and public uptake, potential for future development, potential future 
benefits and the differences in use between the EU and in other countries, including 
developing countries. The environmental technologies, which were selected for 
detailed description during the scoping process are: white biotechnology, hydrogen-
based transportation fuels, small-scale wastewater treatment systems, energy-
producing greenhouses, solar panels combined with heat pumps, and CO2 
sequestration. They represent a range of options with differing benefits and costs.   

 

The implications of the above concepts and technologies for future EU environmental 
policy, for the Lisbon and EU Sustainable Development Strategy (SDS) objectives and 
for relationships with non-EU countries, including developing countries are discussed. 
Widespread implementation of the environmental concepts and technologies discussed 
in this report will require environmental mainstreaming/policy integration. 
Furthermore, given the extent of environmental changes already observed and those 
predicted, mitigation and adaptation policies will be required. The technologies 
described in this report can contribute significantly to mitigation, while vulnerability 
assessment can guide adaptation policies. 

 

The concepts and technologies discussed in this report can contribute substantially to 
meeting the targets of the renewed Sustainable Development Strategy for an 
enlarged European Union.  

. 
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1 Introduction 

The objectives of this project, as discussed in more detail in Annex 4 of the original 
tender, is to produce a final report that: 

• Describes and assesses in detail six emerging environmental concepts in terms 
of their proponents, their potential for further use and the differences between 
responses in the EU and in other countries, including developing countries; 

• Describes and assesses in detail six emerging environmental technologies in 
terms of their scope, private and public uptake, potential for future 
development, potential future benefits and the differences in use between the 
EU and in other countries, including developing countries; 

• Discusses the implications of the above concepts and technologies for future 
EU environmental policy, for the Lisbon and EU Sustainable Development 
Strategy (SDS) objectives and for relationships with non-EU countries, 
including developing countries. 

• Describes at general level other important environmental concepts and 
technologies, to be illustrated in the annex of the final report. 

In this report, we first present the positioning, suitability for measurement, experiences 
and actors for each of the six concepts (Section 2). Section 3 contains the presentation 
of the six selected environmental technologies. The implications for future EU 
environmental policy making are presented in Section 4. The report closes with 
Annexes containing a glossary of environmental policy concepts and environmental 
technologies. Annex IV is a copy of the questionnaire sent out by the Finland Futures 
Research Centre (FFRC) to a wide range of developing country representatives to 
canvas their usage of the selected concepts. 

 

2 Emerging Environmental Concepts 
While there are many concepts that have been introduced during the last 10 – 20 years, 
it is possible to group them into six broad categories. 

System/process goal/criteria describes concepts that refer to particular goals to be 
achieved by society, such as material efficiency. 

Process analysis includes concepts that focus on a particular process, such as the entire 
life cycle of a product, for example from the mining of a mineral resource to the final 
disposal of a product. 

Environmental governance encompasses those concepts that refer to the manner in 
which society exercises control over natural resources. This includes governance 
through the state, the market, or through civil society groups and local organizations.  

Environment-human interaction includes concepts used to describe or analyse the ways 
that humans and the environment interact. 
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Environmental state covers concepts that describe the state of the environment in terms 
related to human impacts. 

Indicators includes concepts developed in recent years to measure human impacts on 
the environment. 

Table 1 provides examples of concepts in each of these categories. Definitions of the 
concepts are listed in Annex 1.  

Table 1. Environmental Concepts  

System/process 
goal/criteria 
 

Eco-efficiency  
Eco-sufficiency 
Dematerialisation 
Immaterialisation 
Sustainable production/consumption systems  
Cleaner production 
Decoupling  
Material Efficiency 
Factor X and Factor 4 

Process analysis Life cycle analysis 
Cradle-2-grave (cradle-2-cradle) analysis 
Material Flow Analysis 
Integrated Environmental Assessment 
Integrated Sustainability Assessment 

Environmental 
governance  

Environmental mainstreaming  
Environmental policy integration 
Transition management  
Adaptation 
Mitigation 
Multi-stakeholder processes 
Environmental democracy 

Environment-human 
interaction 

Environmental security  
Environmental justice 
Environmental risk 
Environmental utilisation space 
Environmental space 
Vulnerability and resilience 
Precautionary principle 

Environmental state Ecological debt (e.g. carbon debt) 
Environmental / critical load 
Carrying capacity 

Indicators Ecological Footprint 
MIPS 
Material Intensity 
Well-being 
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Six environmental policy concepts were selected during the scoping process and in 
particular at a meeting at the European Parliament in January 2006 for presentation in 
this report: ecological footprint, cradle-to-cradle, dematerialization, eco-sufficiency, 
transition management and vulnerability.  These concepts were considered to be of 
most interest to the commissioners of this report. At the meeting in January 2006, it 
was decided to include some of the other concepts mainly in the discussions of 
environmental policy (see Section 4).  

2.1 Ecological Footprint 

Positioning 

The ecological footprint (EF) is a resource accounting tool used to measure the 
environment’s biological capacity required to support human activities on the 
global, regional or national scale. The EF aggregates and converts complex resource 
use patterns to a single number — the equivalent land area required. The concept is 
designed to allow for a direct comparison between the planet’s ecological capacity on 
the one hand and human demand for environmental space on the other. Thus the EF has 
been proposed as an indicator of biophysical limits and sustainability. The measure is 
expressed in terms of land and sea area required for human activities, including 
growing crops, grazing animals, harvesting timber, accommodating human 
infrastructure (built up land), fishing and CO2 sequestration for burning fossil fuels. 
Adding up these areas defines the EF of the world population which can then be 
compared to the size of the planet’s biologically productive area.  

Suitability for Measurement 

The EF constitutes a highly aggregated indicator for 
measuring the environmental burden associated with 
human activities and can be compared to aggregated 
economic measures such as GDP. The global EF can be 
broken down into a number of sub-indicators expressing 
the amount of land required to support specific demands 
such as food or energy consumption or can be calculated 
at the country level country or regional level to allow for 
international comparison. The EU-25 nations’ total 
Ecological Footprint doubled from 1961 to 2001 (see 
Figure 1). . Population increased by around 25 per cent 
over the same period.  



IP/A/ENVI/ST/2006-001 Page 4 PE  375.860 

 

Figure 1: Ecological Footprint of the EU-25 (Source WWF 2005)  

Apart from documenting past and present levels of required biological capacity, the 
concept can serve for developing and assessing future scenarios and thereby provide 
a basis for identifying policy options and evaluating success or failure of policies 
geared towards increased resource productivity and reduced environmental impacts 
related to natural resource use. EF data are available from 1961 onwards for all 
countries of the world and show that it has been continually rising, with global 
overshoot occurring since the 1980s, indicating that for the last 25 years human 
demands on the environment have exceeded the planet’s biological capacity. 
Comparing the footprint of individual countries highlights significant differences 
between different world regions1. 

                                                 
1  While the per capita footprint in highly industrialized nations is up to nine times higher than the 
globally per capita available area, the footprint of several developing countries is still well below this 
threshold. The ecological footprint that can be attributed to energy consumption displays the sharpest 
global increase over the last decades but also exhibits the strongest disparity between countries in 
different world regions. 
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Figure 2: Ecological Footprint by region in 2001. The height of each bar is 
proportional to each region’s average footprint per person, the width is proportional to 
its population, and the area of the bar is proportional to its total footprint. (Source 
WWF 2005) 

Shortcomings  

There has been a lot of discussion on the proper interpretation and use of the EF. It is 
considered to be too aggregated to provide an adequate guide for policy purposes at the 
national level and it is criticized that actual used land (e.g. infrastructure) is summed up 
with (“hypothetical”) land required for sequestration of CO2 emissions. The EF 
proponents tend toward the view that self-sufficiency is a necessary condition for 
sustainability. This hypothesis is criticized by those supporting the possibility of 
sustainable international trading. The EF does not reflect on technological possibilities 
and can thus be seen as a technologically skeptical indicator. Alternately, one can think 
of the EF as a measure of how much faith in technology is required in order to consider 
current consumption patterns sustainable. Finally, there is no policy evaluation in the 
footprint calculation process. 

Policy opportunities and constraints  

The footprint concept has been widely used by municipal governments and companies 
to measure their environmental impacts and determine strategies to reduce the use of 
environmental space. Besides having calculated national or regional footprints, 
Environmental Ministries and other municipal governmental agencies offer citizens the 
possibility to calculate their own environmental impacts. However, national 
governments and international organizations so far have not adopted the ecological 
footprint as an official indicator in their set of environment and sustainable 
development indicators.  
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The Global Footprint Network has initiated a process for the development of 
methodological standards and for a scientific review of the methodology. 
Methodological standards will likely promote the use of EF also for policy purposes. 
Some researchers argue in favour of its broad use for policy questions, while others see 
a much more limited use for policy-making. Arguments in favour of its policy use note 
that  

o EF quantifies the dependence of cities on their host ecosystems, underscoring 
their vulnerability to global change, and highlighting their role in achieving 
sustainability 

o EF personalizes sustainability by focusing on consumption and consolidates 
the data on the associated energy and material flows into a single concrete 
variable.  

o sectoral analysis broadens the applicability of Ecological Footprint accounts, 
helping to provide practical insight into the dynamics that affect the economic 
wellbeing of a country,  

o conceptual simplicity and intuitive appeal communicates critical dimensions 
of human ecology to other disciplines and to non-scientists alike.  

Whereas some critics note that EF 

o EF is too aggregated and too limited in other respect to be an adequate guide 
for policy purposes at the national level 

o The measurement issues (aggregation, substitutability, discounting, valuation) 
are hard to deal with, the EF is considered as a inadequate policy tool where 
tradeoffs at each moment in time and over time are essential.  

o The method does not capture the full range of ecological significant impacts 
on the ecosphere. 

The EF has been widely praised as an effective heuristic communication and 
awareness raising tool as well as a pedagogic device for presenting current total 
human resource use in a way that communicates easily to almost everyone. Everyone 
understands land area as a numeraire. Footprinting is thus in widespread use in 
education, public policy and awareness campaigns. Individuals, organizations and 
decision-makers are more easily able to explore the impact of their actions. The EF is a 
way to establish perception of societal dependence on ecosystem support.  

Actors 

The ecological footprint was developed by William Rees and Mathis Wackernagel at 
the beginning of the 1990s and is now most prominently advanced by the Global 
Footprint Network. A number of NGOs (most prominently “WWF International”) 
have adopted it as a primary indicator for measuring environmental burden and use it to 
communicate the ecological impact of human activities to the general public and policy 
makers.  
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2.2 Cradle-to-cradle / cradle-to-grave 

Positioning 

The cradle-to-grave approach aims to improve the environmental performance of 
products and to minimize environmental degradation throughout the product life cycle. 
The life cycle ranges from extraction of raw materials via processing, assembling, use 
to disposal of the product as waste. The cradle-to-cradle concept goes one step further, 
envisioning cyclical material flows, where each material at the end of a life cycle 
becomes the raw material of another generation of products. Taking nutrient cycles in 
ecosystems as the guiding model, the term waste would even become obsolete, if 
cradle-to-cradle principles would be rigorously applied to all product systems. Life-
cycle wide thinking is a key innovative aspect in EU environmental policy and holds 
strong potentials for improving the environmental performance of products in a cost-
saving manner.  

Suitability for Measurement 

The quantification of life-cycle wide environmental impacts of products is the domain 
of “life cycle assessment (LCA)” methods, which assess, at each life cycle stage, the 
environmental impacts in different categories, such as global warming potential and 
eco-toxicity. The availability and quality of LCA data is continuously improving; the 
most comprehensive study on the EU level was carried out in the 
“Environmental Impacts of Products (EIPRO)” project, which 
identified the products (or product groups) that have the greatest 
environmental impact from a life-cycle perspective, in order to 
allow the identification of priority areas of action in the 
implementation of EU's Integrated Product Policy (IPP). Results 
revealed that only 20% of product groups account for 80% of 
environmental impacts. The three consumption areas of “food and 
beverages”, “private transport” and “housing” have the most 
negative environmental consequences and are responsible for 
around 70% to 80% of total impacts. Within “food and beverages” 
the product group “meat and meat products” shows highest impacts, 
followed by dairy products. Concerning “transport”, the greatest 
impact is from cars, despite major improvements in the 
environmental performance in recent years, especially on air 
emissions. The area of “housing” includes products groups such as 
buildings, furniture, domestic appliances, and energy for purposes 
such as room and water heating, with the latter being the product group with the 
highest impact factors. The most widely applied LCA-based indicator for products is 
the “Eco-Indicator 99” indicator, which allows aggregating different impact categories 
into one overall indicator.   
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Policy opportunities and constraints 

The adoption of the communication on Integrated Product Policy (IPP) by the EU 
Commission in June 2003 marks one important step towards the implementation of 
life-cycle thinking in EU environmental policies. IPP aims at minimising the 
environmental damage caused by goods and services along the whole life-cycle.  

In addition to its work on material flows and resource productivity, the OECD has 
recently launched a program on “Sustainable Materials Management (SMM)”, 
which aims at an economically efficient and environmentally effective material use 
along the whole life-cycle. The SMM approach should also result in reduced amounts 
of generated waste, as materials should re-enter the economy as raw materials. The 
SMM framework document will be launched in autumn 2006.  

These initiatives towards adoption of the cradle-to-grave and cradle-to-cradle principles 
provide important policy opportunities to significantly improve the environmental 
performance of production and consumption activities in the EU. However, the biggest 
constraint, also frequently emphasized by environmental organizations, is that IPP (and 
SMM) are still missing a binding legislative framework (such as an IPP directive) that 
defines concrete targets and market-oriented instruments to implement the objectives. 
So far, the IPP implementation initiatives are too much oriented towards (weak) 
voluntary agreements between industries. 

Actors 
In the scientific community, the “Society of Environmental Toxicology and Chemistry 
(SETAC)” is the most important institution devoted to the assessment of environmental 
impacts through LCA.  

The European Commission (DG Environment) is an active player with regard to the 
integration of life-cycle perspectives in product-related environmental policies, such as 
IPP and other material and energy-policy related policy fields. DG Environment is 
currently developing a tool-box of possible policy instruments to implement the IPP 
objectives, including voluntary agreements, environmental management systems (e.g. 
EMAS), green technologies (supported through the Environmental Technologies 
Action Plan) and eco-design (e.g. the directive on eco-design on energy using products 
(EuP)). In a subsequent stage, the Commission intends to assess whether and how the 
life cycle impacts of those products that most affect the environment (see EIPRO 
study) can be reduced and aims to stimulate action for those products and product 
groups that have the greatest potential for environmental improvement at the lowest 
socio-economic cost.  

The OECD is increasingly recognizing the importance of life-cycle thinking in natural 
resource and waste policies. Also UNEP together with SETAC launched a "Life-Cycle 
Initiative" in 2002, which should combat environmental impact of rising consumption 
patterns and help governments, businesses and consumers to adopt more environment 
friendly policies, practices and life-styles. Concrete actions include the development of 
guidance handbooks for life-cycle management and the publication of web-based data 
bases for the calculation of environmental impacts of specific products and product 
groups.  
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2.3 Dematerialisation 

Positioning 

Dematerialisation aims at reducing (raw) materials and energy used by the economy 
for the production of goods and services. Dematerialisation is concerned with the 
overall scale of economic activities and argues that current environmental problems 
(such as climate change and biodiversity loss) are more closely related to the volume of 
material and energy throughput than to the harm produced by specific pollutants. In 
contrast to traditional ‘end-of-pipe’ measures that are concerned with handling waste 
and emissions, dematerialisation is an input-oriented strategy tackling environmental 
problems at their source and applying the precautionary principle in environmental 
policies. Dematerialisation should be achieved through a significant increase in 
resource productivity, resulting in further decoupling of economic growth from 
resource use. This may also give a competitive edge to the economy through a 
reduction of material and energy costs. Strategies to achieve dematerialisation 
include a variety of approaches such as the development of new technologies and 
materials, increasing durability and recycling of goods and new resource-extensive 
lifestyles. These developments require specific policy measures such as support for 
R&D, fostering of eco-efficient public procurement and active support for the 
establishment of markets for dematerialised products and services. Dematerialisation 
also requires the implementation of a policy framework to internalise external 
environmental costs, in particular through market-based instruments such as energy 
taxes or taxes on raw materials.  

Suitability for Measurement 

A number of indicators to measure resource use have been developed, that allow for 
monitoring progress towards dematerialisation. Today, material flow-based indicators 
are available for all European countries. The European Commission has recently 
adopted the indicator of “Total Material Consumption (TMC)” as a target headline 
indicator for the theme ‘production and consumption patterns’ in the European 
Sustainable Development Strategy. As in many EU countries data limitations still exist 
with regard to the full calculation of TMC (in particular, with regard to indirect (or 
embodied) environmental requirements of traded products), the indicator “Domestic 
Material Consumption (DMC)” is also widely applied. EUROSTAT publishes 
regularly updated data sets on DMC and its components. Linking macro-scale 
indicators with indicators of economic performance (such as GDP) produces measures 
for the eco-efficiency or resource productivity of an economy. Both in the European 
Union and the world economy, relative dematerialisation could indeed be observed in 
the past 25 years, i.e. the economies have been growing faster than resource extraction 
and use. However, in order to reduce environmental pressure, there is evidence that 
absolute dematerialisation needs to be achieved, resulting in a reduction of the total 
resource throughput. 

On the micro-scale the most widely applied indicator is Material Input per Service 
Unit (MIPS), subsuming the material and energy inputs along the whole life-cycle 
required to satisfy a particular need (either by providing a product or a service). MIPS 
numbers are available for a large number of raw materials and basic manufactured 
products as well as for some finished products (such as mobile phones or laptops).  
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Shortcomings  

The dematerialisation concept is criticized for not taking into account the qualitative 
dimension of anthropogenic resource use. It is argued that dematerialization is not just 
a question of weight and that resource use reductions should focus on those material 
flows with the highest environmental impact. The recently adopted EU Thematic 
Strategy on the sustainable use of natural resources also demands focusing on those 
material flows with the highest environmental impacts. First suggestions for 
methodologies to weight specific material flows according to their impacts (e.g. 
through linking with LCA data) have been presented, but no standardized approach 
exists so far.    

Experiences 
The changes in material flows in EU-15 are analysed in Fig. 3. The material use is 
measured in Direct Material Consumption (DMC, statistical data from Eurostat). The 
changes in material consumption are decomposed into two components using the ASA 
method (Advanced Sustainability Analysis, see Vehmas et al 2006) (i) 
Dematerialisation caused by technological changes and production structure changes 
and (ii) Rebound effect caused by economic growth and the related increase in material 
consumption. The total change in material consumption is the sum of dematerialisation 
effect and rebound effect. 

 

Dematerialisation and rebound of material flows in EU-15
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Figure 3. The changes in material flows in EU-15 from 1980 to 2000 measured in 
Domestic Material Consumption (DMC). The figure shows dematerialisation caused 
by technological development and production structure changes, and the rebound effect 
caused by economic growth. (Source: Eurostat) 



IP/A/ENVI/ST/2006-001 Page 11 PE  375.860 

Policy opportunities and constraints 

The concept of dematerialisation holds strong potential for raising not only the resource 
productivity of the European economies, thus improving the state of the environment, 
but also to significantly stimulate economic growth and improve the international 
competitiveness of European industries through savings of (material and energy) costs 
(see box on European scenarios in Section 4 below).   

The European Union’s ‘Thematic Strategy on the Sustainable Use of Natural 
Resources’, adopted by the Commission in December 2005 (part of the 6th 
Environmental Action Pan) could be one of the key policy strategies to support the 
implementation of dematerialisation principles in EU policies. However, the strategy in 
its current form severely lacks ambition and refrains from setting any goals and 
quantitative targets for resource efficiency improvements or reductions of resource use. 
Neither concrete timetables nor any specific policy measures are provided; not even a 
roadmap, which would clarify how such targets, measures and implementation 
structures could be defined in the future. One major constraint for the pursuit of 
dematerialization is therefore the lack of political commitment.  

However, a number of other policy processes do exist, which illustrates that the issue 
of dematerialisation and resource efficiency is gaining attention on the international 
policy agenda: the OECD’s ‘Recommendation on Material Flows and Resource 
Productivity’ of 2004, the UN’s plan of implementation following the World Summit 
on Sustainable Development as well as Sustainable Development Strategies put 
forward by national governments acknowledge the necessity of de-coupling. Some 
define concrete targets, such as the German government, aiming at doubling energy 
and raw material productivity by 2020. 

A combination of different policy instruments is required to implement the 
dematerialisation concept, with a particular focus on market-based instruments, such as 
raw material taxes and regulatory measures (such as resource productivity standards in 
construction). In addition, consulting programs for enterprises to identify potentials for 
material savings and resource productivity increases have been implemented in several 
EU members countries and are highly effective (see actors section below). 

Actors 

Political actors in the European Union that support the concept of dematerialisation 
(and demand for higher de-coupling) include the European Commission, responsible 
for the development and implementation of the “Thematic Strategy” and increasingly 
focusing on the possible competitive advantage that may arise through efficiency gains 
and the development of eco-innovative products and technologies (see the renewed 
Lisbon Strategy from 2005). Furthermore the OECD (through their Working Group on 
Material Flows) as well as national governments increasingly make use of this 
concept, for example in the framework of national sustainable development strategies 
and environmental action plans. Data on material flows is provided by EUROSTAT, 
by the European Topic Centre on Resource and Waste Management of the EEA, 
by national statistical agencies as well as by a number of research institutes.  
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A number of national agencies have turned to consulting enterprises in their efforts to 
reduce material and energy inputs in their production processes. The “Efficiency 
Agency” in North-Rhine Westphalia in Germany is devoted to supporting small and 
medium-sized enterprises in the implementation of resource efficiency measures and 
one of the most effective examples. More than 360 enterprises have already completed 
or are in the course of completing eco-efficiency programmes under auspices of the 
Efficiency Agency.  

2.4 Eco-sufficiency 

Positioning 

Section 2.3 above showed that there is indeed potential to reduce substantially the use 
of natural resources without compromising human wealth. However, many studies 
show that economic growth “eats up” these gains at least partially: if the economy 
grows by 2 % p.a., we need an increase of resource productivity by 4 % to achieve a 2 
% reduction of the absolute resource use. This effect can be seen empirically for all 
member states of the EU, therefore for Europe as a whole, as well as on the global 
scale. Given the difference in resource consumption between industrialized and 
developing countries of about 1:10, an annual reduction of resource use in absolute 
terms by around 5% p.a. will be required to substantially reduce global resource use. 

This will require the reduction of unsustainable consumption through changes in 
consumption patterns and reductions in consumption levels in industrialized 
countries, in addition to eco-efficiency strategies discussed above.  While eco-
efficiency aims to improve the effectiveness of material, energy, and land use, eco-
sufficiency aims at reducing negative environmental consequences through a reduction 
of the demand for consumer goods. Eco-sufficiency or strong sustainable 
consumption2 requires changes in infrastructures and choices as well as a questioning 
of the levels and drivers of consumption.3  

The issues associated with strong sustainable consumption are politically highly 
controversial, of course. Three examples may serve to illustrate the difference between 
weak and strong sustainable consumption approaches: (1) While eco-efficiency could 
mean driving a car that will use 3 litres rather than 10 litres of gasoline per 100 
kilometres, strong sustainable consumption (eco-sufficiency), in contrast, can mean 
going by train rather than by car or travelling less far or less frequently. (2) Important 
improvements in efficient consumption related to housing can be reached through 
proper insulation, efficient heating systems, and the construction of low energy houses. 
For strong sustainable consumption or eco-sufficiency, behavioural factors such as 
airing and the choice of adequate room temperatures are important. In addition, a 
strong sustainable consumption perspective would problematize the societal trend to 
continuously increase the square meter living space per person.  

                                                 
2 Fuchs, Doris; Lorek, Sylvia. (2005). „Sustainable Consumption Governance – A History of Promises 
and Failures”. Journal of Consumer Policy 28: 261-288 
3 Fuchs, Doris; Lorek, Sylvia. (2005). „Sustainable Consumption Governance – A History of Promises 
and Failures”. Journal of Consumer Policy 28: 261-288.  
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(3) In food consumption, technological efficiency measured in yield/area is mostly 
accompanied by environmental pressure (e.g., energy-consuming fertilizers, 
groundwater pressure, or the controversial effects of genetically modified organisms). 
Strong consumption measures, in contrast, could include a reduction in meat 
consumption and an emphasis on regional products. 

Eco-sufficiency is closely related to issues of quality-of-life and life-work-balance. It 
can to some extent be achieved on the individual level, e.g. through energy savings, 
reduction of transport and change in diets (less meat). However, it also requires a 
change in social frameworks, provided on the national or European level, including 
measures such as environmental taxes, environmental planning, education for 
sustainability and new concepts of labour.   

A wide spread of eco-sufficiency will only occur, if people find the new lifestyles 
sufficiently attractive. It needs to be shown that less material wealth can bring 
increased well-being or happiness to individuals and societies. An important aspect 
here is related to the so-called work-and-spend cycle. If leisure and forms of work other 
than employment (including self-employment), such as caring, do-it-yourself and 
community work gain relevance, income and thus consumption would be reduced, 
while quality of life could increase. Right across Europe people report more stress, 
harder work, greater fear of insecurity, chasing elusive gains. The seven key factors 
established to affect happiness most are: mental health, satisfying and secure work, a 
secure and loving private life, a safe community, freedom and moral values4.  Eco-
sufficiency strategies would contribute to ensuring the boundary conditions for 
happiness. 

Many people would like to work less or to take a leave from work: half of all 
employees want to reduce the working week by an average of about 10%; over 20% of 
employees say they would opt for a three-month sabbatical without pay; 14% of full-
time workers have made efforts to move into part-time work; about 10-15% of the 
workforce indicate a desire to reduce lifelong working hours5. As pointed out above, 
dealing with the work-life-balance is strongly related to the topic of eco-sufficiency. 

Suitability for Measurement 

Quality of life, well-being, and happiness can be measured. An increasing number of 
studies and publications deal with these issues. In its 3rd round, the European Social 
Survey intends to measure personal and social well-being in order to create indicators 
for a flourishing Europe. The Netherlands-based World Database of Happiness 
provides a continuous register of scientific research on subjective appreciation of life. 

With respect to new forms of work, data is required on average working time in 
addition to pure employment data. The statistical office of Germany published a data 
set of time use for the various types of activities, paid and unpaid, for the year 2002. 

                                                 
4 See Richard Layard (2005) Happiness. Lessons from a new science. Penguin Press. 
5 http://www.eurofound.europa.eu/pubdocs/2003/44/en/1/ef0344en.pdf  
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Experiences 

A valuable example of eco sufficiency is the development and increase of car-sharing 
systems. They reduce the possession of goods (a car) in general and also restrict the use 
of cars to an amount that is seen as really necessary for the car share participants. 
Similar approaches have been tried with other consumer goods that are used 
infrequently like garden tools or even washing machines, with less success so far.  
Other, more holistic examples are local and exchange trading systems (LETS), 
sometimes even local exchange currencies where consumers and citizens can exchange 
goods and services beyond the traditional markets. In the United States of America the 
“Voluntary Simplicity Movement” (VSM) emerged in the 1970s. Data suggest that 
some 15-25% of US households intentionally engaged in some form of “downshifting”. 
In 2001 24 leaders of the simplicity movement formed the Simplicity Forum to begin a 
process of sharpening the VSM and recruiting new adherents. It currently exists as 
perhaps the best example in the United States of a coherent effort to channel diffuse 
American interest in “living simply” into a set of policy reforms for enhancing social 
prosperity via real declines in consumption.  

Actors 

In the UK, the New Economics Foundation has set up a centre on wellbeing research; a 
world database on happiness has been established in the Netherlands; the Wuppertal 
Institute is currently working on a cross-cutting project on eco-sufficiency and quality 
of life; in 2005, a research initiative on happiness was founded in Austria, called 
„mitAnanda. Verein zur Förderung der Glücksforschung“. Grassroots actors for 
example are the over 1,500 LETS groups from around 40 countries or the range of eco 
villages connected in the ecovillage network.  

Barriers 

The eco-sufficiency vision also has weaknesses. It relies on the assertion of certain 
normative values, which are both difficult to universalise in pluralist democratic 
societies, or to use as a basis for compromise or trade-off. Interpretations of equity and 
fairness in the distribution of goods are deeply political issues, with wide divergence 
between those arguing for egalitarian solutions and those believing that market 
outcomes are just.  

2.5 Transition Management 

Positioning 

Transition management aims to facilitate transitions towards sustainable development. 
It is a new governance concept based on complexity theory, social theories and new 
forms of governance. It is oriented towards achieving system changes in energy, 
transport, agriculture through innovation-oriented policies. The concept is situated 
between two different views of governance: the incremental 'learning by doing' 
approach and the blueprint planning approach. Transition management is a form of 
multi-level governance with the following activities: 
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• Strategic level: processes of vision development, strategic discussions, long-
term goal formulation.  

• Tactical level: processes of agenda building, negotiating, networking, coalition 
building. 

• Operational level: processes of experimenting, project building, 
implementation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4: Transition Management (Source: Kemp and Loorbach 2005) 

Transition management breaks with the old planning-and-implementation model aimed 
at achieving particular outcomes. It is based on a different, more process-oriented 
philosophy. Transition management is a form of process management against a set of 
goals set by society whose problem solving capabilities are mobilized and translated 
into a transition programme, which is legitimised through the political process. 
Through transition management, visions of sustainability are being explored through 
programmes with strategic experiments. Multiple paths are explored, honouring the 
maxim that visions create better world together rather than apart. It does not consist of 
a strategy of forced development, going against the grain but uses bottom-up initiatives 
and business ideas of alternative systems offering sustainability benefits besides user 
benefits. Control policies are part of transition management.  
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Suitability for Measurement 

Measurement of progress of transition processes requires a new form of monitoring, 
which assesses actors’ commitments to transitions, experiences with programmes for 
system innovation, sustainability assessments, market shares and prospects of 
innovations for wider use, and barriers and contributing mechanisms. A self-diagnosis 
tool is being developed. Transition monitoring is receiving attention but there is no 
implemented monitoring system and it is not an easy task to develop one. Suitability 
for measurement is low. 

Policy opportunities and constraints 

There is a great deal of support for transition management in the Netherlands. The main 
advisory councils about energy and environment support it as a new form of 
governance. Business is working constructively with government in the formulation of 
transition goals and transition experiments.  It may be questioned whether the political 
systems can be expected to provide a sufficiently stable context to orient transitions, 
which take a few decades and whether it is possible to agree on transition paths given 
divergent economic interests. Transition management is also being criticized as a 
bottom-up approach that fails to address macro-issues (such as economic frame 
conditions) (Berkhout et al., 2004). It is clear that a change in economic frame 
conditions is needed for sustainability transitions but transition management could help 
to achieve such changes, once it becomes evident that without those, no transition will 
be achieved.  

According to political scientist James Meadowcroft, transition management adds “a 
new dimension to the environmental management strategies that have emerged in 
developed countries over recent decades. Lengthening time horizons; building 
networks among innovative stakeholders; focusing on sectoral dynamics (evolution, 
adaptation, investment, restructuring); integrating economic, social and environmental 
considerations in product, process and policy design – all are critical for the future” 
(Meadowcroft, 2006, p. 491). Two other elements of more general significance are the 
engagement with technological futures and the active role assigned to government 
(ibid). 

Experiences 

Experiences mainly come from the Netherlands, where transition management is used 
for the following 4 transitions:  

• Transition to sustainable energy. Goal: to develop a system of energy supply 
that is reliable, efficient and emission-low. 

• Transition to biodiversity conservation and sustainable use of natural resources. 
Goal: to maintain biodiversity which is essential for food supply, fertility of 
soils and climate and promote the re-use and recycling of natural resources 
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• Transition to sustainable agriculture. Goal: to realize an agricultural system 
with minimal impact on environment that does not impair human health, 
landscape qualities and animal well-being. 

• Transition to sustainable mobility. Goal: to create a transport system that 
produces low emissions and little nuisance from noise whilst maintaining high 
levels of accessibility, safety and spatial values.   

It is also being used in some way for water management, spatial use, construction (new 
buildings) and health care.  

The approach of transition management catalyzed many developments in the 
Netherlands. Special platforms for innovation areas have been created in which long-
term goals are being set for technological change (such as the substitution of 30% of 
fossil fuels by 2030 and a reduction of 50% in energy use in the paper industry).  

A new instrument for transition experiments has been created, the unique chances 
instrument (UKR). The UKR finances the surplus costs of transition experiments to a 
maximum of 40% with an absolute limit of 4 million euro. The project must be part of 
the official transition path. In 2005, there were 3 tenders of 12.5 million euro and 2 
tenders of 10 million euro. Removal of regulatory barriers to sustainable energy 
innovation is also part of government policy. A start has been made with the integration 
of policy areas such as science policy, fiscal policy, innovation policy and regulation. 

Through the transition path, 180 Mton CO2 extra reductions may be achieved. There 
will also be new jobs from energy business. 

 

Figure 5:  Impact of transition management on CO2 emissions in the Netherlands 
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Actors 

Many actors are involved in transition management. Important actors are: government 
departments, business, scientific experts, who are contemplating future transitions in 
special platforms. Based on their proposals, a national transition action plan has been 
formulated by the “task force for the energy transition”, headed by Shell director Rein 
Willems. The action plan received extensive news coverage on May 8, 2006, when it 
was presented to the Ministers of Economic Affairs and Environment.  

New coalitions have been formed for alternative energy. The environmental movement 
is part of a coalition with business in the field of biomass. This shows that transition 
management builds upon interests and “movements” (change processes) in society. 

It is notable that the Ministry of Economic Affairs is actively involved in transition 
management for sustainable energy. Whereas, in the past they fought against 
environmental regulations, to protect business, they are now championing alternative 
energy. The reason for this is that transition management helps the Ministry to establish 
a partnership with business and to stimulate new business based on sustainable 
innovation. The fact that in the Netherlands the Ministry of Economic Affairs is 
responsible for energy and for innovation proved important here. 

Scientific actors are the  Dutch Research Institute for Transitions (DRIFT) and the 
Knowledge Network on System Innovations (KSI). There is a special 5-year research 
programme on system innovation and transitions of 20 million euro. In this programme 
and in other programmes scientists are working together with practitioners in special 
projects. A competence centre for transitions has been established (CCT).  

The transition management approach has been instrumental in cementing a long-term 
cooperation between business, government and science (including social scientists) on 
system innovations.  

2.6 Vulnerability 

Positioning 

Vulnerability is a result of both exposure to risk factors such as drought, conflict or 
extreme price fluctuations, and of underlying socio-economic and institutional 
conditions that reduce people’s and/or the environment’s ability to cope with the 
negative impacts of exposure. These impacts not only depend on the exposure but also 
on the sensitivity of the unit (such as a watershed, island, household, village, city or 
country) that is exposed. Vulnerability can thus be seen as the combination of exposure 
and sensitivity to risk and the (in)ability to cope or adapt.  

Vulnerability analysis is an important extension of traditional risk analysis as it 
delineates the places, people, and ecosystems at risk from environmental and/or human 
induced variability and change, identifies the underlying causes of this vulnerability, 
and develops policy relevant recommendations for decision-makers on how to reduce 
vulnerability and adapt to change (Clark et al. 1998). It is an emerging approach with 
many unexplored opportunities, which has gained increasing attention the last decade 
(Turner et al 2003).  
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Most research and case studies narrow the vulnerability assessment, focusing either on 
one particular type of geographical area and/or one type of stressor such as climate 
change. Some examples of this are; the Intergovernmental Panel On Climate Change 
(IPCC) Common Methodology for Assessing Coastal Vulnerability to Sea-Level Rise 
(Klein and Nichols 1999) or assessing the vulnerability of smallholder farmers to 
climate stress (Eriksen et al 2005). 

Vulnerability analysis focuses on the perspectives and experiences of vulnerable and 
marginalised groups to understand in particular the role of poverty, institutional 
weaknesses, globalisation, environmental factors and marginality in creating 
vulnerability (e.g. Adger et al. 2005).  Vulnerability assessments can be a way to focus 
on pre-emptive measures towards disasters (natural or man-made) rather than wait for 
the victims to become just that. 

Suitability for Measurement 

It is difficult to measure vulnerability but several recent studies have made 
considerable progress. Cutter et al. (2005) have developed a social vulnerability index, 
which was used for example in an analysis of the vulnerability of the population in 
New Orleans to Hurricane Katrina (Cutter et al. 2006). Adger et al (2005). have 
pioneered the measurement of vulnerability in developing countries. Downing and 
colleagues at the Stockholm Environment Institute have developed participatory 
approaches for assessing vulnerability. The Potsdam Institute has developed a related 
approach called syndrome analysis, as well as cluster analysis to produce maps of 
vulnerability. Schröter et al (2004) produced a digital atlas of impact and vulnerability 
maps of Europe. In this work they use the supply of ecosystem services as a measure of 
human well-being under the influence of global change stressors. 

Experiences  

Some vulnerability assessments of more limited scope have been developed for use, 
particularly environmental vulnerability. One example of this is the USA’s 
Environmental Protection Agency and its Regional Vulnerability Assessment (ReVA) 
Program. It is focused only on identifying ecosystems that may be vulnerable to 
various stressors in the next 5-25 years and use this as a priority setting instrument 
(Smith et al, 2000).  

Perhaps the major constraint in moving from using vulnerability assessment as input to 
policy-making is the limited availability of sub-national data on key parameters.  

The concept is used to translate early warning information into preventive action and is 
a necessary element in early warning and emergency preparedness. Vulnerability may 
influence household behaviour and coping strategies and is thus an important 
consideration for poverty reduction policies. Vulnerability assessments are also widely 
applied and used in the fields of climate change and natural disaster management, 
where they provide the basis for effective warning systems (GEO3). 
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Actors  

In Europe, main actors in the science community are found at the Stockholm 
Environment Institute (Sweden), the University of East Anglia (UK),  the Centre for 
International Climate and Environmental Research (CICERO, Norway) and the 
Potsdam Institute for Climate Impact Research (Germany). The research is applied 
through development projects world-wide, supported by Ministries and government 
agencies. The approach is being applied by UN agencies (e.g. UNEP, FAO) and in 
intergovernmental assessment approaches (e.g. IPCC).   

3 Environmental technologies 
Environmental technologies help to achieve environmental improvements either by 
treating pollution or by avoiding it. They may be narrowly defined as those 
technologies whose deliberate aim is to reduce environmental burden and broadly 
defined as all technologies and processes to manage pollution (e.g. air pollution 
control, waste management), less polluting and less resource-intensive products and 
services and ways to manage resources more efficiently (e.g. water supply, energy-
saving technologies) – which is how it is defined in the Environmental Technologies 
Action Plan (ETAP). Using the ETAP definition, they pervade all economic activities 
and sectors, where they often cut costs and improve competitiveness by reducing 
energy and resource consumption, and also create fewer emissions and less waste. 
These potential benefits can also be of great importance for developing countries. With 
sufficient technology transfer they can provide these countries with affordable 
solutions for reconciling their desire for strong economic growth with the need to do so 
without increasing the pressure on the local, or the global, environment. An alternative 
term to environmental technology is green technology. Sometimes eco-innovation is 
used as a synonym. 

The term technology refers to the specific body knowledge that is applied and the 
artefact embedding this knowledge (a machine or device) (Freeman, 1982). The 
environmental aspects of a technology depend on its design configuration and the way 
it is used (as we will see later on).  

Environmental technologies may be grouped in 5 categories: 

• Treatment technology 

• Clean production processes 

• Green energy technology 

• Environmental measurement and management 

• Consumer products  
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Environmental benefits may also be achieved through system changes (system 
innovation). Six environmental technologies were selected for detailed description: 
white biotechnology, hydrogen-based transportation fuels, small-scale wastewater 
treatment systems, energy-producing greenhouses, solar panels combined with heat 
pumps, and CO2 sequestration. They represent a nice range of options with differing 
benefits and costs.  The material presented in the rest of this section is summarised in 
Annex V. 

3.1 White biotechnology  

White (industrial) biotechnology or biocatalysis is used to produce all kinds of products 
used in daily life – ranging from cheese to biodiesel fuel. It involves fermentation and 
enzymatic processes that are highly interesting financial and ecological alternatives to 
chemical-physical and mechanical processes. The advantages of biocatalytical 
processes lie in their improved selectivity and efficiency vis-à-vis conventional 
chemical processes: while conventional processes involve high pressure and high 
temperatures, microorganisms and enzymes are usually active under normal pressure 
and temperature conditions. Being more selective in chemical conversions, biocatalysts 
reduce waste and resource use.  

Biocatalysts are biological entities, such as whole cells or isolated enzymes that 
catalyse biological processes ranging from waste treatment to biopolymers and beyond. 
Biocatalysts can offer more efficient process alternatives, because they eliminate the 
need for intermediates, blocking groups and many organic solvents used in chemical 
synthesis. This in turn leads to decreased emissions to water and air. Biocatalysts are 
not limited to enzymes, but also include protozoa and other micro-organisms, 
antibodies, ribozymes and peptide mimics. Their higher level structure contrasts with 
chemical catalysts, which operate at the atomic level.6 

Use of biocatalysts 

White biotechnology is growing in importance for the chemical industry as well as for 
new, often more environmentally-friendly methods and processes in other industries, 
such as the food, textile, cosmetics and paper industries. Currently only 5% of chemical 
products are produced using biotechnological methods. However, an increase of 10 to 
20 percent by 2010 is expected – with further future growth tendency (McKinsey report 
entitled “Uptake of white biotechnology by the chemical industry”).  

The principal industries benefiting from the use of biocatalysts are the pharmaceutical 
and chemical industries. Enzymes enable the production of stereochemically pure 
materials, such as drugs or pesticides. Stereochemically pure drugs can target problems 
more effectively thereby avoiding side effects. Furthermore because of the increased 
efficiency of a drug made using biocatalysts the dose of the drug can be lowered. 

                                                 
6  Most of the text on white biotechnology is taken from the technology briefing on biocatalysis 
of the Centre for Sustainable Engineering.  See http://www.cseng.org.uk/pdf/Biocatalysis%20-
%20Overview%20PDF.prn.pdf for further source references.  
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In the non-pharmaceutical industries biocatalysts are increasingly gaining ground. 
Enzymes are being used in industrial cleaning, to scour textiles, to treat wastewater etc. 
In the food industry enzymes are used to improve the quality of products and to 
produce or enhance flavour. In agriculture, biocatalysts help make animal feed more 
digestible and aid in cleaning stables. There are many other non-pharmaceutical 
applications of biocatalysts and the list of applications is growing rapidly. 

Environmental benefits 

As biocatalysts are used in many industries and perform various tasks, it is difficult to 
make generalisations about their environmental benefits. We can say that whenever 
biocatalysts are used, they tend to achieve one or more of the following improvements: 

• Increased energy and process efficiency. Using biocatalysts to manufacture 
antibiotics (e.g. cephalexin) reduces the necessary process steps from 10 to 1, 
saving 65% on energy and materials and reducing costs by 50%.  

• Easier use of renewable feedstocks. Major examples are the use of corn or other 
agricultural material to produce ethanol or biopolymers. 

• Made of renewable feedstocks. Apart from possible genetic engineering issues, 
biocatalysts carry little environmental burden.  

• Reduced emissions to water and air. Enzymatic production of acrylamide 
reduced CO2 emissions by 32%. 

• Reduced resource use. Scouring cotton with enzymes decreases water use by 
60%. Cost reduction is 20%. 

Economic benefits 

Economic benefits consist of cost savings related to energy saving and use of less 
chemicals. They vary greatly per process.  

Market sales and prospects 

The international market for bioproducts and processes is rapidly increasing. World 
demand for enzymes is expected to rise 6.6 percent to nearly US$5 billion in 2009 
(from $400 million in 1997). Developing and emerging economies will experience the 
fastest gains, supported by strong economic growth and rising per capita GDP. 
Historically, enzyme demand has been concentrated in more developed economies due 
to the high value-added nature of enzymes, and the significant technical resources 
needed for their development, production and application. However, countries such as 
China, India, South Korea and Taiwan, which have recently emerged as industrialized 
manufacturing centres with strong national research and development programs, will 
play a much larger role in the world market going forward and offer some of the best 
growth prospects.  
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A study by McKinsey & Company in 2001 estimated that about 5 per cent of global 
chemical sales were derived in part form industrial biotechnology. That figure could 
reach 20 per cent by 2010, if chemical firms became convinced by the economics of 
bio-based products. It means that industrial biotechnology will be competing in a 
market worth $280 billion, of which McKinsey assumed that it might capture about 
$160 billion. The report by McKinsey & Company showed that the greatest impact 
would be on the fine chemicals segment, where up to 60 per cent of products could be 
derived from biotechnological processes by 2010. McKinsey’s estimates showed that 
the chemical industry alone could generate additional added value up of to €11 billion 
or €22 billion per annum by 2010, depending whether uptake was fast or slow (UNU-
IAS, 2004) 

Although Europe is still a leader in the use of white biotechnology, it lags considerably 
behind the USA, where white biotechnology is funded through numerous governmental 
programmes. Such programmes have the principal aim of developing as yet 
commercially unexploited raw materials such as straw for the production of bioethanol. 
Despite the enormous growth rate, one must be aware that white biotechnology will, 
for many years to come, only be able to supplement but not substitute chemical 
processes.  

Barriers to use 

Chemical companies are slowly shifting to biotechnology for many reasons: 
investments in chemical processes, the need for research and development and high 
costs of feeding stocks. Raw materials or feeding stocks like vegetable oils and glucose 
needed for bioprocesses are expensive and the enzymes used to convert the material 
require a high investment in research and long development times. An increased level 
of research and investment in developing cheap feeding stocks and powerful enzymes 
is crucial. 

Attractiveness for use in developing countries 

White biotechnology appears suited for developing countries. Its use in developed 
countries does not have negative consequences for developing countries. It is said that 
white biotechnology both in the long term and in the short term can contribute to 
sustainable development in the lesser developed countries.  In the short run, 
considerable progress can be achieved if white biotechnology is used to upgrade 
existing technologies in for example the textile, leather and food/feed industries but 
also in providing newer and safer vaccines.  

3.2 Hydrogen-based transportation fuels 

There is increasing interest in the use of hydrogen as the basis for an energy system 
with low carbon dioxide emissions. Hydrogen could be used as a fuel for road 
transport, distributed heat and power generation, and for energy storage. This has led to 
discussion of a ‘hydrogen economy’ – widespread and diverse production and use of 
hydrogen.  
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Current interest in hydrogen stems from environmental and energy policy concerns 
including global climate change, local air quality, noise and security of energy supply, 
together with breakthroughs in fuel cell technology. Hydrogen can provide power with 
minimal air pollutant and zero carbon dioxide emissions at the point of use. Unlike oil, 
gas and coal, hydrogen does not exist in large quantities in nature in a useful form. Like 
electricity, it is an ‘energy carrier’, which must be produced using energy from another 
source. Hydrogen has an advantage over electricity, however, in that it can be stored 
more easily. This allows its use as a vehicle fuel, for electricity and heat generation and 
as a storage medium for electricity generated from intermittent renewable sources. 
Hydrogen internal combustion engine vehicles and fuel cell cars are currently at the 
demonstration stage.  Eight major car manufacturers were planning to introduce fuel 
cell cars by 2004-5. However, there are still issues of cost, reliability and lifetime, such 
that fuel cell cars are not expected to reach mass markets until after 2015.  

Production 

Hydrogen can be produced from a wide range of sources by a number of different 
routes. These include: 

• from hydrocarbons such as coal, oil and natural gas 

• from biomass and wastes 

• by electrolysis of water, using electricity produced from fossil fuels, nuclear, or 
renewable energy. 

While hydrogen has minimal environmental effects where it is used, there may be 
impacts associated with its production. For instance, production of hydrogen from 
fossil fuels leads to carbon dioxide (CO2) emissions, the principal cause of global 
climate change, and also to resource depletion. The overall CO2 emissions may be 
lower than if conventional technologies (such as a petrol internal combustion engine) 
were used, and there are also lower emissions of local air pollutants. It may be possible 
to capture and store the CO2 produced in biological or geological sinks, such as forests 
or underground reservoirs (see below). However, CO2 emissions would be negligible if 
hydrogen were produced by electrolysis using nuclear energy, or renewable energy 
sources. 

Hydrogen production technologies 

Steam reforming – this is the most common method. Here, a hydrocarbon gas, often 
methane, is mixed with steam at a high temperature and pressure, in the presence of a 
catalyst, to produce hydrogen and carbon dioxide.  

Gasification – here hydrocarbon is produced from biomass products by heating to high 
temperatures with little oxygen present (gasification). 

Partial oxidation – the production of hydrogen by reacting heavier hydrocarbons such 
as oil, coal, and some biomass products, with oxygen and steam. This is a 
commercially available process and is of interest for countries with large coal 
resources. 
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Electrolysis – the splitting of water into hydrogen and oxygen through an electric 
current. Alkaline electrolysis, the most common form, has been used industrially for 
over 80 years, but is now used on a large scale only where cheap electricity (e.g. from 
hydroelectric schemes) is available. There is significant interest in very small scale 
(e.g. domestic) electrolysers. 

Biological methods –the production of hydrogen by photosynthesis or by fermentation. 
Some methods may have commercial potential, but most are at the R&D stage. 

More prospective technologies – these include photoelectrolysis, the use of a solar cell 
that splits water directly, without use of electricity. 

Hydrogen storage technologies 

Compressed gas stored in cylindrical tanks at pressures of around 200 bar (around 200 
times atmospheric pressure).  

Liquid hydrogen stored as a liquid at -253 °C in insulated pressure vessels. The 
liquefaction process itself is energy intensive, but liquid hydrogen has a very high 
energy density, over three times that of petrol. Highly insulated tanks are needed to 
minimise evaporation, and these can make on-board liquid storage relatively bulky and 
heavy. 

Chemical storage with hydrogen bonded to the surface of small particles of the 
material and is only released when heat is supplied. Hydrogen can also be stored within 
carbon materials and in the form of liquid hydrides. 

The most suitable storage method depends on factors including the volume to be 
stored, the storage time, space restrictions and end-use requirements. For example, in 
buses, compressed hydrogen can be stored in tanks on the roof. Hydrogen stored by 
any of the methods mentioned above can be transported by road, rail or sea. 
Compressed hydrogen can be transported via dedicated pipelines. There has also been 
discussion of mixing hydrogen into natural gas in the pipeline network. To refuel 
vehicles with hydrogen, new dispensing technology will be required, to which 
consumers will need to adapt. Both gaseous and liquid hydrogen refuelling are 
sufficiently developed that refuelling could take place in a few minutes, with no 
leakage. 

Hydrogen vehicle configurations 

Hydrogen can be combusted or used in a fuel cell. In a fuel cell a chemical reaction 
from hydrogen and oxygen (from the air) produces electricity, which powers an electric 
motor. In a combustion engine hydrogen is burned, similar to gasoline and diesel. Most 
vehicles manufacturers focus on fuel cells. Electricity from the fuel cell can be used for 
powering the air conditioning system.  

Many automobile manufacturers have begun developing cars that can use hydrogen, 
even when no big market has materialised.  
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Environmental benefits 

These will greatly depend on the configuration, as shown by a EU study analyzing the 
environmental aspects from well-to-wheel.7  

The study concludes that of the vehicle types studied fuel cell hybrid vehicles (FCHV) 
with hydrogen produced from wind energy have the lowest greenhouse gas emissions 
(GHG) on a well-to-wheel basis, followed by FCHV using compressed hydrogen 
reformed from natural gas. It is found that FCHVs using hydrogen produced via 
electrolysis and the current EU power mix are both energy intensive and high in GHG 
emissions due to the fact that coal and other fossil fuels are used to produce the 
electricity. Fuel cell vehicles are not necessary green vehicles. Their greenness 
critically depends on the way in which hydrogen is produced.  

 
Figure 6 : Well-to Wheel Energy Requirements and Greenhouse Gas Emissions 
(Source: http://www.hydrogenhighway.ca.gov/facts/einwelltowheel.pdf ) 

                                                 
7 Well-to-Wheel analysis is a systems approach to assessing the energy consumption and greenhouse gas emissions 
associated with different fuels and vehicle propulsions systems. A well-to-wheel analysis takes into account energy 
use and emissions at every stage of the process, from the moment the fuel is produced at the “well” to the moment 
the “wheels” are moved. For example, using this type of analysis, a vehicle with a diesel powered internal 
combustion engine can be directly compared to a fuel cell vehicle that uses hydrogen made from natural gas, both in 
terms of emissions and energy use. This is particularly important when considering hydrogen fuel cell vehicles since 
there are numerous ways to produce hydrogen, some of which are clean and efficient and others which are polluting 
and energy intensive. 
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Economics 

Hydrogen vehicles are very expensive and will remain so for quite some time. Learning 
economics thanks to R&D will help to bring down costs and rising oil prices will help 
to make Hydrogen Fuel Cells (HFC) more economical. Hydrogen cars have a longer 
range than Internal Combustion Engine (ICE) vehicles, which is an attractive feature. 
Other alternatives such as hybrid electric vehicles and biofuels may prevent HFC to 
capture significant market shares. The high costs of fuel cells and hydrogen are a major 
obstacle to the diffusion of HFC vehicles. By 2015 the cost of hydrogen technology 
should have decreased to affordable levels generally comparable with prices of current 
petrol models.  

Appraisal of hydrogen systems 

Hydrogen vehicles require the production, distribution and storage of hydrogen. There 
are many configurations for this with different costs and benefits, all characterized by 
uncertainty and dissent. The Policy Studies Institute in England brought together 15 
experts to appraise different hydrogen options, using agreed weights (Eames and 
McDowall, 2005). The six options that are appraised are: liquid hydrogen, synthetic 
liquid hydrogen, electricity store, central pipeline, forecourt recycling, ubiquitous 
hydrogen (descriptions are in Annex III). The ranking of the 6 options by the expert 
panel revealed great dissent: 

 

 

 

 

 

 

 

 

 

Figure 7: Expert appraisal of hydrogen options (Source: Eames and McDowall 
2005) 

The total number of fuel cell vehicles worldwide is about 600 and these are prototypes 
serving as test vehicles. The European Union is engaged in fuel cells bus trials in 
several cities and foresees that 20% of transport fuel will come from hydrogen by 2020. 
Japan has a demonstration programme with 60 vehicles and 10 refuelling stations and 
plans to commercialise five million fuel cells vehicles by 2020. The US is undertaking 
research and development leading to specific performance targets and 
commercialisation decisions in 2015. Over 100 vehicles and 17 fuelling stations are 
being tested in California (Mytelka and Boyle, 2006). Over 2,500 people daily ride 
hydrogen vehicles in California, using 8 hydrogen buses and over 130 hydrogen 
vehicles.  
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The 30-plus hydrogen fleets in California get their hydrogen from several sources 
including solar power electrolysis of water, delivered hydrogen from steam reformation 
of natural gas and onsite reformation. In the future, they will also get hydrogen from 
pipelines, waste hydrogen, biologically processed, and from wind.  

Europe has the highest number of fuel cell buses on the street. With four major fuel cell 
bus projects funded by the European Union, and DaimlerChrysler, MAN and Volvo, 
amongst others, being located in Europe this is one area in the application of fuel cell 
technology where Europe is leading the pack. If we look at the cumulative total of 
buses from 2001 – 2004 we can see that Europe, which here includes Iceland, has a 
two-thirds market share, and China and North America each have 12% (Fuel Cell 
Market Survey: Buses by Kerry-Ann Adamson, – Fuel Cell Today, November 2004) 

 

 

Figure 8: Proportion of fuel cell buses in different countries 

The US however appears to be leading in research. An important initiative in the US is 
President’s Hydrogen Fuel Initiative to accelerate the worldwide availability and 
affordability of hydrogen-powered fuel cell vehicles. The initiative focuses on research 
to advance hydrogen production, storage and infrastructure. The Initiative complements 
the FreedomCAR Partnership with the auto industry, which is aimed at developing 
viable hydrogen fuel cell vehicle technologies. California has an ambitious hydrogen 
programme, which aims for up to 2,000 hydrogen vehicles and 100 refueling stations 
by 2010 at an estimated cost of $54 million. Depending on the results of the first phase, 
California would aim for 20,000 hydrogen vehicles and 250 fuel stations. 

In EU member states and the EU fuel cell research is supported too. In Germany, the 
Transport Minister announced in 2006 that €500 million would be invested over the 
next 10 years in Germany towards developing hydrogen powered vehicles. The 
announcement was made at the opening of a hydrogen refueling station in Berlin, the 
second such station to be opened in the city. Berlin transport authorities are committed 
to introducing a fleet of 14 hydrogen powered buses by 2007 and are bidding to 
become Europe's capital for low pollution technology. Four major car manufacturers in 
Germany (DaimlerChrysler, BMW, Ford and GM/Opel) are involved in the Clean 
Energy Partnership which is supported by the German government with the aim of 
developing hydrogen power.  
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The International Energy Agency estimates that about US$ 1billion per year is 
currently invested in public hydrogen and fuel cell research. It is unclear how much 
private money is invested. Japan, the US and EU are engaged in a technology race, in 
which it is unclear who will win. The EU and Japan are likely to be lead markets, given 
their commitments to climate change protection. But in terms of fuel cell manufacture, 
North America (USA and Canada) is leading in this (still very small) emerging market.  

 
Figure 9: Fuel Cell Manufacture in 2006 (Source: Fuel Cell Today Market Survey: 
Niche Transport (Part 1) 2006 in Fuel Cell Today, August, 2006) 

US companies may sell into the EU market, just as Danish wind power companies sold 
into the US market for wind power. It is conceivable that policy support for hydrogen 
will wane, when promises are unmet or when other green vehicles capture significant 
market shares.8  

The fate of hydrogen will depend on progress in fuel cell technology vis-à-vis progress 
in other energy technologies (in particular internal combustion engines), fuel prices and 
government energy, transport and climate change policies. It is impossible to predict 
the future market for hydrogen vehicles.  

For the short term we should expect hydrogen to be generated from fossil fuels and to 
be mixed with other fuels, for instance with natural gas for use in buses. 

Attractiveness for use in developing countries 

Almost all research on hydrogen fuel cells for transport goes on in developed countries. 
Currently only three developing countries – Brazil, China, and India – are involved in 
hydrogen fuel cell bus demonstration projects (Mytelka and Boyle, 2006). There is 
interest in green vehicles in developing countries because of problems of severe air 
pollution. At the United Nations University International Conference “Hydrogen Fuel 
Cells and Alternatives in the Transport Sector: Issues for Developing Countries” held 
in November 2005, experts assessed the attractiveness of hydrogen as a transport fuel 
for developing countries.   

                                                 
8 At this moment much is expected from hybrid electric vehicles, following the success of the Toyota 
Prius with cumulative sales of more than half a million since its introduction in 1997. A research alliance 
consisting of General Motors, BMW and DaimlerChrysler plans to invest more than $1 billion to 
develop a new hybrid transmission and related systems that backers say will leapfrog the market-leading 
technology offered by Toyota (International Herald Tribune, August 11, 2006). 
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The consensus at the meeting was that the South should not make the jump yet, but 
must start now to put the conditions in place to enable it to leapfrog into a hydrogen 
economy - when the time is right, and on its own terms. This will require that 
developing countries make, and be supported in, efforts to understand these 
technologies, and to monitor the lessons being learned in industrialized countries so as 
to plan for their own participation. 

3.3 Small-scale wastewater treatment systems9 

In Europe most dwellings are connected to a sewage collecting system leading into 
collective treatment systems where the sewage is treated before being discharged into 
receiving waters. The costs of such systems are very high: they account for 50-60% of 
the total investment for environmental protection in industrialised countries since 1970. 
Small-scale wastewater treatment systems may be a more sustainable solution for 
developing countries and for dwellings in Europe not connected to centralised systems. 
For example, approximately 0.5 millions permanent dwellings in Sweden are not 
connected to the municipal sewage system (and about as many holiday homes). Of 
these households, around half have nothing more advanced than sludge separation, and 
50-60% do not adhere to the Environmental Code’s requirements for wastewater 
purification. For these, small-scale wastewater treatment systems may be a good 
solution. Today many good alternatives exist for septic tanks such as infiltration 
systems, sub-soil filters and micro-treatment plants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
9 It is not really an emerging technology but is included because in some cases simple, low-cost solutions 
are what is needed 

Example of small-scale wastewater treatment system: BIO CLEANER of Envi-Pur 
company in Czech Republic 
Profit: 
Economic benefits for users 
-- Low costs due to the possibility of using existing septic tanks and basins. Durable 
materials such as stainless steel and plastics are used for construction of the plant. 
-- Low operational costs of the BIO CLEANER plants due to simple construction. 
-- Low maintenance costs due to self-cleaning by automatic suctioning of floating 
impurities. The purified left-over sludge can be composted, which eliminates its costs of 
disposal.  
Planet: 
Wastewater: achieves 98% purification. The purified water can be directly used for 
watering (of gardens). Guaranteed parameters of treated water are: BOD5 =15-25 mg/l; 
COD = 55-90 mg/l; SS = 15-25 mg/l. 
People: 
Jobs: Production of Envi-Pur equipment brings employment to the Czech Republic. At this 
moment the company has 90 employees and is continuously extending its activities. 
Health: Cleaner water wherever in the world improves the health of local people. 
 
BOD – Biological Oxygen Demand   COD – Chemical Oxygen Demand  SS – suspended 
solids 
 
Source: http://www2.vrom.nl/docs/internationaal/Best%20practices_Summary.pdf  
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An evaluation of 15 systems by the Stockholm Water Company and the Swedish 
Environmental Protection Agency (EPA) led to the following conclusions about these 
systems. 

Source separating systems: 

• Good alternative regarding Biological Oxygen Demand and Suspended Solids and 
nitrogen, if combined with sub-soil filter(or closed tank) and local grey and black 
water purification. Had the lowest nitrogen emissions in the Good Small Sewage 
project. 

• Motivated and educated users are needed to guarantee small phosphorus emissions 
e.g. washing powders containing phosphates must not be used. 

• Smell problems with some dry separating systems (earthy closets, composting 
tanks)  

Micro-treatment Plants: 

• Better than “conventional” sub-soil filters with regard to both BOD/Susp and 
phosphorus. 

• Needs regular monitoring and professional staff for servicing, maintenance and 
technical support. 

Chemical Precipitation and sub-soil filters: 

• Good alternative from emissions perspective with regard to BOD and phosphorus 
as long as chemicals dosing works correctly.. 

• Needs regular monitoring and professional staff for servicing, maintenance and 
technical support. Alarm systems can be incorporated in the monitoring function 

• Reliable systems for sludge emptying and filling of precipitation chemicals 
needed. 

The Economics of Small Sewage Systems 

There is not much information available on the economics of small systems. In Sweden 
the investment and operating costs of individual wastewater systems and micro-
treatment plants are in principle equivalent to the connection fee and user charge for 
municipal water services systems. The capital costs for individual treatment systems 
vary significantly due to choice of system and technology and post-treatment, but as a 
benchmark, the suppliers expect a cost for a fully installed micro-treatment plant to be 
around SEK 80 000 (8700 euro). Infiltration and sub-soil filter systems are the cheapest 
systems and cost around SEK 30 000 to 45 000 (3800 to 4900 euro). Separating 
systems and root zone systems cost somewhere between these two. In addition to this 
there are costs for plumbing and excavation and costs for operation, maintenance and 
service i.e. sludge emptying and filling of chemicals in the case of chemical 
precipitation.  
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Experience shows that costs decrease significantly if several households can organise a 
shared wastewater treatment system, something which is being done in developing 
countries.10 

Market sales and prospects 

World demand for water treatment products is forecast to increase over six percent per 
year through 2009 (including price increases) to over $35 billion. The share of small-
scale biological sewage technologies is very low, possibly below 1%. Nonetheless 
small-scale systems offer a potentially more sustainable solution for developing 
countries and remote dwellings, when properly operated and maintained. 

Advances will be fuelled by an acceleration in economic growth in most parts of the 
world. The best prospects will continue to be found in the developing regions, 
especially Asia, where India and China are expected to enjoy above-average growth. 
Prospects are also favourable in Eastern Europe, where much modernization of the 
existing industrial base is occurring, fuelling production gains for water treatment 
consuming products such as chemicals. Latin America and the Africa/Mid-east region 
will also register growth above the world average, but will trail gains expected in 
Eastern Europe and parts of Asia due to the lagging stage of industrial infrastructures in 
those regions.  

Barriers to use 

The preference of water engineers and water authorities in both developed and 
developing countries for centralized systems is the biggest barrier to diffusion of small-
scale biological systems. Big companies are pushing for such capital-intensive 
solutions even when it is more economical to use small wastewater systems. Household 
preferences may favour centralized systems too but they are seldom consulted on this.  

Attractiveness for use in developing countries 

Small-scale biological wastewater treatment systems are very attractive for developing 
countries from an economic and communal point of view. Large-scale treatment 
systems have many disadvantages in terms of sustainability. Economically, they are too 
expensive for developing countries like Indonesia, and from the local community 
perspective these systems can often be disruptive and do not encourage community 
involvement. For Taiwan, the costs of increasing the coverage of modern sewage from 
the current 1 to 30 per cent costs at least US$10.2 billion, a very high cost. 

Very few sewage-treatment facilities in most developing countries work well. This is 
often because most technologies for sewage treatment are big, centralized schemes that 
have been developed in the North where adequate financial, material and human 
                                                 
10 The idea of small-scale community technology (SSCT) is to bring together the philosophy of small-
scale technology with existing cultural heritage at the local community level in order to more effectively 
implement the technological solution. Indonesia already has in place a strong cultural heritage at the 
local community level which is known as Gotong Royong -- a philosophy of working for the community. 
Practically, all tasks are undertaken in team-work in which the most diligent people are the informal 
leaders. http://wwwistp.murdoch.edu.au/publications/e_public/Case%20Studies_Asia/cww/cww.htm  
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resources are available. Transferring these technologies to tropical low- and middle-
income communities has many potential difficulties. However, there are some sewage-
treatment options which are more appropriate to developing country scenarios. Such 
systems should generally be low-cost, have low operation and maintenance 
requirements, and, should maximize the utilization of the potential resources 
(principally, irrigation water and nutrients). 

The requirement in most low-income countries is for a low-cost, low maintenance 
sewage treatment system. Waste stabilization ponds (WSPs) are said to provide the best 
option in most cases — good levels of treatment at low capital and particularly low 
Operations and Maintenance (O&M) cost. In addition, it is one of the few processes 
which provides good treatment of pathogenic material. This has significant application 
potential for re-use of the treated effluent in irrigation. The major disadvantage is that 
significant areas of land are needed for treatment. 

3.4 Energy-producing greenhouse 

Greenhouses in The Netherlands receive more solar heat energy than they need. In 
conventional greenhouses the excess heat is removed by opening windows. Recent 
innovative greenhouse designs store the excess heat in deep aquifers through a 
sophisticated system of heat exchangers and pumps. The stored heat is used for 
warming the greenhouse during the nights or in winter. Exergy balances show that 
there is sufficient energy left to heat a block of houses. During winter times the stored 
heat in aquifers is being used. 

  

Figure 10 : Energy-producing greenhouse  
(Source: http://www.zonneterp.nl/zonneterp.pdf) 

The ‘energy-producing greenhouse’ is part of an even more radical concept which 
involves the closing of several cycles: heat, nutrients, water and waste with excess heat 
being used by houses that also become partly independent from utility services.  
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In this design black water and green household wastes are anaerobically digested. The 
produced biogas is burned and the combustion gases are used as CO2 fertilizer in the 
greenhouse, while the combustion energy is used for power generation and tap water 
heating. The grey water of the households is purified and supplemented with nutrients 
of the black water flows and is used for irrigation purposes within the greenhouse.  

 

 

Figure 11 : Energy-producing greenhouse with fermenters and bioreactors 
(Source: http://www.zonneterp.nl/zonneterp.pdf) 

The energy-producing greenhouse with fermenters and bioreactors is a system 
innovation composed of proved technologies, which are combined in a novel way. The 
main challenge is in alignment and scaling. Of greater importance are the arrangements 
in terms of finance, law and regulations and ownership. The system requires special 
permission of energy, environmental and water authorities. 

Closing material loops and self-sufficiency were guiding principles of the concept but 
another principle is symbiosis between city (urban systems) and land (agriculture).  

Other configurations are also possible, e.g. normal greenhouses using CO2 from coal-
fired plants, with the CO2 acting as a fertilizer. Elements of the above concept could be 
used too. Of course the environmental benefits would be lower.   
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Economics 

The economics are not yet clear but the energy-producing greenhouse concept is 
viewed economically feasible by saving fuel costs and helping to achieve higher crop 
yields. 

Environmental benefits 

The greenhouse system helps to save electricity costs, water costs and material input 
costs. In terms of electricity and water the greenhouses and a number of homes can be 
made energy and water self-sufficient. 

3   1  

Figure 12: Use of utility energy services of the energy-producing greenhouse 
compared to conventional greenhouse  

Market share and prospects 

In 2005 a pilot project with the energy-producing greenhouse started in Bergerden in 
the Netherlands (see http://www.kasalsenergiebron.nl). The pilot is one of the projects 
of the Dutch energy transition. It is the one that received the most attention of all the 
projects. The project will run for 3 years and is funded by 3 ministries in the 
Netherlands (Economic Affairs, Environment and Agriculture) and the agricultural 
sector organization (Landbouwschap) each footing 0.5 million Euro.  In Spain 
(Almeria)11 an energy-producing greenhouse is operating already for heating at nights. 
It relies on above-ground heat storage. Summer heat is not used in winter times.  

The new system could help impoverished greenhouse farmers get back on their feet. 
The average income of greenhouse farmers in the Netherlands has fallen quite 
dramatically; in 2004 it dropped 40% due to increased competition and high natural gas 
prices.  

The new concept would turn greenhouse farmers into producers of green energy, a 
radical change. The environmental profile of greenhouses would also radically change.   

                                                 
11 Buchholz, M., Jochum, P. and Zaragoza, G. 2005. CONCEPT FOR WATER, HEAT AND FOOD 
SUPPLY FROM A CLOSED GREENHOUSE - THE WATERGY PROJECT . Acta Hort. (ISHS) 
691:509-516, http://www.actahort.org/books/691/691_60.htm 
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In the 1970s tomatoes from Dutch greenhouses were targeted by environmentalist 
groups for being not environmentally benign; Dutch exports to Germany suffered from 
this. Modern greenhouses are more environment-friendly and future ones could be even 
more environmentally benign.12  What once was an environmentally unacceptable 
technology is now an environmental showcase.  

Barriers 
In its most radical form of complete self-sufficiency, the system is complex and 
requires changes in the regulatory framework. It won’t diffuse rapidly but prospects for 
diffusing elements appear good.  The technology still has to be proven on a  wider 
scale. 

Attractiveness for use in developing countries 
Being a high-tech solution it may not be attractive to developing countries. If widely 
applied in developed countries, developing countries could experience reduced sales of 
their agricultural products.  

3.5 Solar panels in combination with heat pumps 
 Solar panels use solar energy and are a clean technology. The term solar panel may 
refer either to a photovoltaic array, a collection of solar cells used to generate 
electricity, or to a flat solar thermal collector, such as a solar hot water panel, used to 
generate solar hot water or otherwise collect solar thermal energy. Of the two, solar 
heating is the most important in terms of use. In Europe, installed capacity of solar 
thermal heat amounts to 115 GW, compared to 0.5 GW for solar thermal power. We 
will focus on solar heating, with attention to the possibilities for heat exchange 
(through the use of heat pumps) as a possible future option.  

 

Figure 13: Solar Panels (Source: ESTIF) 
                                                 
12  Another radical innovation in this regard is the use of the heavy oil residues of petroleum 
cracking to make a substitute product for cement called carbon concrete. 3.5 ton of CO2 is saved by 
using a ton of carbon concrete rather than regular concrete being made from limestone through a very 
energy intensive process. Cement production is an important source of GHG emissions. 10% of carbon 
emissions are attributable to cement, compared to about 4% from aviation. (The Guardian, A cracking 
alternative to cement, 11-05-06).  
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In Europe, the main application of solar panels is for heating tap water. In the US, the 
heating of swimming pools is an important application. Solar panels are mostly used 
for small-scale heating but may be used for cooling through evaporating cooling 
systems powered by solar energy. They may also be used for large-scale power 
generation. Of the large-scale options, concentrated solar power is very promising. 
Concentrated Solar Power (CSP) technologies use large, sun-tracking mirrors to 
concentrate solar radiation.  

Solar panels may be combined with heat pumps which store heat. Heat pumps allow for 
cooling of home and office spaces during summer times and warming spaces during 
winter times. The combination with solar panels is an attractive future option. In the 
Netherlands and Sweden R&D is performed in this field. So far it does not play any 
role in the market (personal communication with Uwe Brechlin of European Solar 
Thermal Industry Federation, ESTIF).  

Environmental benefits 

During operation, photovoltaic (PV) and solar thermal technologies produce no air 
pollution, little or no noise, and require no transportable fuels. This makes solar power 
one of the cleanest energy technologies. 

 

Figure 14: CO2 emissions of energy chains (Source: IEA 2002, p. 6) 

One environmental worry with solar technologies is the lead-acid batteries that are used 
with some systems. This is a concern especially in developing countries where proper 
disposal and recycling is not always available.  
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Economic costs and benefits 
The total costs for a solar hot water system vary according to a number of factors. 
These include the type of system, the manufacturer, the installer, the size of the system, 
and whether the system is being included in a new construction project or installed as a 
retrofit to an existing house. Thanks to national R&D programs and major capital 
investments in manufacturing, solar PV costs 1/10 of what it did in the 1980s. Each 
doubling in cumulative manufacturing has brought prices down by ca. 18%. 

Estimates about payback periods are hard to come by and will depend on the size of the 
system, installation costs (which can be quite high), energy prices, subsidies and 
whether it is used in a newly built building or not.  According to a study of the Greek 
Solar Industry Associations (EBHE) the expected payback period in Greece for homes 
is 5-10 years.  

The lifetime of the systems is long as there are no moving parts, and they are virtually 
maintenance-free. 

Markets 

In 2004, the European market (EU-25 + Switzerland) grew by 12% compared to 2003. 
In 2004, 1.110 MWth (1.586.184 m2) new capacity was installed in Europe, compared 
with 991 MWth (1.415.598 m2) in 2003. In 2005, 1400 MW of new capacity was 
installed, a growth of 26%. 

 

Figure 15: Solar thermal market in the EU 
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Germany is still the leader in terms of market volume, with 47% of the European 
market. It is followed by Austria (12%), Greece (11%) and Spain (6%) in 2004. Solar 
heating is growing very fast in France. An interesting development is the growing 
market share of combined systems that produce not only domestic hot water but also 
support space heating and therefore lead to higher energy savings. This system type is 
typically used in Northern and Central Europe: in Austria they already have a market 
share of 35%. 

 

 

Figure 16: Share of solar thermal market of EU countries (Source: Solar thermal 
markets in Europe (Trends and Market Statistics 2005), June 2006. ) 

 

Capacity in operation per capita is highest in Cyprus (479 kWth/1.000 inhabitants), 
followed by Austria (199 kWth/1.000 inhabitants) and Greece. The EU average is 24 
kWth/1000 inhabitants (figures for 2005). 
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An overview of the European Market is given in the table below, showing positive 
growth between 2004 and 2005 in most countries. 

 

Source: ESTIF Solar thermal markets in Europe (Trends and Market Statistics 2005), 
June 2006. 
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Europe’s strength 

Worldwide, the PV industry sold over $15 billion of new systems in 2005, continuing a 
five-year trend of 30%+ annual market growth. Japan remains the dominant country in 
PV manufacturing, followed by Europe (se Figure 17).  

 

 

  

Figure 17: Photovoltaic costs to consumers and manufacturing shipments (Source: 
The Solar Photovoltaic Industry in 2006, SEIA) 

 

 

In the global market for solar thermal panels, European companies are doing well. 
They owe this to being technologically advanced and having large home markets for 
advanced systems (in Germany and increasingly in France and Spain). European 
manufacturers are leading in advanced systems together with Japan. They are in the 
lead in the area of selective coating of absorbers, high-efficiency collectors, combi-
systems (solar thermal systems providing heat for domestic hot water and space 
heating) and leading in solar cooling technologies, which are expected to become key 
technologies in a few years. European research institutes are leading in solar cooling, 
solar industrial process heat and advanced storage technologies (personal 
communication of Uwe Brechlin of ESTIF). 
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 Barriers to use 

• Higher upfront costs than conventional heating and cooling technologies  

• Pay-back times often too long for commercial investment decisions  

• Not yet perceived as a standard option for heating – therefore the decision-
maker must be specially motivated  

• Higher transaction costs (information, procurement, installation works) 
compared with the conventional heating (default option)  

• Solar thermal not yet fully integrated into mainstream heating and construction 
sectors  

• Low awareness of energy savings and environment  

• Low awareness of solar thermal, especially among the relevant decision makers  

• Lack of availability of motivated and specifically skilled installers  

• Harmonised standards, certification and quality labels not yet widely recognised 
in the market and by public authorities – this barrier being solved through EN 
standards and Solar Keymark  

• Applications with high potential not yet available in standard solutions 
(combisystems) or still in demonstration phase (solar cooling, process heat)  

• Heating and cooling products do not have a high-tech image amongst most 
consumers and policy makers 

Source: ESTIF website http://www.estif.org/201.0.html 

Employment 
There are few figures about jobs involved in the production, selling, installation, and 
maintenance of solar panels for Europe. The European solar power sector organization 
ESTIF estimates that in Greece, the total number of people employed in the solar 
branch is 3,000. Approximately 1,200 people are directly employed in the 
manufacturing sector (production, sales and marketing, development, financial 
services, etc). The supply of material and services to the manufacturers is estimated to 
account for approximately 200 full time jobs. Retail sales, planning, installation and 
maintenance account for approximately 1,500 full time jobs. Research, testing, and 
consulting account for approximately 100 full time jobs. 

According to ESTIF, a shift towards solar power would create up to 580,000 new jobs - 
most of them in Europe. After the initial growth phase, the market would then calm 
down and provide 350,000 jobs in 2040. It is unclear whether these jobs will come 
from expected market sales or from a programme of accelerated deployment. 



IP/A/ENVI/ST/2006-001 Page 43 PE  375.860 

As a small-scale technology, solar technology is more labour-intensive than coal and 
nuclear. Per generated 1000GWh of supplied primary energy, the number of jobs in 
hard coal, nuclear and solar power is: 

Hard coal: 90 jobs 

Nuclear Power: 72 jobs 

Solar technology: 3980 jobs 

(figures from ESTIF). 

This suggests that a shift toward solar technology will increase overall employment. 
This conclusion however is not warranted because job creation in the solar industry 
will induce a reduction of jobs in other sectors due to displacement of financial 
resources (Pfaffenberger, Jahn & Djourdjin 2006). Job reduction in other sectors may 
outweigh job increases in the solar industry. Of course, a negative rebound effect does 
not exist for exports to non-EU countries; exports generate a clear positive employment 
effect for Europe. 

Potential for developing countries 

Solar energy is a good option in developing countries. Because of the cost of 
transmission lines and the difficulty of transporting fuel to remote areas, developing 
countries are increasingly turning to solar energy as a low cost way to supply 
electricity.  With a third of the world's population still without electricity, most of 
whom live in developing countries, usage of solar panels will be increasing greatly as 
the demand for electricity spreads throughout the world. BPSolar, previously Solarex, 
is one of the first large companies to really start catering to this need in developing 
areas. They recently completed two $30 million projects, one in the Philippines and 
another in Indonesia. A $48 million project, that will supply 114 villages with 
electricity, is currently in preparation.  

3.6 CO2  sequestration 

Technology 

CO2 capture and storage (CCS) is separation of CO2 from anthropogenic sources, 
transport to a storage location, and isolation from the atmosphere. CCS would be an 
option in the portfolio of actions for stabilization of greenhouse gas concentrations, 
while allowing for the continued use of fossil fuels. 

Capture of CO2 can be applied to large point sources, and storage could take place in 
geological formations or the ocean, in mineral carbonates, or by using the CO2 in 
industrial processes (see Figure 18). 

 



IP/A/ENVI/ST/2006-001 Page 44 PE  375.860 

 

Figure 18: Schematic diagram of possible CCS systems. It shows the sources for 
which CCS might be relevant, transport of CO2, and storage options. 

 

Current status of CCS technology 

Components of CCS are in various stages of development. Complete CCS systems can 
be put together from existing technologies that are mature or economically feasible 
under specific conditions.  

Pipelines are preferred for transporting large amounts of CO2 for distances up to around 
1,000 km. For smaller amounts or larger distances overseas, use of ships to transport 
CO2 is economically more attractive. 

Storage of CO2 in deep geological formations (oil and gas fields, saline formations, 
unminable coal beds) uses many of the same technologies that have been developed by 
the oil and gas industry and has been proven to be economically feasible under specific 
conditions for oil and gas fields and saline formations. 
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Figure 19: Overview of geological storage options. 
 

 

Figure 20: Overview of ocean storage options. 
 

Ocean storage could be done in two ways: by injecting CO2 into the water column 
(typically below 1,000 meters) via a fixed pipeline or a moving ship, or by depositing it 
via a fixed pipeline or an offshore platform on the sea floor at depths below 3,000 m, 
where CO2 is denser than water and is expected to form a “lake” that would delay 
dissolution of CO2 into the surrounding environment (see Figure 20). Ocean storage is 
still in the research phase and especially Japan has been active while the USA has 
practically withdrawn from the area. 
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The estimated geological reservoir capacities are 900 Gt CO2 in disused oil and gas 
fields, 40 Gt CO2 in unmineable coal beds and 400 -10,000 Gt CO2 in deep saline 
reservoirs. To put these capacities in perspective, in 2002 global CO2 emissions from 
fuel combustion amounted to about 24 Gt CO2 and are projected to reach 38 Gt- CO2 
per year in 2030. 

Environmental benefits 

Carbon dioxide emissions are the main source of climate change and the reduction of 
the emissions is crucial for environmental sustainability. CO2 capture and storage 
offers one way of reducing the emissions. Nevertheless, one should keep in mind that 
the CCS is an end-of-pipe solution, and should therefore be considered only once a 
maximum efficiency improvement has been achieved on the power production process. 

The net reduction of emissions to the atmosphere through CCS is influenced by the 
fraction of CO2 captured, the loss in overall efficiency of power plants or industrial 
processes due to the additional energy required for capture, transport and storage, and 
the fraction of CO2 retained in storage over the long term. 

Economic benefits 

CCS has value to mitigation as it may reduce overall mitigation costs and increase 
flexibility in achieving greenhouse gas emission reductions. The application of CCS 
would depend on technical maturity, costs, overall potential, regulatory aspects, 
environmental issues and public perception. 

With respect to storage in depleted oil reservoirs, one option consists of injecting CO2 
into almost depleted oil fields so as to enhance oil production. This process, called the 
Enhanced Oil Recovery process (EOR), currently uses about 45 Mt CO2/year and is 
most commonly used in the USA. Transposing this process for Enhanced Gas 
Recovery (EGR) is not currently used, although such projects have been proposed in 
Canada and the Netherlands. CO2 can also be injected into suitable coal seams, 
producing methane that is pushed out by the incoming CO2. There have been few 
Enhanced Coal Bed Methane (ECBM) trials in the world to date. The benefits from the 
enhanced fossil fuel production is calculated to amount €0-29/t CO2; compared to 
capture costs of €16-42/t CO2. This offers the opportunity to offset part or even all of 
the capture costs. 

CCS technology does not offer considerable employment effects since the planned 
projects are mainly large-scale offering only limited employment possibilities in the 
process operation and some in the equipment manufacturing. 

CCS technology can form an important process option in the shift towards a hydrogen 
economy. If hydrogen is produced from natural gas or coal the CCS technology can 
form part of the process chain. 
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Market trends for CO2 capture technologies 
From a market perspective, chemical absorption-based processes, which are readily 
available, will be the first to fulfil the needs of the CO2 capture technology market. 
Once membrane technology is fully developed, it will progressively replace absorption 
technology.  

Although capturing is technically feasible today, the cost of this process is a major 
issue. Capture costs are currently estimated at €50-60/t, whilst the target costs are €30-
40/t for Japan, €20-30/t for Europe and $10/t for the USA. 

The CO2-EOR potential in the North Sea is significant. On the Norwegian Continental 
Shelf alone, the potential incremental oil from CO2-EOR projects has been estimated 
to be in the region of 1.5- 2.0 milliard barrels, thereby inferring a requirement for 500-
650 Mt CO2 in the Norwegian sector until 2025. Similar figures are anticipated for the 
UK offshore oil sector. 

Barriers to use and local health, safety and environment risks 
Continuous leakage of small quantities of CO2 over a long time frame could offset the 
benefits of CCS for mitigating climate change and, depending on the storage option 
and the selection process, leaks could become a dispersed emission source, which 
would be difficult to control. There are two different types of leakage scenarios: 1) 
Abrupt leakage, through injection well failure or leakage up an abandoned well; and 2) 
more gradual leakage, through undetected faults, fractures, or wells. Impacts of 
elevated CO2 concentrations in the shallow subsurface could include lethal effects on 
plants and subsoil animals, and contamination of groundwater. High fluxes in 
conjunction with stable atmospheric conditions could lead to local high CO2 
concentrations in the air that could harm animals or people. 

The local risks associated with CO2 transport could be similar to or lower than those 
posed by comparable operations. For existing CO2 pipelines, mostly in areas of low 
population density, accident numbers reported per kilometre pipeline are very low and 
are comparable to those for hydrocarbon pipelines, and the impacts would probably not 
be more severe than those with natural gas accidents. If a sudden and brief large release 
of CO2 occurred, the local impacts on health could be significant; a concentration of 
CO2 greater than 7 - 10% in air would cause immediate dangers to human life and 
health. Under normal conditions, the atmospheric concentration of CO2 is 0.037%, a 
non-toxic amount. Most people with normal cardiovascular, pulmonary-respiratory, 
and neurological functions can tolerate exposure of up to 0.5 to 1.5% CO2 for one to 
several hours without harm. Higher concentrations or exposures of longer duration are 
hazardous – either by reducing the concentration of oxygen in the air to below the 16% 
level required to sustain human life, or by entering the body, especially the 
bloodstream, and/or altering the amount of air taken in during breathing. Protective 
standards have been developed for workers who may be exposed to CO2. These 
standards could form a basis for protection of the population at large against exposure 
to CO2. 

Risks posed by geological storage would depend on the criteria and available 
subsurface information used for site selection, the design of the monitoring program to 
detect problems, the regulatory system, and the appropriate use of remediation methods 
to stop or control CO2 releases if they arise. 
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The chronic effects of direct CO2 injection into the ocean on ecosystems over large 
ocean areas and long time scales are unclear. In contrast, adding CO2 to the ocean or 
forming pools of liquid CO2 on the ocean floor at industrial scales will alter the local 
chemical environment to an extent that has been shown in laboratory studies to cause 
mortality of ocean organisms. 

Legal issues for implementing CO2 storage 

From a regulatory standpoint, many issues concerning CO2 sequestration remain 
unresolved. Two of the relevant multilateral environmental agreements/treaties are the 
London Convention and Protocol (regulating dumping of wastes and other matters at 
sea) and the OSPAR Convention (regional agreement covering the maritime area of the 
North East Atlantic). Interpreting these treaties for application to CO2 storage raises 
issues such as whether captured CO2 is being stored or disposed of, whether the CO2 
contains impurities resulting from its capture, etc. This issue currently needs to be 
resolved at the political level, with subsequent treaty amendment. Generally, it is a 
matter of interpretation for States of the relevant environmental treaties whether 
offshore CO2 injection into the geological sub-seabed or the ocean is compatible with 
international law. Some regulations for operations in the subsurface exist that are 
relevant or in some cases directly applicable to onshore geological storage. 

For CCS to be used as a mitigation option, a transparent, comprehensive system for 
emission estimates is needed. Physical leakage from the storage site might create a 
potential new source of emission and is currently not covered in the inventory 
methodology. Estimation of potential fugitive emissions from capture, transport and 
storage would need specific methodologies. Specific consideration may also be 
required for CCS applied to biomass systems, as that application would result in 
reporting negative emissions.  

It is uncertain how CCS would be accommodated under the Kyoto mechanisms. 
Physical leakage of CO2 from storage and cross-border storage create challenges for 
accounting of real and quantifiable emission reductions in CCS projects. CO2 might be 
captured in one country and stored in another with different commitments. Rules and 
methods for accounting may have to be adjusted to that situation. Possible physical 
leakage from a storage site in the future would have to be accounted for. 

Taken individually, the oilfield operators have limited opportunities to gather sufficient 
CO2 for an economic EOR project. Therefore, with the consent and support of the 
governments of the surrounding countries, implementation of a major infrastructure for 
CO2 gathering and transportation is needed that can provide the necessary background 
for participation of a wider number of sectors and thus ensure that the economies of 
scale are realised rapidly. 

Some countries already have a legal framework that can be applied directly to CO2, as 
in the USA with “underground waste injection”, or in Norway with the regulations 
related to natural gas (any natural gas, even if incombustible like CO2). The absence of 
a legal framework compatible with that of the neighbouring countries, for example, 
will probably turn out to be the main barrier to the development of a CO2 transport and 
storage market in any one country or area. 
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Use in different countries 

Large point sources of CO2 are concentrated in major industrial areas, mostly in 
industrialized countries, but also in developing countries. CO2 sources are often close 
(< 300 km) to areas that potentially hold reservoirs for geological storage. Only a small 
proportion of large emission sources might be close to ocean storage locations. 

The timing of the entry of CCS technologies into a particular region is influenced by 
local conditions such as the relative price of coal and natural gas in a region. The policy 
regime, and in particular the extent of emissions trading, can influence where CCS 
technologies are deployed. 

Currently, three large-scale CCS systems are in place: in Norway, Canada, and Algeria. 
There are altogether four commercial capture projects in Asia, five in North America, 
one in Europe and one in Latin America. R&D capture projects are mainly in North 
America (23) and Europe (14). Geological and ocean storage demo and R&D projects 
are also mainly in North America (40) and Europe (22) and some in developing 
countries (9). 

Due to its large and increasing fossil-fuel-based power production systems, China 
represents a great potential market for capture technologies. 

 

 
 

Figure 20: Scenario for electricity production by power plants fitted with CCS 
technology 
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4 Implications for EU Policy Making 
In this section we look briefly at the implications of the selected concepts and 
technologies for:  

• EU Environmental Policy 

• EU Sustainable Development Strategy 

• Lisbon Strategy 

• The EU’s future economic and policy relationships with other countries.  

4.1 Environmental policy 
For EU environmental policy it is clear that the implementation of the concepts and 
technologies described in Sections 2 and 3 depend strongly on the use of concepts 
listed in Table 1 under “Environmental Governance”.  

 

Environmental mainstreaming and policy integration: Environmental mainstreaming 
refers to the integration of environmental considerations into core institutional thinking 
and decision-making, while the closely related concept of environmental policy 
integration refers to the coordinated integration of environmental concerns into all 
policy sections and dimensions (horizontal and vertical integration of environmental 
issues). For concepts such as dematerialisation and cradle-to cradle or technologies 
such as white biotechnology, the implementation requires, for example, (horizontal) 
integration of environmental considerations into industrial policy.  Eco-sufficiency on 
the other hand requires the mainstreaming of environment into a wide range of policies 
including tax, social and labour policies. Vulnerability assessment requires the 
integration of environmental and development policies. Widespread implementation 
of the environmental concepts and technologies discussed in this report will 
require environmental mainstreaming/policy integration. 

 
Article 6 of the European Treaty states that “environmental protection requirements 
must be integrated into the definition and implementation of the Community policies 
and activities (…)” Governments have taken great strides in terms of developing and 
agreeing high-level political commitments to environmental policy integration, but a 
report of the European Environment Agency in 2005 concluded that much more can be 
done. That report notes that a few countries, most notably Norway and Sweden make 
extensive use of sector/environment integration strategies. Strategies for integrating 
environment in the transport and the agriculture/rural development sector are 
increasingly common. Overall, the EEA concludes that the emerging pattern is one of 
institutional adjustments to support environmental policy integration, even if progress 
is patchy and the effectiveness of different approaches is unclear. In the area of 
budgeting, good practice cases are emerging in Norwegian, Dutch and UK policy. The 
UK and Portugal have also instituted environmental auditing of some sector policies.  
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Ecological Tax Reform (an example of environmental mainstreaming) 

 
An Ecological Tax Reform has the goal of shifting the tax burden so that the use of 
environmental resources is taxed more, while other sectors, such as labour, are taxed 
less. There are two prominent approaches:  

Energy taxes, already introduced in some European countries. Given the relatively 
small number of energy carriers they are relatively easy to implement13. 

Material input taxes, which tax all resource flows except water and air. These are     
somewhat more difficult to implement but here also there are promising efforts14. 

Both approaches can help to set positive price signals for consumers. Products that are 
less energy- and material-intensive will cost less than product using more energy and 
other resources. At the same time, labour costs are reduced. 

An ecological tax reform, mainstreaming the environment in tax policy, would support 
the implementation of concepts such as dematerialisation and technologies for 
renewable energy. 

 
Transition management: This concept has been treated in detail in the section on 
concepts. For widespread implementation of system innovations – fundamental 
changes in our energy system, mobility and agricultural practices – some form of 
transition management will be necessary as these transformations require change at 
many points. Environmental policy could be used to support such innovations directly 
and indirectly though the use of eco-taxes. Present policy is too much oriented towards 
promoting the best available solution at any time. The EU biofuel Directive is 
inadvertently stimulating the first generation of biofuels offering few benefits 
compared to the second generation of biofuels. Some environmental technologies offer 
hazards. For instance, there are serious sustainability hazards of biofuels such as 
monocultures, creating vulnerabilities in the crops countries (often developing 
countries), which should be addressed. Sustainability requires control and 
adaptation. It is not a matter of just promoting sustainable technologies. The 
model of transition management in the Netherlands described in Section 2 is 
believed to offer a useful model for considering transition issues of system change 
offering sustainability benefits.  
Mitigation and Adaptation: Implementation of concepts such as dematerialisation and 
cradle-to-cradle would contribute to mitigation of a range of environmental problems 
through reduced use of energy, resources and land area. Similarly the use of 
technologies such as CO2 sequestration, renewable energy, and small-scale wastewater 
treatment mitigate environmental problems. The concept of the Ecological Footprint 
provides a guide to the extent that mitigation is required, if resource use is not to 
exceed ecological limits. In contrast, the concept of Vulnerability is closely linked to 
the concept of adaptation.  

                                                 
13  For a review on energy and carbon taxes and further literature, see, for example, 
http://www.rec.org/REC/Programs/SofiaInitiatives/EcoInstruments/GreenBudget/GreenBudget6/carbon.
html 
14 See for example http://www.aachener-stiftung.de/cms.php?id=312 
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Human-environment systems (e.g., a watershed, a forest, a region, a city) are exposed 
to multiple stresses resulting from environmental and socio-economic change. The 
impacts that they experience depend on their capacity to adapt. Vulnerability 
assessment can provide information on the differing capacities of communities to adapt 
and support policy in this area. Given the extent of environmental changes already 
observed and those predicted, mitigation and adaptation policies will be required. 
The technologies described in this report can contribute significantly to 
mitigation, while vulnerability assessment can guide adaptation policies. 
In response to the requirements of the UN Framework Convention on Climate Change, 
countries have produced national strategies for adaptation to climate change.  

Multi-stakeholder processes: describes processes which aim to bring together all major 
stakeholders in a new form of decision-finding and -making on a particular issue. The 
challenges faced by the implementation of new environmental concepts and 
technologies require involvement of all stakeholders in the research, demonstration and 
implementation process. This is, of course, a central element of Transition 
Management but applies also to individual technologies and concepts like 
dematerialisation and cradle-to-cradle. 

The UNECE Convention on Access to Information, Public Participation in Decision-
making and Access to Justice in Environmental Matters was adopted in June 1998 in 
Aarhus, Denmark. This convention establishes that sustainable development can only 
be achieved through involvement of all stakeholders and focuses on interactions 
between the public and public authorities in a democratic context. It forges a new 
process for public participation in the integration in the negotiation and the 
implementation of international agreements. 

4.2 The EU Sustainable Development Strategy 

The European Council of June 2006 adopted an ambitious and comprehensive renewed 
Sustainable Development Strategy for an enlarged European Union. This strategy 
recognizes the need to move towards better integrated approaches to policy-making in 
order to meet the challenges of sustainable development.  The concepts and 
technologies discussed in this report can contribute substantially to meeting the targets 
of the renewed strategy, as indicated in the table below. 
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Table 2: Contributions of Concepts and Technologies Described in this Report to 
the EU SDS.  

Page Numbers refer to pages in Document 10117/06 of the Council of the European 
Union, Brussels 9 June 2006 “Review of the EU Sustainable Development Strategy – 
Renewed Strategy”. 

Concept/Technology Relevant parts of the renewed EU SDS to which the 
concept/technology would contribute 

Ecological Footprint Promoting sustainable consumption and production by 
addressing social and economic development within the 
carrying capacity of ecosystems and decoupling economic 
growth from environmental degradation (page 12) 

Cradle-to-cradle Improving the environmental and social performance for 
products and processes and encouraging their uptake by 
business and consumers (page 12) 

Avoiding the generation of waste and enhancing efficient 
use of natural resources by applying the concept of life-
cycle thinking and promoting re-use and recycling (page 
13) 

Dematerialisation Decoupling economic growth from environmental 
degradation (page 12) 

Improving resource efficiency to reduce the overall use of 
non-renewable natural resources and the related 
environmental impact of raw materials use (page 13) 

Eco-sufficiency To create a socially inclusive society by taking into 
account solidarity between and within generations and to 
secure and increase the quality of life of citizens as a 
precondition for lasting individual well-being (page 17) 

Transition Management Business leaders and other key stakeholders including 
workers’ organizations and non-governmental 
organizations should engage in urgent reflection with 
political leaders on the medium- and long-term policies 
needed for sustainable development and propose ambitious 
business responses which go beyond existing minimum 
legal requirements (paragraph 31) 

Vulnerability Increase the effectiveness, coherence and quality of EU and 
Member States aid policies in the period 2005-2010 (page 
21)15 

                                                 
15 Vulnerability assessment provides a tool for identifying areas where adaptive capacity in the face of 
environmental and socio-economic change can best be targeted through aid 
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White biotechnology The Commission and Member States will step 

up efforts to promote and disseminate social and eco-
innovations and environmental technologies… (page 13) 

Hydrogen-based 
transportation fuels 

To ensure that our transport systems meet society’s 
economic, social and environmental needs whilst 
minimizing their undesirable impacts on the economy, 
society and the environment. (page 10). 

Small-scale wastewater 
treatment systems 

Improving management and avoiding over-exploitation of 
renewable natural resources such as fisheries, biodiversity, 
water….(page 13) 

Energy-producing 
greenhouse 

By 2010 12% of energy consumption, on average, and 21% 
of electricity consumption, as a common but differentiated 
target, should be met by renewable sources (page 8) 

Reaching an overall saving of 9% of final energy 
consumption over 9 years until 2017 as indicated by the 
Energy End-use Efficiency and Energy Services Directive. 
(page 8) 

Solar panels/heat pumps By 2010 12% of energy consumption, on average, and 21% 
of electricity consumption, as a common but differentiated 
target, should be met by renewable sources (page 8) 

Reaching an overall saving of 9% of final energy 
consumption over 9 years until 2017 as indicated by the 
Energy End-use Efficiency and Energy Services Directive. 
(page 8) 

CO2 sequestration In this context carbon sequestration and storage will be 
explored as mitigation options (page 9) 

For the sustainable development strategy, it is clear that the greenness and 
sustainability of a green technology will depend on the configuration (size and other 
design issues), how it is used, and where it is used. People will also assess the feature 
of the technologies differently by attaching different values to a certain effect. For 
some the presence of wind turbines in a landscape constitutes a visual intrusion, for 
others it a beautiful artifact in part for what it represents (non-fossil energy). Noise 
from turbines will depend on the siting (closeness to settlements) and on the size. This 
shows that environmental effects are not given but will depend on many different 
aspects. In the assessment of the technologies we have noted some relevant aspects but 
could not do so exhaustively. Risk issues further complicate an assessment, as the case 
of hydrogen very clearly showed.  

A critical issue for policy is to make sure that the risks and environmentally less 
desirable effects of environmental technologies are as low a possible. Technology 
design and user choice will depend on environmental policy present and future.  
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The challenge for policy is to make all technology configurations greener and to make 
sure that truly green solutions get used.  

4.3 The Lisbon Strategy 
The implications for the Lisbon Strategy can broadly be related to the implications for 
public investment in research, innovation and education, as well as on jobs and 
economic growth. We note, however, that the renewed EU Sustainable Development 
Strategy emphasises that the EU SDS and the Lisbon Strategy complement each other 
and “The EU SDS forms the overall framework within which the Lisbon strategy, with 
its renewed focus on growth and jobs, provides the motor of a more dynamic economy. 
These two strategies recognize that economic, social and environmental objectives can 
reinforce each other and they should therefore advance together.” 

It is almost impossible to provide good estimates of employment effects of the selected 
technologies.  

Employment effects consist of 3 kinds: 

• Direct employment effects connected with the manufacturing and installation of 
a technology  

• Employment effects at other points of the value chain, for instance the 
employment of (component and material) suppliers and suppliers of suppliers. 

• Second-order employment effects caused by real income effects (consisting of 
reduced employment elsewhere when the technology is more expensive than 
counterpart solutions and positive effects when the new technology helps to 
save costs). 

Only the direct employment effects can be reasonably well calculated. Indirect 
employment effects are not available but can be estimated through an input-output 
analysis given good estimates of labour-intensity of relevant economic activities. Input-
output analysis can also be used calculate second-order employment but normally this 
is done through general equilibrium analysis. The calculation of employment effects is 
a project in its own right, something we do not have the resources for.  

As to the sign of the effects: The direct employment effects are always positive, as are 
the employment effects at other points of the chain. The second-order employment 
effects are either negative or positive and will dominate the other employment effects 
in case of large price differences.  

This means that in many cases the net employment effects of green technologies will 
be negative. Cost-saving green technologies will have very positive effects. A 1992 
input-output study conducted by the American Council for an Energy Efficient 
Economy, comparing high efficiency and business-as-usual scenarios found that cost-
effective efficiency improvements could lead to an additional 471,000 jobs in the 
United States by the year 2000, and 1.1 million jobs by 2010. The direct and indirect 
jobs generated by efficiency investments would account for only 10 percent of the job 
gain. Savings from lower energy bills being spent in ways that create more jobs would 
account for about 90 percent of this gain (Muller, Laitner, Miller and Zarsky (1992)). 
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Through eco-efficiency policies economic benefits may be achieved together with 
environmental benefits (see Box). Increasing resource and energy productivity can 
improve the position of European industries on world markets and thus also lead to the 
creation of new jobs. From this perspective, environmental policy becomes one of the 
key strategies to reach the Lisbon goals. At the same time labour market policy will 
remain important for stimulating employment. Job creation in developing countries 
could also be achieved through certain eco-innovations, such as concentrating solar 
power used in deserts and biofuels but this should be done sustainably.  

European scenarios for eco-efficiency, growth and competitiveness 

In the international research project “MOSUS” (Modelling opportunities and limits for 
restructuring Europe towards sustainability; see www.mosus.net), funded by DG 
Research, a comprehensive economic-environmental model was constructed in order to 
simulate the impacts of environmental policy measures on economic development and 
the state of the environment.  

The scenario simulations revealed that the implementation of policies geared towards 
decoupling economic activity from material and energy throughput (such as a CO2 tax, 
a tax on transportation, increased metal recycling, increased share of renewable 
energies) leads to improvements of indicators in all three sustainability dimensions.  

Economic performance of the EU-25 increases, with GDP per capita in 2020 being 
around 4% higher in the sustainability scenario in comparison to a baseline scenario. 
Improved competitiveness of European industries increase goods exports in many 
Member States, while imports show a marked decline. Government consumption and 
investment declines, leading to a reduction of average share of government expenditure 
in GDP, while private investment grows in the sustainability scenarios. At the same 
time, the environmental performance of Europe improves dramatically. CO2 emissions 
decrease sharply in absolute terms and both scenarios meet the EU Kyoto targets by 
2010. Growth in Total Primary Energy Supply (TPES) can be reduced by 10% in the 
high scenarios compared to the baseline. Domestic material extraction shows an 
absolute reduction by 7% in the sustainability scenario.  

 

In Table 3 we show the most likely years to enter mainstream and expected market 
demands for different energy and environmental technology fields (TechCast 2006).  
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Table 3. Emerging energy and environment technologies: The most likely year to enter 
mainstream, business opportunities (market demand $) and expert confidence 
(TechCast 2006) 

 

Event Most Likely Year Market Demand 
($) 

Expert Confidence 
(1-99%) 

Alternative energy 2020 570 63 

Aquaculture 2016 260 63 

Desalinization 2021 180 59 

Distribute Power 2022 380 59 

Genetically 
Modified 
Organisms 

2020 350 62 

Global Warming 2013 460 66 

Green Business 2012 490 68 

Nuclear Fusion 2033 680 54 

Organic Farming 2019 250 65 

Precision Farming 2013 330 66 

Recycling 2017 310 65 

 

We can see that greatest business opportunities in the energy and environmental 
technology field are in nuclear fusion (680 billion $), in alternative energy (570 billion 
$), in green business (490 billion $) and in global warming (460 billion $). However, 
all the energy and environmental technology fields are providing remarkable business 
opportunities. The expected total market demand of energy and environmental 
technologies is 4 260 billion $. We can conclude that energy and environmental 
technologies provide huge business opportunities for the European Union, if these 
business opportunities are taken seriously.  

 

In Table 4 we show the most likely years to enter mainstream and expected market 
demands of different technology fields, which are relevant to environmental policy 
(TechCast 2006).  
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Table 4. Emerging other technologies relevant to environmental issues: The most 
likely year to enter mainstream, business opportunities (market demand $) and expert 
confidence 

 

Event Most Likely Year Market Demand 
($) 

Expert Confidence 
(1-99%) 

Designed Materials 
Technology 2015 300 67 

Nanotechnology 2018 530 66 

Maglev Trains 2033 290 59 

Fuel Cell Cars 2013 250 69 

Hybrid Cars 2013 340 71 

Intelligent Cars 2014 230 70 

 

On the basis of Table 3 we can see that nanotechnology is largest business opportunity 
(530 billion $). The breakthrough year of nanotechnology technologies is not far away. 
A recent TechCast evaluation (2006) says the maturity year is the year 2018. 
Nanotechnology is now a science and technology (S&T) top priority area for many 
Asian countries with the governments’ efforts to put the results of nanotechnology 
development to commercialization. Also European Union has paid serious attention to 
this technology field. According to many experts the European policy for 
nanotechnology is to change the existing technology system and bring about an 
industrial revolution. Under the pressure of competition, the key to a success would lie 
in how each European country could find the right application to focus on in order to 
survive through international competitions.  

 

Other technology fields are also relevant, especially fuel cell and hybrid cars already 
before the year 2013 and designed materials before the year 2015. In the very long run 
(before the year 2033) Maglev Trains technology is going to be a mature technology 
field. It is useful to understand that fuel cell, hybrid and intelligent car technology 
markets are together a 820 billion $ business opportunity. Of course, the estimates 
could be wrong by a wide margin. It is hard to predict the sales of emerging 
technologies. Not all technologies will prove to be a big success. Some may also turn 
out to be “not so green”.  There is believed to be room for low-tech solutions that are 
simple, low-cost and low-risk, obviating the need for complex control systems.  

4.4 Trade policy 

Since its creation in 1995, the World Trade Organization (WTO) has been at the centre 
of a debate about the broad, non-commercial effects and implications of trade 
liberalization. The debate has focused on links that exist naturally, or that some feel 
should be forged artificially, between the rules of the trading system on the one hand, 
and on the other efforts at national and international levels to promote better protection 
of the environment, higher labour standards, improved social conditions, and respect 
for human rights. 
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Economic globalization is seen by many as a driving force for global economic growth. 
Yet opinion is divided about the benefits of this process, as highlighted by the WTO 
meeting in Seattle in late 1999. Proponents of economic globalisation view it as a 
positive force for environmental improvement and as a major factor increasing the 
likelihood of sustainable development through its likely boost to global investment. 
(see e.g. Eglin 2001). These proponents mostly appeal to analysis based on the 
environmental Kuznets curve (EKC) to support their views about environmental 
improvement. (Tisdell 2001) 

Recent scientific findings indicate that EKC-analysis has significant deficiencies. It is 
impossible to be confident that the process of economic globalization will result in 
sustainable development, if ‘weak conditions of sustainability’ only are satisfied. 
‘Strong conditions of sustainability’ probably need to be satisfied to achieve 
sustainable development, and given current global institutional arrangements, these are 
likely to be violated by the economic globalization process (Tisdell 2001). This means 
that economic globalization is unlikely to support strategies for eco-sufficiency (see 
Section 2). 

The Doha Round of the WTO negotiations is officially referred to as the Development 
Round. The inclusion of the “reduction or, as appropriate, elimination of tariff and non-
tariff barriers to environmental goods and services” paragraph (31 iii) in the Doha 
Declaration was a promising start to promote sustainable development in the 
international trade talks. It would cause tariffs to be cut on defined products from either 
the North or South and thus speed technology dissemination and boost trade in 
Environmentally Preferable Products (EPPs) respectively. The definitions of the 
products and services16, for which tariff reduction or elimination would be 
environmentally beneficial, may be derived from Multilateral Environmental 
Agreements (MEAs), which would represent a promising information exchange 
between the WTO and environmental bodies. (Ruddy 2006.) Increased market access 
for environmental goods, such as the 6 examples discussed in Section 3 of this report, 
promises a “win-win-win” outcome, as it translates into greater access - for lower cost - 
to technologies and products that support governments’ environment and development 
goals (e.g., improved sanitation, pollution prevention, renewable energy). 
Liberalization of trade in environmental goods will facilitate access to and encourage 
the use of environmental technologies, which can in turn stimulate innovation and 
technology transfer. (WTO 2006)  

The lack of appropriate statistics makes the assessment of the size of global or national 
Environmental Goods and Services (EG&S) markets difficult. Much of the information 
provided by national sources is qualitative and requires a fair amount of judgement. 
Estimates on global trade in environmental goods vary, depending on the product 
coverage used. According to WTO experts global trade in environmental technologies 
can be valued at approximately US$250 billion. At a recent WTO workshop on 
environmental goods, global exports of environmental goods were estimated to total 
US$216 billion in 200217. This represents approximately 4 percent of world exports 
overall. From 1990-2002, trade in environmental goods has grown more than twice as 
fast (14 percent) as total merchandise trade (6 percent). This growth is expected to 
continue.  

                                                 
16 Several WTO members have submitted proposals in the WTO negotiations on environmental goods 
(ICTSD 2006). 
17 product coverage based on OECD and APEC lists 
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For example, in the wastewater treatment sector, the World Bank estimates that annual 
investments in water supply and sanitation will need to double from the historical level 
of US$15 billion per year to US$30 billion per year to meet future demand. (WTO, 9 
May 2006) Firms in OECD member countries currently account for about 90% of the 
global EG&S market, but over-capacity has slowed market growth in many of their 
domestic markets. The most rapid rates of growth now occur in transition and 
developing countries. (OECD 2005) 

An OECD (2005) study presents a synthesis of 17 country studies on environmental 
goods and services (EG&S). The countries examined are Brazil, Chile, China, Cuba, 
the Czech Republic, the Dominican Republic, Guatemala, Honduras, Israel, Kenya, 
Korea, Mexico, Nicaragua, Pakistan, Panama, Thailand and Vietnam. Its aim was to 
identify determinants of demand for environmental goods and services; to show 
common themes and experiences in the environmental goods and services markets of 
different countries; and to draw attention to key trade, environment and development 
policy linkages.  

Interestingly, EG&S imports account for 5- 10% of total imports in each country, and 
imports and foreign investments are expected to rise (both in real terms and in relation 
to total imports) over the coming years. Most of these imports have originated from 
France, Germany, Japan or the United States. This is not surprising as these are the 
world’s leading net exporters of environmental goods and services. Latin American 
countries show a preference for imports from the United States, while Asian countries 
seem to prefer Japanese products. For example, the United States was the leading 
exporter to Brazil of environmental technologies, with a 35% market share; Germany 
occupied second place (25%) and French companies ranked third (15%). 

All 17 EG&S domestic markets studied by the OECD have grown over the last 
decade and are expected to expand significantly in the next five to ten years. Country 
studies that quantify annual growth forecast it to run at between 8% and 12% during 
the first decade of this century. Such figures imply that growth of the EG&S markets in 
these countries far outstrips growth in OECD countries, where EG&S markets are 
mature. Most of the studies note a significant shift in the structure of countries’ EG&S 
industries, from traditional end-of-pipe activities to the use of cleaner technologies that 
reduce pollutants at source. The study of China, for example, which expects 16% 
growth in environmental services, predicts that the markets for environmental 
equipment in that country will actually decline in the next few years.  

In most of the countries surveyed, public authorities remain largely responsible for 
delivering these services, regarded locally as public services. This situation is 
changing. All of the country studies report that privatisation and deregulation are 
creating an ever larger role for the private sector in the delivery of goods and services. 
There are few concerns about the participation of foreign and domestic private-sector 
suppliers in these areas, although issues of ownership and control of essential public 
infrastructure have been used by governments to resist liberalisation efforts in the past. 
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4.5 Use of concepts today and in the future in major developed and developing. 
countries 

We carried out a small study of expert perceptions of the importance of the new 
concepts at present and in the future in the Old and New EU Member States, China and 
India in the fields of research, policy and industry. The study was based on a 
questionnaire (see Annex IV) sent out to different experts in the field. The response 
level was low so the results have to be viewed with some caution but the survey still 
yields some interesting insights. The results of the expert perceptions are shown in 
detail in Annex IV. It seems that dematerialisation and eco-efficiency are seen to be 
most important concepts in Europe today and also in the future. In the old EU Member 
States the importance of the concepts is seen to be higher in research and quite low in 
industry. Most of the other concepts were only considered to be of average importance 
or lower, particularly in policy and industry in the Old EU Member States. The growth 
of importance of the concepts is generally considered larger in new Member States 
although the starting level is lower (industry being an exception).  

Chinese responses to the questionnaire indicate that the concepts are seen to be of 
average importance in research and policy and in the future also in industry. The Indian 
results, based on only one response, show an expectation that the concepts will be 
much more important in the future. 

An analysis of scientific articles in the Web of Science database on 25th of June 2006 
produced following results concerning the use of the concepts and their use in USA, 
Japan, China and India as reflected in scientific publications.  

 

Web of Science – 1945-2006 

Concepts ARTICLES USA JAPAN CHINA INDIA 

Dematerialisation 21 0 0 0 0 

Eco-efficiency 167 20 19 1 3 

Cradle-to-Cradle 9 3 0 0 0 

Cradle-to-Grave 106 31 1 1 0 

Ecological Footprint 180 58 2 9 2 

Transition management  3 0 0 0 0 

Eco-Sufficiency 0 0 0 0 0 

Vulnerability assessment 195 71 6 9 3 

 
It is likely that most of the articles in the “total” category originate from EU countries, 
based on the general low science production in countries outside the listed countries. 
The table shows the absence of the focus on demateralisation in all four countries, 
although eco-sufficiency and cradle-to-cradle and cradle-to-grave concepts are worked 
on. This means that Europe has a strong lead in this research field. 
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The high number of articles on ecological footprints shows that this concept has 
reached wider research and application circles and there should be much knowledge to 
draw on if it is adopted for more policy use also at the European level. Clearly neither 
eco-sufficiency nor transition management has reached any of the mainstream journals 
(those included in the web of science database) indicating their truly emerging nature 
even in research. Finally, the high number of publications on vulnerability assessment 
is likely to be not referring to the concept as presented in this paper but to vulnerability 
assessments in e.g. hydrological and technical fields.  

4.6 Implications of the selected concepts for future policy relationships with 
non-EU countries 

There are interesting possible implications of some the concepts described in Section 2 
for truly multilateral relationships at the global level. These will of course vary both 
with concept and the multilateral process in question. All of the concepts we have 
discussed of course relate to the broader sustainable development agenda in Agenda 21, 
the World Summit on Sustainable Development (WSSD) and the follow-up process in 
the annual sessions of the Commission on Sustainable Development (CSD).  

One of the cross cutting issues in the CSD, which should be considered in every 
session, is sustainable production and consumption patterns (SPC). This broad concept 
was, reportedly after strong efforts from the EU and lots of resistance from e.g. the US, 
adopted at the WSSD. As a result, the Johannesburg Plan of Implementation (JPI) 
asserts that there is an indispensable need for “fundamental changes in the way 
societies produce and consume” (para 14) in order to achieve global sustainable 
development. The JPI then encourages “a 10-year framework of programmes in 
support of regional and national initiatives to accelerate the shift towards sustainable 
consumption and production” (para 15.). This framework has taken the shape of the 
Marrakech Process18, initiated at a conference in 2003 and followed by regional 
meetings (in Europe there has been one in Belgium in 2004 and one in Berlin in 2005). 
Now this process is carried forward by the initiation of international Task Forces led by 
various countries.19 

These Task Forces are just in the start up phase and their way of operation and scope of 
activities will surely vary. However, EU member countries are leading most of these 
Task Forces and these will provide an interesting arena for global activities in the years 
ahead. The Task Force on Sustainable Lifestyles led by Sweden is a unique opportunity 
to further the thinking and action on dematerialization and eco-sufficiency from the 
consumption side. The Task Force on Cooperation with Africa led by Germany could 
take vulnerability analysis and efforts to integrate mitigation and adaptation to climate 
change as a core theme. Italy’s Task Force on Education for Sustainable Development 
could explore the wider adoption of the ecological footprint as an awareness raising 
indicator for the public. United Kingdom’s Task Force on Sustainable Products and 
France’s Task Force on Sustainable Tourism could explore dematerialization and 
transition management in a more global context. Indeed, in the context of economic 
globalisation and the global trade regime, it will be very difficult in many sectors to 
carry out transition management in a national or regional policy context.  

                                                 
18 http://www.un.org/esa/sustdev/sdissues/consumption/Marrakech/conprod10Y.htm 
 
19 http://www.uneptie.org/PC/sustain/10year/taskforce.htm 
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EU institutions could explore ways to engage with these Task Forces and in these 
explore the usefulness of the concepts beyond Europe. The EU and some of its Member 
States were the leading proponents of SCP in the CSD discussions and play a 
significant role in broadening the understanding of and support for action in this 
direction among developing countries.  

Another key global process where some of these processes can have a role is the United 
Nations Decade on Education for Sustainable Development (UNDESD), 2005-2014.20 
The Decade was called for at the WSSD and UNESCO is the lead UN agency. The 
UNECE area (Europe and North America) has initiated a strategy in support of this.21 
The Decade emphasizes a very broad approach to education for sustainable 
development including the need for value based education. A concept such as eco-
sufficiency which implies reducing excessive consumption (and indirectly emphasizing 
other aspects of human well-being) is inextricably linked to fundamental values in our 
societies. The development of curricula and education programmes (formal and 
informal) at all levels of society could relate to such concepts. In a similar manner 
ecological footprints could be one of the tools in broader awareness raising 
programmes.  

When it concerns the governance related concepts and particularly multistakeholder 
processes, the EU is already in the process of implementing the Aarhus Convention,22 
negotiated under UNECE auspices and entered into force 2001, which concerns 
people’s right to access environmental information, decision-making and justice. The 
Convention also has the potential to exert influence beyond the UNECE region. On the 
one hand it is open to signature by countries outside the region, on the other the 
signatories have agreed to promote the application of its principles in international 
environmental decision-making process and in international organizations related to the 
environment. The EU could increase its effort to help other countries and regions to 
adopt the Convention or develop similar ones. Furthermore, although the 
multistakeholder discussions at the CSD are limited in their scope, participation and 
influence, they do provide a window of opportunity to engage in discussions along the 
lines of transition management on a global scale. However, this window could be used 
more proactively and developed further. In the current CSD cycle, for example, the 
focus on energy for sustainable development, industrial development, air pollution and 
climate change, provided for a dialogue between governments, industry leaders and 
civil society but there were hardly any governments who took active part in the CSD 14 
dialogue with major CEOs. This sends a bad signal to other stakeholders that 
governments do not see the need, or do not want to engage in public dialogue with the 
private sector on the global level.   

                                                 
20http://portal.unesco.org/education/en/ev.php-
URL_ID=27234&URL_DO=DO_TOPIC&URL_SECTION=201.html 
21 http://www.unece.org/env/esd/Strategy&Framework.htm 
22 (http://www.unece.org/env/pp/welcome.html) 
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ANNEXES  

I: Definitions of Concepts 

Adaptation 
is the ability to deal with emerging transitions. It addresses the design and potential of 
socio-economic processes and institutions to change and adapt in response to altered 
conditions and unpredictable effects of (co)evolutionary dynamics. Referring to 
environmental sustainability, adaptive capacity must express the duality of adapting to 
change (responding adaptively to trigger signals and disturbances expressed by 
conflicts) and shaping change (to initiate sustainable transitions towards consensual 
visions of sustainability to avoid conflicts). Adaptive capacity is connected with 
diversity (requisite variety), reflexivity (processes of feedback), and commitment to 
change and innovation, which means that it is also an institutional issue.  

Cleaner Production  
refers to the continuous application of an integrated preventive environmental strategy 
to processes, products, and services to increase overall efficiency, and reduce risks to 
humans and the environment. Cleaner Production can be applied to the processes used 
in any industry, to products themselves and to various services provided in society. For 
production processes, Cleaner Production results from one or a combination of 
conserving raw materials, water and energy; eliminating toxic and dangerous raw 
materials; and reducing the quantity and toxicity of all emissions and wastes at source 
during the production process. For products, Cleaner Production aims to reduce the 
environmental, health and safety impacts of products over their entire life cycles, from 
raw materials extraction, through manufacturing and use, to the 'ultimate' disposal of 
the product. For services, Cleaner Production implies incorporating environmental 
concerns into designing and delivering services.  

Cradle-to Cradle Assessment 
While 'cradle-to-grave' assessment considers impacts at each stage of a product's life-
cycle, from the time natural resources are extracted from the ground and processed 
through each subsequent stage of manufacturing, transportation, product use, and 
ultimately, disposal, “cradle-to-cradle” assessment assumes that all products are 
recycled and re-enter the cycle. 

Critical Load 
Carrying capacity is the ability of eco-systems/the earth to bear environmental load 
without significant damage. The threshold is the critical load, i.e. the maximum load 
that a given system can tolerate before failing. 
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Decoupling or De-linking 
refer to a “break in the link between ‘environmental bads’ and ‘economic goods’” 
(OECD, 2002). Much discussion focuses on de-linking or decoupling economic growth 
from the use of environmental resources. As with dematerialisation, decoupling can 
either be absolute or relative. Absolute decoupling occurs where “the environmentally 
relevant variable is stable or decreasing, while the economic driving force is growing” 
(Ibid.). Relative decoupling, on the other hand, refers to the growth rates of the two, 
taking place where “the growth rate of the environmentally relevant variable is 
positive, but less than the growth rate of the economic variable” (Ibid.). 

Dematerialisation  
aims at reducing the amount of (raw) materials and energy used by the economy for the 
production of goods and services. Dematerialisation can be measured in absolute terms 
(changes in the total amount of materials and energy used; absolute dematerialisation), 
per capita or in relation to economic indicators (changes in material use per GDP; 
relative dematerialisation). 

The Ecological Footprint  
is a resource management tool that measures how much land and water area a human 
population requires to produce the resources it consumes and to absorb its wastes under 
prevailing technology (www.footprintnetwork.org). For example, the amount of paper 
needed for a newspaper is transformed into the area of productive forestry land that 
was needed to produce the wood for the paper. The Footprint is measured for different 
land use categories (e.g. agriculture, forestry, built up land) and consumption categories 
(e.g. nutrition, housing, transport). Per capita measurements of footprints allow for 
comparison across countries, region and time. 

Eco-efficiency  
is generally viewed as less environmental impact per unit of service or per added value. 
The World Business Council on Sustainable Development (WBCSD) defines eco-
efficiency as being achieved by the delivery of competitively priced goods and services 
that satisfy human needs and bring quality of life, while progressively reducing 
environmental impacts and resource intensity throughout the life cycle, to a level at 
least in line with the Earth’s estimated carrying capacity. The WBCSD identifies seven 
elements to improve eco-efficiency: reduce material intensity; reduce energy intensity; 
reduce dispersion of toxic substances; enhance recyclability; maximise use of 
renewables; extend product durability; increase service intensity. 

Environmental democracy  

A system under which citizens have rights to access environmental information held by 
public authorities, to participate in environmental decision-making and to take 
violations of environmental law to court. 
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Environmental justice 
is the pursuit of equal justice and equal protection under the law for all environmental 
statutes and regulations without discrimination based on race, ethnicity, and /or 
socioeconomic status. This concept applies to governmental actions at all levels - local, 
state and federal - as well as private industry activities. There are three categories of 
environmental equity issues: “Procedural Inequity; Geographical Inequity; Social 
Inequity”. Providing environmental justice goes beyond the stated definition and 
includes a guarantee of equal access to relief and meaningful community participation 
with government and industry decision-makers. 

Environmental Justice programs promote the protection of human health and the 
environment, empowerment via public participation, and the dissemination of relevant 
information to inform and educate affected communities. 

Environmental load 
is the observed (or predicted) environmental concentration of a compound in an 
environmental compartment.  

Environmental mainstreaming  
Environmental mainstreaming refers to the integration of environmental considerations 
into core institutional thinking and decision-making. UNDP’s environmental 
mainstreaming approach involves integrating sustainability objectives into poverty 
reduction practices, building internal and external capacities, promoting regional 
environmental strategies, enhancing environmental soundness and sustainability of 
UNDP policies, programmes and operational processes, and improving the quality of 
environment programmes in achieving broader socioeconomic and human development 
goals (http://www.undp.org/fssd/envmainst.htm) 

Environmental policy integration 
refers to the coordinated integration of environmental concerns into all policy sections 
and dimensions (horizontal and vertical integration of environmental issues) and is 
closely related to “environmental mainstreaming”. This principle is used in Europe in 
the so-called Cardiff-process, referring to the European Summit in Cardiff 1998, as 
foreseen in article 3 of the European treaty  (see http://www.seri.at/BeyondSpring03/). 

Environmental risk 
comprises the expected losses (of lives, persons injured, property damaged and 
economic activity disrupted) due to a particular hazard for a given area and reference 
period. Based on mathematical calculations, risk is the product of hazard and 
vulnerability. 

Environmental security  
is receiving increasing attention in world affairs. Currently there is little coherence 
around the  world about its definition. The American Council for the United Nations 
University defines environmental security as the balance between the status of an 
ecosystem and its function for human social, economic and ecologic stability. 
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According to this definition, environmental pollution or degradation as such does not 
affect environmental security, as long as it does not have a direct or indirect impact on 
socio-political stability. This concept refers to the results of various research projects 
on environmental security that have identified causal links between the degradation of 
the environment and violent conflicts on the international, regional or local level 
(Homer-Dixon 1991; Bächler 1994; Homer-Dixon 1999; Bächler 2002).  

Ecological debt  
The Friends of the Earth International definition of ecological debt is as follows. "The 
cumulative responsibility of industrialised countries for the destruction caused by their 
production and consumption patterns is called the 'ecological debt'. Natural wealth 
extracted by the North at the expense of southern people has contaminated their natural 
heritage and sources of sustenance. The ecological debt also includes the illegitimate 
appropriation of the atmosphere and the planet's absorption capacity by the 
industrialised world. This debt is the result of a development model that is being spread 
throughout the world and which threatens more sustainable local economies" (see: 
www.foei.org). 

Eco-Sufficiency 
Eco-sufficiency requires a reduction of the level of production/consumption in those 
parts of the world with the highest standards of living beyond reducing the use of 
natural resources as well as waste and emissions per unit of production/consumption 
(=decoupling/delinking). Given a very loose relation in rich countries between 
material wealth, GDP and human well-being, this might be possible even without 
reducing the latter, while, for example, increasing leisure and non-material 
activities/sources for well-being. 

Environmental Security  
Environmental security is the relative public safety from environmental dangers caused 
by natural or human processes due to ignorance, accident, mismanagement or design 
and originating within or across national borders 

Environmental utilisation space or environmental space 

Originally from H. Siebert, the concept of environmental utilisation space wWas 
coined in the 1980s by J.B.Opschoor as an academic concept and used in the 1990s by 
the “Friends of the Earth” in their campaign for a “Sustainable Europe”. It combines a 
principle of environmental justice (equal right of every human to use resources) with 
assumptions about the carrying capacity of the earth in terms of factor X. 
(http://www.foeeurope.org/sustainability/europe/study/quantify.htm) 

Factor X (Factor 4, Factor 10)  
is a defined target for dematerialisation. It can refer to absolute dematerialisation 
(reducing the use of materials and energy by a certain factor) or relative 
dematerialisation (increasing eco-efficiency by a certain factor) (http://www.factor10-
institute.org/) 
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Immaterialisation 
avoids or reduces the use of resources and the generation of waste by changing the 
purchasing and consumer behaviour patterns from a lifestyle focussed on purchasing 
and using a maximum of goods and commodities, to a lifestyle purchasing and using 
first goods and commodities to supply basic needs and then focussed on the demand for 
services e.g. culture; health and social matters; education; leisure (Eco-tourism) 

Integrated Environmental Assessment 
The interdisciplinary and social process, linking knowledge and action in public 
policy/decision contexts, and aimed at identification, analysis and appraisal of all 
relevant natural and human processes and their interactions which determine both the 
current and future state of environmental quality, and resources, on appropriate spatial 
and temporal scales, thus facilitating the framing and implementation of policies and 
strategies. 

Integrated Sustainability Assessment 
Integrated Sustainability Assessment (ISA) is a process rather than a product. ISA is 
based on the following principles: it deals with the dynamics of sustainable 
development at different scales in time, space and function; it deals with trade-offs 
between social-cultural, economic and ecological domains; and it deals with the 
interaction of both collective and individual agents that influence the system in 
question. The principal methods to deal with this set of ISA principles are a 
combination of an analytical approach in the form of an integrated systems analysis, 
and a process approach in the form of a participatory process involving relevant 
stakeholders. In process terms we can define ISA as a cyclical, iterative process. 

Life Cycle Analysis (Assessment) 
 is a method in which the energy and raw materials consumption, different types of 
emissions and other important factors related to a specific product are measured, 
analysed and summed up over the product’s entire life cycle from an environmental 
point of view.  

Material Efficiency 
Material efficiency describes the amount of raw materials needed to produce a specific 
good or service or the total of all goods and services in an economy (GDP). Higher 
material efficiency thus implies a reduction in the quantity of raw materials used to 
produce the same amount of output. 

Material intensity  
measures the quantity of materials consumed per unit of GDP. 
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MFA (Material Flow Analysis)  
is a method to account the material flows of a society including raw material extraction, 
trade flows, waste amounts, emissions and material stocks of buildings and long-
durable goods. It builds the basis for accounting indicators and formulating policy 
targets. The method which has been developed during the past 20 years has recently 
been standardised by the scientific community under the coordination of Eurostat. 

MIPS (Material Input Per Service Unit)  
was developed by the Wuppertal Institute for Climate, Environment and Energy in the 
1990s and measures the quantity of raw materials needed to produce a specific "service 
unit". A service unit is the service that is delivered by a product or a combination of 
products and services; e.g. the material input for access to the internet through a 
computer and networks or for infrastructure and services used during a holiday 
(Schmidt-Bleek 1993; www.wupperinst.org/Projekte/mipsonline). 

Mitigation  
can be defined as any action taken to permanently eliminate or reduce the long-term 
risk to human life, property, and function from hazards  

Mitigation can include: avoiding the impact by not taking a certain action; minimising 
impacts by limiting the degree or magnitude of the action; rectifying the impact by 
repairing or restoring the affected environment; reducing the impact by protective steps 
required with the action; and compensating for the impact by replacing or providing 
substitute resources. 

Multi-stakeholder processes  
describes processes which aim to bring together all major stakeholders in a new form 
of decision-finding and -making on a particular issue. The communication between 
stakeholders thereby is based on legitimacy, accountability and saliency. It aims to 
develop partnerships and strengthened networks in order to reach and pursuit certain 
commitments. They can comprise of dialogue (statements, exchange and discussion), 
or grow into processes of consensus-building, decision-making and implementation. 
The exact nature depends on the issue, the participants, the time-frame, available 
resources, and other variables.  

Precautionary principle 
If the consequences of an action are unknown, but are judged to have some potential 
for major or irreversible negative effects, then those actions or processes should be 
avoided. 

Sustainable Consumption  
has been defined as: "The use of services and related products which respond to basic 
needs and bring a better quality of life while minimizing the use of natural resources 
and toxic materials as well as the emissions of waste and pollutants over the life-cycle 
so as not to jeopardize the needs of future generations." (UN CSD International Work 
Programme, adopted in 1995). 
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Sustainable production/consumption systems 
Sustainable consumption and production has been a distinctive intergovernmental 
policy issue since the publication of Agenda 21 after the UN Conference on 
Environment and Development (1992). Chapter 4 of Agenda 21 supplies a generic 
mandate for governments to change production and consumption patterns toward 
greater sustainability. There are two key reasons for considering consumption and 
production together as a system. One is the need to bring attention to the processes 
closer to the decisions and actions of final consumers. The second is that a commodity 
chain itself can be considered as a series or network of many production-consumption 
relationships. 

Transition management  
Managing change processes towards functional systems offering sustainability benefits 
in a stepwise manner, through adaptive programmes for system innovation. Addresses 
the capability of a system to adapt to and shape change towards sustainability. 
Transition management integrates a dynamic co-evolutionary understanding opposing 
traditional approaches of strong planning and fixed policy outcomes. A transition 
consists of a set of connected changes in technology, the economy, institutions, 
behavior, culture, ecology, and belief systems that reinforce each other. Within a 
transition there is multiple causality and co-evolution of independent developments 
(see also Rotmans et al., 2001).  

Vulnerability and resilience 
Vulnerability can be seen as the strength of the potential for negative outcomes or 
consequences for well-being and can be characterized by the probability of a sharp 
decline in, for example, access to various resources such as food and drinking water, or 
of consumption levels sinking below minimum needs for survival. It is a result of both 
exposure to risk factors such as drought, conflict or extreme price fluctuations, and also 
of underlying socio-economic and institutional conditions which reduce people’s 
ability to cope with the negative impacts of exposure. These impacts  not only depend 
on  exposure but also on the sensitivity of a system of people to these exposures. 
Vulnerability can thus be seen as the combination of exposure to and sensitivity for risk 
and the (in)ability to cope or adapt (=resilience).  

Well-being 
‘Well-being’ is understood as good quality of life. Attention to well-being means to 
look at how people actually live, and at the quality of their lives. There are different 
understandings of the detailed contents of well-being; but each understanding of what 
is human well-being involves a selection and weighting of some aspects of living 
(‘being’) which are judged to be valuable. Three broad categories of well-being have 
been identified (see e.g. Gasper 2004, Robeyns 2004): Inputs, some of which can be 
measured in monetary terms; Objective Well-being, measured in terms of the various 
objective aspects of living that are deemed important; and Subjective Well-being, 
measured in terms of how people feel about how they live. In other words, what people 
have, how they live, and how they feel. Several recent studies, including the 
Millennium Ecosystems Assessment investigate the links between environmental 
change and well-being. 
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II: Descriptions of technologies  
Biological wastewater treatment: Processes that employ aerobic or anaerobic 
microorganisms and result in decanted effluents and separated sludge containing 
microbial mass together with pollutants. Biological treatment processes are also used in 
combination and/or in conjunction with mechanical and advanced unit operations. 
Small-scale systems may be used as standalone systems for domestic sewage. 

Waste separation, the separation of waste with regard to recovery: a generic term 
encompassing the re-employment, reuse, recycling or regeneration of waste. 

Steam injector for waste recycling: a pretreatment method for separation of waste.  

Scrubbers remove acid gases and some metal content by passing the gases and some 
of the metal content through chemical reagents. A Selective Non-Catalytic Reducer 
(SNCR) may be used to convert nitrogen oxides into nitrogen by reacting with 
ammonia or urea (and inhibits dioxin formation); Flue Gas Recirculation (FGR) also 
reduces nitrogen oxide and dioxin formation. Ceramic filters, fabric filters, electrostatic 
precipitators, and/or wet scrubbers may be used to remove particulates (and any 
adsorbed pollutants in or on the particulates). Activated carbon, an adsorbent, may be 
used to filter out volatile substances such as mercury and PICs. 

Biocatalysts are biological entities, such as whole cells or isolated enzymes that 
catalyse biological processes ranging from waste treatment to biopolymers and beyond. 
Biocatalysts are not limited to enzymes, but also include protozoa and other micro-
organisms, antibodies, ribozymes and peptide mimics. Their higher-level structure 
contrasts with chemical catalysts, which operate at the atomic level. 

Nanotechnology comprises technological development at the atomic, molecular, or 
macromolecular range of approximately 1-100 nanometers to create and use structures, 
devices, and systems that have novel properties. (One nanometer equals one thousandth 
of a micrometer or one millionth of a millimeter.) 

Membrane technology a method for separation using semi-permeable or half-
permeable membranes for cleaning waste water and water desalination.  High levels of 
purification can be achieved, for example waste-water can be turned into drinking 
water at low energy costs.  

Measuring devices: physical devices that measure pollution or energy consumption. A 
new type of measuring device is biosensors. A biosensor is a device that detects, 
records, and transmits information regarding a physiological change or the presence of 
various chemical or biological materials in the environment. More technically, a 
biosensor is a probe that integrates a biological component, such as a whole bacterium 
or a biological product (e.g., an enzyme or antibody) with an electronic component to 
yield a measurable signal. Biosensors, which come in a large variety of sizes and 
shapes, are used to monitor changes in environmental conditions. They can detect and 
measure concentrations of specific bacteria or hazardous chemicals; they can measure 
acidity levels (pH). In short, biosensors can use bacteria and detect them, too 
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Eco-efficiency analysis: a tool to measure the eco-efficiency of products and 
processes. An Eco-efficiency analysis calculates the ratio between the creation of 
economic value and the environmental impact of a product or a process from a life 
cycle perspective. The calculation of environmental impact is often based on a Life 
Cycle Inventory, LCI. An LCI is a compilation and summation of environmental data 
from all stages in the life cycle of a product or service – from extraction of resources, 
through production and use to reuse, recycling or final disposal. An LCI is the first step 
in a Life Cycle Assessment, LCA, a tool to assess the potential environmental impacts 
of product systems or services. 

Financial schemes for separation of household waste: instead of paying a fixed fee, 
households pay for their waste according to volume (per bag) or weight. Accompanied 
with a good infrastructure for waste collection for bottles, paper and plastics, such 
schemes help households to save costs. Organic waste can be exempted from charges 
through separate collection. 

Offsetting CO2 emissions from air travel: support for programs for planting trees, 
which consume CO2, or energy-saving projects that reduce CO2 emissions elsewhere, 
to make up for the carbon dioxide created by an air travel trip.  

CO2 capture and storage (CCS) is separation of CO2 from anthropogenic sources, 
transport to a storage location, and isolation from the atmosphere. CCS would be an 
option in the portfolio of actions for stabilization of greenhouse gas concentrations 
while allowing for the continued use of fossil fuels. CCS has value to mitigation as it 
may reduce overall mitigation costs and increase flexibility in achieving greenhouse 
gas emission reductions. The application of CCS would depend on technical maturity, 
costs, overall potential, regulatory aspects, environmental issues and public perception. 

Wind power: Energy extracted from wind, traditionally in a windmill, but increasingly 
by more complicated designs including turbines, usually to produce electricity but also 
for water pumping. The power available from wind is proportional to the area swept by 
the rotating place and the cube of the wind velocity, but less than half the available 
power can be recovered.  

PV applications: The harnessing of solar power for electricity generation through 
photovoltaic cells. A PV cell consists of two or more thin layers of semi-conducting 
material, most commonly silicon. When the silicon is exposed to light, electrical 
charges are generated and this can be conducted away by metal contacts as direct 
current (DC). The electrical output from a single cell is small, so multiple cells are 
connected together and encapsulated (usually behind glass) to form a module 
(sometimes referred to as a "panel"). The PV module is the principle building block of 
a PV system and any number of modules can be connected together to give the desired 
electrical output. PV equipment has no moving parts and as a result requires minimal 
maintenance. It generates electricity without producing emissions of greenhouse or any 
other gases, and its operation is virtually silent. 

Broadly speaking there are 3 types of PV applications 

1. Stand alone PV systems for the consumer market: Particularly small-scale 
recreational applications such as for summer-houses, yachts, caravans, but also 
for houseboats, freight-barges and remote houses. 
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2. Professional stand-alone PV systems: Cattle drinking troughs, solar lighting 
masts, bus shelter lighting, buoys, beacons, weirs, ship locks, telecommunication, 
drive systems. 

3. Grid-connected PV systems: Decentralised electricity generation on buildings 
and other constructions (sound barriers, power stations). 
 

Hybrid electric vehicles: Hybrid-electric vehicles (HEVs) are vehicles with an internal 
combustion engine and electric motors. They can be configured to obtain different 
objectives, such as improved fuel economy, increased power, or additional auxiliary 
power for electronic devices and power tools. 

Sustainable houses: houses which consume little energy thanks to insulation, heat 
pumps and PV systems, possibly with biological sanitation, using eco-friendly building 
materials. Many different configurations are possible. There also exist large 
opportunities for making existing homes more sustainable, through refurbishment 
such as the use of insulation measures and modernizing the central heating systems. 

Solar water heaters: PV cells and modules and solar-thermal collectors. In the US, 
73% of solar collectors are for pool heating. In Europe solar heaters are used for in-
house water heating. 
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III: Description of 6 hydrogen systems 
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Liquid hydrogen from nuclear power and large scale 
renewables is the dominant transport fuel, and is 
traded internationally. This is largely a scenario of 
substitution, with current energy and transport 
paradigms remaining unchanged. 

Liquid Hydrogen
 

Centralised 
Renewables 

Nuclear Power 

Liquid Hydrogen 
Tanker Refuelling station 

(liquid hydrogen)
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Renewably produced hydrogen provides the dominant 
transport fuel. In this case, however, it is ‘packaged’ as a 
synthetic liquid hydrocarbon to overcome the difficulties 
of hydrogen storage and distribution. The carbon for fuel 
synthesis comes from biomass and from the flue gases 
of carbon-intensive industries. 

Synthetic Liquid Fuel

Ref uel ling s ta tio n 
(synthetic  fuel) 

Liquid f uel tanker 

Carbo n source 
(bio ma ss; ind ustry ) 

H 2 source 
(Re newables ) 

Fuel S yn thes is Plant 
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Renewably produced hydrogen is a major energy carrier 
for heat and power as well as the dominant transport 
fuel. A hydrogen pipeline grid serves fuel cell CHP in 
most buildings, and people refuel vehicles at home. 
Hydrogen is produced from a mix of larger centralised 
and smaller-scale distributed renewables and biomass. 

Ubiquitous Hydrogen
 Biomass 

gasification 

Refuelling Stations 

Fossil fuels, 
with 
sequestration 

Domestic use of hydrogen 
– CHP and cooking fuel

Hydrogen Grid – supplying 
most buildings 
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Electricity Store

Electricity Grid

Onsite 
Electrolysis

Onsite electrolysis, home 
refuelling, CHP

Renewable 
Electricity

H2 is the dominant road transport fuel, and also overcomes the 
intermittency problems of a renewables-based electricity system. H2
production responds to electricity supply conditions, easing load-
balancing. H2 is produced onsite and requires no distribution 
infrastructure. 

 
 

Source: Technological expectations and the appraisal of contested hydrogen futures. 
Malcolm Eames and Will McDowall. UK Sustainable Hydrogen Energy Consortium, 
Policy Studies Institute, presentation at SPRU in 2005.



IP/A/ENVI/ST/2006-001 Page 20 PE  375.860 

IV: Questionnaire sent out to developing countries 

Dear recipient 

This questionnaire is related to a project “Environment and Innovation: new environmental concepts and technologies and their implications for 
shaping the future EU environmental policies” financed by the European Parliament. One of the targets of the project is to find out the use of 
new and emerging concepts in environmental policy.  

We kindly ask you to answer the question whether the concepts mentioned in the left column of the table (and explained below) have low or 
high importance in the area of research, policy and industry in your country today and in the future (general assessment).  

If you do not know the concept or its use in your country, please leave the corresponding row in the table empty. 

Thank you very much for your contribution! We hope to receive your reply by the 17th of May. 
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Time perspective Today In the Future 2015-2020 

Area of activity Research Policy Industry Research Policy Industry 

Importance 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Dematerialisation 
and eco-efficiency                               

Cradle to Cradle 

 
                              

Ecological 
footprint                               

Transition 
management                               

Vulnerability 
assessment                               

Eco-sufficiency 

 
                              

1 = very low importance 
2 = low importance 
3 = average importance 
4 = high importance 
5 = very high importance 

Each remark/comment concerning the potential for future use of the concepts and possible constraints are welcome. 
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Results of the Questionnaire 
Assessment of the importance of the new and emerging concepts in Old and New EU Member States, China and India within the fields of Research, Policy and 
Industry 
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V: Summary table of environmental technology assessment 
 

Technology Market share and growth  Competitiveness of 
EU suppliers vis-à-
vis non-EU 
suppliers 

Environmental benefits, 
economic benefits and health 
effects 

Main barrier to 
use 

Attractiveness of 
use in developing 
countries 

Small-scale 
biological water 
treatment 

< 2% mostly in vacation houses 
and farms in remote areas. 

Growth rates differ widely, 10-
20 % growth in CZ, hardly any 
growth in NL. Eastern Europe 
main growth market. Biggest 
market is for industrial 
wastewater.  

European companies 
are leading especially 
in anaerobic 
industrial treatment. . 
China and Russia 
increasingly 
important as markets 

98% purification of domestic 
wastewater, purified water can be 
used for watering. 

Low operation costs. No need to 
build expensive sewage systems; 
energy saving compared to 
centralized treatment. 

Odour problem requiring odour 
control. 

Use of 
centralized 
systems being 
the preferred 
option of 
engineers, space 
requirements.  

High potential for use 
but in some cases 
competing with 
locally produced 
systems. 
Industrialised 
systems are used by 
multinational 
corporations who 
apply state of the art 
treatment works. 

Biocatalysis for 
production of fine 
chemicals 

Already prominent in the 
production of fine chemicals and 
pharmaceuticals. 

World demand for enzymes is 
expected to increase to US$5 
billion in 2009. Developing and 
emerging economies will 
experience the fastest gains, 
supported by strong economic 
growth and rising per capita 
GDP. 

Historically, enzyme demand 
has been concentrated in more 

European companies 
doing well but much 
of current 
development in US 
where companies 
benefit from special 
government research 
programmes.  

Energy savings, less CO2 
emissions, less VOC emissions,  
less by-products, less chemicals. 
Using biocatalysts to 
manufacture antibiotics (e.g. 
cephalexin) reduces the 
necessary process steps from 10 
to 1,  saving 65% on energy and 
materials and reducing costs by 
50%. 

 Large reduction in waste: despite 
a 4-fold increase in production 
volume, the production of waste 

The need for 
research and 
development for 
enzymes and 
high costs for 
feeding stocks.  

Appears attractive 
option. 
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developed economies but this is 
changing; countries such as 
China, India, South Korea and 
Taiwan are catching up. 

was reduced by 20% through the 
use of biocatalysis (OECD, 
1998). 

Less occupational risks 

Hydrogen-based 
transport 

Market share at the moment 
zero. All car manufacturers are 
investing large sums into this 
and are testing hydrogen 
vehicles with fuel cells.  

By 2015 the cost of hydrogen 
technology should have 
decreased to affordable levels 
generally comparable with prices 
of current petrol models. In the 
short term hydrogen will be 
produced from fossil fuels, for 
instance methane. The European 
Union is engaged in fuel cells 
bus trials in several cities and 
foresees that 20% of transport 
fuel will come from hydrogen by 
2020.  

The future of hydrogen is very 
uncertain. Breakthroughs in fuel 
cell technology are needed.   

California is  

North American 
companies leading in 
fuelcell development. 
Japanese companies 
are leading in hybrid 
electric vehicles in 
which fuel cells may 
be used. More 
attention for 
hydrogen use in 
busses in Europe.  

Hydrogen use is clean at the 
point of use but leads to 
emissions at the point of 
production.   

FCHVs using hydrogen produced 
via electrolysis and the current 
EU power mix are both energy 
intensive and high in GHG 
emissions due to the fact that 
coal and other fossil fuels are 
used to produce the electricity. 
Fuel cell vehicles are not 
necessary green vehicles. Their 
greenness critically depends on 
the way in which hydrogen is 
produced.  

Sustainability of different 
hydrogen systems deeply 
contested. 

High costs, need 
for new 
infrastructure  
and safety 
hazards all of 
which constitute 
important 
barriers.  

Attractive for use in 
highly polluted cities 
in China and India. 

Energy-producing 
greenhouse 

Emerging technology which is 
currently tested.  

The energy-producing 
greenhouse concept is viewed 
economically feasible by saving 
fuel costs and helping to achieve 

Europe is leading in 
this protomarket. 

The greenhouse system helps to 
greatly reduce electricity costs, 
water costs and material input 
costs. In terms of electricity and 
water the greenhouses and a 
number of homes can be made 

System is 
complex and 
requires changes 
in the regulatory 
framework to 
allow for the use 
of excess heat by 

Not be attractive to 
developing countries 
because 
technologically very 
complex. If widely 
applied in developed 
countries, developing 
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higher crops yields.  energy and water self-sufficient. 

 

other companies 
and in homes. 

countries could 
experience reduced 
sales of their 
agricultural products.  

 

Solar thermal 
panels 

Fast growing markets in Europe 
thanks to government support. In 
2005, 1400 MW of new capacity 
was installed, a growth of 26%. 

Germany is still the leader in 
terms of market volume, with 
47% of the European market. It 
is followed by Austria (12%), 
Greece (11%) and Spain (6%) in 
2004. Solar heating is growing 
very fast in France. An interesting 
development is the growing market share 
of combi-systems that produce not only 
domestic hot water but also support 
space heating and therefore lead to 
higher energy savings. This system type 
is typically used in Northern and Central 
Europe: in Austria they already have a 
market share of 35%. 

 

European companies 
and Japan are leading 
in advanced systems 
thanks to research 
and home markets 
European companies 
are leading in the 
areas of selective 
coating of absorbers, 
high-efficiency 
collectors, combi-
systems and solar 
cooling technologies, 
which are expected to 
become a key 
technology in a few 
years.  

During operation, solar thermal 
technologies produce no air 
pollution, little or no noise, and 
require no transportable fuels. 
This makes solar power one of 
the cleanest energy technologies. 

One environmental worry with 
solar technologies is the lead-
acid batteries that are used with 
some systems. This is a concern 
especially in developing 
countries where proper disposal 
and recycling is not always 
available. 

Higher front-up 
costs, payback 
times long, 
higher 
transaction costs, 
low awareness of 
energy savings, 
heating and 
cooling products 
do not have a 
high-tech image 
amongst 
consumers and 
policy makers.  

Solar is a good 
energy option in 
developing countries. 
Because of the cost 
of transmission lines 
and the difficulty of 
transporting fuel to 
remote areas, 
developing countries 
are increasingly 
turning to solar 
energy as a low cost 
way to supply 
electricity.   

CO2 sequestration At the moment only pilot plants. 
The growth in the future is 
estimated to be considerable if 
the price of CO2 emissions is 
high enough.. 

Most of experience in 
US. Europeans, 
especially Norway, 
has been active in  
EOR (Enhanced Oil 
Recover) 
development. Japan 
is the (only) active 
actor in ocean 

Reduced CO2 emissions. Some 
increase in emissions due to 
increased energy use and 
construction of the equipment.  

Low price of 
CO2 tons. 

Use of CDM (Clean 
Development 
Mechanism) 
mechanism in 
technology transfer is 
an attractive 
opportunity. 
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storage. 

 



IP/A/ENVI/ST/2006-001 Page 27 PE  375.860 

 

 

Technology Employment effect in 
natural resource and 
extracting industries 

Employment effect in 
production, installation 
and use 

Rebound effect from 
cost reduction  and 
employment effects 
downstream 

Employment per unit of 
service compared to 
traditional option 

Number of new jobs 
when production 
doubles  

Small-scale biological 
water treatment 

   +++  

Biocatalysis for 
production of fine 
chemicals 

+ Small increase in 
employment (< 2%) 

No rebound effect, 
reduction in 
employment in waste 
processing (< 2%) 

0  

Wind energy + 114 thousand jobs in 
2001 increasing to 1.47 
million jobs in 2020 
(EWEA and 
Greenpeace). 

 ++  

Carbon Capture and 
Storage 

Negative if replaces 
renewable energy use. 

Small increase in 
employment, if does not 
replace renewables. 

 Less employment 
compared to the use of 
renewables. 

 

      

 

 

  

+++ 

 

 




