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The successful development and application of innovative, clean and

efficient energy technology during the coming years will have crucial

consequences for Europe and the world. Clean and efficient technology

is a vital driver to achieving European energy and environmental policies

as well as wider objectives of the European Union, such as industrial

competitiveness, employment creation and social cohesion.

Energy technology is an area which is particularly determined and

influenced by a wide range of factors, such as level of innovation,

cost-effectiveness, environmental constraints, and consumer

requirements and behaviour. Hence, decision makers are confronted

with the need for objective and comprehensive information in order 

to underpin the definition of clear strategies for the future of energy

technology development.

The European Union has recognised this need by establishing a specific

“strategy” area for its non-nuclear energy programme JOULE-THERMIE.

This area provides support for activities aiming at gaining more insight

into the complexity of the energy technology environment, integrating all

energy-related dimensions.

ATLAS, developed by a team of national energy agencies throughout

Europe, intends to contribute to this by providing a comprehensive

catalogue of state-of-the-art energy technology and its prospects in line

with market and consumer requirements. This has involved the need 

to appreciate and reflect the European dimension which lies at the core

of this project and the requirement to successfully synthesise information

about all Member States - each with its own specific challenges - so

adding value by consolidating the whole into a common plan.

ATLAS has been conceived during an extremely interesting period of 

the ongoing process to bring together Community energy policy

objectives, with its “White Paper on Energy Policy”, its “White Paper

for Renewable Energy Sources” and the “Communication on the

Energy Dimension of Climate Change” and energy technology

development is one of the cornerstones within this framework.

I am very pleased, therefore, to present the results of this work in the

form of selected key technology reviews, which provide a concise

information source for all players in the energy technology field.

C. Papoutsis
Member of the Commission
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The ATLAS project followed a “bottom up” approach in which information

was gathered on selected energy technologies from recent studies 

and from the key players in industry, trade associations, research centres,

national agencies, and other organisations in the EU and worldwide.

The information was gathered on selected innovative technologies in each

of the three main sectors of energy supply (renewables, heat and power,

and oil and gas) and energy demand (industry, buildings and transport), 

as follows: 

J Market status of the technology or process

An overview of historical, current and future projections for the deployment

(installed capacities) and costs of the technology in EU and global

markets, the competitiveness of the EU industry, and other information

which can be used to assess the potential benefits to be gained from

further RTD.

J Contribution to EU-level policy objectives

The benefits to be gained from increased deployment of each technology,

in terms related to key EU policy objectives.

J Technical and non-technical status of the technology

Technical and market-related barriers and factors which affect the future

deployment and risks associated with RTD for each technology, including

environmental impacts, financing and legislative issues.

J Current RTD and future needs

Including information on RTD activities needed to tackle the identified

market barriers (to stimulate market pull), and the identified technical

developments required to improve the prospects for each technology

(technology push).

The main information in this compendium is based on extensive working

documents which were produced at the end of the data gathering phase

(Phase 1) of the ATLAS project, and is presented here by sector. 

General information concerning each sector is summarised in an

Overview, and technology and market information are presented for each

of the selected technologies in a series of modules. Each technology

module contains an outline of the innovative aspects of the technology,

its historical, current and projected future markets, and the technical and

market barriers which need to be tackled to promote future market

growth. More detailed information from the ATLAS project is intended to

be published during the second half of 1998, in the form of an Electronic

Information Base.
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Introduction to the Project

The work was undertaken by 
a team of experts from the EnR
(the European network of energy
agencies), coordinated by ETSU,
and the data gathering and
analysis for each of the
technology sectors was managed
by a sector leader, as follows:

supply
side
Renewables: ETSU, UK 
Heat and Power: BEO, Germany
Oil and Gas: TNO, Netherlands

demand
side
Industry: NOVEM, Netherlands
Buildings: ADEME, France
Transport: IDAE, Spain



SERVICES

COSTS AND BENEFITS 

The ATLAS study provides decision makers with detailed
information on the costs, technology risks and potential
benefits to society and individual citizens which might be
gained from supporting further RTD on a particular technology.
Such cost-benefit assessments are especially relevant to the
allocation of public budgets.

The increases in the deployment of innovative energy
technologies which are projected in the ATLAS study would
help to meet EU objectives for the environment, wealth
creation and employment, and would also maintain the
desired quality of service in these sectors. However, once
again, such benefits will only occur if the technologies can be
made cost-effective from the users’ point of view.

Security of energy supplies

An increase in the deployment of new energy technologies
would contribute to the diversity of energy sources, and could
provide additional options for fuel switching and demand side
management, thus improving the overall security of energy
supplies in the EU. However, such benefits will only occur to a
significant extent if the new energy technologies can be made
competitive with existing technologies.

energy users will have to pay in a more transparent way either
for cleaner technologies or for cleaning up the damage caused
by the more polluting energy technologies in the future.

The environmental emissions from the new energy
technologies have been compared in the ATLAS project with
those from conventional heat and power generation, using
technology-specific assumptions for the types of conventional
energy which each new technology will replace. Some of the
initial results for the electricity-producing renewable energy
technologies are illustrated below.

Industrial competitiveness

From the point of view of industrial competitiveness, the
results of the ATLAS study confirm that many of the new
energy technology suppliers in the EU are extremely
successful and have won a substantial share of world
markets. However, competition is growing, not only from the
well known major competitors in the USA and Japan, but also
increasingly from the new emerging economies in Asia,
Eastern Europe and Latin America. Policy makers at the EU as
well as the Member State level have an important role to play
in helping European energy technology suppliers to remain
competitive in world markets, because this will not only
provide export earnings, but could also provide opportunities
for EU energy technology suppliers to benefit from economies
of scale in their manufacturing and so improve their
competitiveness in their home markets.

Innovative technologies for improving energy efficiency in the
industry, buildings and transport sectors also have an
important role to play in improving the competitiveness of
European industry. The ATLAS studies of these “demand side”
sectors have shown that energy savings of up to 30% can be
achieved in some industrial processes by the introduction of
energy saving technologies, such as CHP or improved
process controls. Similarly, large savings in building energy
consumption can be achieved by appropriate combinations of
draught proofing, insulation, and building energy management
systems, and dramatic savings in energy consumption 
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The ATLAS study was set up to provide future decision makers
with independent information, and help them to determine and
prioritise the next steps in terms of RTD, demonstration and
market stimulation activities in the energy field.

It is energy technology that brings many “services” to their final
consumers, eg lighting, heating and cooling in buildings,
national and international communications, and transport.
These are all services that everyone likes to enjoy and which
are fundamental to future economic activity in Europe, for
example in commerce, industry and agriculture. 

However, energy services are continuously facing evolutionary,
contradictory and new objectives. For example, we depend on
plentiful resources but conventional energy resources are
limited in the long term, and concern is growing over the risks
which may be associated with the security of energy supplies
in the future. Similarly, energy services should comply with
sustainability and environmental requirements, but every unit of
energy which is supplied from conventional fossil fuels
contributes directly to global warming, poor air quality, noise,
and many other forms of environmental damage. Innovative
energy technologies have an important role to play in meeting
these objectives.

In order to maximise this role, detailed information is needed
by decision makers on each of the key innovative technologies
and markets for energy supply, including renewable energies,
clean coal technologies and hydrocarbons, and for energy
efficiency in the industry, buildings and transport sectors. Such
information has been documented in a common structure by
the ATLAS study, and should therefore form a valuable input to
decisions concerning future priorities in the energy sector.

MARKETS FOR NEW ENERGY TECHNOLOGIES

Information on the current and future (2010) markets for
energy technologies in the EU and worldwide, and on the
competitiveness of European industries in these markets, is
presented in the ATLAS study. The information on future
markets is based on a “trends continued” view of the future
and takes into account the views of the key actors in the
market, notably manufacturers, trade associations, user
associations, regional and local authorities, and utilities.
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Environmental sustainability

The innovative energy technologies studied in the ATLAS
project include technologies for use in cities, rural areas and
industrial applications, and they are all broadly aimed at the
following objective:

“to provide the desired quality of service with less energy and
less environmental pollution”.

If mankind is to protect its environment, the costs of keeping it
clean will have to be paid in one way or another. The ATLAS
results confirm that most of the cleaner energy technologies
are currently more expensive than the more polluting ones,
and the costs of environmental impacts caused by energy use
are still not widely “internalised”, ie they are not included in the
costs of energy which are paid by final users. However, the
views of many of the key actors suggest that society and/or
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Market penetration of transport technologies

One of the biggest challenges for decision makers who wish
to increase the use of innovative energy technologies is to
create an energy market framework which allows free market
forces to operate in such a way that supplies of reliable and
affordable energy are ensured whilst at the same time all other
key needs of society are met.

The findings of the ATLAS study emphasise the need for
coherence between future energy policies and policies which
apply to other sectors of society. This is because the energy
market cannot be isolated from the policies of other related
market sectors, such as agriculture, buildings, environment,
exports, industry and transport.

Key influences on the markets for energy supply technologies
are energy market liberalisation, access to electricity grids,
electricity buy-back rates, planning regulations, and financing
schemes. For the energy saving technologies, key market-
related issues are Value Added Taxes, Standards, and
labelling. Good quality information is also vital to show how
the new technologies have been successfully applied in
demonstration projects and full-scale commercial applications
(ie examples of “Best Practice”).

EU and worldwide markets for key heat
and power technologies in 1995 and 2010



sector of application; for example, the markets for biofuels
technologies are influenced by the Common Agricultural
Policy, building energy technologies by building regulations,
and transport energy technologies by industrial policies which
are designed to support vehicle manufacturers and fuel
suppliers. Coherence is needed between energy and other
policies in order to avoid creating market barriers.

most cost-effective when they are managed at an EU level,
especially where neither Member States nor private players are
able to afford to cover the technical and financial risks
involved, or where the European dimension provides clear
added value to the technology innovation.

In order to minimise the creation of market barriers, improved
coherence is needed between policies in the energy sector
and policies in those sectors where energy technologies are
used. This implies that all policy makers at EU and Member
State levels must ensure not only that the needs of their sector
are met, but also that the free market for reliable and
affordable energy technologies is not restricted.

European suppliers of new energy technologies are highly
successful in world markets, but competition is growing, not
only from suppliers in the USA and Japan, but also from the
new emerging economies in Asia, Eastern Europe and Latin
America. There is, therefore, an ongoing need for initiatives
and programmes at EU and Member State levels to support
European producers of energy technologies, including the
many SMEs involved.

Good quality information, with examples illustrating how the
new technologies have been successfully applied in full-scale
commercial applications and demonstration projects
(examples of Best Practice), is important to the growth of
future markets for European energy technology suppliers both
in the EU and worldwide.

These conclusions confirm that innovative energy technologies
have a major role to play in meeting the energy policy
objectives of the EU, including security of energy supplies,
environmental sustainability and industrial competitiveness.
Moreover, these technologies have the potential to play a role,
not only in the EU itself but also in a global context, and the
ATLAS study provides decision makers with information which
will help to ensure that this potential is maximised.
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together with improved services for the users can be achieved
by better facilities for modal switching leading to lower cost
and more efficient freight transport. All of these energy savings
generally lead to cost savings, which could help European
industries to contain their costs and improve their
competitiveness.

Dissemination of information illustrating the successful use of
new energy technologies “Best Practice” can help to
strengthen the competitive position of EU technology suppliers
in global markets, and the need for a more coherent approach
to the gathering and documenting of Best Practice has been
identified in several sectors.

of the users can be identified and fed back to the RTD teams.
Successful demonstrations provide confidence to technology
developers and future investors, before major costs are
incurred in promoting new technologies in highly competitive
global markets.

TECHNICAL AND MARKET BARRIERS

When bringing new energy technologies to the market,
innovation is needed not only in the technology itself, but also
in ways of overcoming market barriers. Special emphasis has
therefore been given in the ATLAS study to gathering
information on the key market barriers for each technology,
and these are summarised in the technology modules. Whilst
many of the technologies have specific barriers, the results
suggest that a large proportion of the market barriers are
similar for all new energy technologies, for example:

Lack of awareness: It is not easy for decision makers to know
when a new technology has moved from the RTD stage to
become fully viable at a commercial scale. Greater investment
in demonstrating and promoting new technologies is needed
to overcome this market barrier.

Investor confidence: Relatively large investments are typically
required both to manufacture new energy technologies and to
purchase and install them. It is therefore vital to provide
financial institutions and other potential investors with good
quality information, and to raise their confidence in the use of
more efficient and sustainable energy technologies. Greater
investment in promoting and disseminating the Best Practice
results from successful demonstration projects is needed to
tackle this barrier.

Low conventional energy prices: The low price of conventional
energy does not reflect the external costs of the damage it
causes to the environment. Different forms of levy to
“internalise” the environmental costs of fossil fuel use are now
being tried at Member State, regional and local levels in order
to improve the competitiveness of the cleaner energy sources.

Lack of appropriate regulations, Standards and Codes: For
many of the new energy technologies, institutional barriers are
created by the lack of clear guidance for administrators
working in the relevant authorities. Such barriers are being
tackled by the EU and some Member States through the
introduction of new Standards, regulations and guidelines for
planners and decision makers. However, more needs to be
done to harmonise these so that they can be enforced at
regional and local levels.

Lack of policy harmonisation: The markets for new energy
technologies are influenced by policies which apply to the

8
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Measures to overcome market barriers

Technical Financial Environmental Organisational
measures measures measures measures

Standards Fiscal Emission User 
and Codes incentives controls associations

Regulations Public CO2 credits Trade 
and Directives subsidies associations

Planning Energy 
guidance price controls

RTD STATUS

In the ATLAS study, the RTD status of each energy technology
has been considered, recognising that different elements may
have different priorities concerning research, development,
demonstration, dissemination and commercialisation. This
approach has highlighted the importance of feedback from
users and the market, as illustrated in the diagram below. 

In particular, the importance of the demonstration phase has
been noted, because it is during this phase that the real needs
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CONCLUSIONS

The ATLAS project with its bottom up approach has studied
the current and future markets for more than 50 innovative
energy technologies and shown not only that these markets
are growing, but also that European energy technology
suppliers are well placed to compete in the global energy
markets of the future. 

For several of the technologies, there are still some important
technological challenges to be overcome, whilst for many the
priorities lie more in finding ways to reduce costs and
overcome institutional and market barriers. All of the
technologies studied offer potential benefits in terms of
improved services, reduced environmental pollution, wealth
creation, and/or improved security of energy supplies.

Some of the most important conclusions from the ATLAS
study are summarised below, together with an indication of
the key implications for EU policy makers: 

The innovative energy technologies which are being developed
in the EU can provide a quality of service to users which is at
least the same as and often better than conventional energy
technologies, but with much less environmental pollution.
However, in many cases additional costs are involved so
market frameworks need to be developed at the EU, Member
State, regional and local levels in which the costs of
environmental damage are “internalised” in the costs of
services provided to final users.

The costs of many of the innovative energy technologies have
fallen substantially during the last few years, and this trend is
continuing. However, further RTD and innovation are still
needed to improve performance and reduce manufacturing
costs. In addition, innovation is also needed to overcome the
market barriers which make these technologies appear
uncompetitive to final users. Future work on demonstrating
innovative energy technologies in the EU should therefore take
all three aspects into account.

Feedback from users to the RTD teams is important, and can
be greatly assisted by well chosen and well managed
demonstration projects. Due to the high costs of
demonstrating to global markets, such demonstrations can be
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TECHNOLOGY MODULES:



of conventional market investment criteria, still appear to be
uncompetitive, and the potential for future cost reduction
varies between technologies. Figure 4 indicates the costs per
kWh of electricity produced by the renewable energies studied
during the ATLAS project. However, the external costs of the
pollution produced by conventional power generation are not
usually considered by individual investors, and the renewables
typically offer more to society and more to their users than
simply an energy service. A number of different market
initiation schemes are therefore being tried out by the EU
Member State governments and their regional and municipal
authorities. These schemes essentially provide funds to pay for
the extra costs of using renewable energy instead of paying
for cleaning up the pollution caused by conventional energy use.

Many EU Member States have strong, competitive renewable
energy capabilities (with a predominance of SMEs) which

command a large share of EU and world markets. However,
competition in the global renewables markets is growing, with the
USA, Japan and others investing heavily to develop their position.
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BACKGROUND

Renewable energy is the term used to describe a wide range
of naturally occurring, replenishable energy sources.
This section focuses on 13 technologies which can harness
various types of renewable energy to help meet the needs of
five basic markets: centralised electricity supply, decentralised
electricity supply, heat supply, services (eg
telecommunications) and liquid fuels for transport.

In 1995, renewables contributed 71.5Mtoe to EU energy
markets - 5.1% of energy demand - and 1132Mtoe
worldwide. This was mostly provided by large-scale hydro
schemes and by biomass, mainly in the form of wood-fired
heating. The proportion of EU energy supplies derived from
renewables has grown in recent years, particularly due to
increased uptake of “newer” technologies, eg wind power,
solar water heating, landfill gas and PV.

If current policies and trends continue, the work of the ATLAS
team has concluded that by 2010 the renewables’
contribution to energy supplies in the EU15 will increase, with
the “newer” technologies continuing to grow while large-scale
hydro and biomass heat remain relatively stable. However, with
EU energy demand also rising, this increased contribution will
only meet 5.9% of EU demand if current policies and trends
continue until 2010. Higher levels of deployment would be
technically feasible, but would require more positive, coherent
policies at EU and Member State level, to encourage
investment by establishing a long-term, favourable commercial
framework. Other studies have looked at the likely levels of
deployment based on more positive policies and these are
represented in Figure 1.

Figures 2 and 3 show the current and future deployment of
renewables technologies in the EU and worldwide based on
the ATLAS findings of trends continued and current policies. 
In the biomass heat sector, deployment is predicted to remain
unchanged as the use of traditional wood heating on open
fires will reduce, but will be compensated by “modern”
systems including district heating and CHP for larger-scale
applications using straw and wood chips.

KEY TECHNOLOGIES

The accelerating contribution from renewables in recent years
has been made possible by the development and maturing of
some technologies and markets. RTD cooperation between
industry, research institutions and academia, stimulated by EU
and national funding, has played a major role in this. 
National, regional and local market initiation programmes 
have also proved highly influential in delivering more
widespread deployment, allowing technologies to be
commercialised to the point where reliability has increased 
and costs have reduced.

In terms of technological and market status, the technologies
addressed in this section vary widely. Some technologies, 
eg large-scale hydro power and conventional domestic
combustion of wood, are fully commercial, mature and
approaching market saturation. Others, eg wind power,
crystalline silicon PV power and solar water heating, are
becoming established in limited niche markets but have the
potential to move into larger mass markets. A third category,
which includes tidal and wave power and flash pyrolysis of
biomass, are still essentially at the R&D stage. However, with
the exception of the two fully commercial technologies, all of
the renewable energy technologies require further R&D and
demonstration to reduce costs, optimise performance and
improve competitiveness.

Renewable energy technologies typically have relatively high
capital costs and very low running costs, and this has a strong
influence on how they are perceived in the market. 
Although the costs of several of the renewables have fallen
dramatically in recent years, many, when judged on the basis
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Penstock pipe, foot-of-dam hydro-electric scheme, Lanzahita, Spain   COURTESY OF IDAE

Biogas plant and wind turbines, Denmark   COURTESY OF HERNING KOMMUNALE VAERKER 

Figure 1: Policy influences on EU renewable
energy contributions in 2010
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Figure 3: Current and future deployment of renewables technologies worldwide

Figure 2: Current and future deployment of renewables technologies in the EU



J Lack of familiarity and experience among the electricity supply
industry, financiers, planners and the public contributes to a
perception of renewables as expensive, high-risk investments
or as having unacceptable local environmental impacts.

J The remoteness of some renewable sources from areas of
high energy demand constrains their use.

THE NEXT STEPS

Each of the renewable energy technology modules, which
follow this overview, contains details of the specific RTD needs
and initiatives for the future which apply to that particular
technology. The next steps outlined below apply in general to
the renewable energy sector.

J Establish more positive policies within a long-term
market framework: The ATLAS future market growth
projections for renewables, which assume that current policies
and trends continue, show a very modest contribution to the
EU’s energy economy by 2010. If the stated EU aim of
doubling the contribution made by renewables is to be
achieved, more interventionist policies will be required at both
EU and Member State levels.

J Build confidence in the market: A key requirement is to
build confidence by demonstrating and promoting successful
applications of renewable energy technologies and
encouraging Best Practice so that the normal processes of
market “pull” can operate, both at the level of individual
investors and users, and of society at large.

J Reduce renewable energy costs: This remains a priority,
and can be achieved by a combination of (a) fundamental RTD
on the technologies themselves (materials, components and
systems) with (b) RTD on production techniques, and (c)
economies of scale resulting from market growth. Market
initiation schemes, which provide targeted subsidies or
elevated prices for renewable energy (green pricing) are
already beginning to have an impact on the costs of some
renewable energy technologies. Possible future national 
or EU policies involving the internalising of external costs of

conventional fuels and the introduction of transferable CO2

credits would also help to stimulate the markets for
renewables.

J Link RTD to feedback from the market: RTD and
demonstration activities must be closely monitored and linked
with promotion and market initiation activities at EU and
Member State levels in order to ensure that operating
experience and user reactions are fed back to the R&D teams.
Such work is likely to continue to involve close collaboration
between governments, industry, research centres and
academia. 

J Demonstrate technical and non-technical market
innovations: The stimulation of growth in both EU and export
markets for renewables depends not only on the innovative
qualities of the technologies themselves, but also on innovative
approaches to their integration into society. Projects which
include innovative financing schemes, novel energy buy-back
agreements, and close involvement of users (eg users
associations) all contribute to future market growth.

J Develop and promote Standards, Codes and guidelines:
Whilst it is not feasible for all planners and decision makers in
regional and municipal authorities and utilities to have personal
experience of renewable energy technologies through
participation in demonstration projects, official documentation
and training for such planners and decision makers can greatly
reduce the delays and costs associated with getting approvals
for the construction of new renewable energy projects.

J Study resource potentials, environmental impacts and
market integration: Detailed studies of regional and local
potentials also provide an important source of information for
planners and local decision makers, and can greatly reduce
the overhead costs for developers of specific projects.
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CONTRIBUTION TO EU POLICY OBJECTIVES

Renewable energy can play a major role in furthering a wide
range of EU policy goals. Development of a successful EU
renewables sector would make a useful long-term contribution
to diversity, security and self-sufficiency of energy supply. 
In addition, as low environmental impact is one of their main
benefits, renewables could play a leading role in mitigating the
environmental effects of energy use, since almost all the
technologies covered in this section offer major reductions 
in harmful emissions compared with fossil fuels (see Figure 5).

Continued growth in the EU renewables industry would create
employment (particularly amongst SMEs), increase export
earnings, and promote social and economic cohesion,
particularly in remote and rural regions. It would also provide 
a platform for long-term cooperation with less developed
countries, where energy demands are expected to grow
dramatically in the coming years. 

In order to reap the full benefits offered by the biofuels
technologies, close links need to be maintained between the
EU policies for energy and agriculture. In particular, the CAP,
which regulates the funds for the growing of food crops and
the allocation of set-aside land, also needs to make provision
for the growing of energy crops.

Further RTD on renewable energy would increase the
competitiveness of European renewables technologies in both
EU and global markets and enhance the EU’s knowledge base.

MARKET BARRIERS

Each of the renewable energy technologies experiences 
some specific market barriers and these are discussed in the
individual technology modules. However, there are also some
more general barriers which apply to most of the renewables
technologies, as follows:

J The low prices of conventional energies, which do not include
the costs of environmental externalities, tend to make
renewable energy technologies appear uncompetitive.

J The inconsistent pricing structures and low buy-back rates
offered by the electricity utilities to independent power
producers and the levying of VAT on renewables components
tend to discourage potential investors in renewables. 

J Most renewable energy technologies are, in a market context,
comparative newcomers, and so prevailing institutional,
political and regulatory structures, and the electricity supply
infrastructure, have not been designed to encourage their
deployment; this “newness” also accounts for the relative
weakness of the renewables lobby.
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Renewables Overview
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(1) Minimum savings are for comparison
with gas turbine generators; maximum
savings are for comparison with good
quality coal-fired generators using flue
gas desulphurisation and low NOx
burners.

(2) All biomass wastes, including paper
and food, are assumed to be carbon-
neutral. Emissions from waste
combustion assume approximately 20%
of CO2 emissions come from fossil-
based materials (mainly plastics).

Figure 4: Historical and future costs of electricity produced by renewable energy technologies
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Figure 5: Savings in CO2 emissions compared with conventional power generation
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European CompetitivenessN

EU companies have considerable
knowledge and experience in AD and
are world leaders in this technology.
They can offer the full range of products
and services with very little equipment
imported from outside the EU, and are
likely to be well placed to export to any
country where the conditions are right
for the technology.

SMEs account for a significant
proportion of the market. However, they
often lack the resources to successfully
promote themselves in export markets
and, consequently, may have to sell
their technology to a larger company 
or form a partnership to access greater
financial and marketing strength.

Technical and Market BarriersN

If the AD industry is to expand
significantly, several areas need to be
addressed:

J The technology suffers from a
perception of unreliable performance,
a legacy of plant installed in the 1980s;
demonstrated reliability is key as 
long-term performance makes plant
economically feasible.

J Innovations need to concentrate on
reducing capital costs and increasing
the value of the process products
(energy and digested material); the
current uncertainty of markets for
digestate represents a commercial risk
which impacts on the technology’s
costs. 

J If AD is to become economically viable
without any support, there is a need to
take account of the environmental
benefits in the costs.

J Information on AD is still relatively
scarce; there is an overall need for
definitive economic and environmental
information together with details of
successful schemes. 

Initiatives for the FutureN

Environmental concerns will be one of
the important drivers for the increased
use of AD. Agricultural wastes are likely
to come under increasing pressure, 
eg in Denmark national legislation
concerning the use of digested material
as a fertiliser and local concerns
regarding smell and noise have been
influential in persuading farmers to
adopt AD.

Regulations, eg the proposed EC
Landfill Directive, are also improving the
attractiveness of AD. Some countries
have already reduced organic waste
from landfill. Regulations on nutrient
applications to land also provide
opportunities for AD as part of a
controlled application regime. 

Key technical areas for development,
focused on improving the technology’s
economics, include:

J Biogas yield optimisation.

J Value engineering and modular design.

J Biogas cleaning for compatibility with
natural gas systems.

Key non-technical areas include:

J Establishing reliable demonstration plant
to overcome the technology’s poor
reputation.

J Collaborative export promotion with
industry, including demonstration
projects in target (non-EU) markets and
market research.

J Development and dissemination of best
practice.

J Encouraging self-regulation and
standards within the industry, especially
though trade associations.

J Development of integrated approaches
to realise all the technology benefits.

J Marketing EU capability.

J Improving knowledge of AD amongst
the financial community, planning
community and international
development banks.

J Establishing reliable cost and
environmental impact data.
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Energy from Biomass and Wastes
Anaerobic Digestion

Anaerobic digestion (AD) involves the
breakdown of organic waste by
bacteria in an oxygen-free environment.
It is commonly used as a waste
treatment process but also produces
a methane-rich biogas which can be
used to generate heat and/or electricity.

The TechnologyN

AD equipment consists, in simple
terms, of a heated digester tank, a gas
holder to store the biogas, and a 
gas-burning engine/generator set, if
electricity is to be produced. 
The organic waste is broken down in
the tank and up to 60% of this waste 
is converted into biogas; the rate of
breakdown depends on the nature of
the waste and the operating
temperature. The biogas has a calorific
value typically between 50% and 70%
that of natural gas and can be
combusted directly in modified natural
gas boilers or used to run internal
combustion engines. Apart from biogas,
the process also produces a digestate
which may be separated into liquid and
solid components. The liquid element
can be used as a fertiliser and the solid
element may be used as a soil
conditioner or further processed to
produce a higher value organic
compost.

The MarketN

The AD schemes currently operational
in the EU have a total generating
capacity of 300MW. The market for
AD is increasing, largely due to
environmental pressures to improve
waste management and, by 2010, AD
deployment within the EU is expected
to reach 1000-2000MW (see Figure 1).

Only a small proportion of the world AD
potential has been developed, a
potential estimated to be ~10,000-
20,000MW by 2010. Rapid expansion
is expected in non-EU markets,
particularly in South East Asia and
North America. There is particular
interest in the use of AD in developing
countries. In many of these, agriculture
is central to the national economy and
agro-industry wastes can represent a
problem. The demand is for cheap
reliable plant which can preferably be
largely manufactured in the importing
country; if the export market develops,
demand is therefore likely to be for
expertise and design licences rather
than hardware.

However, future deployment predictions
are uncertain. Initial deployment is likely
to be aimed at disposing of the organic
fraction of municipal solid waste (MSW)
as there are more immediate pressures
in this area, such as the proposed EC
Landfill Directive which will ban
landfilling of organic material without
prior treatment. If similar pressures are
brought to bear on the agricultural
sector, further growth in this area could
be achievable.
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Dranco plant for anaerobic digestion of biowaste,
Ghent, Belgium (supported under THERMIE)
COURTESY OF ETSU

Overview of the anaerobic digestion process

Lemvig centralised biogas plant, Denmark, producing about 4 million m3/year of gas
COURTESY OF BIOPRESS, DENMARK
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Figure 1: Deployment of anaerobic digestion
in the EU and worldwide
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The MarketN

Biomass fuel is available throughout the
world. Wood residue, the dominant fuel,
is readily available where there is an
active forestry industry. For large-scale
plant the high capital cost of conversion
equipment usually makes biomass an
expensive fuel; however, these plants
have been developed where financial
incentives, including high taxes on fossil
fuels and capital grants, have been
available.

Developments over the last decade
have largely been driven by increasingly
strict emissions legislation. The technical
and financial risk for this technology
is low compared with other renewable
energy options.

In 1994, generation of biomass
electricity in the EU was 11.9TWh. 
This is projected to increase to 27TWh
in 2010 if appropriate measures are put
in place. Total worldwide energy
generation from biomass is currently
127TWh/year and is set to rise to
291TWh/year (see Figures 1 and 2
overleaf). The industry consists of a
wide range of enterprises ranging from
multinational power engineering
companies in the Nordic countries 
to smaller companies involved in the
development of fuel supply systems.
Farmers will play an increasingly
important part in the industry in the
future as more energy crops are grown.

Most companies involved with biomass
heating are SMEs, which manufacture,
install and service equipment, and
collect and process fuel. Most of the
equipment used in the EU for biomass
conversion to heat is manufactured by
SMEs, and mostly in the country in
which it is deployed.

The amount of wood used for heating
as a whole is likely to remain fairly
constant into the future. Although
heating using open fires and in-room
heaters is reducing, installation of
“modern” systems is increasing. District
heating, CHP, wood pellets and wood
industry use are expanding and can be
competitive with fossil fuels.

European CompetitivenessN

Regarding biomass heat, some EU
countries have developed world-beating
products which could be exported,
especially to the former Soviet Union
and to other markets where good
environmental performance is
appreciated. There is also potential for
the sale of equipment to the food
processing industries in developing
countries.

Since the inclusion of Finland and
Sweden, the EU has been the market
leader in electricity generation using
biomass in conventional steam cycle
power plant, and is moving towards the
same position in advanced biomass
technologies. The Nordic countries are

dominant in forestry harvesting systems
due to their strength in the timber,
paper and pulp industries. The EU also
has a lead in energy crop technology,
although this could soon be eroded if
more stimulus is not given.

The projected increase in biomass
electricity generation in the EU
represents some 2400MWe of new
plant in the period up to 2010. If more
policies favourable to renewables were
adopted, the world market could
expand significantly. Given its already
strong global market position, this
represents a very significant opportunity
for the European industry.

Herralan Saha Oy 2MW sawmill boiler plant, Finland   COURTESY OF SERMET OY

Sermet BioGrate compact 1-4MW   COURTESY OF SERMET OY
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Energy from Biomass and Wastes
Biomass Electricity and Heat

Biomass fuels are derived from four
sources: forestry residues - as a by-
product of timber and pulp production;
agricultural residues - eg straw from
cereal production; agro-processing
residues - from crop processing; and
energy crops grown specially for use as
a fuel. These can be used to generate
electricity in thermal power plant, or 
as a direct heating fuel in the form of
logs burned in open fires or enclosed
room heaters, wood chips, pellets or
straw burned in central heating boilers
or district heating schemes, or
combustion of wood residues, normally
in the wood processing industry.

The TechnologyN

Conventional combustion technology is
expensive and has limited development
potential for biomass electricity.
Advanced technologies that convert the
biomass to gas or liquid before
combustion show the promise of lower
overall costs. Co-utilisation with fossil
fuels in an existing boiler is potentially
the lowest cost option but is limited to
use in areas with existing coal plant.

Wood logs are used as a direct fuel
throughout Europe. Modern room
heaters are efficient and clean-burning,
and open fires, although inefficient and

polluting, are widely used for secondary
heating or for “lifestyle” reasons. 
District heating using wood chips (and,
in Denmark, straw) is significant in the
Nordic countries and Austria where
there is a tradition of community
heating using these fuels. In Sweden
and Denmark the use of wood pellets in
central heating boilers is a growth area.

Substantial use of forestry residues
within the EU is currently limited to
Sweden and Finland, although there is
scope for other EU countries to follow
this lead. Agricultural residues are a
difficult fuel to burn efficiently, but the
technology is being developed and
there is now some deployment, mainly
in Denmark. Agro-processing residues
are not an important resource in the
EU, but represent an export opportunity
for the power engineering industry.

Coppiced wood species, eg willow and
poplar, are the most widely used energy
crops. Other crops such as grasses
that may have higher yields, especially
in the more southern EU Member
States, are being developed. Energy
crops are important to the long-term
strategy of the EU because they are the
only biomass fuel that can be expanded
sufficiently to significantly shift the
pattern of EU energy supply.

The use of wood residues in the wood
processing industry is widespread and
the equipment used can be considered
mature.

Maabjerg heat and power plant in Jutland, Denmark - annual energy production 
is 150GWh of electricity and 1550TJ of heat   COURTESY OF BIOPRESS, DENMARK



R
e

n
e

w
a

b
le

s 
E

n
e

rg
y
 fro

m
 B

io
m

a
s
s
 a

n
d

 W
a

s
te

s
B

io
m

a
s
s
 E

le
c

tric
ity

 a
n

d
 H

e
a

t

25

J Applied R&D and demonstration of small-
scale CHP using advanced systems.

J Demonstration of pyrolysis systems
when the current applied R&D shows
sufficient progress.

Biomass for Domestic Heating

J Demonstration of biomass heating
systems outside traditional areas of
use, including systems for fuel
collection, harvesting and processing.

J Equipment development to reduce
costs, enhance emissions performance
(of older designs), increase reliability of
heating units, and improve fuel
collection, processing, storage and
delivery systems.

J Research enabling the production of
locally grown, low cost energy crops for
heating; effort needs to be focused on
reducing the cost of the fuel.

Integrated Measures

J Work to quantify the environmental
benefits of biomass technology and to
allow these benefits to be costed.

J Projects that highlight an integrated
systems approach to improve viability
(eg the use of several biomass fuel
sources).

J Long-term stable incentives to allow
industries to develop, eg tax relief on
biomass-derived fuels.

J Common EU performance, emissions
test and safety standards.

J Adaptation of EU-designed and 
EU-manufactured equipment for export
markets.

J Normalisation of standards for fuel.

Market Activities

J A range of innovative marketing
activities to disseminate information 
(eg brochures, CD-ROMs, videos,
databases, workshops, seminars,
exhibitions, training and business
missions).
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Unloading bales at the Sabro district heating plant in Jutland, Denmark - 
annual energy production is 50,000GJ of heat   COURTESY OF BIOPRESS, DENMARK

Figure 2: EU and worldwide deployment of biomass heating technologies

Figure 1: EU and worldwide deployment of biomass electricity technologies
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Energy from Biomass and Wastes
Biomass Electricity and Heat

Technical and Market BarriersN

The principal barriers to the further
development of the biomass electricity
and heat markets are:

J Lack of information for decision 
makers at different levels and the public
in general, leading to a lack of
understanding of the benefits of
biomass for power.

J Lack of integrated policies for achieving
specific targets at EU and Member
State levels, particularly between 
the agriculture and energy sectors
(energy crops are not treated fairly
under the CAP).

J High capital and fuel costs relative to
fossil fuels.

J A perceived high technical risk in most
of the EU that makes finance
expensive.

J Considerable uncertainty about future
European standards for atmospheric
emissions.

J Lack of information on the complex
environmental issues related to biomass
schemes; some environmental
regulations have increased the cost 
of biomass systems while, at the same
time, less stringent legislation has
applied to fossil fuel systems.

J Lack of farmers willing to plant energy
crops, due to cost, uncertain profit etc.

J Incentives are not coordinated - and
experience of problems and
advantages is not readily transferred -
between countries.

J Widely differing opinions on the merits
of long-term fuel contracts between fuel
supply companies and the power
generation industry.

J Lack of a well-established distribution
system for wood fuel sources, eg wood
chips and pellets; this causes biomass
to be perceived as a risky and uncertain
source of energy.

J Where there is no established market 
in the EU for biomass heating, the
technology is rarely considered when
heating systems are being selected.

J Lack of a European-wide regulation
defining standards for biomass fuels;
this creates uncertainty about the
quality of the product.

Initiatives for the FutureN

Substantial industrial participation is
essential in all but basic research
activities if biomass energy is to
contribute effectively to the EU’s policy
objectives. Particular attention needs to
be given to:

Fuel Supply

J Demonstration of innovative equipment
for forestry residue systems.

J Demonstration of machines for
establishment, harvesting, transport
and storage of energy crop systems.

J Basic and applied R&D on grasses and
alternative energy crops for areas not
suitable for wood crops.

J Continuous breeding and plant
improvement programmes for energy
crops to improve yields.

J Schemes which can accelerate
development in the biomass fuel supply
sector.

Conventional Combustion

J Demonstrations of incremental
innovations in technology to improve
efficiency, reduce capital cost or reduce
emissions.

J Demonstrations of technical innovations
that will extend the range of fuels that
can be burned.

J Demonstration of small-scale CHP with
innovative cycles.

Gasification/Pyrolysis

J Demonstration covering a range of
gasification and pyrolysis technologies
appropriate to the widely differing
regions of the EU.

Artist’s impression of a biomass thermal conversion plant

Biomass combined cycle CHP plant (8MWe) at Värnamo, Sweden
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Technical and Market BarriersN

Landfill gas technology is well
understood and schemes therefore
offer little technical risk. However, other
factors can affect their development:

J Obtaining money to invest in a landfill
gas recovery project can be a major
obstacle; a common theme in most
financing packages is the risk
associated with the project, while 
one of the major risks is gas shortfall.

J Some landfill owners and operators
may still not be aware of the potential
for using landfill gas from their sites; this
may be particularly so in Member
States that do not have a mature landfill
gas energy recovery industry or do 
not have a mature waste management
industry.

J The current emphasis is on waste
disposal by reduction, reuse and
recycling rather than landfilling; by
diverting waste away from landfilling,
the amounts of waste available for gas
production will decline and this will be
further reduced by the proposed EC
Landfill Directive.

Initiatives for the FutureN

Landfill gas technology needs little in
the way of further development. 
The greatest potential for development
is in predicting the gas resource of a
landfill site - the one area of possible
technical uncertainty. Even with the
most sophisticated models available it
is still difficult to predict how landfilled
material will degrade and produce gas.
RTD could help to overcome this
uncertainty and so increase project
developers’ confidence that their
projects will succeed.

Future developments in non-technical
areas need to focus on promoting the
environmental benefits of collecting and
using landfill gas. As, in the longer term,
the landfill gas resource will reduce to 
a minimum, it is important to maximise
both the present and the potential
resource by encouraging better waste
management practices and promoting
landfill gas as an energy source.

Although the technology is mature,
uptake across the EU is not evenly
distributed. Waste management and
disposal practices need to be 
improved and standardised across
the EU before much of the landfill gas
potential can be realised. The most
urgent requirements are:

J Information to guide policy making,
particularly waste management
planning aspects.

J Dissemination of information on
improved waste management practices.
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Energy from Biomass and Wastes
Landfill Gas

Landfill gas, which consists mainly of
the potent greenhouse gases methane
and CO2, is produced when organic
wastes decay in landfill sites. The
methane content means that it has
potential as a fuel, either to generate
electricity or to provide process heat.

The TechnologyN

The technology for harnessing landfill
gas is well established. The gas is
collected from the site through gas
wells, consisting mostly of perforated
plastic pipes drilled into the waste. 
The wells are joined together by plastic
pipework, which is connected to a
suction pump to extract the gas. The
gas is cleaned and then burnt off in a
flare stack or used as a fuel. Landfill
sites vary widely in the amount of gas
they produce, as the size of the site,
the moisture content of the waste and
other factors can affect production.

Over the last 10-20 years, the
technology for electricity generation
from landfill gas has evolved into
modular units which can be installed as
complete packages. Project costs have
decreased as installed capacity has
increased over the last 15 years.

The MarketN

Landfill gas has been widely adopted
throughout the EU since the early
1980s and currently provides 553MW
through heat and electricity generation;
this is expected to increase to 1366MW
by 2010. The world market for landfill
gas use is estimated to be equivalent to
4500MW by the year 2010. So far, 15%
of this has been developed, over 50% of
it in the USA and Canada (see Figure 1).

Over the next 10-20 years, landfill gas
use will increase rapidly in the EU 
due to improved waste management
and new environmental measures.
However, the subsequent period will
see a decline in utilisation. The EC
Landfill Directive, for example, aims to
reduce the biodegradable material
entering landfill sites, thereby reducing
the generation of landfill gas.

The largest area for growth is in the
world’s emerging economies. As these
introduce improved waste management
practices, the potential landfill gas
resource will increase greatly. Pressures
on these economies to prevent
uncontrolled methane emissions will
provide opportunities for EU companies
to expand their development projects
into these areas.

European CompetitivenessN

Many SMEs are developing landfill gas
schemes. They have both the technical
know-how and the financial skills to 
put landfill gas use packages together.
In many cases, these SMEs have
successfully developed many projects
within the EU and are now looking to
expand and develop projects in non-EU
countries and emerging economies. 

Components are supplied from within
and outside the EU and are assembled
into complete packages for installation
on-site. Although engines are generally
supplied by the USA, most other
components are sourced from within
the EU.
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Typical landfill gas extraction and flaring plant arrangement
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Landfill site adjacent to the Salvesen brickworks, Cheshire, UK - 
landfill gas is used to heat the kilns   COURTESY OF ETSU

Landfill site in use   COURTESY OF ETSU Landscaping of landfill site and power station at Cuxton, Kent, UK   COURTESY OF ETSU
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Figure 1: Deployment of landfill gas technologies in the EU and worldwide



R
e

n
e

w
a

b
le

s
E

n
e

rg
y
 fro

m
 B

io
m

a
s
s
 a

n
d

 W
a

s
te

s
L
iq

u
id

 B
io

fu
e

ls

29

Initiatives for the FutureN

A number of factors need to be
addressed before the widespread use
of liquid biofuels is seen across Europe:

J Raw materials must be identified that
produce better fuel characteristics per
unit of that material.

J Techniques for optimising the quantity
of bioethanol derived from
lignocellulosic material are required.

J Lignocellulosic conversion should be
demonstrated.

J Alternative non-feed sources are
needed for the meal produced from the
crushing of oilseeds to overcome the
Blair House limit under GATT.

J Long-term marketing strategies for
liquid biofuels and measures to stabilise
the market need to be introduced.

J A common standard and specification
for biofuels needs to be agreed by the
industry.

J A standard method of identifying and
charging for the environmental costs of
all transport fuels should be
implemented.

J Cheaper shipment methods need to be
found, including research into the long-
term stability of these fuels.

J Public awareness of the benefits of
liquid biofuels needs to be heightened.

J Research on the health and safety
aspects of biofuel production, conversion
and use should be coordinated.

J Tax relief on biofuels is needed.

J Capital grants or contributions to
product start-up costs are required.

J A research base for fuel characteristic
analysis, engine performance and
emissions testing needs to be
established.

J Support from engine manufacturers to
promote the use of biofuels needs to be
gained.

J Local authority trials of biofuels in high
profile public transport systems are
needed.

J A publicity campaign is required to
obtain public support to use biofuels 
in private cars.

J The agricultural sector needs to
undertake to supply feedstock crops 
in the long term to biofuel plant.
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Bioethanol distillery at Artenay, France   COURTESY OF ADEME, PHOTOGRAPHER M MARTELLY

Figure 1: EU and worldwide production of liquid biofuels
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Energy from Biomass and Wastes
Liquid Biofuels

Liquid biofuels are transport fuels,
primarily biodiesel and bioethanol/ETBE
- two key liquid fuels processed from
agricultural crops and other renewable
feedstocks. Two minor, but notable,
liquid biofuels are biomethanol/MTBE
and bio-oil or pyrolysis oil.
(Note - Transport applications of liquid
biofuels are also discussed in the
Transport section).

The TechnologyN

Liquid biofuels are manufactured using
well understood and proven chemical
processes which enabled the industry
to develop rapidly. At present, most
biodiesel is processed from oilseed
rape and sunflower oil. Bioethanol/
ETBE is processed from wheat, sugar
beet and sweet sorghum. Biomethanol/
MTBE can be produced from
lignocellulosic material, eg wood. Bio-oil
or pyrolysis oil is the result of advanced
conversion of a biomass feedstock.

The main cost element in biofuel
production is the feedstock, so
research currently concentrates on the
identification of more effective raw
materials. Currently being researched is
the use of all kinds of virgin and waste
oils, fats of plant and animal origin and
lignocellulosic material, eg wood. 
These cheaper feedstocks are
predicted to reduce the costs of fuel
production quite considerably and 
help make it more competitive with
fossil fuels.

The MarketN

The markets for liquid biofuels (both
biodiesel and bioethanol/ETBE) became
important after the 1970s’ oil crises as
many countries sought indigenous
supplies of liquid transport fuels. 
By 1995, out of the world total of 15
million tonnes a year of liquid biofuels,
the EU produced 910,000 tonnes,
mainly biodiesel from oilseed rape and
sunflower oil. It is expected that world
production will rise to 18.5 million
tonnes a year by 2010, of which almost
4.9 million tonnes, mostly bioethanol, will
be produced in the EU (see Figure 1).

Tax relief for liquid biofuels helps them
compete with fossil fuels. Without this a
biofuel becomes two to three times
more expensive than its mineral fuel
equivalent. If the hidden environmental
costs associated with the oil industry
were taken into account, liquid biofuels
would be very competitive indeed.
Increases in real levels of motor fuel
taxation, likely as a consequence of
action taken to reduce CO2 emissions,
could enable biofuels to become a
more serious competitor with fossil fuels
on cost grounds alone. As well as
reducing greenhouse gases, liquid
biofuels produce less harmful emissions
during combustion than their fossil fuel
equivalents.

The biofuels industry covers a wide
spectrum of enterprises including
agriculture, vegetable oil companies
and large oil companies. In countries
where the farming sector is particularly
strong, the sector has pressed for the
development of liquid biofuels. 
The mineral oil industry needs biofuels
for blending to meet environmental
legislation. The support of engine
manufacturers is extremely important 
in endorsing the product; without this,
consumer confidence in the use of
biofuels will be low.

European CompetitivenessN

The European market needs to
develop, both in scale and user
support, before considering competing
with the large oil companies that
dominate the transport fuel market.

Brazil and the USA have made major
advances in bioethanol conversion from
lignocellulosic material. The predicted
expansion in the EU of bioethanol/ETBE
production by 2010 is based on this
process, which will be particularly
important in those EU countries producing
large quantities of woody material.

Production of biodiesel from oilseed rape,
Oelmühle Leer Connemann GmbH & Co.,
Leer, Germany (supported under THERMIE)
COURTESY OF OELMUHLE LEER CONNEMANN

Technical and Market BarriersN

The main barrier to the development of
liquid biofuel technology across Europe
is uncertainty surrounding the long-term
supply of feedstock. Because of financial
incentives, farmers will only use 
non-set-aside land for food crops. 
The acreage of set-aside land available
for biofuel crops has also been falling
and farmers tend to be reluctant to use
any land for non-food crops.
Development of biodiesel is further
restricted by the 1993 Blair House
agreement which imposes a limit on the
harvest of industrial oilseed.

There is confusion about the
environmental benefits of the fuels.
Although information is generally
available about use of the fuels and
their performance compared with fossil
fuels, there is little emphasis on the
benefits of producing fuels from
renewable resources.

Whilst engine manufacturers have acted
as assessors of biodiesel, there is still
some debate over the fuel’s performance
under certain conditions. A common
European standard is therefore
necessary to ensure public confidence.

ETBE distillery at Origny-Ste Benoite, France
COURTESY OF ADEME, PHOTOGRAPHER B ASTORG
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European CompetitivenessN

EU companies dominate the world
market in MSWC. The technology was
developed within the EU, and has been
steadily improved over the last decade
to meet the increasingly demanding
standards for environmental
performance and power output. 
EU companies supply directly
throughout Europe and, through
established licensing agreements, to
markets in North America and on the
Pacific Rim. They are, therefore, in a
strong position to meet the anticipated
worldwide market expansion.

Although large companies dominate,
SMEs are able to operate in niche
markets, supplying specialised
components, eg gas monitoring and
control systems, and small-scale
combustion plant (<1 tonne/hour).

Technical and Market BarriersN

MSWC technology is highly developed
and commercialised, but, in spite of
improvements in environmental
performance, public perception of the
technology is still poor and companies
face many political, legislative and
financial barriers to its deployment.

The increasingly stringent environmental
performance standards applied to
MSWC are not applied to alternative
treatment options. The industry faces
uncertainty about the nature and impact
of future legislation, together with slow,
and frequently delayed, authorisation
and planning approval. These factors
contribute to development times of over
five years, which erode competitiveness
and increase development risks.

The rate of deployment of the
technology also depends on funding
mechanisms. Where the lead developer
is a municipality, funding is available at
public sector rates, whereas private
developers must borrow at normal,
lending market rates. The granting of
contracts may also be influenced by
political considerations.

Initiatives for the FutureN

Many national governments have set
targets for power generation from
renewable sources and for
improvements in waste management,
particularly a reduction in the reliance
on landfill. Such measures are providing
greater opportunities to demonstrate
the positive contribution of MSWC, but
positive measures are needed to
overcome the barriers and ensure that 
it competes in a fair market. The most
urgent need is for harmonisation of
standards and legislation, including:

J Environmental performance standards
for alternative treatment methods in line
with those demanded of MSWC.

J A period of legislative stability, to enable
companies to undertake development
without fear of further changes.

J Harmonisation of standards across 
the EU to reduce the transfer of waste
between nations.

In parallel, readily available, impartial
and accurate information on the
environmental effects of all possible
waste treatments is required to assist
waste management planning and
educate the public.

Continuing technological development
in areas such as the identification of
positive uses for the ash produced by
MSWC is also required, and would be
complemented by the promotion of
specialised technologies, eg:

J Integration of material recovery
processes with fluidised bed
technology.

J New thermal processing techniques 
(eg gasification and pyrolysis) which
offer better power conversion
efficiencies and environmental
performance.

J Treatments for specific wastes and
techniques for materials recovery.

J Combining combustion of different
waste streams with conventional fuels.
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Energy from Biomass and Wastes
Municipal Solid Waste Combustion

Municipal solid waste combustion
(MSWC) is a well established
technology that uses waste from
households, industry and commerce to
produce energy.

The TechnologyN

MSWC reduces waste to a sterile ash,
thereby reducing transport costs and
landfill requirements, and saving on the
consumption of fossil fuels. It also
eliminates the production of methane, a
potent greenhouse gas, associated with
the degradation of waste that has been
sent direct to landfill.

MSWC is already widely practised in
many parts of Europe and the energy
may be recovered for power production
alone, or for CHP. The technology is
well established and fully commercial,
although plant capital and operating
costs are high. However, many
European countries, faced with the
environmentally damaging problems of
untreated landfill, accept the higher cost
of combustion prior to disposal.
In addition, the competitiveness of
MSWC is expected to improve due to
the rising future cost of alternative
waste disposal routes.

The MarketN

There are currently over 250 MSWC
facilities throughout the EU, mainly in
Northern Europe, with typical waste
throughputs of 100,000-200,000 tonnes
a year. The dominant technology is direct
conversion to power, providing a total
of about 1500MW across the EU, just
under half the world total of 3200MW.

The rate of deployment depends not
only on the cost and availability of
alternative treatment methods but also
on national waste management policy.
In the EU, for example, the adoption of
the EC Landfill Directive would
accelerate deployment of MSWC
facilities. If the EU achieves the

intended diversion of 25-30% of waste
to combustion by 2010, the potential
power output is estimated to be in the
range 2000-2400MW (see Figure 1).

Outside the EU, improvements in waste
management practices are also leading
to an expansion of the market and to
potential export opportunities. By 2010
it is estimated that the world market will
be equivalent to about 5500MW,
creating a potential 22,000 direct jobs
worldwide, of which about 10,000
would be in the EU.

The value of this world market to 2010
is estimated to be 1000-2000MECU a
year, of which 500-900MECU a year
would be in the EU. 
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The new Tyseley mass-burn energy from 
waste plant, Birmingham, UK
COURTESY OF TYSELEY WASTE DISPOSAL LTD

Waste recycling/incineration plant at Cergy Pontoise, near Paris, France   COURTESY OF HAMPSHIRE WASTE SERVICES LTD

Schematic of a typical modern 
energy from waste facility
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Figure 1: Deployment of municipal solid waste combustion technologies
in the EU and worldwide
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Technical and Market BarriersN

The major barrier to the exploitation of
geothermal energy is the high financial
risk in comparison not only with the use
of natural gas but also with most other
forms of renewable energy.

Development risks are high and
prediction of the quality of a resource
requires capital investment in drilling
and well tests. A resource must also be
close to an area of high demand. 
Those countries, eg France and
Iceland, who have underwritten the
risks at both the reservoir assessment
and drilling stage, have been able to
develop the resource.

There is a lack of published technical,
financial and legislative information for
developers, particularly comparing the
experiences gained by different EU
Member States through various
individual schemes. 

Environmentally, geothermal schemes
are relatively benign, but they 
generally produce a highly corrosive
brine which may need special treatment
and discharge consents. There is also a
possibility of noxious gases, eg
hydrogen sulphide, being emitted and
developers must meet local
environmental and planning
requirements.

Initiatives for the FutureN

The exploitation of EU expertise in
the wider European and world market
requires long-term financial backing.
Developers require insurance at the
resource assessment, drilling and
production stages, and long-term
repayment schemes, backed by
guaranteed income over the life of a
project, to offset the initial high capital
costs. Links between developers and
district heating and utility companies
need to become further established.

The dissemination of existing
knowledge within the EU, particularly
the experience of countries like France
and Italy, would be valuable in
promoting the technology in both EU
and non-EU countries. Technological
improvements developed in the oil
industry and HDR research could
reduce the financial risks of investment.

An organisation such as the European
Branch of the International Geothermal
Association or a new European
geothermal trade association, acting as
information provider, would therefore
greatly assist developers in maintaining
competitiveness and exploiting potential
export markets. A compilation of case
studies highlighting key features of
successful developments and solutions
to technical problems would be
especially useful.

32

Geothermal Energy

Geothermal energy is the natural heat
within the earth’s crust. Naturally
occurring water from aquifers with a
temperature of 50-150˚C can be used
for district heating, horticulture and
spas. Electricity generation, pioneered
in Italy in 1913, requires water at over
150˚C.

The TechnologyN

The extraction of energy from
geothermal aquifers uses naturally
occurring ground water from deep
porous rocks. Water is extracted via a
production borehole and, generally,
disposed of via an injection hole.
Alternatively, used water may be
discharged to the sea.

The extraction of heat from hot dry 
rock (HDR) was pioneered in the UK
and USA, and uses reservoirs created
artificially by hydraulic fracturing. 
Heat is extracted by circulating water
under pressure via production wells.

The technology for exploiting
geothermal energy is well proven, but
site variability produces a wide range of
capital costs (250-700ECU/kW installed)
and production costs (0.03-0.06ECU
cents/kW for heating only) for direct use.

The MarketN

See also Figure 1.

Direct Heating

The world installed capacity for direct
heating is currently about 10,000MW,
compared with 4700MW in 1980. 
EU capacity has grown from 400MW in
1980 to 1200MW today, much of this
due to the Dogger Limestone aquifer,
which supplies district heating for Paris.
Deployment levels have remained stable
since 1986, when oil prices fell sharply.

Growth in the direct use of geothermal
energy is expected to be modest,
around 12% by 2010. There are
opportunities, particularly in Central 
and Eastern Europe, but direct heating
is only viable for applications with a
large baseload demand, and suitable
resources must be identified close to
areas of high demand.

Electricity Generation

Current world capacity for electricity
generation is about 6800MW of which
nearly 600MW is in Italy. Within the EU
there are also projects on the French
island of Guadeloupe and the Azores.

There is thought to be potential for 45%
growth in electricity generation between
2000 and 2010, largely because there
are many suitable resources in
developing countries, whose demand
for electricity is increasing.

European CompetitivenessN

The exploitation of geothermal energy 
is regarded as a high risk investment.
However, with the support of
imaginative assistance schemes, the
French and Icelandic governments have
demonstrated successful and
sustainable developments.

EU industries are major engineering
suppliers, alongside the USA and
Japan, and operational experience from
the development of both direct use and
electricity generation places EU
companies in a strong competitive
position in the world market. In Central
and Eastern Europe, particularly, EU
expertise will be valuable in improving
resource management, encouraging
economic development and reducing
fossil fuel combustion.

The EU HDR programme has enabled
European industry to gain expertise
which will be valuable in the anticipated
expansion of electricity generation.
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The Southampton geothermal (aquifer) heating system, UK   COURTESY OF ETSU

The geothermal heat station of Erdwärme Neustadt-Glewe GmbH, 
for a district heating scheme at Neustadt-Glewe, Germany

Proposed scheme for electricity generation
from HDR   COURTESY OF ETSU

Figure 1: EU and worldwide deployment of geothermal energy
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European CompetitivenessN

European manufacturers of PV cells
and modules - most of them big
multinational companies - have
traditionally held a strong position in
world markets. In 1994, their share 
of the total was more than 31%.
However, the recent move towards
large-scale manufacturing to reduce
costs has caused some of these
companies to switch their production
facilities to the USA. As a result,
Europe’s market share fell to 21% in
1996. This has significantly reduced the
region’s short-term export potential and
weakened its position vis-à-vis its North
American and Far Eastern competitors.

The production of BOS components,
together with most design and
installation activities, is mainly in the
hands of SMEs. These companies,
often supported by EU initiatives such
as JOULE and THERMIE, have
developed a range of high quality
products and significant levels of
expertise. Provided they have the ability
to operate at the transnational level,
these companies are well placed to
take advantage of expanding markets
throughout the world.

Technical and Market BarriersN

There are several technical and market
barriers to the more widespread
deployment of PV power in Europe and
elsewhere:

J Limited understanding of the
technology and its existing commercial
potential.

J High initial costs and the difficulties of
securing finance.

J The low apparent cost of conventional
electricity.

J The high import charges often
associated with export markets.

J The lack of proper standards for system
components, design and installation.

J The lack of grid-connection regulations
adapted to PV.

Initiatives for the FutureN

To overcome these barriers and ensure
that the European PV industry remains
competitive, EU Member States will
need to give priority to a range of
issues. Perhaps the most important of

these is commitment to the technology.
Only a long-term EU-wide commitment
to PV power will, for instance, encourage
the industry to invest in large-scale
European cell manufacturing facilities
that will create jobs and generate
wealth and export-income. Commitment
to the technology will also help to
encourage support for other technical
and non-technical priorities, eg:

J The continued development of thin-film
materials to increase PV cell efficiency
and reduce costs.

J Improved BOS components,
eg inverters, batteries.

J The development of standard products
and kits for building-integrated and
stand-alone applications.

J The integration of PV with other
initiatives, eg sound-barrier construction
and energy efficiency measures in
buildings.

J An EU market development strategy
incorporating effective information
dissemination and promotion of best
practice.

J Appropriate standards and regulations
for PV equipment.

J Certified qualification schemes for
system designers and installers.

J Simpler grid connection procedures.

J Innovative financing mechanisms.
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85kWp PV system installed at a car showroom, Rome, Italy
(supported under THERMIE)   COURTESY OF ANIT Srl
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Figure 1: Deployment of PV technologies in the EU and worldwide
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Photovoltaic Power Generation

Photovoltaic (PV) power generation
uses solar cells to convert light directly
into electricity. It is now an economically
viable and environmentally acceptable
option in a wide range of applications.

The TechnologyN

Most commercial PV cells are
manufactured from crystalline silicon,
although research is identifying other
suitable materials, some of which are
now being marketed. The individual
cells are grouped into modules and
encapsulated between a sheet of glass
and a backing material (also often glass)
within a frame. Modules are then
connected together to provide the
voltage and current levels required to
meet a particular load.

A complete PV system incorporates a
wide range of other components, eg
cabling, batteries and inverters. These
“balance of system” (BOS) components
provide the necessary interface
between the PV modules and the
electricity distribution grid or other
specific application.

PV systems are both reliable and
environmentally friendly. Furthermore,
although costs have fallen, efficiencies
have improved, and the more advanced
crystalline silicon cells achieve
efficiencies of more than 24% under
laboratory test conditions and 15% in
commercial applications.

The MarketN

The market for PV power applications is
essentially fourfold:

J Consumer products, eg calculators and
watches.

J Stand-alone power systems for remote
locations.

J Building-integrated, grid-connected
systems.

J Large-scale, grid-connected power
generation.

Of these, consumer products and
stand-alone systems are particularly
well developed, resulting in an annual
worldwide PV deployment of about
375MWp by 1995. This is expected to
rise to 6300MWp by 2010 of which
2000MWp would be in Europe (see
Figure 1).

Two markets offer considerable
potential for the future:

J Stand-alone systems can make an
important contribution to rural
development in developing countries,
providing electricity for homes, schools,
health centres, communications, and
water pumping and purification. 
They can also contribute to development
in grid-connected areas, particularly
where grid supplies are unreliable.

In Europe, too, where stand-alone
systems are widely used for
communications, cathodic protection,
water processing and distribution, and

the provision of electricity in isolated rural
dwellings, the market potential is
estimated to be 200MWp– 350MWp

by 2016.

J The main market emphasis in the
developed countries of Europe, the
USA and Japan is on building-
integrated, grid-connected PV systems
in which the PV modules double as
architectural cladding elements, thereby
helping to reduce system costs. 
The technology has already been
successfully applied, usually with public
support, and the aim now is to develop
systems that are commercially viable in
their own right.

100kWp PV system on the PV service centre for the Berlin Bank, Germany (supported under THERMIE)



R
e

n
e

w
a

b
le

s
S

m
a

ll-S
c

a
le

 H
y
d

ro

37

Technical and Market BarriersN

The main barriers to the further
deployment of small-scale hydro
technology are:

J Complex and lengthy administrative
procedures within the EU; procedures
and regulations vary between Member
States.

J Lack of understanding of hydro
schemes among consenting authorities
and the financial community.

J The requirement, in many countries, for
an environmental impact assessment to
be carried out for small-scale hydro
proposals; these assessments cover a
range of issues, eg fishery protection,
river ecology, water quality and turbine
noise.

J The lack of a universally adopted
method of determining an acceptable
minimum river flow.

J Technical, resource and commercial risk
involved in hydro development.

It should be noted that the cheapest
schemes to develop tend to be in
mountainous areas, although the best
sites have already been exploited and
environmental sensitivity is an important
factor in those remaining. Low head
schemes, by comparison, are often
close to population centres, where the
grid is strong and the rivers ponded or
polluted, with consequently less
environmental objections. Particular
potential exists in terms of
modernisation/refurbishment of existing
or dormant sites.

Initiatives for the FutureN

RTD is needed in technical and 
non-technical areas to reduce costs
and maintain EU competitiveness. 
A key non-technical requirement is the
reduction of administrative delays
during approval of hydro projects.
Financial organisations also need to be
made aware of the technology and its
requirements.

Local development and river
management plans need to be
monitored to ensure that small-scale
hydro is well represented. Training and
the dissemination of best practice are
important within the industry. Self-
regulation needs to be encouraged.

EU capabilities need to be marketed
through literature, trade events and

missions. There is scope for
collaborative export promotion with
industry, including demonstration
projects in target non-EU markets.
Involvement in international initiatives
and technology transfer to less
developed countries are important
future activities.

Key areas for technical development
include:

J New low head turbine designs to
extend the application of small hydro
technology.

J Head enhancement techniques (eg use
of inflatable weirs).

J Submersible generators.

J Civil works to accommodate
submersible turbines.

J New construction materials.

J Standardised modular turbine designs
to ease mass production.

J Load control equipment.

J Remote control condition monitoring/
metering equipment.

J Control systems for stand-alone
induction generators.

J Compact multi-pole generators 
(to overcome the need for speed
increasers).

J Low cost and low environmental impact
small hydro for low head applications.

Where technology is aimed at
developing countries, simplification of
existing designs would be valuable, as
would small turbine packages for
stand-alone use. Developing exports 
in fast-growing markets beyond the EU
is a key area for EU small hydro
manufacturers.

Environmental developments are also
important. These include mitigation
measures, fish guidance systems and
the identification and promotion of
acceptable solutions to environmental
objections (particularly residual flow
issues).
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Figure 1: EU and worldwide deployment of small-scale hydro
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Small-Scale Hydro

In terms of installed capacity and
energy yield, hydro-electric power is 
the foremost electricity-producing
renewable energy technology in Europe
and worldwide. In the EU, most of the
sites which are suitable for large-scale
schemes have already been developed,
and work therefore now concentrates
on small-scale schemes.

The TechnologyN

Small-scale hydro schemes are typically
defined as having an installed capacity of
less than 10MW. They generate electricity
by converting the energy available in
flowing water (rivers, canals or streams).

Schemes require a suitable rainfall
catchment area, a hydraulic head, a
pipe or millrace carrying water to the
turbine and a turbine house containing
power generation and water regulation
equipment. Water is returned to its
natural course after it has been used.

The technology is commercially 
and technically mature. Innovations 
in design, equipment and
control/instrumentation would improve
performance and increase access to
export markets, as would systems to
mitigate environmental impact. 

The MarketN

The economically viable world hydro
potential is around 7300TWh a year. 
Of this 32% has been developed, 
5% of it at small-scale sites. Figures for
the 15 EU countries indicate that 
small-scale hydro schemes totalling
33TWh a year (8000MW) were
operational in 1995. EU figures are
expected to reach 39TWh a year
(9500MW) by 2010, with Spain, Italy,
Sweden, Germany and Austria
experiencing most growth (see Figure 1).

Small-scale hydro deployment
worldwide is expected to reach
220TWh a year (55,000MW) by 2010.
Rapid expansion is expected in Asia,
Latin America, Central and Eastern
Europe and the former Soviet Union. 

Countries within the EU/EFTA and
NAFTA are expected to concentrate on
upgrading/refurbishing existing hydro
power assets rather than developing
new capacity.

European CompetitivenessN

The EU occupies a leading position in
the world market, with a multi-
disciplinary and highly skilled 
small-scale hydro industry employing
about 10,000 people. Annual turnover
exceeds 400MECU. Small companies
and multinational organisations are
represented. The industry offers 
the full range of products and services
required for development of small 
hydro projects. Very little equipment is
imported from outside the EU. 
Around 75% of the 900MW of new
small hydro capacity added annually
worldwide, most of it in developing
countries, is accounted for by 
European companies. Competition
comes principally from India, Canada,
the USA, China and Japan.

Although the technology is particularly
suited to SMEs, which currently
account for a high proportion of activity
in the small hydro sector, these
organisations often lack the resources
to enter export markets where most
growth is expected. They may need
help with marketing, promotion, finance
and credit guarantees.

Very few governments within and
outside the EU are offering incentives to
increase small hydro deployment.
Projects involve significant capital
expenditure and typical payback
periods of ten years. Such investments
do not easily attract private finance
without incentives (eg premium price
electricity purchase contracts).

A key development issue is the need to
get project appraisals in place quickly,
preferably through a single approvals
body.

Foot-of-dam hydro-electric power station, financed
by IDAE, to supply the town of Lanzahita, 
Spain - estimated annual output: 5000MWh
COURTESY OF IDAE

Lanzahita hydro plant, Spain
COURTESY OF IDAE

550kW vertical axis semi-Kaplan turbine, supplied by 
ESAC of France for the Blantyre Mill hydro scheme, UK
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Technical and Market BarriersN

The main barriers to the use of solar
thermal electricity generation are
financial, so the costs of the
technologies need to be reduced and
technology risks minimised. Perhaps
the highest cost reduction potential lies
in the integration of solar systems with
conventional power generation. 

The investment required for a 100MW
plant - up to 250 million ECU - is too
large to be considered under existing
national funding programmes.

Initiatives for the FutureN

The next important RTD step for solar
thermal electricity generation in the 
EU is the development of large-scale
(50-100MW) demonstration projects in
the European sunbelt to gain
experience of the technology under real
operating conditions.

The technology nearest this stage is the
solar farm system (parabolic troughs),
but tower technology also needs to be
demonstrated. The demonstration
should consist of a hybrid system,
combining a solar system with a
conventional power system. Technical,
organisational, promotional and financial
instruments should focus on the
involvement of big players, eg state and
regional authorities, utilities and industry.
Solar power towers based on air
receivers might also be ready for
demonstration.

Through demonstration projects, the
following RTD issues should be
addressed:

J Construction, operating and
maintenance costs.

J Direct steam generation.

J Storage.

J Trough controls.

J Environmental issues.

J The heat transfer medium used in
receivers.

J Heliostats’ field configuration and
tracking.

J Inter-operability of solar and thermal
blocks in hybrid systems.

J Dish membranes.
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Figure 1: EU and worldwide deployment of solar thermal electricity
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Solar Thermal Electricity

Solar thermal electricity generation
systems collect direct sunlight in special
focusing collectors and convert this into
thermal energy, which is then used to
generate electricity.

The TechnologyN

The generators in solar thermal electricity
systems are driven by steam turbines in
the same way as conventional
electricity generation. However, the
steam is generated by the sun rather
than by combustion of fossil fuels or by
nuclear heat. Solar systems use special
focusing (rather than flat) reflectors to
achieve the steam temperatures of
more than 350°C required to operate
steam turbines efficiently.

Three main types of generator have
been demonstrated, all of which require
direct sunlight - solar systems are
therefore most suitable for Southern
European countries and non-EU
countries with high direct solar radiation
levels, often arid or semi-arid regions:

J Solar farms use parabolic trough
reflectors which focus solar radiation
onto a line receiver containing the heat
transfer medium in pipes. The medium,
often a thermal oil, is collected and
passed through a heat exchanger
where steam for the turbines is
produced. Temperatures used vary
between 350°C and 400°C and system
sizes are typically 30-80MW. To
increase operating temperatures and
thus efficiency, steam from the solar
system may be heated in a final stage
by conventional fuels to higher
temperatures.

J Solar power towers use one central
receiver mounted on top of a tower
which is surrounded by a field of
heliostats - concentrating mirrors which
follow the sun. Reflected light is
focused onto the receiver and absorbed
by the heat transfer medium, which
could be sodium, water, molten salt or
air. Temperatures of 500-1000°C can
be achieved. System sizes up to
200MW are possible.

J Parabolic dish systems use parabolic
concave mirrors which have a receiver
mounted at the focus. These systems
achieve the highest temperatures, 
600-1200°C, but systems are small,
10-50kW for a single unit. The main
application is decentralised electricity
generation.

The technology’s dependence on direct
sunlight for efficient operation usually
limits load factors to less than 25%.
One way of improving the load factor is
to design plant as hybrid solar/fossil fuel
generators.

The MarketN

Solar thermal electricity generation is
still at the development stage and is not
yet ready for commercial deployment
without assistance. The most
developed system is the solar farm
concept, and several farms generating
up to 80MW have been demonstrated
in California, where the total installed
capacity is now around 350MW. 
The technology has only been applied
in Europe as prototypes. Solar towers
have been developed at sizes up to
10MW and, while parabolic mirror
systems have been tested in several
countries, the technology is still under
development.

There is no commercial deployment of
solar thermal electricity generation in
Europe. Given the scale of investment
required, a maximum potential
deployment of the technology within the
EU is estimated at some 300MW by
2010 (see Figure 1). There is potential
for systems in Greece, Italy, Portugal
and Spain to generate 100TWh a year.
World potential could be up to
3000MW by 2010.

European CompetitivenessN

The EU has an established research
community for solar thermal electricity
systems, including university
departments as well as some large
commercial organisations and
industries, particularly in Germany. 
As it nears commercialisation, the
technology is likely to involve larger
companies, with SMEs as
subcontractors. 

If an export market for the technology
emerges, the likely market areas will be
Northern and Southern Africa, Western
Australia, California, the Middle East,
Asia and parts of Latin America.
However, the established US industry
would provide a challenge to EU
companies in a competitive market.

The DISTAL II 10kW dish/Stirling system, Almeria, Spain   COURTESY OF SCHLAICH BERGERMANN UND PARTNER
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Technical and Market BarriersN

The main barriers to the further adoption
of solar thermal applications are the
lack of legislation encouraging
environmentally friendly energy systems
and the fact that solar technology is not
competitive with the energy services
provided by the utilities. 

The present generation of systems has
proved to be reliable and systems
usually have a lifespan of 15-20 years.
However, there could be a perceived risk
associated with the technical
performance of systems, particularly 
in countries which have had experience
of badly installed systems in the past.
Improved information availability and
marketing would help to combat this
perceived risk.

In addition, a “Guarantee of Solar
Results” (GSR) scheme has been
developed with support from the solar
industry and the EC to combat the
perceived risk of poor performance and
to improve the quality of overall energy
service provided. Under the GSR
system, suppliers contract to
compensate customers if the system

fails to supply a designated minimum
quantity of energy each year.

In some countries a relative lack of
public awareness of available systems
constitutes a barrier to their more
widespread deployment. This could be
addressed by information campaigns,
both for the general public and for
professionals. Limited access to funds
also presents a barrier to solar water
heating, which is characterised by a
high initial investment.

The complexity and cost of different
national testing and certification
procedures are barriers to European
trade in solar systems. New European
standards currently under development
and due to be completed by 1998 will
ensure a single quality level for consumers
and help to overcome this barrier.

Another barrier is the low market
volume which results in manual or semi-
automated production systems in the
solar heating industry, adding to costs.
This could be overcome by investment
in research and advanced production
methods by the industry. Furthermore, the
lack of reliable, trained installers reduces
confidence in solar thermal systems. 

Initiatives for the FutureN

To develop the market for solar thermal
heating, the EU-wide implementation of
standards will be important, as will
general promotion of the technology.
Other measures required are the
training and certification of installers and
system designers, the implementation
of third party financing and GSR
options, the promotion of self-build
groups, the demonstration of large-
scale systems, and promotion
programmes introducing new
technologies or concepts designed for
space heating, cooling and industrial
process heating.

Technology development needs include:

J Technical and economic optimisation of
systems.

J Integration of systems into buildings
and other structures.

J Cost reduction of systems designed for
space heating.

J Development of combined systems
designed for cooling.

J Development of design assistance
services.
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Solar Thermal Heating

Solar thermal systems use energy from
the sun directly by the conversion of
light into heat through “passive”
systems, or by gathering the sunlight
and transferring this by means of a
working fluid to heat water or air in
“active” systems. Solar thermal
installations are well suited to use as
part of an overall energy conservation
programme. This section covers
“active” systems; “passive” systems
and the integration of renewables are
discussed in the Buildings section.

The TechnologyN

Active solar thermal systems comprise
equipment such as solar collectors,
storage tanks, pumps, piping,
controllers etc. Solar thermal
applications can be characterised by
the size of the installation:

J Small-scale systems: solar collectors
are integrated into the roof, facade etc
of individual dwellings or buildings for
their private thermal energy
consumption.

J Large-scale systems: larger central
arrays are combined or incorporated in
group heating systems for the supply of
multi-family buildings and/or district
heating.

Solar domestic water heating systems
can meet up to 60% of the water
heating needs of typical households in
Northern Europe and up to 90% of the
water heating needs of households in
Southern Europe.

Current installation costs are 1000-
5500ECU for a typical domestic
system; the lower end of the scale
relates to smaller and simpler systems
commonly used in Southern Europe
and the higher end characterises
Northern European systems.
The more expensive systems employ
larger collector areas, high performance
flat plates or evacuated tube collectors. 

For climate-related reasons, prices of
larger, more complex systems used in
Northern and Central Europe will never
fall as low as those used in Southern
Europe. However, prices of the more
complex and sophisticated systems are
expected to continue to fall during the
coming decade.

The MarketN

There has been a market for thermal
solar heating systems in the EU for
some 20 years. However, the present
market is very small compared to the
existing potential. 

In 1994, the EU had an estimated
installed area of 4.4 million m2 of glazed
collectors and 1.2 million m2 of
unglazed collectors. The largest
installed area is in Greece, with over 
2 million m2. Outside the EU, the largest
installed collector area in the world is in
the USA, with over 6 million m2 in 1994.
Japan, Israel and Australia also have
large installed areas and, in recent
years, there has been an increase of
installations in China. 

The expected deployment in the EU in
2010 is 20 million m2 of collector area,
while world deployment is expected to
reach 100 million m2.

Figure 1 shows levels of deployment of
solar thermal heating technologies in
the EU and worldwide between 1980
and 2010.

European CompetitivenessN

In most EU countries, around 90% or
more of the home market is supplied by
manufacturers from within that country.
Companies in Greece, Germany 
and the UK are the largest exporters 
of collectors in the EU. Greece, the
largest exporter within the EU, exported
60,000m2 of collectors in 1994. 
Japan and Australia are the principal
world exporters.

Sales of glazed and unglazed collectors
in the EU amounted to 0.5 million m2

and 160,000m2 respectively in 1994.
Germany, Austria and Greece dominate
the EU market, sharing over 80% of the
total sales of glazed collectors. 
The German market is the largest in the
EU for unglazed collectors, followed by
Austria and France.

The solar heating industry throughout
Europe is principally made up of SMEs,
with only 26 companies in Europe
employing more than 30 people. 
There are in total a few thousand solar
heating companies Europe-wide.
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A social housing scheme near Amsterdam, the
Netherlands, incorporating four types of thermal
solar heating roof panels

Marstal district heating, Denmark - a thermal solar heating plant   COURTESY OF MARSTAL FJERNWARME

Solar thermal demonstration system at Otto-von-Guericke-University, Magdeburg, Germany - part of the
German Government’s “Solarthermie-2000” programme   COURTESY OF ZFS, RATIONELLE ENERGIETECHNIK GmbH
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Figure 1: Deployment of solar thermal heating technologies in the EU and worldwide
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Tidal energy schemes exploit the
natural rise and fall of coastal tidal
waters to generate electricity.

The TechnologyN

Tidal energy can be exploited in two ways:

J By building semi-permeable barrages
across estuaries with a high tidal range.

J By harnessing offshore tidal streams.

Barrages allow tidal waters to fill an
estuary via sluices and to empty
through turbines. Tidal streams can be
harnessed using offshore underwater
devices similar to wind turbines; tidal
stream technology is in its infancy, with
only one prototype 5kW machine
operational in the world. Tidal energy is
currently more expensive to generate
than conventional energy or that from
many other renewable sources.

The MarketN

The exploitable tidal energy potential in
Europe is 105TWh/year from tidal
barrages (mostly in France and the UK)
and 48TWh/year from tidal stream
turbines (mostly around UK shores).
Both technologies are commercially
unattractive at present and no further
deployment is anticipated before 2010
(see Figure 1).

European CompetitivenessN

Europe is the world leader in terms of
experience in design, construction and
operation of tidal barrages. A 240MW
barrage has been operational at La Rance
in France since 1967. Any future projects
would be sizeable and long-term, involving
civil engineering and equipment supply
organisations with the financial strength
and resources to undertake such work.
SMEs would act as subcontractors,
particularly in specialist areas such as
environmental assessment. 
Several European organisations have
experience in tidal stream technology
and specialists within the EU have the
expertise to evaluate and develop it.

Technical and Market BarriersN

A number of barriers impede
deployment of tidal energy technology:

J Schemes are likely to be limited to
areas such as France and the UK which
experience high tidal ranges.

J Suitable funding is a problem: barrage
deployment is capital-intensive with long 
construction and payback periods, while
tidal electricity costs are both greater
than those for many other renewables
and sensitive to discount rates.

J Tidal energy schemes affect the
environment, influencing water levels,
currents and sediment transport, and
their construction also has local
environmental effects - detailed
environmental impact assessment

would be needed if a tidal energy
scheme were to proceed to full scale;
on the positive side, barrages can
improve infrastructure by providing
crossing points (eg at La Rance) and
may also enhance amenity values 
and increase tourism.

J Access and navigational changes
caused by barrage construction might
require changes to legislation.

J Tidal stream technology raises many
technical problems (eg configuration,
reliability, safe deployment and recovery,
grid connection, O&M).

Initiatives for the FutureN

Tidal Barrages

Further development work should
concentrate on reducing costs and/or
mitigating environmental impacts. 
The barrage at La Rance has, for
example, experienced some operational
problems due to sedimentation.

Tidal Streams

This technology requires significant RTD
before it can be commercially deployed.
A key issue is establishing the
economic criteria that the technology
must fulfil for commercial success.

Given that this can be successfully
resolved, technical research should
concentrate on:

J Safe and economical methods of
deployment and recovery.

J Reliability.

J Durability.

J Efficiency over a wide range of current
velocities.

J Grid connection.

Research into the tidal stream resource
could also be undertaken.

42

Tidal Energy Wave Energy

Strong Atlantic winds around the
western coast of Europe create a
climate which is ideally suited to
schemes which convert wave energy
into electricity.

The TechnologyN

Wave energy is difficult to extract
because any structures involved must
withstand extreme conditions. 
The technology is currently at the R&D
stage and is not yet suitable for
commercial deployment.

Wave energy can be harnessed using
shoreline, nearshore or offshore
devices. Shoreline technologies include
Oscillating Water Column (OWC)
devices and the convergent channel
(TAPCHAN). OWCs use partially
submerged steel or concrete structures
to harness air pressure changes caused
by wave motion. TAPCHAN combines
technology similar to that used in
hydro-electric schemes with a novel
wave-concentrating channel. 

Offshore devices exploit powerful wave
regimes in deep water (over 40m) and
are expensive to build as they must
withstand very severe conditions. 
Some shoreline and nearshore OWC
devices are nearing the end of the
development stage, with several near-
full-size plant deployed. However, these
machines have yet to prove their
reliability. The OSPREY OWC device
might reach demonstration status in the
next few years.

The MarketN

The theoretical European wave energy
potential is 120-190TWh/year offshore
and 34-46TWh/year nearshore. 

Some prototype plant are exper-
imentally deployed but no commercial
plant are operational. Given successful
development of existing prototypes,
deployment by 2010 could approach
0.45TWh/year (see Figure 1).

European CompetitivenessN

Europe has an established wave energy
research community (universities,
entrepreneurial SMEs, and some larger
organisations). Norway and the UK
have specialist turbine suppliers.
Larger companies with experience in
marine equipment and civil engineering
techniques are likely to become
involved as the technology nears
commercialisation, with SMEs involved
as specialist subcontractors. 

Technical and Market BarriersN

Wave energy demands high investment
input and investors will have to accept
long payback periods (10-20 years).
Uncertainties about the cost and
technical performance of wave energy
schemes (especially offshore ones)
must be overcome before 
large-scale commercial investment 
can be attracted. Large-scale
prototype/demonstration schemes
could help in this respect.

Initiatives for the FutureN

A key RTD objective is the development
of large-scale prototype/demonstration
schemes to boost confidence in the
technology under real sea conditions.
Technologies closest to this are
shoreline and nearshore OWCs.
Prototype schemes can be deployed on
a timescale of one to five years, given
suitable funding. Data required for
large-scale commercial investments
would then take three to eight years to
accumulate.

The EU JOULE programme is helping
to identify the most promising offshore
wave energy devices for testing in the
medium to long term.
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Cross-section of a tidal energy barrage   
COURTESY OF ETSU A biplane Wells turbine under test

COURTESY OF ETSU

Cutaway diagram of the Islay shoreline wave energy device, UK   COURTESY OF ETSU

The tidal barrage at La Rance, France   COURTESY OF ETSU
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Figure 1: Deployment of tidal technologies in the EU and worldwide
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Figure 1: Deployment of wave technologies
in the EU and worldwide
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Initiatives for the FutureN

The European wind energy industry is
well-placed to continue its success 
in developing wind power within the EU. 
It should also concentrate some of its
efforts towards manufacturing and
marketing for wider markets. This could
include the study of wind energy
resources for areas outside the EU and
of areas with different market
conditions. 

For both the European and wider
markets, the following should be
addressed:

J Low cost manufacturing processes.

J The development of mechanisms for
local community involvement and
municipal support.

J Financial or technical “packaging” to
encourage small/medium-scale
applications.

J Innovation and blade technology for
larger machines.

J Offshore wind technology.

J Applications in extreme climatic
conditions.

J Wind/solar hybrid and autonomous
(non grid-connected) systems.

J Innovations targeted at long-term cost
reduction.

J Electrical grid integration issues.

J Environmental compatibility for all
scales of application, including methods
to assess cumulative impact.
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NEG Micon A/S 1.5MW turbine, Gammelby,
Germany (supported under THERMIE)

Vindeby offshore wind farm, Lolland, Denmark (supported under THERMIE)

Figure 1: Deployment of wind technologies in the EU and worldwide
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Wind Energy

Wind energy is one of the most
promising renewable energy
technologies. Modern wind turbines for
power generation became popular in
the early 1980s. Development was
initially focused in the USA but, since
1988, Europe has been the fastest
growing market.

The TechnologyN

Wind turbines extract energy from the
wind by transferring the momentum of
passing air to the rotor blades. 
Energy is thus concentrated into a
single rotating shaft. The power in 
the shaft can be used in many 
ways; modern turbines convert it 
into electricity.

Rotors can be set on either a horizontal
or a vertical shaft. However, horizontal
axis turbines have proved the more
cost-effective option and dominate the
world market. Vertical axis machines
have made no significant contribution 
in Europe. 

Wind energy costs have fallen
dramatically in recent years: costs in 
the Netherlands fell by a factor of three
between 1985 and 1995 and in
Germany by a third between 1991 and
1994. Wind farms due to be developed
within the next five years in the UK
should generate electricity at costs as
low as 3ECU cents/kWh.

Wind energy technology is highly
reliable and routinely achieves
availabilities of 98% and over, but
operating experience, particularly with
the larger (600kW-plus) machines, is
limited to a few years. There is no
experience of machines of this size 
over the projected lifespans of 20 years
or more.

The MarketN

Europe’s wind energy generating
capacity currently totals 3500MW, with
world capacity standing at some
6000MW. New capacity continues to
be added to the European market at a
rate of around 1000MW/year. 
The trend is towards an increasingly
global demand with the 400MW/year of
capacity currently being installed
outside Europe expected to rise rapidly.

It is difficult to make long-term
predictions for future installed capacity
for wind power due to the complexity
and dynamics of world markets. 
A simplistic estimation from current
indicators suggests installed capacities
of 17,500MW in Europe and 37,700
worldwide by 2010 (see Figure 1).

To date, the wind energy industry has
relied very heavily on intervention by
governments to create incentives and
markets for wind power. However, once
support mechanisms are in place, the
industry has responded and brought
capacity on stream very quickly.

A wide variety of methods have been
used to create markets within EU
countries, including premium rate
electricity purchase prices, soft loans,
capital subsidies, matching national
funds for EC-supported projects and
exemption from carbon taxes on
electricity production. Premium tariffs
for electricity generated by wind have
proved the most successful. 

European CompetitivenessN

European manufacturers have
dominated the world market for wind
turbines for some years, eg about half
of all plant installed in 1995 were from
Danish manufacturers, nearly a quarter
from Germany and much of the
remainder from European/Indian joint
venture companies.

The European wind industry
manufactures machines with a total
capacity of 400MW/year and
development of the largest, 1MW-plus,
turbines has taken place exclusively in
Europe. The other major manufacturing
country is the USA, but activity there
has reduced considerably in recent
years. Japanese manufacturers are also
present in the market.

All the early wind turbine manufacturers
in Europe started as SMEs. This and
the inconsistency of local markets for
wind have led to many companies
changing ownership and some going
bankrupt. There are still more turbine
manufacturers than the market can
sustain. A few large multinational
companies are involved in the wind
industry; this is likely to increase as the
world market grows.

Technical and Market BarriersN

Despite falling costs, wind energy
remains more expensive than
conventional energy sources; therefore
cost continues to be the most serious
barrier to its further development. 
The wind industry will continue to rely
on public support for the short to
medium term.

Perhaps the next largest barrier is the
varying level of public acceptance of the
visual impact of turbines. The drive to
minimise costs led initially to the siting
of many turbines on high ground where
wind speeds are highest but the visual
impact of turbines is greatest. 
Noise generated by wind turbines is
another problem and a barrier to
development close to homes. 

Both of these barriers would be
reduced by a better understanding of
wind regimes and their interaction with
wind turbines. Reducing technical
uncertainties would give designers the
tools to reduce the cost of turbines, to
build turbines to operate at lower wind
speeds (and thus on less visible sites)
and to reduce noise.

1.6MW wind farm on Andros Island, Greece   COURTESY OF P. VIONIS, CRES
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TECHNOLOGY MODULES:



CONTRIBUTION TO EU POLICY OBJECTIVES

The technologies listed above all have the potential to
contribute to security and diversity of energy supply, through
reducing consumption of imported fuels or by facilitating the
economic exploitation of indigenous fuel supplies. They can
also contribute to EU environmental objectives in terms of
cutting global, regional and local pollution, eg by improving
efficiency and fuel switching.

Consolidation of a strong EU industry in the heat and power
sector would also assist regional policy, competitiveness,
sustainable development, employment, exports, social and
economic cohesion, SMEs, and enhancement of the EU’s
knowledge base.

MARKET BARRIERS

Each of the heat and power technologies experiences some
specific market barriers and these are discussed in the
individual technology modules. However, there are also some
more general barriers which apply to most of the heat and
power technologies, as follows:

J Advanced power plant have high initial investment costs, and
their development is also expensive. Since the main markets
for new power plant are in countries with emerging and
developing economies, and will remain so for many years,
attention also needs to be focused on the development of
plant which are well suited for such markets.

J Actual or perceived risks associated with innovative
technologies and their potential environmental impacts may
deter investors, and make it difficult to raise finance.

J Aspects of market operation, relevant regulations and lack 
of an appropriate infrastructure may restrict or prevent
deployment in certain cases.

There is also competition between technologies within the
heat and power sector, eg:

J Within the EU, the price of gas is low, and the cost of new
natural-gas-fired plant is also low. In the rapidly-changing 
EU electricity supply industry, new natural-gas plant have a
significant economic advantage over new solid-fuel-based plant.

J There is increasing environmental concern within the EU to
reduce both local and regional pollution and to reduce
“greenhouse gas” emissions, which is putting increasing
pressure on the operation of fossil-fuel-based plant. 

Because of their lower specific emissions of most pollutants,
and because of their low specific CO2 emissions, natural-gas-
fired plant also have strong environmental advantages over
solid-fuel-based technologies.

J As a counter to these arguments for gas-fired plant, there is a
need to maintain a diversity of primary energy supply within
the EU, and to take into consideration the longevity of supply
of competing fuels (world gas supplies are expected to reduce
significantly and costs increase well before there is any such
impact on supplies of coal).

J With respect to oil-fired plant, oil is not considered a major fuel
for centralised large-scale heat and power supply. Oil is often
used as a back up and start up fuel for gas-fired and solid-
fuel-fired technologies.

THE NEXT STEPS

Each of the heat and power technology modules, which follow
this overview, contains details of the specific RTD needs and
initiatives for the future which apply to that particular
technology. The next steps outlined below apply in general to
the heat and power sector:

J Improve economic competitiveness: This is a fundamental
requirement in this sector. Coal conversion efficiencies of over
50% will be possible in advanced power plant in the medium
term, although these plant will have to produce electricity
under economically competitive conditions; this is especially
the case if the technologies they employ are to be 
successfully exported to emerging and developing economies
with growing markets. NGCC plant can currently achieve up 
to 56% efficiency, with 60% the target for the medium term. 

J Shorten the path between the R&D stage and
commercialisation: This is key to the success of advanced
technologies for the generation of heat and power. In this
context, operation of industrial-scale demonstration plant 
(size range 50-400MW) has a particularly important role to
play. Although an expensive option, demonstration can reduce
costs, reduce the perception of technical risks and improve
availability, and therefore represents an essential precondition
for the commercial application of a technology. 
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BACKGROUND

The use of fossil fuels to generate heat and power dominates
the global energy market. For example, 40% of EU and 45%
of world electricity supply is currently derived from coal.

KEY TECHNOLOGIES

There are many heat and power generation concepts. 
Many of these can produce heat (in the form of steam or hot
water) or power (through, for example, the rankine steam
cycle), or both (in CHP applications). This section does not
attempt to cover all possible technologies or technology
combinations, but focuses on those which dominate the
provision of large-scale centralised heat and/or power
production from fossil fuels, whether it be coal, oil or gas.
These advanced heat and power generation concepts have
two central aims: to improve the fuel conversion efficiency of
the process and to reduce emissions, whilst maintaining high
availability and low operating costs. It should be noted that
improving efficiency itself has a positive environmental effect
by reducing the amount of raw material that has to be used
for the same net energy output; small improvements in
efficiency can lead to substantial environmental benefits.

The technologies described here can either be used in 
new applications, or can be used to refurbish and improve 
the operation (efficiency, emissions, availability or cost) of
existing plant.

The technologies are described in six modules:

J Pulverised fuel (PF) combustion.

J Atmospheric fluidised bed combustion (AFBC).

J Combined cycle power generation:

– natural-gas-fired combined cycles (NGCCs)

– natural-gas-fired turbines integrated with coal- or
gas-fired boilers

– integrated gasification combined cycles (IGCCs).

J Pressurised fluidised bed combustion (PFBC).

J Pressurised pulverised combustion (PPC).

J Fuel cells for stationary applications.

Each module describes the technology and the energy
conversion cycle in which the technology is conventionally
used. There are component technologies that have overlap
between two modules (eg hot-gas cleaning technologies are
needed for both IGCC and PFBC electricity generation
applications); these are covered in the most appropriate
modules.

Many of the technologies described in this section can be
used for the conversion of a wide range of fuels, including
renewable energy feedstocks such as biomass and wastes.
Increasingly, interest is being shown in the use of technology
that can offer fuel flexibility, to enable operators to use a wide
range of fuels, and to use fuels in combination - co-firing. 
This idea is covered in more depth in the Renewables section. 

The status of commercial development of the key heat and
power technologies varies. Only PF combustion (well
established and reliable), AFBC and NGCCs are currently fully
commercially available, although many of the other
technologies are approaching commercial viability (see Table 1).

The more sophisticated technologies, eg fuel cells and PPC,
are not expected to be commercialised on an industrial scale
in the near future.
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Heat and Power Overview

Table 1: Current deployment of key heat and power technologies

Technology EU Market GWe World Market GWe
installed (1995) installed (1995)

Pulverised Fuel (PF) 153 1115
Combustion

Atmospheric Fluidised 1.3 8 (23 GWth)
Bed Combustion (AFBC)

Natural-gas-fired - 153
Combined Cycle (NGCC)

Integrated Gasification 0.6 1.2
Combined Cycle (IGCC)

Pressurised Fluidised 0.2 1.4
Bed Combustion (PFBC)
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EPON’s Gelderland PF power station showing deNOx
and desulphurisation, the Netherlands
COURTESY OF EPON POWER GENERATION, PHOTOGRAPHER BEN VULKER

This reliance will continue for the foreseeable future, as the
construction of new nuclear power plant will be very limited in
many countries and the fact that fossil fuels are cheap,
plentiful, diverse and, particularly in the case of coal, secure 
in supply combine to ensure that rising worldwide energy
demand, fuelled by economic growth, is met mainly by the
use of fossil fuels. This is particularly so in emerging and
developing economies, which often have substantial
indigenous reserves of coal. It should be noted that oil, while
not a major fuel for electricity production, should be
considered as more of a “back up” fuel for gas-fired systems.

Global heat and power demand is projected to grow from
12,188TWh in 1992 to 20,318TWh in 2010, ie by 2-3% a year.
Rising demand will be especially prominent in the emerging
economies, with China, East Asia and South Asia, in particular,
witnessing substantial growth. An estimated 20GWe of 
coal-fired power station capacity will be built every year in Asia
alone between now and 2010. In the industrialised world,
although there will be very little demand for new capacity,
some older power plant will be replaced.

In parallel with this continuing reliance on fossil fuels, the
harmful environmental effects of emissions from fossil fuel use
are causing growing concern. These emissions include CO2,
NOx, SOx and particulates, and have a range of negative
international and local impacts in terms of global warming,
acid rain and human health. In many emerging and developing
economies, however, mitigating these impacts is not as high
a priority as is currently the case in the industrialised world.
This is because the overriding objective of those economies’
energy policies is to ensure the cost-effective generation of
sufficient heat and power to meet increasing demand for
energy and economic growth.

Fossil-fired heat- and power-generating technologies are
almost exclusively supplied by large multinational companies,
with European-based firms maintaining a competitive and, in
many areas, leading position. The fact that national heat and
power markets are equipped with different technologies is
mainly due to the variations in environmental legislation and
economic conditions in individual countries.

Figure 1: EU electricity production from fossil fuels by fuel type
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Technical and Market BarriersN

Technical and market barriers to the
continued deployment of PF
combustion technology in the EU and
elsewhere include:

J The restricted market for new plant in
countries where electricity demand is
increasing very slowly.

J Environmental opposition to coal-fired
power generation in developed
countries.

J Competition, particularly in developed
countries, from NGCC plant, which are
more efficient and have lower unit costs
and emissions levels.

J The lack of detailed and reliable
technical, operational and cost
information for leading-edge
supercritical/ultra-supercritical steam
cycle plant.

J Possible difficulties in transferring PF
technology to regions where coals have
different fuel properties, there is little
experience of PF plant operation and/or
local back-up services are limited.

J Competition from alternative clean coal
technologies.

The more advanced PF technologies
face additional barriers, compared with
more conventional technologies, eg
higher capital cost (and cost of
electricity) and perceived technical risk.

Initiatives for the FutureN

To overcome the barriers and ensure
that European PF combustion
technologies remain competitive in 
the global market, attention must be
given to:

J The development and manufacture of
advanced materials for use at steam
pressures of up to 350 bar and
temperatures of up to 700ºC.

J More advanced and cost-effective
technologies for controlling emissions of
NOx, SO2, dust, trace elements and
volatile organic compounds.

J Improved/novel furnace designs.

J The demonstration of supercritical and
ultra-supercritical plant to establish
performance reliability and operational
and fuel flexibility.

J Plant monitoring techniques that will
improve reliability and availability and
reduce maintenance costs.

J Techniques for on-line monitoring of 
the concentration and size distribution
of dust in flue gases.

J Coal grinding and classification
techniques that will improve coal size
distribution and reduce cost.

J Coal preparation and blending
techniques that will improve coal quality
and enhance fuel flexibility.

J Improved coal characterisation
techniques that will allow operators to
better predict the effect of coal quality
on combustion, emissions, slagging,
fouling and corrosion.

J Coal flow metering and distribution
techniques that will improve
combustion and boiler performance.

J Techniques for using low grade coals
cleanly, efficiently and cost-effectively.

J Advanced intelligent control systems to
optimise boiler performance and reduce
emissions.

J Techniques for using or disposing of
wastes in a cost-effective and
environmentally acceptable way.
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Pulverised Fuel Combustion

Most of the electricity produced from
coal is generated in conventional power
stations based on subcritical PF
combustion.

The TechnologyN

PF combustion involves grinding coal
into fine particles and injecting it, with
air, into the lower part of a combustion
chamber. The particles burn in
suspension and release heat.

Most PF combustion is used for power
generation. The heat released by the
burning coal is transferred to water
tubes in the combustion chamber walls.
This generates high pressure, high
temperature steam which is fed into
turbine-generator sets to produce
electricity.

Combustor size and steam
temperatures and pressures have
gradually increased since the
technology first emerged in the early
1900s. Modern commercial subcritical
plant, which operate at steam
pressures of around 180 bar and
temperatures of about 570ºC, can
achieve generation efficiencies of
~39%, while the more sophisticated
supercritical units rely on higher steam
pressures (around 240 bar) to raise
efficiency levels to 44%. The most
recent technological advance is the
ultra-supercritical plant. Designed for
steam pressures up to 275 bar and
temperatures up to 590ºC, it is
expected to achieve generation
efficiencies of up to 47%.

The MarketN

The EU market for PF power generation
units is limited by:

J The slow rate of growth in electricity
demand (about 1% a year).

J The widespread use of NGCC
installations for new and replacement
plant.

J Increasingly stringent emissions
legislation.

Any new or replacement PF plant will
almost certainly be of supercritical or, in
time, ultra-supercritical design (see
Table 1). There will also be a market for
associated emissions reduction
technologies, including selective
catalytic and non-catalytic reduction
(SCR/SNCR), low-NOx burners, fuel
staging, flue gas desulphurisation (FGD)
and dust collection.

Most future markets for PF power plant
will be in the emerging and developing
economies (see Overview). Initially, the
emphasis will be on subcritical plant
which incur little technical risk and are
simple, reliable and cheap. However, as
the demand for greater efficiency and
reduced emissions increases, there will
be opportunities for marketing more
advanced plant and emissions control
technologies.

EU CompetitivenessN

Several EU companies are already
amongst the leading world suppliers 
of PF power generation plant. 
They design, manufacture and export
subcritical and supercritical units,
together with a wide range of emissions
reduction equipment, and are well
placed to compete effectively in a
growing international market.

Table 1: Current and estimated future deployment of PF plant

Current deployment Maximum potential additional 
deployment by 2010

Technology GWe installed capacity GWe installed capacity

EU China East South CEE/ EU China East South CEE/
Asia Asia FSU Asia Asia FSU

Subcritical PF plant >110 115 30 120 126 => 5 125-135 55-60 65-70 3-14

Supercritical/
ultra-supercritical 5 - - - - 25 25-35 15-20 5-10 1-2
PF plant

Low-NOx burners 50 Negligible Negligible Negligible Negligible => 30 150-170 70-80? 50-60 70-80

FGD 90 Negligible Negligible Negligible Negligible => 20 50-100 30-50? 25-30 30-50

Gas reburn 0.6 - - - - => 20 - - - -

Coal reburn 0.32
1

- - - - => 10 - - - -

SCR/SNCR 32 - - - - => 10 - - - -

1 Start up 1998Typical coal-fired power station with flue gas desulphurisation   COURTESY OF ETSU

Avedoere advanced PF power station,
Copenhagen, Denmark
COURTESY OF SK POWER COMPANY, DENMARK/CARREBYE

Flames in a pulverised coal-fired boiler
COURTESY OF POWERGEN PLC
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Technical and Market BarriersN

There are several technical and market
barriers to the more widespread
deployment of FBC in the EU and
elsewhere:

J Competition from natural gas in Europe
and from conventional PF combustion
in the rapidly emerging markets 
of China, East Asia and South Asia.

J Internal competition between the
various clean coal technologies,
including supercritical PF combustion.

J High capital costs, particularly for
circulating FBC and the larger-scale
applications of bubbling AFBC.

J The conservatism of decision makers 
in the power/electricity sector, which
makes them wary of less familiar FBC-
based technologies.

J Inadequate information transfer
between development organisations
and manufacturers, on the one hand,
and decision makers, on the other;
because the technology can use a
variety of fuels, sorbents and inert
materials, research and financial
information is published in a broad
spread of publications, rather than
concentrated in a few.

Initiatives for the FutureN

To overcome the barriers and ensure
that EU companies manufacturing
bubbling AFBC and circulating FBC
units maintain their technological lead
and remain competitive in the global
market, attention must be given to:

J Solids handling for a wide variety of
potential fuels and residual ashes.

J Solids flow behaviour, particularly solid
fuel/sorbent circulation in circulating
FBC units and its impact on
erosion/corrosion, heat transfer and
environmental performance.

J The development and demonstration 
of bubbling and circulating units for
specific low calorific value fuels.

J Reducing CO2 emissions by exploring
the potential for co-firing coal and
biomass in FBC units.

J Reducing installed and non-fuel
operating and maintenance costs,
particularly for circulating FBC.

J Improving circulating FBC plant
efficiency from 39% to 41% or better,
thereby enhancing the potential for
large unit and centralised power
generation.

J Improving circulating FBC availability.

J The re-use/recycling potential of
different types of ash, thereby
determining the most appropriate
method of secondary waste
management, particularly where the ash
contains spent sulphur-retaining
sorbents.
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Atmospheric Fluidised Bed Combustion

Atmospheric fluidised bed combustors
have been applied in industrial heating,
industrial and utility power generation
and CHP applications in various parts
of the world.

The TechnologyN

FBC uses a continuous stream of air to
create turbulence in a mixed “bed” of
inert material and coarse fuel ash
particles. The velocity of the gas stream
ensures that the particles remain
suspended and move about freely. 
In this state they behave like a fluid - in
other words, the bed becomes
“fluidised”. In a bubbling atmospheric
fluidised bed combustor, the bed
retains a defined surface level. In the
circulating version, higher gas velocities
create a turbulent cloud of solids
throughout the combustor. The lighter
portion escapes from the top of the
combustion vessel, entrained in the flue
gas, but is then captured in a heavy
duty cyclone and recirculated back to
the bed.

When fuel is added to a hot fluidised
bed, the constant mixing encourages
rapid and complete combustion. 
The heat generated is recovered by 
in-bed heat exchangers and other boiler
equipment, and is used to generate
steam for industrial or power plant use.
Low combustion temperatures limit
emissions of NOx, while adding
calcium-based sorbents with the fuel
removes SO2 from the flue gas stream.

The MarketN

Table 1 shows the current and
estimated future deployment levels for
fluidised bed combustors.

EU CompetitivenessN

Although fluidised bed processes were
developed in the USA for the petroleum
industry, European companies quickly
recognised the potential and, during the
1980s, became market leaders in the
technology. Manufacturers have:

J Considerable experience of design and
installation within the EU.

J Installed numerous bubbling AFBC units
in industry and utility applications
throughout the world.

J Designed larger-scale overseas plant,
eg two 175MWe circulating FBC plant
for the Texas New Mexico Power
Company.

J Adapted their bubbling AFBC and
circulating FBC experience to alternative
fuels (eg peat, bark, sawdust, wood
chips) and low grade conventional fuels
(eg culm waste, low grade coal).

Furthermore, several recent mergers
have created companies with a
considerable stake in the FBC market.
These companies can deliver the
hardware and all related services, and
are in a good position to compete,
particularly in the rapidly growing
markets of the emerging and
developing economies.

Current deployment Maximum potential 
(GWth) additional deployment by 

Type of unit 2010 (GWth)

EU Rest of Total EU Rest of Total
World World

Bubbling AFBC <50MWth 3.2 3.3 6.5 16 84 100

Bubbling AFBC >50MWth 2.8 4.2 7.0 15 30 45

Circulating FBC 3.3 9.9 13.2 27 54 81

Total 9.3 17.4 26.7 58 168 226

Table 1: Current and estimated future deployment of FBC units

Moabit circulating FBC CHP plant, Berlin, Germany   COURTESY OF LURGI AG

Bubbling units are compact and
particularly suited to industrial and small
power applications and to CHP. 
They are also increasingly regarded as
the most appropriate technology for the
efficient combustion or co-combustion
of low calorific value fuels, eg low grade
coal, lignite, peat, wood, biofuels and
various types of waste, including
sewage sludge.

For large-scale power applications
(250MWe and above), the market
preference is for circulating units,
although a 350MWe bubbling AFBC
power station is operating at Takehara
in Japan.

250MWe circulating FBC site at Gardanne, France
COURTESY OF SOPROLIF PROVENCE CLEAN ENERGY

Heat transfer in circulating fluidised bed combustion 
COURTESY OF ETSU

Convective pass

Secondary air
Primary air

Superheater
heat recovery

Economiser
heater recovery

To baghouse

Coal and
limestone

‘Water wall’
Heat recovery



Natural-gas-fired combined cycle unit
COURTESY OF NATURAL GAS FOR POWER, B W GAINEY, SHELL COAL INTERNATIONAL (SHELL SELECTED PAPERS SERIES)

Integrated gasification combined cycle unit
COURTESY OF SHELL INTERNATIONAL
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The MarketN

During the past decade, NGCC has
replaced PF plant as the technology of
choice for new and replacement power
plant in the EU; in the period to 2020,
NGCC is forecast to rise to over 30% of
Europe’s installed capacity. Reasons
include:

J The continued availability of low cost
natural gas.

J The development of combined cycle
systems suited to baseload
applications.

J Low capital costs.

J High levels of generating efficiency.

J Low emissions levels.

The technology is also widely applied in
the USA.

Future market potential will be
determined, in both developed
countries and emerging and developing
economies, by the availability and price
of gas and by the effectiveness of
competing coal-based technologies.

Although natural-gas-fired turbines are
not widely used for topping or parallel
repowering, except in the Netherlands,
there is significant future market
potential, particularly given current
political commitments to specific CO2

emissions reduction.

The technology associated with IGCC
power generation is still at the
demonstration stage, with plant either
operational or under construction in
both Europe (eg at Buggenum, the
Netherlands, and Puertollano, Spain)
and the USA. Total installed IGCC
capacities are 0.6GWe in Europe and
1.2GWe worldwide. The global market
by 2010 could be 28-46GWe.
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Combined Cycle Power Generation

Combined cycle power generation uses
both gas turbines and steam turbines
within a single system to generate
electricity. It uses fuel more efficiently
than the conventional steam cycle and
has several possible applications.

The TechnologyN

NGCC systems burn natural gas in a
gas turbine coupled to a generator for
electricity production. The hot exhaust
gases are then used to generate steam
for producing additional electricity via a
conventional steam turbine-generator.
Efficiencies of up to 56% can be
achieved by large, new power
generation units. Maximum efficiency is
only achieved during full-load operation.

Natural-gas-fired turbines can also be
used alongside conventional gas-fired
or PF-fired steam generating plant in
“topping” or “parallel repowering”
applications. In topping applications,
the gas turbine exhaust is used as
boiler combustion air; in parallel
repowering it is used to generate
additional steam. New combined plant
of this type can achieve efficiencies of
at least 46%.

In an IGCC plant, coal is gasified in a
reaction vessel. The hot gases are then
cleaned and, after combustion,
expanded through a gas turbine for
power generation. Waste heat from the
gas turbine and from gas cleaning and
gasification processes is used to raise
high pressure steam for additional
electricity generation. “First-of-a-kind”
IGCC plant have been shown to
achieve net efficiencies of around 45%,
but, with technology and cycle
improvements, net efficiencies could
reach 51-52%. Furthermore, IGCC
technologies are appropriate for fuels
other than coal, eg petroleum coke,
refinery bottoms. Variants in IGCC
technology include different types of
gasifier (eg fluidised bed, entrained flow,
slagging-type), different gasifying media
(oxygen or air, and steam), and 
full-gasification or partial-gasification
followed by combustion.

J The inherent conservatism of the power
utility companies when faced with new
technology.

Initiatives for the FutureN

To overcome the barriers and ensure
that EU companies manufacturing
combined cycle systems and components
remain competitive in both EU and global
markets, attention must be paid to:

J Raising the efficiencies of gas turbines.
This may be achieved through:

– developments that allow them to
operate at higher temperatures, ie
improving the performance of existing
materials and developing thermal
barrier coatings, new materials and
advanced blade-cooling techniques

– improving design aspects, eg to
minimise aerodynamic losses.

J Continued work aimed at reducing both
capital and plant operating costs.

J Reducing emissions, particularly those
of NOx.

J Improving the efficiency of part-load
operation.

Development issues specific 
to IGCC include:

J Higher plant efficiencies.

J The gasification of a broader range 
of coals.

J The use of waste as feedstock.

J A better understanding of mineral
matter transformation in the early
stages of entrained flow gasification.

J A development and demonstration
programme covering: different types of
gasifier, eg the air-blown gasifier; the
impact of gasifier size; heat transfer
issues; gas composition and
combustion; waste water treatment;
and air separation.

J Turbine burner development for the use
of unconventional fuels, eg coal gas
and gasified biomass, and in
combination with natural gas.

J Combustion developments to reduce
NOx emissions, eg by staged and
catalytic combustion.

J R&D in high temperature gas cleaning:
the identification and removal of alkalines
and heavy metals; the removal of
ammonia and (for co-gasification using
biomass) tar; sorbent development.

EU CompetitivenessN

European manufacturers are amongst
the world leaders in NGCC technology
and its application, and are well placed,
despite considerable international
competition, to meet future market
requirements both in Europe and in
emerging and developing economies.

In the more specific area of topping
cycle technology, EU manufacturers are
in a strong position to supply base
components and engineering and
contract skills.

European manufacturers are also at the
forefront of IGCC technology, and will
have an important role to play in its
future deployment.

Technical and Market BarriersN

Although NGCC technology is already
widely used in many parts of the world,
it still faces long-term technical and
marketing barriers:

J The limitations that materials and
design impose on operating
temperatures and efficiency.

J The availability of natural gas and likely
long-term price increases.

There are also barriers to the
widespread adoption of IGCC plant:

J Unresolved technical issues relating to
gasifier size, heat transfer after the
gasifier, gas clean-up, gas composition
and combustion, waste water treatment
and the degree of process integration.

J The capital cost of IGCC plant and the
need for greater plant efficiency.

J Competition from other clean coal
technologies, in particular advanced PF
combustion and PFBC.

Demkolec’s IGCC demonstration 
plant at Buggenum, the Netherlands
COURTESY OF DEMKOLEC

Construction of the 300MWe
IGCC power plant at Puertollano, Spain
COURTESY OF NATIONAL POWER



H
e

a
t a

n
d

 P
o

w
e

r
P

re
s
s
u

ris
e

d
 F

lu
id

is
e

d
 B

e
d

 C
o

m
b

u
s
tio

n

57

Technical and Market BarriersN

There are several technical and market
barriers to the more widespread
adoption of PFBC technology:

J Perceived and actual risks relating to
technical performance and reliability.

J The inherent conservatism of public
utility companies when faced with new
technology.

J The current cost and complexity of the
technology, which may make it appear
unattractive when compared with other
technologies such as NGCC power plant.

J The difficulties of financing new
technologies.

J Competition from other clean coal
technologies, eg supercritical and ultra-
supercritical PF plant and IGCC plant.

J Environmental opposition to coal-fired
technologies, particularly in developed
countries.

J The limited market for new plant in
countries where electricity demand is
increasing very slowly.

Initiatives for the FutureN

To overcome the barriers and ensure
that the EU companies manufacturing
PFBC units retain their technology lead
and remain competitive in the global
market, attention must be given to:

J Resolving outstanding technical issues.

J Demonstrating plant performance under
different operating conditions, eg
changes in furnace size, supercritical
steam conditions, hot gas filtration.

J Improving plant operation and
efficiency.

J Plant cost reduction.

J The potential for co-firing using biofuels,
including continuous large-scale testing.

J The potential for co-firing using 
other fossil fuels, eg petroleum coke
and oil shales.

J The continued development of
improved hot gas cleaning techniques.

EU companies, amongst others, are
now developing circulating PFBC units,
and the suggestion has been made that
this technology’s environmental
performance will be better than that 
of bubbling PFBC units; this hypothesis
is likely to be tested in the near future,
with the feedback from the Foster
Wheeler second-generation PFBC
plant, currently under construction in
the USA. In addition, second-generation
PFBC technology that incorporates, 
for instance, gasification and a topping
cycle system is predicted to have a
cycle efficiency of about 50%.

It is essential to demonstrate these
emerging technologies in a number of
different plant to ensure their long-term
commercial acceptability.
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Pressurised Fluidised Bed Combustion

PFBC can be used with combined
cycle technology to generate power
cleanly and efficiently from coal and, in
principle, from other fuels.

The TechnologyN

PFBC takes place in a combustor
within a large pressure vessel. 
A continuous stream of pressurised
combustion air passes into the
combustor, creating turbulence in a
“bed” of inert particles and ash. 
The velocity of this air ensures that the
particles remain suspended and move
about freely. In this state they behave
like a fluid - in other words the bed
becomes “fluidised”. Coal is added to
the fluidised bed, together with a
calcium-based sulphur-sorbent such 
as limestone or dolomite, and is burnt.
The system operates at pressures of
12-16 bar. 

In combined cycle power applications,
about 80% of the electricity is
generated in a conventional steam
turbine-generator set. The steam
required is produced in tube bundles
immersed in the fluidised bed. At the
same time, the hot exhaust gases
leaving the combustor under pressure
are cleaned and expanded through a
gas turbine to generate additional
electricity. More heat is then recovered
from the turbine exhaust gas. 
The thermal efficiency of the whole
process is about 44% and the
technology’s environmental impact is low.

Depending on the velocity of the air
through the fluidised bed, two PFBC
variants exist: bubbling bed PFBC
(lower velocities) and circulating bed
PFBC (higher velocities). All current
PFBC units are of the former type.
Circulating bed PFBC units have yet to
be demonstrated at commercial scale,
although one designed by Ahlstrom
Pyropower (now owned by Foster
Wheeler) is to be constructed shortly in
the USA. Although circulating bed
PFBC units are expected to exhibit
cost, operational and environmental
advantages over the bubbling bed type,
the case is not so clear as for their
atmospheric counterparts, and remains
to be proven at the larger scale. 

The MarketN

Although PFBC was developed in
Europe, which already has three
commercial-scale (70-80MWe) bubbling
PFBC plant and a fourth one under
construction, the longer-term market 
for the technology in the EU remains
limited for a number of reasons:

J The slow rate of growth in electricity
demand (about 1% a year).

J Increasingly stringent emissions
legislation.

J The widespread use of NGCC installa-
tions for new and replacement plant.

The market potential elsewhere is rather
better (see Table 1). The technology is
already being demonstrated in Japan,
and further plant are on order, while the
demand for new coal-fired generating
capacity in North America is likely to
increase after 2000. China already uses
atmospheric fluidised bed combustor

plant and is likely to make selective use
of other clean coal technologies
between now and 2010. However,
India’s adoption of the technology is
likely to depend on the availability of
investment capital and the introduction
of more stringent emissions legislation.

EU CompetitivenessN

European manufacturers are in a good
position to compete effectively in the
world market for PFBC units, although
most of the expertise - and the only
commercial product - lies with one
company. A major Japanese concern is
the only other company to have a full-
size demonstration plant in operation.

However, PFBC is still a young
technology, and future commercial
success will depend on continued
development and on the technology’s
ability to compete effectively with
alternative clean coal technologies.

Pressurised fluidised bed combined cycle unit at Escatron, Spain  COURTESY OF ENDESA AND CIEMAT-OCICARBON

Pressurised fluidised bed combined cycle COURTESY OF ETSU

Table 1: Current and potential deployment of bubbling PFBC units

Country or region Current Maximum potential
deployment (GWe) additional deployment 

by 2010 (GWe)

EU 0.21-0.24 1-4

CEE/FSU 0 =>1

Japan, New Zealand, Australia 0.14-0.16 =>6

North America 0 =>4

East Asia 0 =>5

China 0 =>2

The Värtan PFBC plant, Stockholm, Sweden   COURTESY OF ABB CARBON AB
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Initiatives for the FutureN

To overcome the barriers and ensure
that EU companies continue to develop
PPC technology in a way that makes
them competitive in both EU and global
markets, attention must be paid to:

J The combustion chamber

– improving primary separation of ash
particles and agglomeration in the
furnace

– investigating the gettering efficiency
of alkalis, both special getter
materials and the liquid coal ash.

J Flue gas cleaning

– further optimising the packed bed
and the aerodynamics and fluid
dynamics of the liquid ash separator

– improving the removal of fines.

J Measurements

– improving flue gas contamination on-
line measuring methods

– improving optical-based particle
measuring methods.

J Materials development

– further optimising liquid-ash-resistant
ceramics.

58

Pressurised Pulverised Combustion

PPC of coal is similar to conventional
PF combustion, in that it is based on
the combustion of a finely-ground cloud
of coal particles, but it occurs in a
pressurised environment, enabling
operation in combined cycle.

The TechnologyN

Combustion occurs at 1600-1700ºC
and a minimum of 16 bar pressure. 
As in a conventional PF boiler, the heat
released from combustion generates
high pressure, high temperature steam,
which is used in steam turbine-
generators to produce electricity. 
The pressurised flue gases exit the
boiler and are expanded through a gas
tubine to generate further electricity.
The high temperature/pressure
combustion ensures that all of the ash
is converted to a liquid or vapour state,
and the gas pressure is appropriate for
use in the gas turbine. The pressure
vessel is lined by ceramic refractory to
protect it from the high temperature,
molten ash. The lining’s cooling system
is designed so that the ash solidifies on
the surface of the refractory material,
forming a thin, protective layer.

The swirl burner is fed with pressurised
combustion air from the gas turbine
compressor and dried pulverised coal is
inserted via locking systems. About
40% of the liquid ash swirls to the wall
of the combustion chamber. It flows
down the chamber’s wall and drops
into a water pool where it granulates. 
It is then removed from the pressurised
furnace by a locking system.

A 1MWth 16 bar experimental rig at
Dorsten, Germany, is currently
evaluating the main problems
concerning pressurised combustion,
burner and material development, and
ash separator techniques. The plant
does not yet include a gas turbine.
Blade material probes are being
exposed to hot flue gas downstream of
the flue gas separator to test the
influence of alkali contaminant and
particle load.

Gas turbines are very sensitive to gas
impurities, so the flue gas has to be
cleaned. Flue gas entrained ash
droplets might build up deposits or
cause erosion of the blades, and alkali
compounds - sodium and potassium -
might corrode blades and structure
materials. It is presently assumed that
flue gas purity should be better than

5mg/m3 ash content with a 
5µm maximum particle diameter. The
alkali concentration should be less than
0.03mg/m3.

Gaseous alkalis can be removed by
gettering. The liquid coal ash itself acts
as the primary getter material, but further
getter material can be added. Alkali
contents of 0.5-10mg/m3 have already
been achieved, depending on coal quality.

Diagram of the Dorsten test facility, Germany

Dorsten test facility, Germany

Outline of a PPC plant

G – Generator

GT – Gas Turbine

ST – Steam Turbine

SCR – Selective Catalytic Reduction

FGD – Flue Gas Desulphurisation

The MarketN

PPC technology is not yet ready to be
commercially deployed, but is at the
development phase. At the end of the
current three-year test run at Dorsten
the decision will be taken on whether to
proceed to a pilot-plant-scale test rig
(10MWth ) including a gas turbine. 
If research continues, design studies for
a 150-300MWe demonstration plant
could start in 1998, in parallel with the
pilot plant. The first commercial plant
will not be completed before 2010.

The technology, once proven, could be
relevant both for distributed electricity
supply and for energy and power for
non-grid applications. Modular coal
burning and gas cleaning systems
could be used to adapt the gas turbine
performance to the relevant application.
It is likely to be deployed in small as
well as large units (block sizes of more
than 300MWe seem to be practicable),
so the technology appears to offer
opportunities for SME suppliers.

EU CompetitivenessN

Once relevant technical and market
barriers have been overcome, this
technology could contribute strongly to
Europe’s worldwide competitiveness by
offering potential energy savings and
reductions in the levels of investment
needed.

Technical and Market BarriersN

Many technical issues remain to be
resolved, the technology must be
optimised and further operational
experience is needed before PPC is
ready for introduction into the energy
market.

If the technology can be further
developed, it will face market barriers,
eg competition with NGCC plant and
alternative clean coal technologies.
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Technical and Market BarriersN

Apart from AFCs, most fuel cell
technology is still at the development or
demonstration stage, and there are still
technical issues to be resolved,
including:

J Cell stack lifetime (cell stacks currently
need replacing every five years).

J Long-term reliability (except for PAFCs
where reliability has been proven).

J Performance and efficiency.

J The suitability, simplification,
optimisation and compactness of
balance of plant (BOP) components, 
eg compressors and high temperature
heat exchangers.

Several market barriers to the potential
adoption of fuel cells have also been
identified. These include:

J Limited information for potential
customers about how fuel cells may be
applied - in households, in industry and
for large-scale power generation.

J Competition with existing power
generation techniques, which are very
well developed.

J The conservatism of power generation
companies when faced with new
technologies.

J High production costs, even for fuel
cells approaching the market, making
them less competitive with established
technologies, eg diesel motors for CHP
up to 5MWe and gas turbines for CHP
above 5MWe.

Initiatives for the FutureN

To overcome the barriers and ensure
that EU companies continue to develop
fuel cells in a way that makes them
competitive in both EU and global
markets, attention must be paid to:

J Cost reduction: in the CHP area, for
instance, specific investment costs will
need to fall to 800-900ECU/kW or less
by 2015 for applications up to 5MWe,
and to 500-600ECU/kW or less for
applications above 5MWe.

J The development of new materials to
reduce costs and improve component
and cell lifetime.

J Systems design to encourage
simplification and better performance
and reliability.

J The continued parallel development of
BOP systems - heat exchanger, pumps,
pipework - if necessary, simulating stack
conditions for the type of fuel cell involved.

J Full demonstration projects to provide
information on performance, reliability,
component lifetime, frequency of
servicing and plant replacement, and
operating and maintenance costs.

J The development of an information
exchange network involving fuel cell
developers and potential customers.

J The development of training and test
programmes for installers.

Individual fuel cell types also have their
own specific R&D needs:

J SOFCs

– improvements in the structural
integrity and power density of the fuel
cell stack

– the development of fully engineered
systems.

J SPFCs

– materials and component cost
reduction

– improved performance

– compact natural gas fuel processing
for improved lifetime.

J MCFCs

– the resolution of materials problems

– improvements in current density.

J PAFCs

– materials and/or processes to meet
cost targets.
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Fuel Cells for Stationary Applications

Fuel cells are electrochemical devices
that convert the energy of a chemical
reaction directly into electricity and heat.
(Note - This module only considers
stationary applications of fuel cells;
transport applications are covered in
the Transport section of this
publication.) 

The TechnologyN

A typical fuel cell consists of an
electrolyte sandwiched between two
electrodes. Fuel is oxidised at the
anode, liberating electrons which flow
via an external circuit to the cathode.
The circuit is completed by a flow of
ions across the electrolyte that
separates the fuel and oxidant streams.

A fuel cell typically generates a voltage
of around 0.7-0.8V and a power output
of a few tens or hundreds of watts.
Cells are therefore assembled into
modules (or “stacks”) and connected
electrically to provide a larger voltage
and output.

The other main components of a fuel
cell system are a fuel processor and a
power conditioner. For alternating
current applications, the latter includes
an inverter.

Fuel cells have very low emissions
levels. Emissions of NOx are 10-100
times lower than for gas
engines/turbines, while volatile organic
carbon and CO emissions are ten times
lower. Noise levels are also minimal - a
particular advantage in urban
environments.

The MarketN

There are five types of fuel cell
(classified according to electrolyte) at
different stages of development and
with different potential applications (see
Table 1). Stationary applications
comprise:

J Small-scale, on-site, non-utility power
generation (3kW-1MW).

J Commercial CHP (up to 1MW).

J Distributed power generation 
(1-30MW).

J Centralised power generation
(>100MW).

The use of fuel cells for centralised
electricity generation is unlikely within
the next ten years, although by 2015
Europe, Japan and the USA could all
have significant installed capacity. 
This market looks particularly promising
in Japan where power generation costs
are high.

Fuel cells, particularly high temperature
fuel cells, are potentially well suited to
the distributed power generation and
CHP markets, both of which are
growing. However, their market share
will depend on long-term performance
and cost-competitiveness.

EU CompetitivenessN

Most fuel cell activity in Europe is
focusing on the development of SPFCs
and the two high temperature cells,
SOFCs and MCFCs. European
companies can compete effectively with
overseas companies for each of these
technologies. Only in the demonstration
of PAFCs do the European utilities rely
on technology already available from
the USA and Japan.

Fuel cell Electrolyte Operating Development Applications
temperature (ºC) status

SOFC Solid oxide 750-1000 25kW tubular CHP, 
10kW planar power generation

SPFC Solid polymer 50-80 250kW Transport, CHP

AFC Alkaline 50-200 Developed Space, transport

MCFC Molten carbonate 630-650 2MW Power generation

PAFC Phosphoric acid 190-210 11MW CHP, power generation

The British Gas SOFC-BOP test facility
COURTESY OF BG PLC

Table 1: Fuel cells and their applications

Schematic of a typical fuel cell system   COURTESY OF ETSU
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Although all the technology areas addressed in this section
have been successfully and economically applied in the
oil and gas sector, considerable scope remains for further
improvements through RTD.

CONTRIBUTION TO EU POLICY OBJECTIVES

In 1996, the EC predicted that EU dependency on imported
oil would increase to about 90% in 2020 (see Figure 1).

MARKET BARRIERS

A range of technical, social, regulatory and economic barriers
hinder the commercialisation of potential European E&P
technologies:

J In order to develop new technologies, the service industry
depends on the activities and business climate of the oil
industry. Sometimes, however, the oil industry is hindered by 
a negative public image, affecting its business climate and
activity level. This again has an effect on the service industry.

J Enabling technologies, such as computing and IT, still have a
long way to go to fully satisfy the enormous appetites of the
E&P industry for faster, more powerful computers.

J European coordination is lacking with regard to achieving 
a critical mass for complex RTD projects.

J Outsourcing of RTD by the E&P companies to service
companies has increased the tendency to focus on short-term
RTD. Service companies generally require a short pay-back
time. 

J Most oil companies buying technology from the service
companies are seen as highly critical, conservative and averse
to risks, especially when field-testing a new technology for the
first time. 

J This aversion to risks, the current stable but rather low oil
price and other factors mean the industry’s preference is for
incremental, rather than novel, technology. 

THE NEXT STEPS

Although European SMEs and Research & Technology
Organisations lead the world in geosciences, directional
drilling, underwater production, floating production platforms,
gas development, LNG carriers, and long gas pipelines,
Europe is at a turning point with regard to hydrocarbon E&P 
in the North Sea. Over the coming years, to ensure that the
potential benefits to the EU outlined above are realised, it will
be necessary to:

J Improve the yield of present oil and gas fields.

J Develop new fields that are marginal and more difficult
to exploit: In particular, deep-water developments, where
most of the world’s unexplored hydrocarbons are expected,
will provide good opportunities for European service and
supply companies.

J Comply with environmental controls on oil and gas
production and use which become ever more stringent:
This will increasingly require technology-driven solutions, which
will provide opportunities for SMEs and Research &
Technology Organisations.

J Reduce costs to remain competitive.

J Assist European SMEs to compete in the global market
by supporting innovative RTD at a European level.
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However, this 90% dependency could be limited to around
50% if new RTD allows the recovery factor of North Sea oil
reservoirs to grow by 1% a year (compared with 0.8% in the
period 1986-96). In general, therefore, RTD which is focused
on the European situation may reduce Europe’s dependency
on imported oil and gas, and contribute to improving security
of EU energy supply. This will have a positive effect on the
EU’s balance of payments of some 40 billion ECU annually.

The oil and gas sector can play a prominent role in furthering 
a wide range of other EU policy objectives. The European
industry is already the world’s second-largest industrial
employer of science and engineering graduates. Europe has
also been particularly successful in controlling environmentally
harmful emissions discharged during oil and gas production: in 
1990-91, British and Norwegian CO2 and methane 
emissions were estimated at ~300 and 120 grams per m3

of oil equivalent produced respectively, compared with ~660
for the USA and ~990 for Russia (gas only).

Consolidation of a strong EU industry would also assist
regional policy, competitiveness, sustainable development,
exports, social and economic cohesion, SMEs, and
enhancement of the EU’s knowledge base.

Offshore hydrocarbon field development   COURTESY OF ABB VETCO GRAY

Figure 1: EU forecast oil production and imports

BACKGROUND

Exploration and production (E&P), which comprise the
discovery and recovery of oil and gas, are the major activities
of the upstream oil and gas industry. In 1996, oil and gas
accounted for 44.4% and 21.7%, respectively, of the EU’s
primary energy supply. Table 1 summarises production,
consumption and reserve data for the EU, Norway and the
world in the same year. The forecast is that oil and gas will
definitely remain the EU’s major primary source of energy up
to and beyond the year 2020; in that year, it is estimated that
they will account for 68% of all EU energy consumption.

J The sector has a unique regulatory framework, and is
characterised by concession- and production-sharing systems
with highly variable tax regimes.

KEY TECHNOLOGIES

The upstream sector of the oil and gas industry consists of 
the following business processes:

1. Exploration, leading to the discovery of hitherto unproven
hydrocarbons.

2. Appraisal evaluates hydrocarbon discoveries resulting from
the exploration activities in order to decide on development.

3. Development, translating the information from the appraised
hydrocarbon reservoir into an optimised investment plan
and implementing the plan.

4. Production is the process which recovers the hydrocarbons
by operating the facilities installed during the development
phase.

5. Decommissioning handles the removal, disposal or re-use 
of an installation when it is no longer needed for its current
purpose.

The five phases may be partly concurrent. E&P technology
areas required to address the above business processes are
categorised in Table 2.
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Oil and Gas Exploration and Production Overview

Table 2: E&P technology areas

Physical Technology area Status
environment

Sub-surface Geophysics and exploration
geology and basin modelling

Sub-surface Reservoir modelling and
production forecasting

Well Drilling, logging, testing
and completion

Sub-sea/surface Production systems

Sub-sea/surface Transport and storage systems

Commercially
available with
significant
potential 
for further 
RTD and
demonstration

In recent years, these technology areas have significantly
contributed to reducing oil and gas production costs per unit
volume. In Europe, this has led to increased production and
recoverable reserves, and a workforce capable of competing
globally. This has been achieved mainly by industrial RTD,
national and EU programmes. The latter are seen as a useful
catalyst in forming European partnerships and in stimulating
RTD with medium- to long-term commercialisation potential.

Recently, the industry has become concerned that it may be
focusing too heavily on short-term gains rather than long-term
RTD, and that this could jeopardise long-term European
competitiveness. Over the last 15 years, EU spending on
RTD in hydrocarbons has halved; by contrast, the USA has
increased its spending by around 400% since 1990. This has
happened at a time when the major oil companies have
reduced RTD expenditure by 40%.

Annual global expenditure on E&P is currently 115 billion ECU,
with European equipment, supply and service industries
holding a market share of ~30%. In terms of employment, the
European E&P service and supply industry is employing some
750,000 people. Commercial opportunities are expanding as
major oil companies increasingly outsource activities to the
E&P service companies in order to further reduce costs and
maximise revenues from their hydrocarbon fields.

In general terms, the oil and gas E&P sector has the following
characteristics:

J It is dominated by private multinational companies.

J It is highly technological, complex and capital-intensive.

J The sector is characterised by long lead times (~2-10 years),
long-term projects (~5-50+ years) and long pay-out times 
(~5-10 years).

J Investments are high risk/high reward; all risks have to be care-
fully weighed and mitigated; up-front technical risks can be very
high due to the scarcity and inaccuracy of sub-surface data.

J SMEs providing innovative services and equipment have to
compete in a global market. Oil companies buy their services
and equipment from any part of the world. To better face this
global competition, many governments assume a role in
assisting the service industry to mitigate the commercial risks
associated with E&P RTD.

Table 1: Oil and gas production, consumption
and reserves in 1996

EU Norway World

Production

Oil 160.8 154.1 3236

Gas 187.6 36.8 2008

Total 348.4 190.9 5244

Consumption

Oil 599.7 10.7 3229

Gas 305.8 0.0 1972

Total 905.5 10.7 5201

Proven reserves

Oil 943.2 3418 147565

Gas 2965 3143 131941

Total 3908.2 6562 279506

All figures in Mtoe



O
il a

n
d

 G
a

s E
&

P
G

e
o

p
h

y
s
ic

s
 a

n
d

 E
x
p

lo
ra

tio
n

G
e

o
lo

g
y
 a

n
d

 B
a

s
in

 M
o

d
e

llin
g

67

EU CompetitivenessN

A number of European service
companies have a well-established
position in geophysics and are able to
compete on a global scale.
Collaboration between oil companies,
service companies, research institutes
and academia is well developed,
though it needs continuous effort to
match the fierce international
competition, mainly from the USA. 

Europe is also at the forefront of
technology in exploration geology, with
comprehensive basin modelling
technologies and exploration prospect
ranking tools. The EU programmes
JOULE and THERMIE have been
instrumental in developing novel
technologies which have subsequently
been commercialised. There are still
many opportunities for innovative
solutions which could be
commercialised by European SMEs or
large service companies to gain a larger
share of the world market. 

Technical and Market BarriersN

Apart from the generic barriers outlined
in the Overview, the following apply
particularly to geophysics and
exploration geology:

J Limited computing power.

J Limited IT to handle the massive
amount of data.

J Limited understanding of theory, eg on
the behaviour of the sub-surface as an
elastic medium (rather than only an
acoustic medium).

Initiatives for the FutureN

Examples of RTD which could increase
European competitiveness are:

J Advanced seismic data acquisition,
which includes: procedures to reduce
time and costs of surveys;
multicomponent acquisition; increased
frequency; multicomponent P&S wave
seismic techniques; ocean bottom
cables; vertical cable seismic.
Advanced seismic data processing
(specialised seismic processing), which
includes: high resolution seismic depth
imaging; 3-D pre-stack depth migration
(with anisotropy effects to preserve
amplitude information); minimised 
noise; extended frequency band in
deeper targets and difficult areas; new
seismic attributes; multiples attenuation;
preserved amplitude information;
seismic fracture characterisation; 

massive parallel computing;
geophysical fracture detection;
azimuthal velocity anisotropy of 
P-waves; azimuthal AVO variations; use
of converted S-waves and S-wave
birefringence; 3-D AVO.

J Seismic data interpretation/exploration
geology, which includes: 3-D basin
modelling; source rocks, migration,
structural restoration and heat transfer;
fault-seal analysis and cap-rock
analysis; grain movement/re-orientation,
cataclasis and cementation in, or
adjacent to, faults; seal potential in
relation to compaction, cementation,
fracture and internal/external stresses.

J Other, including: (geo)statistical
methods; multiple scenario modelling;
modelling of uncertainties associated
with predictions; integration of
information from various sources with
various accuracies and resolutions;
theoretical relationships between
reservoir properties and induced
signals/measurements; 3-D visualisation
tools; better data storage; better data
transmission; more efficient input/
output media.
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3-D, 3-component marine seismic acquisition   COURTESY OF SUBSEACO

Figure 1: Number of seismic crews deployed in Europe 1995-97
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Geophysics and Exploration Geology and Basin Modelling

Geophysics uses anomalies in the
natural field trends of the earth, eg
gravity and magnetic fields, and/or the
response of the sub-surface to man-
made signals, eg acoustic and electrical
signals, to map geological units in the
sub-surface. Exploration geology
attempts to predict the location of
hydrocarbon deposits through the
modelling, in geological time, of the
hydrocarbon generation, migration and
accumulation processes in sedimentary
basins.

The TechnologyN

Geophysics may be subdivided
according to:

J Sub-disciplines: seismic, gravity,
magnetic and electrical techniques; for
hydrocarbons, seismic (ie acoustic)
techniques are by far the most
important for mapping potentially
hydrocarbon-bearing structures.

J Added value of geophysical information:
data acquisition, processing and
interpretation.

J Physical environment: land or marine,
well and/or surface.

J Single survey versus time-lapse
acquisition (eg 3-D versus 4-D seismic).

J Type of information collected and
processed (eg 1-, 3-, 9-component
seismic).

Exploration geology studies the
generation, migration and accumulation
of hydrocarbons in geological time and
space. The objective is to establish
calibrated sedimentary basin models
predicting the location of hydrocarbon
reservoirs and the potential of a basin
for undiscovered, possible reserves.
Extensive use is made of geophysics,
geochemistry, structural geology,
sedimentology, petrophysics, and
production (testing), including reserves
determination procedures and other
information from analogue areas. 

The MarketN

Geophysics is important in the first four
E&P business processes:

J Exploration - the main market for
geophysics. Usually a coarse
acquisition grid is used for exploration
to map the main large-scale features. 
2-D is still the main acquisition
technique for exploration, but 3-D
acquisition is increasingly being used,
especially in more mature areas, 
eg the North Sea.

J Appraisal. Having made a discovery,
advanced seismic acquisition and
processing techniques, such as 3-D 
or 3-D/3-component seismic, are used.
The acquisition grid is also usually refined.

J Development. The application of seismic
techniques while drilling is potentially
useful, increasing the accuracy of the
well trajectory. Also, amplitude versus
offset (AVO) and cross-well seismic
acquisition techniques may significantly
enhance the accuracy and resolution of
the seismic image.

J Production. 4-D-seismic or time-lapse
seismic is a potentially useful 
technique to identify areas of poorly
drained oil or gas.

Recent seismic activity in Europe is
given in Figure 1.

Exploration geology is most important
in the exploration phase, and to some
extent also in the appraisal phase. 
It produces a large-scale 3-D geological
model which can be used in further
exploration and appraisal.

As the European hydrocarbon provinces
become mature, or new frontiers are
being addressed (eg west of Shetland),
the deployment of geophysical
techniques will increasingly shift toward
more challenging, deep and complex
exploration targets and to enhancing
recovery from existing fields through
better resolution and better imaging of
existing productive reservoirs. The
prospect of unexplored or under-explored
areas, and the perceived scope for
improving recovery from existing fields,
means that the potential deployment of
improved seismic and exploration
geological techniques is enormous.

3-D seismic interpretation, North East Netherlands   COURTESY OF NAM B.V
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THERMIE have stimulated the
development of novel reservoir
technologies which have subsequently
been commercialised. There are still
many opportunities for innovative
solutions which could be
commercialised by European SMEs or
large service companies in order to gain
a larger share of the world market. 

Technical and Market BarriersN

Apart from the generic barriers outlined
in the Overview, the following barriers
apply particularly to reservoir modelling
technologies:

J Limited computing power.

J Limited IT to handle the massive
amount of data.

J Limited understanding of the theory, 
eg on how to integrate data of various
scales, handle capillary pressure
discontinuities in heterogeneous
reservoirs, and reduce subjectivity in the
modelling process.

Initiatives for the FutureN

RTD which could increase European
competitiveness includes:

J Reservoir geophysics, eg: 3-D seismic
attribute analysis; permanent
surface/bore hole seismic
instrumentation (4-D seismic); direct
hydrocarbon indicators; Measurement
While Drilling (MWD) techniques for real-
time structural imaging; well-seismic tie
in real time.

J Petrophysics, eg: definition and
prediction of diagenesis (post-
depositional property alteration)
evolution; better pore network
characterisation; improved mineralogical
analysis; integrated data model
(geophysics, geology, engineering);
improved logging techniques, 
eg through casing logging and
permeability logging.

J Reservoir geology, eg: reduction of
subjectivity in the modelling process, for
example through stochastic modelling;
reservoir internal geometry; better
identification of structural elements;
conditioned on analogue databases;
reservoir geochemistry to predict

diagenesis; better prediction of facies
variation; 3-D geological modelling
software development.

J Reservoir simulation, flow performance
prediction, eg: improved gridding
techniques; numerical solution
methods; improved understanding of
small-scale reservoir flow phenomena in
heterogeneous media, such as capillary
discontinuities; integration of data 
of various scales in simulation model;
improved methods and tools for
quantifying and reducing uncertainties
in reservoir production forecasts;
improved methods and tools for
handling compositional fluid flow
phenomena.

3-D simulation modelling showing fluid distribution before and after ten years of oil production   COURTESY OF STATOIL
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Reservoir Modelling and Production Forecasting

The main aims of reservoir geology are
to provide detailed structural and
property maps of each reservoir
geological layer or sub-layer, depth
maps of top and base reservoir or
intermediate levels, location of faults,
porosity maps, initial water saturation
maps and permeability maps. 
The results are used to construct
reservoir simulation models for
production forecasting.

The TechnologyN

Better mapping and analysis, or
“characterisation”, of reservoir rocks
and fluids, particularly during the earliest
stages of field development, still has
very high potential for improving E&P
business. Improved characterisation
reduces the risk involved in developing
fields, particularly if they are marginal.
Optimal reservoir characterisation is
absolutely essential in the emerging
trend of developing small fields with
only a single well. It is also of
paramount importance in identifying
further development opportunities and
maximising the recovery from mature
fields, or “brown field development”.
Particularly relevant technologies are
listed below.

J Reservoir characterisation. This consists
of the determination of the internal
geometry and property distribution of
the reservoir. The internal geometry will
be constructed from seismic and well
data, through geological rules. 
The property distribution is based on
well data and geological or
geostatistical methods. Both geometry
and property distribution are essential
to the construction of a simulation
model to be used for production
forecasting and uncertainty
management.

J Reservoir simulation/production
forecasting, including uncertainty
management. Forecasting of fluid
extraction rates (oil, gas, water,
condensates) under various
development scenarios is the task of
the reservoir engineers. This discipline
focuses on the dynamic behaviour of
the reservoir and tries to predict its
hydrocarbon flow capacity. While all
other disciplines essentially describe the
static properties of the reservoir, the
reservoir engineer adds the production
time or dynamic dimension to the
reservoir evaluations. The main reservoir
engineering objectives are to provide an

optimal drainage pattern, to optimise
recovery, to predict well and reservoir
performance under various development
scenarios, to establish reserves and to
provide input to field development
planning, economics and project ranking.

J Integrated data model. This consists of
integrating the geophysics, geology and
engineering models.

J Seismic technologies. These technologies
(eg 3-D seismic) together with improved
seismic technologies (eg attribute
analysis) still have significant potential
for improving the reservoir
characterisation.

J Improved Oil Recovery (IOR). 
These processes include methods 
such as improved drainage through
horizontal or multilateral wells and
water-alternating gas injection.

J Enhanced Oil Recovery (EOR). 
These processes include methods
which inject chemicals into the reservoir
to achieve a better “sweep” of the oil,
eg polymers, CO2, alkaline, detergents/
surfactants, miscible & immiscible gas,
foams & gels, microbial EOR.

J Thermal recovery processes. 
These include methods which inject
heat into, or generate heat in, the
reservoir, eg steam soak, steam drive,
hot water injection, air injection and in
situ combustion.

The MarketN

Reservoir and fluid characterisation
technologies are mainly used during 
the appraisal, development and
production phases. However, the
reservoir model should also be updated
during the production phase with new
production and well data to reduce the
uncertainties in the reservoir model 
and improve its predictive power. 
As long as new reservoirs are being
discovered and existing reservoirs 
have further development potential,
reservoir technologies will find
widespread application, not only in
Europe, but throughout the world. 
With an increasingly important scope
for secondary and tertiary recovery
techniques such as IOR and EOR, both
in Europe and worldwide, the market
for innovative reservoir technologies will
remain strong.

EU CompetitivenessN

European reservoir technologies are
well-established and are able to
compete on a global scale.
Collaboration between oil companies,
service companies, research institutes
and academia needs to be increased
and continuous effort made to face the
international competition, mainly from
the USA, and maintain a competitive
edge. The EU programmes JOULE and

Integrated reservoir modelling   COURTESY OF COGNISEIS
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EU CompetitivenessN

European SMEs are leaders in
directional drilling. This technology has
dramatically reduced the number of
wells and their cost. Moreover, logging
and testing are strongly represented in
Europe with a number of highly
competitive companies enjoying a
significant world market share. All these
technologies have allowed discovery of
or access to new reserves and better
recovery in complex geological
formations. International competition is
strong, especially from US companies,
which dominate completion
technologies and services. Through 
the JOULE-THERMIE research
programme, various innovations have
been achieved which have been
subsequently commercialised by SMEs,
eg in slimhole drilling.

Technical and Market BarriersN

Apart from the generic barriers outlined
in the Overview, no barriers apply to
well technologies in particular.

Initiatives for the FutureN

Areas where RTD could increase
European competitiveness include:

Drilling

J Multi-lateral/multi-branch wells.

J Multi-functional wells, eg simultaneous
production and injection.

J Slimhole drilling.

J Coiled tubing drilling, for nitrogen
kickoff, acidising, clean-outs,
cementing, fishing etc.

J Under-balanced drilling to reduce
formation damage and increase well
productivity.

J High pressure/high temperature drilling
for deeper targets.

J Deep offshore drilling.

J Measurement While Drilling (MWD) 
and geological steering.

J Reducing waste and emissions by
cutting re-injection.

J Other, eg exotic materials, metal-to-
metal seals.

Logging and Testing

J Slimhole logging.

J Advanced petrophysical measurement
and interpretation techniques.

J Real-time monitoring and analysis of
downhole production testing
information.

Completion

J Coiled tubing completion.

J Slimhole completion.

J Snubbing units completion.

J Re-entry and completion of exploration
and appraisal wells.

J Computer modelling of multi-phase flow
in wells.

J Downhole production monitoring &
control, permanent well instrumentation.

J Sub-sea well intervention.

J Fluids handling: formation injection of
drilling fluids & cuttings, sub-sea water
injection & filtration, seabed/downhole
fluid separation.

Horizontal drilling and completion   COURTESY OF BP
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Drilling, Logging, Testing and Completion

The drilling, logging, testing and
completion of wells represents a key
aspect of the pre-production work
required to ensure efficient exploitation
of commercial oil and gas fields. 

The TechnologyN

Drilling is the action of making and
securing a hole, thereby ensuring that
the required sub-surface information will
be obtained. Tasks include: optimal
design of well trajectories in the
reservoir to achieve optimal data
acquisition and drainage; making the
hole; securing the hole (casing and
cementing); and rock sample (core)
recovery for laboratory analysis.
Strongly deviated wells, horizontal wells
with long horizontal sections of several
km, multi-branched wells, or “multi-
laterals”, and wells with multiple
completions and fractures on different
(parts of) reservoirs etc have all become
feasible and often highly economic
options.

Logging is based on petrophysics
(related to the acquisition in the bore
hole, and involving the processing and
interpretation of wireline tool
measurements of the surrounding rock).
The response of these tools is
displayed as “logs”, giving the rock’s
response as a function of depth.
Following log interpretation, the results
are a display of rock properties (eg
mineralogy, porosity, water saturation,
moveability of hydrocarbons) versus
depth. Logging results are used in
reservoir characterisation.

Testing, or production testing, involves
allowing the reservoir fluids to be
produced (in general to surface), in
order to determine the (potential) flow
capacity of a well. Fluid samples are
recovered for laboratory analysis.
Testing results (eg pressure transient
data) are also used in reservoir
characterisation. 

Completion is the action of designing
and installing permanent, semi-
permanent or retrievable equipment in
or around the well aimed at optimising
the fluid flow from the reservoir into the
well (eg hydraulic fracturing, gravel
packing) and from the bottom of the
well to surface (eg with artificial lift:
downhole pumps, gas-lift). It also aims
to allow various downhole
measurements (eg pressures, flow
rates) to be carried out over time and to

ensure the integrity of the well and its
equipment (eg corrosion control). Sub-
sea completions are a way of avoiding
the installation of expensive surface
facilities for developing a field (eg
mobile production platforms) and are a
particularly relevant technology for the
small and marginal fields of the NWECS.

The MarketN

The number of wells drilled in 1996 in
the EU plus Norway was: 323 oil, 195
gas, 138 dry, 24 suspended, and 68
service. The total was 748, with a
combined length of 2340km. Recent
drilling activity in Europe is summarised
in Figure 1.

The trends shown in the Figure are also
representative for logging, completion
and testing technologies. A major part
of the ~$40 billion annual turnover of
the European oil and gas service
industry is accounted for by this
technology area.
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Figure 1: Drilling activity in Europe 1992-97
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EU CompetitivenessN

With the technological know-how
gained in the North Sea, European
service companies have acquired a
strong competitive position in the
technologies, such as:

J Underwater production systems - these
have provided economical means to
produce marginal fields in deep water
and harsh environments.

J Floating production platforms - these
represent lower development costs and
earlier production after discovery, and
are more environmentally compatible
when the field is abandoned.

Technical and Market BarriersN

Apart from the generic barriers outlined
in the Overview, the following barriers
apply particularly to production system
technologies:

J Public perception, challenging E&P
activities offshore.

J Water depth production - the pace of
advance in developing deep-water
fields has been remarkable: in 1988,
Shell installed Bullwinkle, the world’s
tallest platform, in 412m of water and,
five years later, Auger was developed in
872m; Mensa is now producing in
1646m, and exploration is taking place
in water depths of 2300m.

Initiatives for the FutureN

Areas where RTD could increase
European competitiveness include:

J Deep-water platforms.

J Not normally manned platforms.

J Mobile systems.

J TLPs unlocking many deep-water
reserves.

J Multi-phase technologies.

J Standard/modular platforms.

J Temporary facilities for extended well
test/early production.

J FPSOs.

J Power systems: in-field electricity
generation and transmission to shore
by cable.

J Re-use of decommissioned production
systems.

Floating Production System   COURTESY OF STATOIL

Semi-submersible production system   COURTESY OF KVAERNER
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Production Systems

This module covers the design and
construction of sub-sea or surface
equipment aimed at processing the
fluids extracted from the reservoir
according to the specifications of the
transport systems further downstream. 

The TechnologyN

Onshore production systems are
generally different from offshore
systems, mainly in view of the space
available. Offshore systems can be
subdivided into platform topside
facilities and sub-sea systems.
Processing of the fluids includes phase
separation (oil, water, gas,
condensates), phase stabilisation, and
clean-up (solids removal), with
additional activities such as metering,
pumping and maintenance.

Improving the use of Mobile Production
Systems for oil fields is a major
challenge in European continental shelf
offshore developments. These systems
comprise Floating Production Systems
(FPSs) and Jackup Production Units
(JPUs). FPSs can be classified by type
of vessel, with three main categories:

J Semi-submersibles.

J Ship-shaped vessels (tankers).

J Tension leg platforms (TLPs).

SPAR buoys (vertical floating production
cylinders) are a less common type of
FPS vessel. FPSs are also classified
according to function, eg Floating
Storage and Offloading (FSO), Floating
Production Vessel (FPV), Floating
Production, Storage and Offloading
(FPSO), and Floating Production,
Drilling, Storage and Offloading (FPDSO).

The MarketN

For Europe, the main market for
production systems is on the NWECS.
However, other areas (onshore Europe,
other offshore) are not insignificant. The
giant onshore Groningen gas field in the
Netherlands, for example, will see some
major developments. In addition, the
international market offers important
commercial opportunities for European
SMEs. Especially deep-sea
hydrocarbon developments in the 
Far-East, off the Latin American Atlantic
coast, and offshore West Africa will be
interesting for European companies.
Also, onshore developments foreseen in
other parts of the world (eg CIS, China,
Venezuela) will provide interesting
opportunities. Table 1 shows the
developments foreseen on the NWECS
for the next decade (1997-2006).

The figures in the Table are based on
reported company plans and reflect the
minimum number of developments
expected. Globally, beyond 2006, 
145 offshore oil and gas fields (some of
which will be in the NWECS) are
considered possibilities, in addition to
the ones covered in Table 1; over the
next ten years, 367 fields are
considered to be possibilities for
development, with 117 of these, ie less
than a third, expected to be by fixed
platforms only, or a combination of 
sub-sea completions tied back to a
new, fixed platform.

The real growth area in the North Sea
and regions north can be seen in the
number of floating production schemes
which are already being planned. 
Thirty-four are recognised, with a 
further 32 sub-sea schemes tied back
to them and seven schemes in which a
combination of fixed and floating
platforms is to be used. A depth range
analysis shows the preponderance of
shallow platform developments in
waters less than 100m, the importance
of sub-sea schemes in the mid-depth
ranges down to 200m, and the critical
role that floating production systems
play in water depths beyond that.

Table 1: NWECS predicted developments 1997-2006

Development type Total Water depth (m)
0-50 51-100 101-200 201-300 300+

Fixed production 113 88 21 4 0 0
platforms only

Fixed production 4 2 0 2 0 0
platform and sub-sea

Extended reach drilling 13 4 6 3 0 0

Floating production 34 0 10 12 2 10

Fixed and floating production 7 0 2 5 0 0

Sub-sea satellite to 118 19 34 62 2 1
fixed production

Sub-sea satellite to 32 0 10 8 4 10
floating production

Sub-sea satellite 0 0 0 0 0 0
to onshore facility

Fixed platform or 21 10 5 6 0 0
sub-sea (alternative)

No development scheme 25 9 11 1 3 1
announced yet

Total 367 132 99 103 11 22
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EU CompetitivenessN

Because the use of gas has expanded,
European SMEs have achieved a
leading edge in the following gas
transportation technologies:

J LNG carriers (strictly speaking this is
not part of the upstream E&P sector;
however, the THERMIE programme
stimulates RTD in this area).

J Long gas pipelines.

Various European companies have a
well-established global position in the
transport and storage market. Global
competition comes mainly from the
USA and Japan, though increasingly
also from non-OECD countries.

Technical and Market BarriersN

Apart from the generic barriers outlined
in the Overview, the following barriers
apply particularly to transport and
storage technologies:

J Environmental concerns.

J Public perception, challenging E&P
activities offshore.

J Logistics.

Initiatives for the FutureN

Areas where RTD could increase
European competitiveness include:

J Subsea diverless installation.

J Pipelines.

J Design of integrated solutions for re-use/
minimisation of decommissioning costs.

J In-field fluid processing of LNG,
methanol, synfuel, hydrates.

J Primary fluid separation on floaters.

J Multi-phase transport.

J Flow improvers/drag reducers.

J Coatings for friction reduction.

J Production chemicals.

J (Multi-phase) metering.

J Continuous metering of unmanned
platforms.

J Condensates: near-wellhead removal of
condensates.

J Inspection/maintenance: Remotely
Operated Vehicles.

J Corrosion prevention.

J Composite materials.

Gas processing and transport, Ameland field   COURTESY OF NAM B.V

The MarketN

Storage and transport systems are
generally constructed during the
development phase and used during
the production phase of the upstream
oil and gas industry. With many
developments to come, not only on the
NWECS, there is a substantial market
for European companies, both in
Europe and beyond.

For the offshore transport systems on
the NWECS, Figure 1 shows the
developments that are foreseen in the
next decade.
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Storage and Transport Systems: Natural Gas
and Liquefied Natural Gas Distribution and Conversion

Once they have been brought to the
surface, produced fluids have to be
transported to their markets, usually by
pipeline. In the case of oil, storage in or
close to the producing field may be
required if no pipeline is available; this
may be achieved through moored
tankers, or integrated floating
production & storage systems; onshore
storage usually involves tank farms. 
Gas fields do not have storage facilities
close to the producing field and
generally produce directly to the end-
consumer. 

The TechnologyN

Transport and storage from the
production platform to an external
(export) terminal involves several
disciplines, eg:

J Field engineering.

J Pipeline engineering.

J Corrosion engineering.

J (Offshore) construction engineering.

J Civil engineering.

J Instrumentation engineering.

J Electrical engineering.

J Maintenance and inspection
engineering.

J Auxiliary disciplines, eg safety
engineering, economics and planning,
environmental sciences, IT.

Offshore storage of oil may be achieved
through moored tankers, or integrated
Floating Production & Storage Systems,
such as FSO, FPSO, or FPDSO. 
SPAR buoys (vertical floating production
cylinders) are less common. Onshore
storage of oil is usually done in tank
farms.

Integrated offshore FPSO vessels are
particularly good for storing large
volumes. Other downstream
technologies associated with natural
gas include transport (LNG carriers),
(underground) storage, distribution and
gas conversion. The THERMIE
programme also addresses these
technologies.

All the projected work will call for an
increase in the number of pipes laid to
link together all the new platforms and
sub-sea completions. More pipelines
will be needed for an increasingly
sophisticated and integrated network of
international, and at times possibly
intercontinental, system of global gas
distribution trunk lines to be laid.

Additional information on the market for
offshore oil storage can be found in the
Production Systems module.
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Troll field pipelines   COURTESY OF SHELL NORWAY

Figure 1: Development of offshore transport systems 1997-2006

Source: Offshore Engineer, January 1997
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TECHNOLOGY MODULES:



J Fuel cells are expected to find an increasing market in the
industry sector, as they can provide both electricity and
process heat with much lower emissions than conventional
power generation technologies.

CONTRIBUTION TO EU POLICY OBJECTIVES

The potential savings in energy and in environmentally harmful
emissions that could be realised in the industry sector are
considerable (see Table 3). In the EU, the technical long-term
potential for primary energy savings in industry, by introducing
energy efficiency improvement technologies, is estimated to
be around 40% of industry’s primary energy consumption; 
the practicably achievable level of savings would, however, 
be less than this. Similarly, substantial technical potential exists 
for reducing gaseous emissions through the introduction of
such technologies.

THE NEXT STEPS

Each of the energy technology modules, which follow this
Overview, contains details of the specific RTD needs and
initiatives for the future which apply to that particular
technology. In addition, the steps outlined below apply in
general to the industry sector. A flexible programme with clear
energy and value-for-money targets is needed to accomodate
the diversity of the industry sector:

J Collect more detailed and up-to-date data on industrial
energy consumption: In order to help both public sector and
industry-based decision makers to prioritise future energy
RTD, there is an urgent need for more detailed and more up-
to-date information on energy consumption in the industry
sector.

J Promote Best Practice in the use of cross-sector
technologies: Considerable experience exists in the
deployment of energy efficient cross-sector technologies, and
this needs to be disseminated. Successful ways of promoting
Best Practice in the deployment of these technologies are well
established in the EU, and should be extended.

J Develop and demonstrate specific energy technologies
in sectors with high energy demands: Further
development and demonstration of energy saving
technologies should be encouraged where substantial energy
savings can be achieved in processes.
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BACKGROUND

Industry1 is a major energy user, accounting for around 
35% of EU primary energy demand in 1995. Some of the
larger energy-consuming industries are shown in Table 1.

The important issues associated with each of the selected
cross-sector technologies are discussed in the attached
individual industry sector technology modules, and highlights
are shown in Table 2.

Less information exists in the public domain on sector-specific
technologies, but some examples of the key issues which are
of importance to public sector decision makers are as follows:

J The oil industry is a major energy consumer, and some
important opportunities for energy saving are presented in the
Oil and Gas section of this publication.

J The chemical industry provides many opportunities for using
the cross-sector energy saving technologies above, but in
addition work is also ongoing to develop energy saving
technologies which can be applied to a number of specific
chemical processes. Of particular importance, because of their
energy saving potential, are auto-thermal reforming and the
optimisation of steam crackers.

J The steel industry is a major energy consumer, and there are
substantial opportunities for energy saving through the
introduction of new technologies for smelt reduction and for
near net shape casting.

J The pulp and paper industry employs two main primary
materials: wood pulp and waste paper. Three sector-specific
processes in this industry offer key opportunities for energy
saving, namely black liquor gasification, impulse drying and
condensing belt drying.

80

Industry Overview

Table 1: Larger energy-consuming industries in the EU

Product/process Primary energy demand 
(% of EU total)

Building bricks 0.3

Bulk chemicals 2.0

Cement 1.4

Dairy 0.4

Glass 0.4

Non-ferrous metals 1.1

Oil products 3.1

Paper 1.7

Petrochemicals/plastics 5.3

Steel 5.7

Sugar 0.4

Textile/leather 1.1

Table 2: Cross-sector technologies

Technology Current status Potential
long-term
savings (%)

Separation processes Further development of 5-30
materials and systems needed

Process control Relatively mature, but needs 5-10
and energy further dissemination, and 
management improved sensors to facilitate

automation

Process integration Further demonstrations 5-25
and process needed, especially to open up 
intensification new markets in batch

processes

Refrigeration Further dissemination needed 5-10
to promote more efficient and 
environmentally acceptable
systems

Heat pumps, Further development needed 3-8
heat transformers and to reduce costs and promote  
organic rankine cycle applications in new markets

High temperature Further demonstrations and 8-15
CHP dissemination needed to 

reduce costs and open up 
new markets

Combustion Further development of 5-30
techniques emission controls needed, 

together with demonstrations
and promotion

Adjustable-speed Further dissemination to 10-20
drives stimulate uptake of exisitng

units and demonstration to 
promote new markets and 
reduce costs

Overall, the energy consumption per unit of industrial output,
known as “energy intensity”, has been falling in most EU
countries since 1973. Only part of this reduction has been due
to energy efficiency improvements; other factors, eg the
general trend towards lighter industries, have also played a
role. Nevertheless, on a business as usual scenario, industrial
energy demand in the EU and associated countries is
expected to grow by 0.5-0.9% per year from 1990-2020,
equivalent to a total increase of 16-31% over this period.

The structure of the EU industry sector is complex. Some
subsectors are dominated by large international companies,
while SMEs play a prominent role in others, and there is a
wide diversity of processes, products and raw materials.
In some subsectors (eg iron and steel making), energy
accounts for a high proportion of production costs; in others,
energy is less of a consideration, and new technologies are
more likely to be installed to achieve higher output or product
quality than simply to save energy costs. 

KEY TECHNOLOGIES

The technologies which can improve industry’s energy
performance fall broadly into two groups, namely cross-sector
technologies and sector-specific technologies. For the majority
of the cross-sector technologies, EU suppliers have a
dominant position in EU markets, and many are also
successfully competing in global markets with industries from
outside the EU. The increasingly global nature of the major
industries now makes it difficult to consider the larger EU
industries separately from their global colleagues.

Many of the cross-sector technologies, including some that
are already commercially available, could benefit from more
development, demonstration or dissemination at an EU level
in order to overcome market barriers and become better
established.

Table 3: Potential savings in environmentally harmful emissions

Emission Potential savings in the long term (kt/year)

CO2 100,000

SOx 800

NOx 2300

Development and deployment of these technologies would
also further EU policies in other key areas, such as EU
competitiveness, employment, social and economic cohesion,
support for SMEs, and enhancement of the EU’s knowledge
base. 

MARKET BARRIERS

Each of the industry sector energy technologies experiences
some specific market barriers and these are discussed in the
individual technology modules. However, there are also some
more general barriers which apply to most of the industry
technologies, as follows:

J Low energy prices reduce the incentive to invest in energy
technologies. Greater priority is currently given by industrial
decision makers to investing capital resources in measures
that improve profitability, product quality, productivity and
market opportunities.

J Decision makers in industry do not regard energy as a cost
that could be significantly reduced to improve the
competitiveness of their products in the market.

J Perception of risk is a major barrier to energy technology
innovations, because the costs of a plant failure could far
outweigh the savings in energy costs. New energy
technologies also tend to involve core production processes,
which industry is generally reluctant to change.

J Lack of information on energy hampers decision making. 
The increasing competition in both EU and global markets is
itself a barrier to information exchange on new technologies. 

Carlsberg-Tetley’s Mistley Maltings site, UK COURTESY OF CARLSBERG-TETLEY MALTSTERS
1 As defined in this document, “industry” does not include the energy industry,
with the exception of oil refining and the distribution of transport fuels
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EU CompetitivenessN

The potential application of membrane
processes in the EU and the rest of the
world is huge - with major opportunities
for EU suppliers. However, the
competition between EU and non-EU
manufacturers will be substantial. 
The situation is likely to be similar for
crystallisation methods, but the markets
are smaller and more specific.

Technical and Market BarriersN

Although membrane processes have
considerable potential as an alternative
to distillation, only a few applications
have achieved success on a
commercial scale. The main barriers 
to uptake are:

J Lack of suitable membranes and
industrial-scale equipment.

J Lack of information about the
processes (especially pervaporation).

J The low priority given to investment in
membrane processes compared to
equipment for core production.

J Uncertainties about investment costs.

J Distrust of new technology.

The main barriers for melt crystallisation
are uncertainties about the actual
energy savings and equipment costs.
Commercialisation of melt crystallisation
processes for benzene and styrene is
expected to take at least ten years.

The use of freeze concentration in many
potential applications is limited owing to:

J A maximum achievable concentration 
of up to 55%.

J High capital and operating costs
compared to evaporation.

Initiatives for the FutureN

Greater use of membrane processes as
an alternative to distillation will require:

J Development of cheaper and more
efficient membranes with a longer life
than the current average of seven years.

J Continued laboratory trials with ceramic
layers and the development of novel
ceramic-supported polymer membranes.

J Development of high throughput zeolite
membranes and membranes for gas
separation.

J Optimisation of membrane supports
and equipment in industrial trials.

J Development of new applications
(mainly in waste treatment and food
processing).

J Research into hybrid systems, 
eg a combination of solar evaporation
and reverse osmosis.

Expansion of freeze/melt crystallisation
will require further research. This could
include studies into the basic processes

and the scaling up from laboratory/pilot
plant to demonstration and full-scale
operation. The conditions for possible
applications of melt crystallisation also
require optimisation. A long-term aim is
to produce relevant case study material.

The greatest uptake of membrane and
crystallisation techniques is expected
in applications where they have a
natural advantage, eg in the separation
of heat-sensitive materials or for
azeotropic mixtures.
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Separation Processes

Membrane and crystallisation
processes have potential to replace the
energy intensive techniques of
distillation and evaporation - particularly
for heat-sensitive products. Of the
membrane processes, reverse osmosis
and pervaporation are seen as having
the greatest potential.

The TechnologyN

In membrane processes, the membrane
provides a physical barrier through
which materials either pass (the permeate)
or are retained (the retentate).

In reverse osmosis, the feed stream
flows under pressure to a semi-
permeable membrane. Solvent passes
through the membrane to form the
permeate, leaving behind a
concentrated solution of the solute,
ie the retentate.

Pervaporation is an energy efficient
combination of membrane permeation
and evaporation: liquid components
that diffuse through the membrane
vaporise due to the partial pressure 
on the permeate side. The process,
which requires only low temperatures
and pressures, has cost and
performance advantages compared
with distillation for constant-boiling 
(that is azeotropic) mixtures.
Pervaporation is particularly suitable for
the dehydration of organic solvents and
the removal of organics, eg methanol
and acetone, from aqueous streams.

In freeze/melt crystallisation, the thermal
energy of distillation is replaced by a
cooling requirement. Although freeze
crystallisation has a greater long-term
potential, melt crystallisation is at a later
stage of development. There are two
forms of melt crystallisation: layer
growth and suspension growth.
The former is a proven technology, 
but the latter has the higher energy
saving potential.

In freeze concentration, water is
removed from the aqueous solution 
by crystallisation and the ice separated
from the concentrated liquid. 
The process is particularly suitable for
the concentration of heat-sensitive
liquid foods. 

The MarketN

Membrane processes are used widely
for desalination, water purification,
medical applications, chemical and 
food processing, but their use as an
alternative to distillation has generally
reached only the demonstration stage.
There are, however, substantial
potential markets for membrane
applications worldwide which EU
manufacturers can exploit, eg in
separation of value-added products,
gas separation, separation of alkane-
alkene mixtures, hydrogen recovery 
and waste management.

Desalination is the commonest
application for reverse osmosis. 
The dairy industry also has a long
history of using reverse osmosis to
concentrate whey and milk. 
The technology is used routinely in the
food and drink industries for applications
such as wastewater treatment and the
concentration of fruit juices.

Pervaporation has been used
commercially for liquid separation for
over 15 years, with some 120 plant

worldwide (built mainly by one French
company). Significant energy savings
of up to 55% could be achieved by
replacing all the thermal separation
processes in the EU and Norway by
pervaporation. However, pervaporation
will have to compete against other
membrane processes.

Freeze crystallisation has been used for
many years by the food and dairy
industries to concentrate fruit juices and
other beverages. The technique can
also produce ultra-pure materials using
only 5-15% of the energy used for
distillation. It therefore has potential
applications in the EU chemical
industry for the manufacture of
organics, eg benzene, styrene, phenol
and caprolactam.

Melt crystallisation uses only a third of
the energy needed for evaporation, 
but has only been tested in feasibility
and pilot plant studies. By 2010, it is
expected to be in limited use
throughout the EU, with opportunities
for EU manufacturers worldwide.
Potential savings are shown in Figure 1.

Figure 1: Technical potential savings in primary
energy in the EU from membrane and 
crystallisation processes compared
to conventional thermal separation

Savings in primary energy (%)
2000 2010

New membranes in the food industry 35 55

Reverse osmosis 30 40

Pervaporation 30 40

Melt crystallisation 27 50

Freeze concentration 50

An ultra-filtration system at Ferro Techniek BV, the Netherlands, 
separates heavy metals from waste water released by an enamelling process   
COURTESY OF NICOLETTE VAN DER LINDEN/NOVEM

Production plant at Borregaard Industries Ltd,
Norway, which uses separation processes 
to produce speciality pulp- and wood-based
chemicals   COURTESY OF SAXLUND A/S

Feed-and-bleed design of membrane separation system

Schematic of pervaporation process

Membrane

Retentate
Some solutes
are retained -
different solutes
are retained 
by different
membrane types

Permeate
Solvent passes
through along
with some
solutes, ie those
not retained by
the membrane
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EU CompetitivenessN

Some EU members have a strong
energy consultancy base from which 
to promote energy management.
Considerable R&D resources are
available, but the implementation of
significant energy management systems
involves international companies as
users and suppliers.

Europe is a world leader in the
development of advanced sensors, but
Japan and the USA are also strong in
this area.

Technical and Market BarriersN

Energy efficiency is often ignored by
senior managers or given a low priority
compared to production/quality issues.
Many organisations also fail to
appreciate the environmental impact
of using energy or how easily energy
management could be integrated into
existing management systems.

The main barrier to the further uptake of
energy management systems is the
need for readily available and accessible
information on their potential economic
and environmental benefits.

The main barrier to the uptake of
sensors is the lack of robust, reliable
and cheap sensors. At present,
improved process control is often
limited by the sensor technology
available. The integration of sensors into
control systems to provide some
degree of automation is also essential
to avoid overwhelming operators 
with too much information. However,
the high capital cost of such control
systems is a barrier.

Initiatives for the FutureN

Despite the existence of considerable
material within the EU on basic energy
management, improved methods of
promoting this information are
necessary. The development of
advanced energy management and
control systems will be stimulated by
research, demonstration and
dissemination activities.

The main areas of European sensor
R&D are concerned with optical,
ultrasonic, acoustic and microwave
systems that are resistant to aggressive
conditions and able to withstand 
high temperatures. Examples include:

J Low flow rate optical sensors.

J Mass flow sensors for granular material.

J Miniaturised sensors and optical
sensors for combustion control.

Collaborative research projects between
industry, research institutions and
universities on the integrated control of
industrial processes are expected to
encourage the use of advanced sensors
in the EU. Research, demonstration and
training programmes are needed to
promote the use and development of
smart sensors and actuators.
Demonstration of the integration of
advanced control systems with other
plant management technologies is also
required.
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Process Control and Energy Management

Energy management is an important
element in the total quality system 
of any organisation. Savings can be
generated by measures ranging from
basic good housekeeping to
sophisticated sensor and control
systems. Other substantial benefits
include improved product quality, 
lower emissions and reduced raw
material costs.

The TechnologyN

Energy management is essential for 
the effective control of operating costs
in all organisations. It involves buying
energy supplies at the lowest price,
ensuring energy is used efficiently and
implementing practical measures to
save energy. Many of these measures
are simple, eg switching off equipment
when not required, preventive
maintenance, repairing leaks and
rescheduling loads.

Reviewing existing energy management
systems allows companies to improve
their performance through better control
strategies and access to real-time
information. However, capital
investment is needed to install the
measurement and management
systems necessary for the cost-effective
control of resources. A separate area,
but an important one, is the
development of sensors that are
reliable, cheap to install and capable 
of real-time analysis.

Typical investment costs for an 
energy management system vary from
0.5-40.0ECU per GJ of saved energy.
In industrial applications, the payback
ranges from less than a year to four
years. Payback is also influenced by
non-energy benefits, but these are
more difficult to quantify.

The lifetime of an energy management
system depends on the working life 
of the equipment for which it is used;
on average this is 15 years.

The MarketN

Energy management systems can 
be applied, in various forms and
degrees of sophistication, to all sectors
of industry. No-cost measures 
(eg resetting controls) and low-cost
measures (eg installing meters) are widely 
applicable in the process industries and
particularly for continuous processes.

The UK Energy Efficiency Best Practice
Programme has demonstrated the
successful use of energy management
systems in a range of applications,
including industrial furnaces, cement
kilns, rolling mills, steel plant and CHP
units. A similar programme in the
Netherlands has demonstrated the

potential for the widespread use of
energy management systems in 
the food, chemicals, paper, electronics
and metal manufacturing industries.

The use of energy management
systems in the EU is expected to save
up to 15% of primary energy by 2010.
Figure 1 shows predicted total energy
savings from energy management
systems in EU countries and Norway,
relative to industrial energy
consumption in 1990. 

High rates of growth are predicted for
process control equipment for
monitoring temperature, flow, moisture
content, chemical composition and
machine conditioning.

Figure 1: Predicted total energy savings from energy
management systems in EU countries
and Norway, relative to industrial energy 
consumption in 1990

Computer-controlled lehrs   COURTESY OF PHILIP WESTON

Thermal-mechanical pulping plant, Oy Kyro Board and Paper Ltd, Finland - an advanced acquisition
and control system has reduced energy use   COURTESY OF ABB INDUSTRY PULP AND PAPER

CHP plant control panel   COURTESY OF COURTAULDS EUROPEAN FIBRES LTD
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Initiatives for the FutureN

Basic process integration techniques
are already used successfully in certain
industries. However, research is
needed to develop robust methods for
batch processes and to incorporate
environmental concerns, eg water
consumption and waste minimisation,
into the optimisation process. Other
priorities include:

J Improved analysis tools and data
collection methods.

J The development of improved
technologies for the recovery of waste
heat, heat storage and the
incorporation of heat pumps.

J The incorporation of practical
constraints such as plant reliability,
flexibility and operability in the
optimisation.

J The creation of platforms to encourage
the use of process integration tools by
smaller companies and by industries
that have not used the technique
before.

J Wider dissemination of existing case
study material and more case studies
from Southern European countries.

Process intensification is still at the
research stage and requires the

development of generic techniques
rather than process-specific ones.
There is also a need to demonstrate 
the flexibility of new process routes and
the ability to scale-up to full-size plant.

Funding for basic modelling, design 
and research studies on reactors and
separators is needed to increase 
the potential range of unit operations 
for process intensification. The use of
process intensification options in process
integration studies could provide
possible demonstration projects.
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Process Integration and Process Intensification

Process integration is a
management/design tool used to
optimise energy resources in process
plant employing conventional
technologies. Process intensification
involves making fundamental changes
to processing technologies to yield
improved product quality, throughput
and energy efficiency.

The TechnologyN

Process integration is an established
technology for continuous processes in
the chemical industry. Pinch analysis is
the most common process integration
tool. It involves the use of heat
exchanger networks to optimise heat
energy by linking hot and cold process
streams in the most thermodynamically
advantageous way. Other tools take
into account all energy flows 
(eg potential energy, pressure and
momentum) using a technique known
as exergy analysis.

Process intensification is a design
philosophy that can lead to energy,
capital, environmental and safety
benefits through radical reductions in
plant size (often by a factor of three to
four). Cost-effective heat transfer is
achieved using smaller, innovative heat
exchanger designs employing ceramic,
polymeric or other novel systems.

While process integration provides
valuable incremental improvements,
process intensification offers the
potential of substantial savings. Both
techniques also offer opportunities for
waste minimisation and higher yields.

The MarketN

Process integration is a proven
technology with over 500 companies
worldwide using pinch analysis or
similar tools. However, its application
differs widely between EU countries,
industrial sectors and individual plant.
The main application areas are within
the chemicals industry, oil refining 
and the food and drink industry 
(see Table 1). Considerable market
opportunities remain, especially in
smaller companies and in other sectors.

The potential for energy savings from
process integration varies between
individual plant and applications.
The greatest short-term potential is
predicted for industries such as food
and drink, pulp and paper. By 2010,
improved process integration tools and
cheaper heat exchanger designs are
expected to increase the potential
market in all sectors. Extension of
process integration to batch processes
would also encourage its use in the
pharmaceutical, resin, dye and paint
manufacturing industries. Other
developments with significant market
potential include the optimisation of
process schedules to maximise heat
recovery and improvements to heat
storage systems. The predicted impact
of process integration on fuel use 
in EU countries and Norway is shown 
in Figure 1.

EU CompetitivenessN

The EU already holds a strong
competitive position in process
integration consultancy worldwide.
Most applications are located in the 
EU and the USA, but the potential
exists for EU manufacturers to supply
process integration tools worldwide.

Process intensification is a more novel
technique and EU academic and
research organisations are well placed
to promote its development. 
However, successful implementation will
require uptake in world markets.

Technical and Market BarriersN

The main barriers to the further use
of process integration in the EU are:

J Concerns about the cost of additional
hardware.

J The need for more flexible process
integration design tools and cost-
effective heat exchange equipment.

J A lack of understanding about the
technique in many industries.

J The impact of change on plant
reliability, flexibility and maintenance.

J The risk of disturbances to production.

J The long payback in some applications.

Process intensification is seen as a high
risk technique for potentially high gains.
Other major barriers include the need
for completely new plant and concerns
about the scale-up from laboratory/pilot
trials to full-scale production.

Table 1: Estimated potential energy savings and payback from the
application of process integration in selected industrial sectors

Sector Process/application Identified Typical payback
savings (%) period (years)

Oil refining Crude distillation 12 1

Chemical Aromatics 10 1

Tar-based chemicals 15 1

Sulphur-based chemicals 42 1

Food and drink Brewery 21 1

Distillery 24 3

Beverages 21 2

Cost benefits of process intensification in effluent treatment

A multi-stream PLATULAR® unit - one hot gas
stream and three cold gas streams
COURTESY OF BARRIQUANT ÉCHANGEURS

Figure 1: Predicted impact of process integration 
on fuel use in EU countries and Norway

Typical process integration project in
food processing
Van den Bergh Oils
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Total cost 2.4 million ECU Total cost 0.9 million ECU
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The MarketN

The most important industrial sector is
the food and beverage industry, but the
chemicals industry is also a major user
of refrigeration. In 1990 the total
amount of electricity required for
refrigeration in the food industry was
estimated at 30PJ, used mainly for
freezing or cooling meat or vegetables. 

Total energy saving potential in the EU
is estimated at 15%, but may be more,
as illustrated by a classification of
opportunities for energy efficiency from
1992, summarised in Figure 1.
Projected savings both of energy and 
of environmental emissions by 2000
and 2010, compared with 1995, are
presented in Table 1.

EU CompetitivenessN

With the exception of air conditioning
units where Japanese companies are
major importers to the EU, most
refrigeration equipment is manufactured
and utilised within the EU. Whilst many
companies have international links, there
is little trade across EU boundaries.

Technical and Market BarriersN

Barriers to further deployment are
mainly associated with the lack of
information available and the relatively
low priority given by management to
optimising the performance of cold
stores. More information needs to be
disseminated on the energy efficiency
consequences of using alternative
working fluids, on the benefits of good
operating practice, and on criteria for
energy efficient design. The technology
will have applications in all EU countries.

Initiatives for the FutureN

The needs identified, in order 
of increasing cost, are as follows:

J Control and energy management,
including decreasing the need for
refrigeration and developing automated
systems in refrigeration rooms.

J Store design, especially for fruits,
vegetables and fisheries.

J New non-CFC working fluids or
refrigerants.

J Development of more efficient
equipment for cold production, storage
and transportation.

J Absorption heat pumps, in particular 
for refrigeration, air conditioning 
and cooling.
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Refrigeration

Refrigeration is a major user of
electricity in the EU. Its use is increasing
with improving levels of hygiene and
higher living standards. The withdrawal
of chlorofluorocarbon (CFC)-based
systems, as a result of environmental
agreements, offers opportunities to
seek the most energy efficient solutions
to replace them.

The TechnologyN

Refrigeration in industry is carried out
mostly by means of compression
cooling and in some cases by absorption 
cooling. The latter is particularly suited
for use with CHP systems. The basic
technology has remained unchanged
for many years, but recently the pace 
of developments has increased. 
The high ozone depletion potential 
of refrigerants has led to a major drive
to replace CFCs with more
environmentally acceptable refrigerants.

Changes in process design can allow
components to be designed with
energy savings in mind. Additional
savings can be achieved by optimising
cold air flow distribution in stores, which
can also reduce product losses.

System design can be improved by 
the use of new components, eg the
development of super heat pumps with
high COPs of greater than seven.
Another major trend is the drive to
reduce the amount of refrigerant used
and to develop new working fluids.
Traditionally, the most common working
fluids for compression heat pumps have
been ammonia and CFCs, but energy
savings of 2-20% have been reported
when using alternative working fluids,
such as halogen refrigerant mixtures,
and natural refrigerants such as air and
CO2. Systems that use compact 
and cost-effective components have
reported 20% higher COP values than
conventional CFC systems.

Absorption refrigeration offers
considerable scope for energy savings
when driven by waste heat. When
configured correctly in conjunction with
CHP, it can actually increase the viability
(and also viable size) of CHP plant, by
providing a productive use for the heat,
especially during summer periods.
Despite these benefits, in practice only
heating capacity is discussed in the
relevant literature.

Component design is another important
area. There is scope for improving all its
aspects, including developing more
efficient condensers and evaporators,
expansion valves, motor drives and fan
controls.

Energy savings can also be achieved by
improved management, eg related to:

J Control systems.

J Air purge cycles.

J Defrost cycles.

J Maintenance.

Investment and management costs
differ for the various options available.
Investing in improved design will lead 
to decreasing costs. The installation of
super heat pumps, however, may need
large investment. In general, the
investment costs for new refrigeration
systems are considered to be
comparable with, or lower than,
currently installed systems, if system
design analysis is applied. Costs are
estimated to be slightly lower than
for conventional refrigeration systems. 

Table 1: Summary of energy and
environmental data for refrigeration 

1995 2000 2010

Energy data

Electricity use (PJ) 30 27 24

Primary energy use (PJ) 75 67.5 60

Savings (%) 10 20

Environmental data

CO2, SO2, NOx emissions -10% -20%

Figure 1: Energy savings realised
in demonstration projects
by category

Note: Savings calculated by comparison with conventional refrigerating
systems. Electricity generation efficiency is assumed to be 40%.

Basic refrigeration system

The interior of a cold-store, showing low power fans   COURTESY OF DOBLE QUALITY FOODS

Compressor pack   COURTESY OF DOBLE QUALITY FOODS
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The dairy sector affords considerable
potential because heat is needed for
pasteurising and sterilising milk and milk
products, and for cleaning equipment
between batch processes. Dairies also
require systems which combine heating
and cooling functions. The same applies
to the brewing and malting industries.

In recent years several MVR systems
have come on the market. This kind of
plant is suitable for the dairy sector and
has proved successful in Europe’s
chemicals industry.

Heat transformers have potential to
recover heat from water cooling
systems for industry, eg steel production.

ORC technology can be used to
improve efficiency in power stations and
for the recovery of geothermal and solar
heat. Several organic compounds have
been used depending on the
temperature of the available waste heat.
The ORC can work with waste heat
temperatures as low as 70-80ºC.

Technical and Market BarriersN

There are a number of technical and
market barriers to the more widespread
deployment of heat pumps in Europe
and elsewhere. Heat pumps have 
not yet been implemented within
industrial processes on a large scale
because they:

J Have low output temperatures.

J Have high initial costs.

J Are perceived as high risk by many
investors.

J Do not have working fluids for high
temperature closed cycle pumps in the
range 100-140ºC.

J Are more expensive than other forms of
waste heat recovery.

J Often use working fluids that pose a
threat to the environment.

There are technical barriers to the use
of heat transformers, eg the
temperature in the absorber is limited
to 150ºC and the technology operates
within restricted uplift temperatures. 

The potential of the ORC is limited 
by various factors, eg:

J It is characterised by low efficiency 
of electricity generation.

J An ORC plant has to be located near
the heat source and a cooling medium.

J The current capital cost of an ORC
plant can be high.

Initiatives for the FutureN

To ensure that the European heat 
pump industry can be competitive,
there needs to be commitment to
improving both the technology and
product quality. Demonstration and
application research is currently
directed towards advancing these
needs through the development of
working fluids, compressors and heat
exchangers for high temperature heat
pumps (150-300ºC).

Future RTD could identify new areas 
for heat pump and heat transformation
systems. The technology could be
adapted for drying, dehumidification
and hot water production processes,
which would benefit the food and drink
industry. There is also potential to apply
the technology to drying processes 
for agricultural produce and some
manufacturing sectors, eg tile and brick
production.

Research on heat transformers should
be aimed at identifying increased cycle
efficiencies and new working pairs, 
eg alkitrate, a combination of alkali
metal nitrate salts and water to increase
the output temperature.

RTD of the ORC is aimed at reducing
the capital costs of equipment and
developing higher efficiency working
fluids which meet environmental
regulations. There is also economic
potential for the new development of
a high speed ORC. This technology 
is characterised by an oil-free system
which reduces wear, and associated
equipment and maintenance costs.
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Heat Pumps, Heat Transformers
and the Organic Rankine Cycle 

Power generation and industrial
processes release large quantities of
low-grade waste heat into the
environment. Technologies which can
exploit this source of waste heat 
can save energy and costs. These
energy conversion technologies include
heat pumps, heat transformers and
the organic rankine cycle (ORC).

The TechnologyN

Heat pumps and heat transformers
transfer heat from a cooler object or
space to a warmer one, ie in the
opposite direction to the natural flow of
heat. This enables low-grade waste
heat to be re-used at a higher
temperature suitable for another process.

Heat pumps are predominantly of two
kinds: closed vapour compression and
semi-closed vapour compression.
In the former, heat evaporates a liquid
which is then compressed and releases
more heat when it condenses. 
In the latter, steam from a process is
captured, compressed and then
transferred to another process by a
heat exchanger. Mechanical vapour
compression (MVR) systems can be
considered as open-loop heat pumps.

Heat transformers use high temperature
heat, rather than mechanical energy, as
their energy supply.

The ORC is similar to normal steam
turbine generation but operates at lower
temperatures using organic compounds
instead of steam.

See also Table 1.

The MarketN

Heat pump technology has attracted
increasing attention as a promising option
for saving energy. Its current status
means that it is most suited to industrial
sectors which handle low temperature
sources and outputs up to 140ºC.

However, the largest potential is for high
temperature heat pumps of more than
130ºC. These have potential in:

J Heating buildings.

J Industrial waste heat recovery from
steam production and heating 
process water for re-use in other areas,
eg cleaning, sanitation.

J Industries which use relatively large
amounts of hot water and low pressure
steam produced by boilers, eg pulp and
paper, chemicals, textiles, food and
drink, timber.

The energy centre at the Löwenberg training centre (Swiss Federal Railways) employs two gas
motor-driven heat pumps for heating and cooling

A closed-cycle vapour compression industrial
heat pump used in vegetable oil processing,
Sweden   COURTESY OF IEA HEAT PUMP CENTRE

Closed-cycle compression   COURTESY OF IEA HEAT PUMP CENTRE

Electricity in

Motor

Condenser

Evaporator

Waste heat in

Low-pressure
vapour

Low-pressure
liquid

High-pressure
vapour

High-pressure
liquid

Compressor

Table 1: Technologies that utilise waste heat

Technology Principle Temperature Temperature Typical Additional Typical primary
range uplift working fluids energy source energy savings

(1995)

Heat pumps (closed Heat evaporates a High temperature Significant temperature Water Electric motor 0-50%1

vapour compression) liquid which is then heat pumps uplifts can be achieved Water/ammonia Combustion 
including: re-compressed and >130ºC if suitable working engine 0-60%
Absorption (AHP) transferred to a process fluids are available.
Resorption (RHP) by a heat exchanger Input of additional 

energy can be large

Heat pumps Steam from a process High temperature Significant temperature Water Combustion 50-90%
(semi-closed vapour is captured, heat pumps uplifts can be achieved Water/ammonia engine
compression): compressed and >130ºC if suitable working 
MVR then transferred to a fluids are available.

process by a heat Input of additional 
exchanger energy can be large

Heat transformer Heat is passed to an About 150ºC Temperature inputs Water/ammonia Fluid pumps 90%1

absorber/desorber are high and uplifts Water/lithium 
combination are small but relatively bromide

small amounts of
additional energy
are required

ORC Heat expands to spin 70-200ºC Relatively low Organic fluids, None, waste 2%2

a turbine which drives temperatures can formerly CFCs, heat only
a generator be converted into freon, isopentane,

electricity ammonia

1 Assumes 40% electricity generation efficiency. 2 Savings are expressed as a share of industrial electricity use in the EU15 and Norway.

EU CompetitivenessN

In 1995, the European market was for
2100 heat pumps. By 2010, the value
is predicted to grow to 8800. Eight EU
Member States are active in system
design, development and maintenance,
where they face Japanese and US
competition.

There is potential for ORC technology
in industry, particularly iron, steel 
and non-metallic mineral production
and the chemicals sector. The present
EU market volume for the ORC is
estimated at 2-5MW and is predicted 
to rise to about 500MW by 2010.
Hardware suppliers from four EU Member
States compete with those from
outside, which dominate the EU market.

Directed heat out
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EU CompetitivenessN

To date, suppliers from two EU
countries have been relatively
successful in competing with non-EU
suppliers, and based on this experience
they should be able to exploit markets
throughout the world.

Technical and Market BarriersN

There are several technical and market
barriers to the more widespread
deployment of CHP technology in
Europe and elsewhere:

J Limited understanding of the
technology and its existing commercial
potential.

J High initial costs, relatively long payback
periods and difficulties in securing
finance.

J Operational risks, eg the effect of 
direct heating on product quality.

J Environmental concerns.

J Existing (electricity) infrastructure.

Initiatives for the FutureN

To overcome these barriers and ensure
that investment in CHP technology
continues to increase, EU Member
States will need to continue to promote
and develop CHP. It is important to
encourage the use of CHP in other
applications, such as methanol plant
and catalytic crackers, through the
sharing of information and experience.

There is also scope for further
development and promotion of system
components such as the double-axis
turbine:

J This kind of turbine allows the user to
control turbine power in relation to flue
gas flows.

J Funding for such development is
expected to come from collaboration
between CHP equipment suppliers 
and end-user companies.

J Increased competition between air 
pre-heaters and expansion turbine
technology will further develop energy
efficiency.

J The potential benefits for industry will
be lower production costs and greater
energy savings. 
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High Temperature Combined Heat and Power

Combined heat and power (CHP) is 
a well developed, highly efficient
technology for producing energy. 
The introduction of high temperature
CHP has expanded the opportunities 
to extend its application to new areas.

The TechnologyN

The CHP systems most commonly
employed in industrial processes
produce electricity and steam or hot
water at high efficiency. There are many
applications in industry, eg in the
production of chemicals, paper, food
and drink, and building materials (ie
ceramics and bricks), and uptake of the
technology is increasing across the EU.
In some subsectors, eg minerals
processing, petrochemicals, bricks and
ceramics, use is made of direct heat in
the range 300-800ºC from CHP
systems. However, the potential for this
type of application is much greater and
could also be developed for other high
temperature industries such as glass,
metals and iron and steel.

The total heat demand for relevant
furnaces in EU refineries and
petrochemical installations is given in
Table 1 (based on the assumption that
67% of fuel demand is needed for firing
furnaces).

Repowering CHP provides an option
where the furnace does not need to be
modified, but the combustion air in the
furnace is supplied by a gas turbine.
The gas turbine can deliver up to 20%
of the furnace heat and the exhaust
gases still contain a considerable
amount of oxygen which can be used
as combustion air for the furnace.
Long-term savings, relative to
conventional furnaces, are 30%.

High temperature CHP offers greater
potential for energy savings. In this
case, the total heat demand of the
furnace is delivered by the CHP plant
but this option also requires the
complete replacement of the existing
furnace. This is because the radiative
heat transfer from the gas turbine
exhaust gases is much less than that
from combustion gases.

There are two types of high
temperature CHP. In the first, the
exhaust heat from the gas turbine is led
to a “waste recovery furnace”, in which
the process feed is heated. In the
second, the exhaust heat is led to a
“waste heat oil heater” in which thermal

oil is heated; the heat content is
transferred to the process feed by a
heat exchanger. In both systems, the
heat remaining in the exhaust gases
can be used in applications which
require lower temperatures, increasing
the overall efficiency. Of the two, the
second kind is more reliable, because 
a thermal oil buffer can be included.

The MarketN

The market for CHP technology is vast;
however, much depends on future
promotion. The current market
deployment of high temperature CHP 
is estimated to be more than 50MW.
Expectations are that this could rise to
22,000MW by 2010. It may be several
decades before complete
implementation takes place because
CHP technology often demands major
adaptations to plant.

Investment in pre-coupled CHP is
expected in all EU countries, although
this is regarded by industry to be of a
low to medium priority when compared
with core business investments.

Industrial sectors where direct heating
is needed in the 200-800ºC range can
also make use of high temperature
CHP, eg the dairy industry, ceramics,
building brick manufacture (on a small
scale, for drying), bakeries and some
metal manufacturing.

Table 1: Heat demand for furnaces in EU refineries and 
the petrochemical industry, showing the most 
important energy-consuming processes. (Not all 
furnaces relevant to high temperature CHP are shown.)

Type of installation Fuel demand in 1994
(PJ)

Crude oil distillation 465

Catalytic cracking 292

Catalytic reforming 217

Naphtha cracking 3351

11990 figures

Hot gas ductwork, mixing chamber and dryer

Modified dryer

General arrangement of CHP plant and dryers
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EU CompetitivenessN

Suppliers from three EU Member States
are active in the European market and
are in fairly good competitive positions
compared with competitors from
outside the EU.

Technical and Marketing BarriersN

There are various barriers to more
widespread deployment of energy
efficient burner technologies in Europe.
They include:

J Environmental considerations.

J Inadequate dissemination of
information.

J Lack of capital.

There are also environmental concerns
regarding the potentially higher NOx
emissions from modern energy efficient
burners. Hence environmental
legislation may limit their deployment.

Energy efficient burner technology is
reasonably mature but there is a lack of
relevant information on implementation
and costs. This is most acute in
specialist industrial applications.

Initiatives for the FutureN

Most importantly, R&D is needed to
increase the efficiency of these systems
and allow them to operate at higher
temperatures. This must be balanced
against research into environmental
control as higher temperatures may
lead to increased NOx emissions.
Environmental protection may be
improved through research into
integrated systems and oxygen
burners.

Energy efficient burner technologies will
also benefit from R&D into:

J Development of higher temperature
ceramic recuperators and self-
recuperative burners.

J Immersion recuperative burners.

J High velocity burners.

J Impulse firing techniques.

J Burners that can operate in corrosive
environments.

J Designs for smaller burners.

Development work is required to
decrease investment costs and to
demonstrate the effectiveness of the
technology in specific industrial
applications, eg in batch work and
reheat furnaces. Effort is also required
to improve the information available to
users and to raise awareness of energy
efficient burners throughout Europe.A
CD-ROM showing industrial examples
and project results is already available,
but there is a need to create an EU
bank to exchange expertise in burners
and to disseminate the results of
national energy efficient burner projects
across the whole of the EU.
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Combustion Techniques

Developments in combustion
techniques/burner technology have
allowed the creation of a range of
energy efficient burners.

The TechnologyN

The production of heat using burners is
widely used in high temperature
industry sectors throughout Europe;
these sectors include iron and steel,
glass, brick and tiles, non-ferrous
metals and foundries. Pre-heating the
air used by the burner for combustion
offers potential for greater energy
efficiency. This can be achieved through
employing either recuperators or
regenerators.

A recuperator is a heat exchanger that
extracts heat from the burner’s waste
gases to heat the combustion air
coming into the burner. When the
combustion air is heated to a maximum
of 550-600ºC, burners with
recuperators can achieve energy
savings of 30% compared to cold air
burners. In self-recuperative burners,
the recuperator is an integral part of the
burner, saving costs and making it
easier to retrofit existing furnaces.

Regenerative burners work in pairs.
One burns the fuel while the second
stores heat from the waste gases in a
porous ceramic bed. After a few
minutes the roles are reversed, with the
second burner burning fuel using the
heat stored in its ceramic bed to pre-
heat the combustion air, and waste
gases passing through a ceramic bed
in the first burner so that the cycle can
continue. Around 85% of waste heat
can be recovered in this way, raising the
combustion air to temperatures only
150ºC less than the furnace
temperature, and thus achieving fuel
savings in excess of 50% compared
with cold air burners.

Recuperators and regenerators both
raise the burners’ flame temperature.
However, as this can increase NOx
emissions, the operation of burners can
contravene environmental legislation if
they are operated at their highest
efficiency. An EU demonstration project
has shown, however, that it is possible
to operate regenerative burners at their
highest efficiency while maintaining NOx
emissions below environmental limits.

The MarketN

Although deployment in Europe as a
whole is not as widespread,
recuperative and regenerative burners
are extensively used in the UK. 
Over 360 installations have been
implemented there, with use in the steel
industry particularly common. 

A survey of steel reheating furnaces in
OECD countries found only a small
number of furnaces with regenerative or
recuperative burners. The survey did,
however, find that 75% of furnaces
used some form of waste heat
recovery, eg the use of a separate
recuperator.

Implementation costs depend on
several factors:

J Capital costs.

J The age of furnaces.

J The capacity of the burners.

J The layout of the original installation and
hence the restructuring needed.

Implementation may take up to five
years due to the burners’ replacement
cycle.

Figure 1 shows an estimate of the
energy savings that may be achieved as
energy efficient burner technologies are
introduced across the EU. By 2010
these technologies may be producing
energy savings of 20%.

Self-recuperative burner

Figure 1: Estimated technical potential
energy savings from efficient
burner technologies introduced
in the EU from 1995 to 2010.

Schematic arrangement of recuperator and burner systems

Staged regenerative burner
COURTESY OF BG PLC RESEARCH AND TECHNOLOGY

Rear view of furnace showing burners and control panel
COURTESY OF JOHN R GEORGE LTD

Combustion air

Hot combustion
products

Combustion
products

Hot combustion
products

Waste gas outlet
(drawn by eductor)

Natural gas

Year
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EU CompetitivenessN

EU suppliers have a medium
competitive position in EU markets,
because motors are usually purchased
as part of an equipment package.

Technical and Market BarriersN

The main barrier is the capital cost of
the systems, which is still high. 
This is especially important for small
motors (<10kWe) where the current
capital costs are prohibitive for the
implementation of extra control facilities.

Market awareness of the potential 
of ASDs needs to be stimulated
particularly in regard to:

J Their appropriate use.

J Their short payback time.

J Their ease of control.

J Reduced system maintenance.

J Relatively low system operating costs.

Initiatives for the FutureN

Industry could benefit from the
information and expertise already
gathered on ASDs. This could be
achieved through training and
publications which provide guidance
and outline actual case studies.

Test procedures for integrated systems
need to be harmonised, in order to
provide accurate comparison data
between systems.

R&D is needed to develop new,
advanced systems which will reduce
the costs of inverter-driven induction
motors. Concepts and instruments for
market penetration need to be
developed, which demonstrate the
economic feasibility of the technology
and of motor rewind practices, 
carried out to maintain motor efficiency
after repair.
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Adjustable-Speed Drives

Motors are a major EU energy user,
with good potential for savings.
Adjustable-speed drives (ASDs) provide
substantial energy savings.

The TechnologyN

A drive system’s energy efficiency can
be improved by reducing energy losses
throughout the whole system, or by
improving the efficiency of the system’s
major component - the motor. ASDs
offer the largest single opportunity for
increasing a drive system’s energy
efficiency. 

Most motors are fixed-speed induction
models. However, motor drive systems,
particularly fans and pumps, are often
operated at part or variable load.
Control of the motor’s output can be
achieved electronically (by an ASD) or
mechanically (by a mechanical
coupling). In mechanical coupling, the
speed can only be varied in steps, 
so for variable load operation an ASD 
is more suitable. DC motors offer the
possibility of simple and precise control;
however, this type of motor is only used
where the value of these advantages
exceeds the high initial and
maintenance costs.

Due to the development of power
electronic switching devices and micro-
electronics, electronic ASDs 
are becoming increasingly popular. 
They have numerous advantages, 
eg the potential for higher efficiencies,
lower operating costs, easier control
and minimal maintenance. ASDs also
need not be located near the motor,
and can control more than one.

ASDs are commercially available in a
large variety of designs, but can be
divided into three basic types: voltage
controlled, frequency controlled and 
slip energy recovery systems. Of these,
frequency controlled ASDs offer the
greatest advantages. They consist of
two types: direct inverters, which
convert frequency and voltage in one
step, and indirect converters, which use
an intermediary DC link. The selection
of an ASD, or other output control,
depends on several factors, eg torque-
speed curve, power and speed range,
noise production, environment of the
drive, load-duration curve and, most
importantly, load characteristics.

The MarketN

Motors are high users of energy in
industry. The electricity savings that can
be achieved depend strongly on the
specific situation and can vary from
~5% to ~50% (see Table 1). For
pumping and fans the savings are
estimated at 30-35%, for compressors
and refrigeration 18-23%, and for
machinery and conveyors ~7%. 
The current market deployment of
ASDs is estimated to be 15% of the
potential applications in the EU market. 

Projected savings, both of energy and
of environmental emissions, in the EU
and Norway are presented in Table 2. 

Table 2: Summary of projected impact of ASDs

1995 2000 2010

Electricity use (PJ) 200 260 360

Primary energy use (PJ) 500 650 910

Savings (%) 10 13 18

Reduction in emissions (%) 10 13 18

Note: Energy savings estimated relative to EU and Norwegian electricity consumption for motors.
Electricity generation efficiency assumed to be 40%.

Table 1: Savings and payback from fitting
ASDs (projects in Canada, Norway, 
UK, Netherlands and USA)

Sector Application Savings Payback
(%) period (years)

Metals Reheating furnace 50 1-2

Fume cleaning 37 2-3

Pulp and paper Stock transfer pump 65 2

Paper pulper 13 1

Chemicals Cooling water pump 12-30 1-2
and plastics

Stirrer batch vessel 52 2-3

Boiler fan 63 <1

Food and drink Refrigeration 45 1-2

Whey solution transport 41 <1

Vacuum fan 41 1-2
(bread depanner - bakery)

Schematic of drive train

Example of an adjustable-speed drive
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TECHNOLOGY MODULES:



KEY TECHNOLOGIES

The technological solutions and specific building envelope
materials/components highlighted in this section as potential
targets for better promotion and support can be even more
effective, in terms of saving energy, if considered as integrated
parts of a whole project or planning activity, eg one that
considers wider settlements and urban areas. In addition,
combining energy saving approaches with the integration of
renewable energy sources into buildings (see the Renewables
section) can maximise the reduction both of buildings’ energy
consumption and of its environmental effects.

Indeed, all analysis and evaluation of individual technologies
requires a global perspective, to some extent. This can help
facilitate the environmental integration of a building into a city,
for instance. It can also ensure that advantage is taken of a
site’s climatic situation in order to optimise indoor and outdoor
conditions and therefore reduce the energy required for
heating and cooling. This in turn can ensure that the principles
of sustainable development are followed and applied.

Although some concepts (eg superinsulated houses and zero
energy approaches) are showing results in terms of increased
comfort, the principles of sustainable development also 
compel those involved in building construction to take into
account socio-economic factors, and to undertake each of the
following, to the fullest possible extent:

J Understand the local climate and its influence on the building.

J Influence building design to ensure appropriate use of solar
energy.

J Bear energy demand in mind when choosing construction
materials.

J Upgrade building standards and construction practices to
avoid unwanted energy losses.

J Select innovative and efficient technologies on both the energy
supply and energy demand side.

J Stress the importance of low maintenance materials which are
conducive to human health and have recycling potential.

J Acknowledge the principles of low embodied energy and life-
cycle, utilising appropriate materials, during the construction
process.

While the range of energy efficiency measures that can be
applied in pursuit of these points is extensive, for practical
reasons this section focuses on 11 technology areas. 
These have been selected because they cover well known
materials, services or building practices directly applicable to
the average European building project, and are as follows:

Design

J Passive, hybrid and low energy cooling techniques.

J Daylighting.

Fabric Components

J Envelope (and passive solar components).

J Windows and glazing.
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BACKGROUND

The EU’s construction industries constitute a very large-scale
sector. They amount to 10-12% of GDP or 25% of all
manufacturing industry, employing a total of 25-30 million
people (some 10% of civil employment) in 2.7 million companies.

The buildings sector is also a major energy consumer,
accounting for about 40% of total EU energy consumption.
Around 70% of the sector’s energy consumption is used in
residential buildings. Figures 1 and 2 show how energy is used
in the EU’s residential and commercial buildings subsectors.

00

Buildings Overview

In all OECD countries, energy consumption in buildings grew
by 14.6% in the period 1973-91, including an increase in
electricity use of almost 100%. From 1995-2010, energy
consumption in EU buildings will grow by an estimated 1% a
year, compared with 2-2.7% worldwide. Demand for electricity
in buildings is expected to grow significantly, while use of
natural gas remains about the same, and demand for coal 
and oil declines. It should be noted that weather conditions
play a major role in determining energy consumption patterns
in buildings.

The Brundtland Centre, Denmark (supported under THERMIE)
COURTESY OF KHR ARCHITECTS A/S

Energy Saving Technologies

J Ventilation.

J Artificial lighting.

J Building management systems and controls.

J Thermal energy storage.

Energy Supply Technologies

J Domestic hot water.

J Heat and cool generation.

J Combined heat and power (CHP).

Currently available know-how, building materials and
technologies (eg low energy lighting, insulation materials, more
efficient appliances, improved heating and cooling systems)
have demonstrated a significant impact on building energy
consumption where implemented. They could therefore have a
significant impact on reducing energy consumption at the
European scale. However, although many are simple, widely
available and often highly cost-effective, market penetration
remains low because of the fragmented structure of the
building industry. 

Once the technical potential of these energy saving concepts
is translated into economic benefits, however, the bulk of
decision makers in the buildings sector will start adopting
them, and market demand will reduce their cost. In this
context, local, national and European governmental institutions
can contribute by regulating and promoting the appropriate
tools to help overcome market barriers to the uptake of energy
saving approaches.



MARKET BARRIERS

The characteristics of the construction industry have important
consequences for its innovative capacity.

Overall, the construction sector is still at a low level of
technological development, and much work is carried out in
institutions where the focus has been more on standardisation
and testing than innovation. Only a tiny fraction of the total
number of organisations active in the sector are directly
involved in technological development, which is often
adversely affected by slow dissemination through this
conservative industry.

Construction practices and techniques vary significantly
between countries and regions, often because of local availability
or the lack of materials, or reliance on traditional methods.
Such regional variations act as a natural brake on technology
transfer and adoption of best practice.

The users or purchasers of buildings-related technologies,
although not easy to identify, are very poorly represented in
developing priorities and ought to be encouraged to express
market demands which are not being fully addressed by
suppliers. In addition, clients (ie building users and owners)
and developers represent millions of individual decision
makers; more often than not, their decisions are difficult to
harmonise due to conflicts of interests.

In respect to the specific case of energy saving technologies,
the following are key barriers limiting the application of energy
efficient technologies in the sector: 

J Many building owners and equipment installers lack
confidence in new energy technologies.

J Low energy prices, coupled with the comparatively high cost
of some energy saving technologies (including VAT on energy
saving equipment), provide little incentive for considering
energy efficiency.

J Clear, impartial guidance on the availability of energy efficiency
options and concrete evidence of their benefits, based on
operating experience in the field, do not reach the decision
makers (building owners, designers and investors), partly as a
result of the sector’s large, diffuse nature.

J The long lifespans of buildings, the slow rate of new-build and
the long gaps between refurbishment cycles hinder application;
many energy efficiency measures are only cost-effective if
installed at the time of initial construction or refurbishment.

J Energy saving technologies require a capital investment in
order to produce annual revenue cost savings; many public
and private sector administrations lack the capital needed 
to install new technologies and often place greater emphasis
on limiting capital expenditure than on revenue savings.

J Owners of buildings have little incentive to improve the
buildings’ energy efficiency, because operational costs (energy
bills) are transferred to final users.

THE NEXT STEPS

Although a single goal exists, ie to reduce consumption of
energy and external supplies to buildings, it is evident that no
single approach to achieving this goal is acknowledged as
having universal applicability. While local authorities might look
for urban planning tools to shape “energy-conscious
settlements”, architects may be more interested in design
concepts and builders will probably stress the need for
materials and/or technologies.

Planning innovative approaches to improving building energy
efficiency should therefore involve consideration of what types
of group influence the process (eg European and national
bodies, clients and users, contractors and consultants’
associations, construction product producers’ associations,
professional institutions, labour unions, research bodies), what
methods and tools they are using generally, and what type of
indicators are most appropriate.

Each of the technology modules which follow this Overview
contains details of the specific RTD needs and initiatives 
for the future which apply to that particular technology. 
On this basis, future actions should address requirements that,
generally speaking, exist in the following areas: 

J Improved energy-environmental standards.

J Adapting technological solutions.

J Promoting best practices and examples.

J Marketing energy saving concepts as part of the
building quality label.

B
u

ild
in

g
s

O
v
e

rv
ie

w

103

CONTRIBUTION TO EU POLICY OBJECTIVES

The application of new energy technologies in the buildings
sector has substantial potential for contributing to EU
objectives in terms of energy saving, as Table 1 shows.

02

Buildings Overview

Technology Parameter EU market World EU World
areas (1995) market technical technical

(1995) potential potential
(2010) (2010)

Insulation Million ECU/year sales 3000 25300 90000 925000

Indicative PJ/year saved 1951 9585 4235 43116

Glazing Million ECU/year sales 10500 87000 20200 140000

Indicative PJ/year saved 800 3900 1650 14000

Lighting Million ECU/year sales 443 3029 8500 61000

Indicative PJ/year saved 20 130 505 3600

Heating Million ECU/year sales 1524 5700 5850 40000
and cooling

Indicative PJ/year saved 343 1300 1320 9300

Million ECU/year sales 1600 13500 17000 231000

Indicative PJ/year saved 93 480 995 7050

CHP Million ECU/year sales 3500 70500 13200 255000

Indicative PJ/year saved 222 4500 1045 20200

Table 1: Present (1995) and future (2010) markets and energy saving
potential at EU and world levels

The introduction of energy efficient technologies and 
changes in occupant behaviour have already resulted in up 
to 50% reduction in buildings’ energy use in some northern 
EU Member States. The contribution of energy efficiency
measures to the abatement of environmentally harmful
emissions is determined by their market penetration rate 
and by the prevailing fuel mix in a given country or region.

Development and greater deployment of key energy
technologies in the building sector would also further EU
policies in other areas, such as EU competitiveness,
employment, social and economic cohesion, support for
SMEs, and enhancement of the EU’s knowledge base. 

The atrium of the Brundtland Centre, Denmark 
(supported under THERMIE)   COURTESY OF KHR ARCHITECTS A/S

Building management
systems and controls
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EU CompetitivenessN

The manufacture of conventional
cooling systems is dominated by 
US-based companies. The deployment
of low energy systems in Europe so far
has benefited European industry. 
Future market increases will also help
local firms. However, opportunities for
large-scale manufacture will never be
great. Low energy systems are primarily
design- rather than component-based
and the components are typically used
as standard in the building industry.

Technical and Market BarriersN

The barriers that hinder greater use 
of low energy cooling systems include
the following:

J The strength of the traditional heating,
ventilation and air-conditioning industry,
which is well supported by the
electricity supply industry.

J Lack of knowledge on the part of
potential specifiers and users about the
technologies and their economic and
environmental benefits.

J Some low energy techniques require
further technical development and
demonstration.

J There are concerns that some systems
may contravene current noise
regulations.

Initiatives for the FutureN

To overcome these barriers, the
following need to be undertaken:

J Remaining gaps in technical knowledge
need to be researched.

J Development of low energy packages
needs to be encouraged, perhaps
through a design competition.

J The benefits of the different low energy
systems should be demonstrated in 
real European buildings.

J Appropriate information packages
should be prepared and disseminated
to potential specifiers and users; these
should stress economic and
environmental advantages compared
with conventional systems.

J Possible contradictions between noise
regulations and low energy systems
should be assessed and appropriate
action taken.

04

Passive, Hybrid and Low Energy Cooling Techniques

Techniques that avoid or minimise
fossil fuel use for cooling European
non-domestic buildings are of great
importance. They may be completely
passive or partially so (ie hybrid).
Completely passive systems are
produced by careful building design
that pays attention to the principles of
heat and mass transfer. They use no
mechanical energy. In hybrid systems,
mechanical effort is needed to move
cold air/water and emit or distribute
“coolness”.

The TechnologyN

There are a number of ways in which
low energy cooling can be achieved:

J General building design to minimise
solar gains and entry of hot ventilation
air - this involves careful distribution of
glazing, use of shading devices, and
input of cool ventilation air.

J Night ventilation - this uses natural or
mechanical means to blow cold
external air through a building at night
to cool its thermal mass, so that it can
absorb unwanted internal or external
heat the following day.

J Night sky radiative cooling - in this, a
thermally massive component (usually a
roof-mounted water store) serves as a
heat sink for the building’s excess heat
during the day and is cooled at night by
radiative heat transfer to the night sky.

J Evaporative cooling - here, outside air is
blown over a wetted pad or water spray
to decrease its temperature; the cooled
air can be used directly to ventilate 
the building, or its “coolness” can be
transferred to indoor air with a heat
exchanger.

J Ground cooling with air - a few metres
below the surface, ground temperatures
vary very little; in summer, this
phenomenon can be used to cool air
using air-to-ground heat exchangers,
ie buried pipe networks through which
external or building air is blown.

J Ground cooling with water - this uses
low temperature aquifer water (typically
10ºC), when it is available, as the
cooling source.

J Slab cooling with water - this uses
building slabs (generally made of
concrete) to distribute “coolness”
through the building; the water is
pumped through a closed loop pipe
network embedded in the slabs, and

the large surface area enables the
system to operate with water at
temperatures as high as 15-18ºC.

J Slab cooling with air - in this technique,
cooled air is passed through distributed
channels embedded in floor, ceiling and
wall slabs.

J Chilled ceiling and displacement
ventilation - for commercial buildings,
this requires significantly less energy to
operate than conventional convective
systems, and uses a mixture of
radiative and convective cooling
distribution-emission technologies; the
main cooling is provided by a radiant
chilled ceiling that operates very
efficiently because the cold air
generated falls naturally from the ceiling.

J Desiccant cooling - in this, a desiccant
material is used to absorb moisture in
the air, heat is released during the
process and the dry bulb air
temperature increases; this is then
reduced by an auxiliary cooling system;
by treating the two parts of the process
separately, good dehumidification is
achieved.

The MarketN

Currently, 6% of existing European
office, commercial and industrial
buildings are cooled in some way. 
It is thought that this figure could rise to
24% by 2010.

The current European market is almost
entirely dominated by traditional
(“active”) systems. Night ventilation,
evaporative cooling, slab cooling and
ground cooling are offered commercially
but have only been used to a small
extent. The other low energy
technologies have not yet been
deployed in Europe, although they have
all been applied elsewhere in the world.
Some require further development
before they can be used here. 
A number are appropriate only for
certain climates and situations.

Although they have great technical
potential, low energy cooling systems
are not likely to be used extensively in
the EU in the future. Maximum energy
savings likely to be achieved from 
their use are 7TWh a year.

Computer modelling to predict peak internal temperatures   COURTESY OF BENNETTS ASSOCIATES LTD

EXPO ’98 administrative building, Lisbon, Portugal, incorporating shading devices

PowerGen headquarters, Coventry, UK - passive cooling is provided
by the exposed concrete   COURTESY OF BENNETTS ASSOCIATES LTD
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Initiatives for the FutureN

Training for architects and other building
design professionals is the most urgent
need in this field. Encouragement for
research into design techniques and for
the completion of product development
are a prerequisite for this.

Better dissemination of information to
the public and to businesses by way of
demonstration projects and media
coverage would help to raise awareness
but specialist knowledge is indispensable.
A French demonstration project has
shown that if building managers are
convinced of the benefits by seeing the
results, replication will follow.

It seems clear that public sector funding
will be necessary both for training and
for the necessary R&D to support it. 
For example, there is work to be done
on developing architectural design
software that emphasises daylighting.
The lack of an industrial lobby to
support daylighting means that
commercial backing will be difficult to
find. State backing of awards for
building design would raise awareness
and could increase the interest taken 
by architects.

06

Daylighting

Daylighting is the efficient use of natural
light in order to minimise the need for
artificial light in buildings.

The TechnologyN

Daylighting is achieved by control
strategies and adapted components
which fall mainly into three categories:

J Conduction components - spaces used
to guide or distribute light towards the
interior of a building.

J Pass-through components (eg
windows) - these allow light to pass
from one room or section of a building
to another.

J Control elements - specially designed
to control the way in which light enters
through a pass-through component.

The development status of these
strategies/components is as follows:

J Commercially available: skylights
and rooflights; clerestories; automatic
controls for blinds and traditional
shades; high reflectance paint to
improve cavity optics.

J In the market: spectrally selective
glazing or films; atria.

J Development/demonstration: prismatic
glazing; tracking light collectors; light
pipes and ducts; optical control
systems; lightshelves and reflectors.

J Research: holographic films;
chromogenic glasses; electrochromic
and directionally transmitting glazing;
optical fibres.

The MarketN

Solar design is estimated to be a
feature in 20,000-30,000 private houses
but in no more than a few hundred
other buildings in Europe. Very few of
these buildings incorporate a fully
designed daylighting strategy.

There has so far been little significant
uptake of building design to maximise
use of solar energy (including
daylighting) in non-domestic buildings
across Europe. It has been estimated
that the potential benefit to the EU
would amount to 148Mtoe a year by
2010, 12% of which (17.8Mtoe) would
come from daylighting.

Daylighting features, eg glazed areas
and atria, are often attractive and
desirable in their own right, quite apart
from their energy saving advantages.
By giving daylighting priority in the 
early stages of design, architects may
be able to achieve high levels of
efficiency without adding significantly
to building costs.

EU CompetitivenessN

The competitive situation in this market
is difficult to assess. The major cost
element of daylighting design lies in
expertise rather than manufactured
goods whose real prices are unknown
because so many products are still
under development.

Technical and Market BarriersN

The main factors hindering the
implementation of daylighting in
commercial buildings are:

J Lack of information - architects,
decision makers and the public tend to
be ignorant of the possible benefits of
daylighting design; relative efficiencies
of different types of scheme are largely
unresearched and few studies of the
economic aspects are available.

J Lack of industrial lobbying - there is
a strong industrial lobby in favour of
artificial lighting from electric utilities and
international manufacturers, which has
no pro-daylighting equivalent.

J Lack of legislation to encourage its 
use - there are few regulations or even
codes of practice in place to ensure
that daylighting is given due consid-
eration in new design.

Additional barriers include:

J Geographical and seasonal diversity -
the benefits of daylighting do not apply
equally across Europe, and are less
likely to be cost-effective in northern
countries; in winter, daylighting brings
only limited benefits throughout Europe.

J Accounting rules - state-owned
buildings are not able to offset any costs
of daylighting design against the
resulting savings in energy consumption.

J Slow uptake - daylighting is essentially
restricted to new buildings, being
introduced at the design stage; the rate
at which buildings are replaced
therefore restricts the rate of progress
of daylighting design as an energy
saving strategy.

Stansted Airport, UK, where daylight is used to light the baggage reclaim area   COURTESY OF DENNIS GILBERT

PI-Group head office, Finland - the atrium provides working spaces with direct daylight
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Technical and Market BarriersN

Several barriers hinder more
widespread deployment of insulation
and other building envelope
components:

J Decision makers lack information on
techniques and the benefits of their
use, particularly for new and innovative
products.

J Many existing building owners cannot
afford to install additional insulation.

J There are concerns that some insulation
materials may be detrimental to health
during manufacture and installation.

J There are concerns that the foam-
blowing agents used in the manufacture
of some products may harm the
environment; the CFCs once used as
foam-blowing agents for expanded
plastics products are being replaced by
HFCs; alternative blowing agents, 
eg air or CO2, could be used but
products made from them have to be
thicker, and this makes them less
suitable for some applications, eg cavity
walls.

J Few envelope components are available
ready-to-install - they need to be
assembled on site to the designer’s
instructions; consequently there is less
experience of installing these
components.

J Innovative products have to be certified
regarding waterproofness, airtightness
and fire characteristics before they are
acceptable to insurers; acquisition of
certification is time-consuming and costly.

Initiatives for the FutureN

To overcome these barriers, priority
needs to be given to filling in gaps in
technical knowledge, disseminating
suitable information to decision makers
(in both new-build and refurbishment
markets) and extending the building
regulations on insulation.

Technical topics requiring attention
include:

J Studies to evaluate health and
environmental impact issues.

J Cost reduction of external wall
insulation techniques.

J Development of ready-to-fit modules of
traditional products for adding insulation
or replacing the existing envelope.

J Demonstration of these modules in
retrofit applications.

J Development of innovative materials or
techniques involving aerogels, vacuum
insulation, substitute foaming agents.

J Prevention of uncontrolled airflow in
mineral wool insulation.

J Development of radiation and
convection barriers within building
structures.

08

Envelope (and Passive Solar Components)

The realisation of a low energy design
requires appropriate use of materials
and components for the building
envelope.

The TechnologyN

Proper insulation of walls, roof and
ground floor reduces heat loss in cold
weather, keeps excess heat out in
summer (important in hot climates) and
helps maintain a comfortable indoor
environment. It is of key importance for
all building types throughout Europe.

Heat flow to and from a building occurs
through conduction across adjacent
surfaces, convective movement of air,
and emission or absorption of radiation.
The presence of insulation slows down
the heat transfer process.

Traditionally, insulation materials consist
of light-weight fibrous or cellular
materials with pockets of air or gas
(which have low thermal conductivities)
to reduce conductive heat transfer, eg
glass fibre, mineral wood and expanded
plastics. 

Recent innovations have been in
transparent insulation (TI) and dynamic
insulation (DI) materials. These combine
good insulative capabilities with other
useful properties. TI materials have
optical transmissivities on a par with
double glazing. They consist of a
polymer with a parallel slat, honeycomb
or capillary structure, or two layers of
glazing filled with a homogeneous
material, eg an aerogel. DI materials
have variable properties.

Traditional and innovative insulation
products have a place (along with other
envelope components, eg insulating
blinds, light shelves, sunspaces) in the
implementation of passive solar design.
Passive solar heating, however, results
more from design than from use of
components. It is achieved by orienting
the building, laying out the rooms and
distributing the glazing in a way that
allows the interior to be heated by solar
radiation, while minimising heat losses
and maintaining thermal comfort. 
It takes maximum advantage of the site
and surrounding environment.
Passive solar cooling is discussed
elsewhere in this publication.

The MarketN

All EU countries have building
regulations which make insulation of the
envelope compulsory for new buildings.
Periodic updating of codes means the
standard of insulation in new buildings
is improving. Decisions on the level 
and type of insulation for new buildings
and major refurbishments are generally
made by building professionals.

Insulation also has a market in existing
buildings. The rate of replacement of
old buildings by new ones in the EU
is only 1% a year, so it is in the existing
stock that the greatest market lies.
Here, the decision maker is often the
building owner.

Current deployment of insulation
products is worth 3000 million ECU
a year. This is expected to rise to
90,000 million ECU a year in 2010,
resulting in energy savings of
4235PJ/year. Current sales are almost
all of traditional products. Although
some innovative measures are available
commercially, they are regarded
by decision makers as research products
or as having a niche application.

Passive solar components have a
market in new passive solar buildings
(a relatively small segment of the new
buildings sector) and, to a lesser extent,
in existing buildings undergoing
refurbishment. Deployment to date has
tended to be in demonstration schemes.
Since the components invariably have
a use outside PSD, data on specific
sales to this sector are not available.

EU CompetitivenessN

Currently, manufacture of insulation
products for European markets
is concentrated in a few large firms,
mainly based in Europe. There are
domestic manufacturers of fibrous
materials in each European country.
Installation in the existing building stock
is often by SMEs. 

An increase in market size would
provide more work for product
manufacturers and installers alike.

Domestic application of Rockwool Rollbatt

700 lodges at the Oasis Forest holiday village, Lake District, UK, are insulated by Owens Cornings Crown wool in the walls and roofs
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Technical and Market BarriersN

The barriers that hinder greater use of
high performance glazing include the
following:

J Although some high performance
glazing materials are technologically
mature (eg low-e coatings and gas fill)
and others are now available
commercially (eg spectrally-selective
low-e coatings and TI materials), 
there is still a need for technical R&D.

J Highly skilled installers are required if
the glazing and window units are
to deliver good energy performance.

J Energy performance calculation
methods for determining compliance
with building regulations vary across
the EU.

J There is general uncertainty as to 
how solar gains should be calculated,
particularly where high performance
glazing units are concerned; simple
procedures for modelling advanced
systems that could be used by
architects are not available.

J There is no windows rating scheme
to help architects and building owners
specify quality products.

Initiatives for the FutureN

To overcome these barriers, the
following should be undertaken:

J Greater prefabrication of window units,
better training of site workers and
in-depth commissioning of finished
buildings to ensure better performance
in practice.

J Development of energy performance
calculation methods for high
performance glazing and incorporation
of these into building codes.

J Introduction of a window rating system.

J Development of low conductance
spacers, frame materials and durable
edge seals.

J Development of innovative window
designs with integrated ventilation and
heat recovery.

J For “smart” windows, materials
research, long-term testing and
optimising work to reduce production
costs, and demonstration.

J For TI materials, development and
testing of prototype monolithic silica
aerogel systems, and demonstration of
granular aerogel and honeycomb
structure systems.

J Evacuated windows, development 
and testing of prototypes and reduction
of manufacturing costs.

J For electrically-heated glazing, materials
research, product development and
demonstration, and preparation of test
procedures and standards.

10

Windows and Glazing

Windows and other glazed elements
play an important part in building
design. Their main purpose is to bring
daylight and fresh air into the building,
and they are a key aesthetic feature.
They also provide fire safety, but must
give satisfactory protection against
noise and tolerate wind and other loads
on the building.

Windows can strongly influence a
building’s overall energy performance.
Their distribution, area and quality affect
solar gains and heat losses. In the EU,
about 25-30% of space heating energy
consumption results from presence 
of windows. Improvement of window
energy performance is therefore of
great importance, and must be
combined with care in building design
to avoid overheating risks.

The TechnologyN

The following materials and
technologies are available or being
developed to give windows better
energy performance:

J Low-emissivity (low-e) coatings - double
or triple glazing with special coatings 
on the glass to reduce its ability to
transfer heat radiation from the inside 
of the building to the outside;
spectrally-selective low-e coatings are
also available to reduce solar gain.

J Switchable (chromogenic) glazing, ie
“smart” windows - these have variable
solar-optical properties; they allow
dynamic regulation of solar energy
transfer and are used in architectural
glass to improve visual and thermal
comfort, control glare and give greater
privacy and better daylighting.

J Gas fills - the gap between multiple
glazing can be filled with a low-
conductivity gas (argon or krypton) to
reduce heat losses; in evacuated
windows the gap between low-e
coated panes is “filled” with a vacuum.

J TI materials - aerogel TI is a
microporous material that traps air in
tiny holes; it has excellent insulating
properties, good optical clarity and
relatively high solar transmittance;
honeycomb or capillary structure TI is
made of plastics or glass, and allows
solar energy to enter the building but
reduces heat losses by convection and
radiation.

J Electrically-heated glazings - in these,
the inner pane has a selective metal
oxide layer through which electric
current is passed.

J Superwindows - these consist of three
or four low-e coated panes with gas fill
in a special frame, giving very low heat
loss from the window; on any façade,
they bring improvements to thermal
comfort and provide net energy benefits
in most of the climates of Europe.

J Improved frame, edge and window
design - the aim is to prevent unwanted
air infiltration and provide good
performance throughout the window’s
life; devices include low-conducting
non-metallic spacers and low-
conducting frames with tight seals.

J Alternative strategies - these include:
prismatic devices, holographic films,
oriented coatings or embedded
structures for directing sunlight
throughout the room space; transparent
plastic foils between panes; glueing
solar control film onto existing glazing;
shutters and blinds.

The MarketN

The current market for glass and
glazing components (windows,
sunspaces, frames, solar protection
film etc) is 10,500 million ECU a year.
This would double by 2010 if the full
technical potential for high performance
products was realised. 

Currently, there are big differences
between EU countries in the use of high
performance glazing. This is due to the
way building codes have developed.
For instance, the penetration of low-e
glazing into new buildings is <5% in
France whereas it is >70% in Germany. 

European CompetitivenessN

High performance glazing and
window products are highly suitable for
European manufacture. The export
potential is good, although care may be
needed for transport over long
distances. The potential within Eastern
Europe is thought to be particularly
good.

Transparent insulation material   COURTESY OF ETSU/DTI

Greenpeace headquarters, Islington, UK - refurbished with Pilkington K low emissivity coated glass
COURTESY OF PILKINGTON UK LTD
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EU CompetitivenessN

In each Member State, supply of
mechanical ventilation units and air
distribution devices is carried out by a
few major companies, mostly home-
based. Together, the companies
account for 90% of the EU market.

Technical and Market BarriersN

The technical and market barriers that
hinder widespread use of energy
efficient systems for providing good
quality ventilation air are as follows:

J There are gaps in technical knowledge
on microclimatic impacts on natural
ventilation system design, pollutants
and their control, and innovative heat
recovery and energy saving systems.

J Architects are unaware of the need to
incorporate energy efficient ventilation
into a new building at the early design
stage; adding ventilation systems 
later in the construction process, or to
an existing building, is difficult.

J Building owners and operators are
unaware of the energy use implications
of ventilation, lack knowledge on what
constitutes good indoor air quality, and
do not know how energy efficient
pollution-free ventilation can be
achieved and the equipment
maintained; easily understood guidance
is not available.

J Poor operating behaviour on the part 
of building occupants has caused some
technically acceptable ways of
improving the energy efficiency of
ventilation systems to be discarded.

J Insufficient air change rates are
perceived to cause health problems
(medical authorities’ opinions and health
guidelines support this view) and this
encourages design for, and use of,
greater fresh air flow rates - similarly,
health and safety at work legislation
often sets compulsory minimum air
renewal rates; unless indoor air quality
and energy regulations regarding
ventilation are combined (eg as in
Finland), this could lead to higher
energy consumption.

J In some building types little use can 
be made of recovered low-grade heat. 

Initiatives for the FutureN

To overcome these barriers, priority
needs to be given to the following:

J Completing the research on
microclimatic impacts required to
facilitate design of naturally ventilated
buildings.

J Completing research on pollution
sources, acceptable emissions,
procedures for measuring pollution,
building products labelling and removal
of pollutants from ventilation air.

J Completing development of effective
ventilation heat recovery systems,
efficient fans, air movement and airflow
control systems, ground pre-conditioning
of supply air, and dynamic insulation.

J Developing energy efficient ventilation
systems suitable for existing buildings.

J Preparing appropriate guidance for
building designers, owners, operators
and occupants.

J Bringing together legislation on air
quality and energy requirements relating
to ventilation.

12

Ventilation

Ventilation and infiltration have a great
influence on total building energy
consumption. Through them,
conditioned air leaves a building and
fresh air is brought in, which, in turn,
needs to be conditioned. This takes
typically 10% of the heating load for an
existing house and up to 30% for a
newly built one. The need to reduce this
and maintain or improve the quality of
indoor air is important.

The TechnologyN

Ventilation can be achieved naturally or
using mechanical techniques. Natural
ventilation has been used since time
immemorial. At its simplest, it relies on
window opening and infiltration.
The creation of good natural ventilation
that provides comfortable living and
working conditions but does not waste
energy is a more sophisticated process.
This involves careful design that takes
into account microclimate conditions,
including airflow patterns round the
buildings.

Conventional mechanical ventilation, air
distribution and heat recovery systems
have been used for many years in
industrial and commercial buildings.
Modern improvements include
treatment of the incoming air to remove
pollutants, better control of air
movement and airflow, and various
procedures to save energy. Removal
of pollutants is generally by filtration.
Energy saving can involve conventional
or more innovative heat recovery
systems, ground pre-conditioning of
the supply air, energy efficient fans,
dynamic insulation etc.

The MarketN

In the existing domestic sector,
ventilation is generally achieved by the
most basic natural means. Use of
mechanical supply and treatment
systems is uncommon, except in
Scandinavia and France, where 75% of
new houses are equipped with these
devices as a result of general concern
about the effect of air quality on health.
Only in new housing are improvements
being made, eg design that takes
microclimatic conditions into account is
beginning to be demonstrated.

In the non-domestic buildings sector,
classical mechanical ventilation units
and air distribution devices are widely
used. However, use of even traditional
heat-recovery systems is not universal
and take-up of developed modern
methods has been slow. The more
innovative treatment and energy saving
methods are still at development and
demonstration stages. 

Currently, the EU ventilation and air
conditioning industry has an annual
turnover of 15 billion ECU and 120,000
employees.

To date, sales of mechanical ventilation
systems and associated procedures 
in the domestic sector have been
linked to new construction and the
replacement market. As a result, growth
has been slow, ie 5% a year. 

The worsening of outdoor air quality,
and concerns about the health effects
of poor quality indoor air, will lead to
pressure for the setting of minimum
standards for air change rates for all
building types and the requirement for
filtering incoming air. This could lead to
increased market interest in well
designed energy efficient ventilation
systems. Market growth would be
reduced, however, if the future trend
was for totally conditioned buildings
where the conditioning system provided
good quality indoor air.

The atrium of the Homem a Maquina/Parque EXPO ’98 administrative building, Lisbon, Portugal

Homem a Maquina/Parque EXPO ’98 administrative building, Lisbon, Portugal - a low energy, naturally ventilated office building 
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J There is uncertainty among specifiers
about the efficiency of luminaires; the
advantages of more efficient luminaires
have not been widely publicised.

J Control systems do not seem to realise
their full energy saving potential in
practice. 

Initiatives for the FutureN

Some important R&D projects are
required to enable Europe to keep up
with developing US technology. In this
context, it should be remembered that
efficient lighting technologies can have
considerable effects on the demand for
electricity and help to reduce peaks in
power demand. European countries
should be able to meet their own and
non-EU countries’ requirements for
efficient lighting.

The major areas where research needs
to be concentrated are:

J General Service Halogen with IR coating.

J Incandescent coated filaments.

J Radio-frequency-induced fluorescence
(induction sources, fluorescent surface
wave lamps).

J Advanced reflector design (both
materials and geometry).

J Lower cost dimmable ballasts and
individual demand-driven systems.

J Light conveyance systems.

J Design methods based on lighting
comfort indicators.

Design, manufacture and marketing of
inexpensive luminaires for use with CFLs
is also necessary to encourage general
uptake of these lamps by the public.

Many lighting technologies that are
commercially available are not broadly
implemented and are therefore not
contributing to energy saving as much
as they could. These need to be
publicised in the following ways:

J Information and education for architects
and professionals in the building industry.

J Information for users about the
proportion of their energy consumption
that could be saved with efficient light
sources.

J Well documented demonstration
projects to convey the above
information.

J Emphasis on third-party financing for
lighting upgrades, particularly in public
sector buildings.

J Demonstration and dissemination by
way of technology procurement and
efficiency competitions.

14

Artificial Lighting

Light is energy transmitted in the visible
part of the electro-magnetic spectrum
which allows us to see colours. Artificial
light sources work on one of two
principles: incandescence and
discharge. 

The TechnologyN

Incandescent lamps (like the 60W and
100W household variety) work by
thermal excitation of a thin tungsten
filament. These give high colour
rendering and are cheap, but their
electrical consumption is high for the
amount of visible light produced and
their lives are short. Discharge lamps
work by excitation of a mixture of gases
in a glass tube. Their lives are many
times longer than those of incandescent
lamps and their maximum light levels
are many times higher. Their main
advantages are energy efficiency and
their adaptability to suit most
applications. High colour rendering
fluorescent tubes are at one end of
the energy efficiency range, and high
efficiency sodium lamps are at the
other.

The development status of these
lighting technologies is as follows:

J Established market: compact
fluorescent lamps (CFLs).

J Commercially available: controls and
dimmable ballasts; time-based and
occupancy- or daylight-linked controls;
efficient ballasts.

J Research: induction sources
(fluorescent wave lamps); coated
filament and super efficient
incandescent; efficient luminaires
(advanced reflector design) and fibre
optics.

The MarketN

The most commonly used lamps in
commercial buildings are fluorescent
because of their efficiency and
versatility. Their long life reduces the
need for frequent lamp changes and
the ability to choose colour
temperatures for different environments
(eg reception areas, computer
operation and precision work) makes
them a good choice. Incandescent
lamps are also in common use, mainly
for display and task lighting purposes.
They are popular in residential
properties because of their low unit
cost, small size and uncomplicated
operation.

The world market for CFLs has grown
substantially, from 45 million units
(1988) to 200 million units (1994).
Manufacturers anticipate further major
growth by 2010 at average yearly rates
of 10% or more. It is technically
possible for the CFL market to grow
20-fold in the period 1995-2010.

EU CompetitivenessN

The manufacture of lamps and lighting
sources is almost exclusively carried out
by large companies because
production requires a high level of
investment and technical expertise.
SMEs tend to produce ballasts and
luminaires, or are suppliers and fitters
rather than manufacturers.

Technical and Market BarriersN

Public awareness of the benefits of low
energy lighting has been spreading 
very slowly. People are reluctant to use
CFLs because:

J They are bulky and heavy.

J The unit price is very high.

J They can appear unattractive when
used with traditional luminaires and
shades.

J The slight delay or flicker when
switched on can be off-putting in some
situations.

J Lighting is not seen as a high
proportion of the energy bill and is
therefore given low priority for savings
measures.

In existing commercial buildings, the
installation of lighting controls can be
complicated and expensive. Their
inclusion is not fundamental to building
operation, so they tend to be
overlooked. Other factors affecting the
take-up of energy saving measures are
as follows:

J Some types of fluorescent tubes cannot
be replaced by others without altering
the circuits and tend to be installed only
when luminaires come to the end of
their lives.

J Electronic ballasts are expensive to
install and therefore have a long
payback period; this should improve
with economies of scale as production
volume increases.

Lighting scheme in part of the Homem a Maquina/Parque EXPO ’98 administrative building, Lisbon, Portugal.

Philips energy efficient light bulb 

Before and after installation of
energy efficient lighting in a factory -
installation brought cost savings 
and improved the quality of light
COURTESY OF PHILIPS LIGHTING BV
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Initiatives for the FutureN

User-friendliness should be addressed
as a major issue for two reasons:

J Appropriate design features are
sometimes suppressed in production to
reduce the overall cost of the system.

J Potential energy savings are not
implemented, either because users fail
to understand the system properly or
because they find it cumbersome; local
checks to ensure that systems are
being properly operated are not always
carried out.

New buildings incorporate energy
controlling functions at a minimum level,
but there are few, if any, particular
funding schemes available to
encourage their installation in older
buildings where the largest market lies.

Compatibility of components, reliability
and system flexibility are areas where a
concentration of effort would bring
good returns. Improvements would give
potential users greater confidence in
these systems and make them more
willing to install them. Higher sales
would lead to economies of production
scale and help to reduce costs.

Some R&D activities should be focused
on the models for control theories or use
of electronic decision making systems,
eg expert systems incorporating fuzzy
logic and neural networks.

The most promising systems for
development over the next 20 years
appear to be:

J Demand-control strategies for
ventilation, lighting, heating and cooling.

J Control and management strategies for
appliance loads.

J Control of heating and cooling
processes to achieve optimal
performance.

J Fuzzy logic systems for a more flexible
representation of users’ needs.

J Expert systems based on neural
networks for “smart” response to users’
needs.

J Reliable, tamper-proof, low
intrusiveness monitoring of energy
consumption of different parts of the
same (large) commercial buildings.

J Low cost fault detection.

J Adaptive PID controllers.

16

Building Management Systems and Controls

The term Building Management
Systems (BMS) encompasses a wide
variety of technology which includes
energy management systems and
building controls. Their function is to
control, monitor and optimise building
services, eg heating, ventilation, lighting,
alarm systems and some electrical
appliances. 

The TechnologyN

Some systems, eg timer-controlled
water heaters, are relatively basic and
have been in use for many years; others
are highly complex and can introduce
levels of automation that make possible
significant energy savings and the
control of safety and security systems.
The technology is commercially
available and widely marketed
throughout Europe.

The MarketN

Industrialised countries are the main
users of BMS. Outside Europe, the
largest markets are the USA, Japan
and Canada. Energy savings on a large
scale across Europe could be made
with this technology. However, usage
is unlikely to develop beyond the very
largest organisations until the price 
and adaptability of the systems make
them more accessible.

Compatibility is an issue in this market,
but not between systems produced in
different countries. Components of
BMS are not always fully compatible
with the appliances and systems
customers have already installed.

Overall market parameters are as
follows:

J Sales are currently worth up to
1600 million ECU a year (1995).

J Sales worth up to 17,000 million ECU
a year could be achieved by 2010.

EU CompetitivenessN

This technology transfers easily
between countries as there are few
differences either in user practice or in
products. There are a number of
important manufacturers in Europe
which are able to supply about 80%
of the European market.

Local delivery and support networks
which focus on building relationships
in a small area are a vital part of the
growth of this market and of the suc-
cessful implementation of the systems
in a wider variety of organisations.

Technical and Market BarriersN

BMS do not suffer significantly from
non-technical barriers such as price
distortion and regulation. The major
factors which constrain implementation
are: 

J A lack of knowledge in potential user
organisations.

J The high cost of installation and
maintenance of BMS.

J The systems’ lack of flexibility to adapt
to a wider range of potential usage
which varies with the age, size and
ownership of buildings.

J The risk of incompatibility between
parts of the system affecting technical
performance.

There is a key requirement for improved
dissemination of information and better
demonstration of the capability of this
technology to varying types of user.
Both the technological and
management aspects of BMS need to
be addressed. 

Attention needs to be given to making
these systems more user-friendly and
to the effective training of users who
often find them intimidating and difficult
to operate correctly.

Working on a building management system   COURTESY OF CARADON TREND LTD
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Technical and Market BarriersN

The barriers that hinder greater use 
of TES can be summarised as follows:

J Information on TES techniques is not
widely disseminated throughout EU
countries.

J Decision-makers rarely think about
using TES, with the possible exception
of ice storage in air conditioned
buildings.

J Long-term (seasonal) TES is perceived
to be high risk, especially where
aquifers are concerned, and liable to
pump and exhaust difficulties, eg
clogged-up pump strainers, choked
filters; as a result, safety measures 
have to be incorporated which increase
capital costs.

J Demonstration of economical long-term
TES systems of local interest is needed;
in the immediate future the emphasis 
is likely to be on aquifer and borehole
storage.

J Short-term TES using PCMs is not fully
developed: there are concerns about
possible safety and hygiene effects of
various PCMs; insurance companies
are not enthusiastic about systems
using innovative products like these 
that have not yet received certification,
and obtaining certification is expensive.

J There could be planning constraints on
widespread use of TES systems,
particularly large ones.

Initiatives for the FutureN

To overcome these barriers, priority
should be given to the following:

J Developing appropriate packages 
of information on commercially
developed systems aimed at those
with no previous knowledge of storage
systems.

J Carrying out technical development to
improve performance and reduce costs,
focusing in the short term on
technologies in which most local
experience has been gained and
keeping systems as simple as possible.

J Providing training on these systems 
for designers, operators and builders.

J Providing risk capital for construction of
systems close to commercial
production.

J Carrying out R&D on financially
promising systems, including PCMs
suitable for use in the building industry.

J In the longer term, development of
innovative TES systems suitable 
for use in solar-assisted heating in 
place of steel water tanks.

18

Thermal Energy Storage

Through reversible processes of some
kind (eg melting or vaporising a
material), thermal energy storage (TES)
allows surplus energy to be stored for
later use, thereby increasing the overall
utilisation of the energy. Energy may be
stored for varying timescales depending
on the requirements.

The TechnologyN

Energy can be stored in the storage
medium either by changing its
temperature (heating or cooling) or by
changing its “phase” (eg from solid to
liquid). The energy is released when
the process is reversed. TES may be
short-term, eg storing “coolness” for
later use to reduce peak air
conditioning demand, or long-term, 
eg between seasons.

Systems utilising phase-change
materials (PCMs) look promising but are
at an earlier stage of development.

The MarketN

Long-term storage of thermal energy 
in large amounts (>1000MWh) 
has been in use since the 1980s. 
The storage medium is generally water
or rocks, eg in aquifers, rock caverns,
boreholes. The main market for 
long-term (seasonal) TES has been in
Northern European countries,
particularly Sweden, where it is used
in association with large-scale district
heating schemes.

Short-term (diurnal) storage of
“coolness” in air-conditioned buildings
is mostly used for DSM purposes,
where the systems have been found to
be cost-effective. The main applications
have been in the USA, Canada and
Japan. Some commercial premises in
Europe also have used these systems.

PCMs are not yet fully developed for
the building sector, although they have
been used for certain industrial
applications.

EU CompetitivenessN

TES is mainly a question of design and
knowledge, using traditional heating,
ventilation and air conditioning
equipment. The relevant design
information is readily available and the
economical use of TES could enhance
European competitiveness through
reducing energy bills and peak energy
requirements.

Residential area in Saro, Sweden, where storage is used for the supply of solar heat to connected buildings PHOTOGRAPHER ALPO WINBERG
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Technical and Market BarriersN

The technical and market barriers
that hinder greater use of efficient
equipment for heating and using hot
water include the following:

J In many situations, the equipment first
thought of when new DHW equipment
is required is the conventional
instantaneous electric heater, which is
cheap to purchase and easy to install
but not energy efficient; it also causes
problems with power management.

J Some low income houses in developing
countries are built with no provision for
water heating; again, it is the inefficient
instantaneous electrical appliance that
tends to be added.

J Easily understood information on
energy- and water-saving devices is not
readily available to the consumer.

J Despite the globally recognised
importance of conserving energy and
water, electricity and water companies
do not encourage their customers
to choose efficient options; DSM
schemes should be based on energy-
and water-saving equipment.

J Household and consumer goods that
are efficient in terms of hot water use
are not always readily available.

J Gaps remain in the development of
energy efficient appliances for
producing, storing and distributing 
hot water.

J Gaps remain in the use of recovered
heat for providing DHW.

Initiatives for the FutureN

To overcome these barriers, priority
needs to be given to the following:

J Informing building owners and
operators about energy efficient DHW
production and saving of hot water, and
encouraging them to replace inefficient
instantaneous electric heaters with
systems that will aid peak power 
management (eg energy efficient
storage-type DHW systems,
instantaneous gas heaters, solar-
assisted systems).

J Encouraging water and electricity
utilities to support energy saving and
hot water management activities.

J Filling the remaining gaps in
technological development of energy
efficient equipment for producing,
storing and distributing hot water, eg
demonstration of highly efficient
instantaneous gas heaters, gas, oil and
electric storage heaters, and efficient
distribution systems and components.

J Developing and demonstrating
appliances that minimise hot water use,
eg low flow rate, high pressure
showerheads, faucet and showerhead
aerators, hot/cold water mixer-taps,
optimised volume bathtubs, improved
washing machines and dishwashers.

J Developing kits to facilitate the
retrofitting of solar systems onto
existing storage-type DHW systems.

J Developing integrated heat recovery/
water heating systems that use warm
“grey water” for pre-heating feed water
in centralised DHW systems in the
residential and non-domestic sectors.

J Researching and demonstrating units
that combine compressive refrigeration
with storage-type DHW systems.

20

Domestic Hot Water

Domestic hot water (DHW) is required
in all building types for showering,
bathing, hand washing, clothes and
dish washing etc. Its provision uses two
important resources, water and energy.
Both will be conserved if efficient DHW
technologies become widespread.

The TechnologyN

Hot water consumption is a function of
standard of living, as well as building
size and occupancy, and the type and
number of uses to which it is put. 
The average European uses around 
36 litres of 60ºC water a day, which
takes about 950kWh a year to heat.

The basic equipment for producing and
using hot water found in most existing
EU buildings tends to be inefficient in
terms of energy and water use.

Recognition of the importance of saving
energy and water has led to the
introduction in recent years of a number
of cost-effective high efficiency devices,
eg gas water heaters with condensed
flue operation, superinsulated electric
water heaters with low stand-by losses,
low-flow showerheads and hot/cold
water mixer-taps. Energy savings
achieved by available high efficiency
water heating systems can amount to

30-60% compared with basic
conventional models, provided standing
losses are kept to the absolute
minimum.

In addition, solar water heating systems
are available and used to varying
extents in the EU (see the Renewables
section). As a rule they pre-heat the
feed water for conventional DHW
systems, thus reducing the amount of
fossil fuels required for water heating. 

R&D and demonstration are being
carried out on better control of heating
systems, heat recovery devices,
appliances aimed at reducing hot water
use etc. Once commercialised, these
will lead to greater savings in the future.

The MarketN

In Europe, gas and oil DHW heaters 
are the most common. In addition, 
30% of the EU’s 140 million households
use electricity to heat DHW. 

Because the EU new building
construction rate is low (approximately
1% a year), the main market for 
DHW equipment is in replacement of
old systems in existing buildings. 
As a general rule replacement is carried
out every 10-12 years.

EU CompetitivenessN

In the EU, the appliances used for
heating DHW tend to be of home
manufacture. The companies making
the most efficient devices are located
in countries with the most stringent
building regulations on water services -
France, Germany and Switzerland.
Production of electric water heaters
is confined to six countries - Belgium,
France, Germany, Italy, Spain and
Switzerland. 

The most energy efficient appliances
are not necessarily the most expensive.
In this replacement market, therefore,
increasing interest in energy efficiency
will not generate more wealth for the
manufacturers.

Mira Response adjustable spray handset - the economy
setting reduces water flow whilst ensuring adequate
shower performance   COURTESY OF CARADON MIRA LTD

Domestic kitchen with a Potterton Envoy condensing boiler   COURTESY OF LPA DESIGN
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Technical and Market BarriersN

The main barrier to replacing generators
is financial. Most organisations do not
choose to invest in a new heating
system until they are forced to do so
either by legislation or by the failure of
their current one.

Improvements to the efficiency of a
heating system are best carried out at
the same time as other upgrades to
keep costs and disruption to the
business to a minimum. The low rate of
refurbishment and renewal of building
stock is therefore instrumental in
keeping down the rate of major energy
efficiency programmes.

Initiatives for the FutureN

The most important issue is to increase
the rate at which old generators are
replaced by more efficient ones.
Schemes to encourage this need to
address the barriers, and a rebate
system may be appropriate. 

There is a tendency for generators in
buildings to be larger or more powerful
than they need to be. It is likely,
however, that between now and 2010
most current installations will be
replaced.  An independent advisory
service could be made available free 
or at low cost to recommend the
correct size of generator for individual
installations.

Compulsory maintenance and
regulation compliance is essential, at
least for oil-fired boilers.

The uptake of high efficiency and
condensing boilers in the EU is well
below the economic potential. There is
therefore a need for information and
demonstration in each market
(domestic, commercial etc). In particular,
R&D on the following topics is required:

J Emission reduction and control.

J Efficient small-scale residential units.

For heat pumps, there are two types 
of technological development:
environmental and efficiency-related.
The environmental issues are:

J Leakage of working fluids.

J Safety problems with non-fluorocarbon
fluids.

J Probable phasing out of R22 and 
the possibility of not finding a suitable
fluorocarbon alternative.

J Noise nuisance.

The efficiency-related issues are:

J The need across all sectors for more
efficient motors, compressors and heat
exchangers.

J Bivalent or dual-fuel-fired operating
systems.

J Exploration of different thermodynamic
cycles and of other heat pump families
(chemical, adsorption etc).

Technical progress in the performance
of heat pumps could improve
coefficients of performance significantly
and success in this area would also
bring major savings in refrigeration
energy use.

22

Heat and Cool Generation

Heat and cool generation is the provision
of heat or cool for heat distribution,
space cooling and hot water systems
in buildings. This is done by converting
electrical or chemical energy from
external sources into heat or cool, or
transferring heat from an external
source to the area where it is required.

The TechnologyN

The main elements concerned are
boilers and heat pumps:

J A boiler converts the chemical energy
of a fuel into heat by combustion and
transfers the released heat to the heat
distribution system of a building.

J A heat pump absorbs heat at a low
temperature level from an external heat
source and delivers it at a higher
temperature to the heating system of 
a building - alternatively, it may absorb
heat from a space cooling unit and
eject it; heat pumping can be achieved
by various thermodynamic cycles.

The main technological developments 
in oil and gas boilers are:

J Reduction of NOx and particulate
emissions.

J Incorporation of condensation and low
temperature technology to increase
efficiency.

High efficiency, low emission technology
for solid wood boilers is still under
development. Heat pumps for space
heating have entered a new phase 
of development initiated by new 
non-ozone-destructive refrigerants and
higher reliability requirements.

District heating substations are
established, particularly in Northern
Europe. Prices should reduce by 
15-20% by 2010 for the most efficient
products. This will be due partly to
mass production and partly to regulatory
requirements for testing, labelling etc.

The MarketN

The EU market in 1995 was as follows:

J Oil and gas boilers - 65 million.

J Boilers aged 20 years or more -
11.7 million (18%).

J Annual sales of boilers - 5.3-5.6% of
existing stock.

J Annual turnover of efficient heating and
cooling generators - 1524 million ECU.

This turnover could increase fourfold by
2010, generating 995PJ of energy
savings. The market for water and
space heating systems is estimated to
rise at an annual rate of 1-2% until the
year 2000, mainly as a result of hard
winters and regulatory schemes.

Many generators in use are very
outdated, as has been proven by
measurements and tests. There is
therefore a large energy saving 
potential in this market.

A French promotion run by heating
equipment suppliers to encourage the
replacement of old generators was not
successful. It is likely that this was due
to public perception of the promoters
as interested parties and that a similar
exercise would be more successful
if run by an independent organisation.

EU CompetitivenessN

Manufacture, design, installation and
maintenance of heat generation
equipment for buildings are largely
dominated by SMEs in Europe. It is
particularly in the area of replacement
of older equipment that the smaller
business with local contacts and quick
response times can exploit opportunities.

Energy flows in the Solar Laboratory, Belgium

Internal view of the sun space in the Solar Laboratory, Belgium
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Initiatives for the FutureN

To make investment decisions easier,
the following are needed:

J Development of the internal energy
market in the EU.

J Clear and efficient authorisation and
licensing arrangements for CHP
installation.

J Predictable and affordable prices for
input fuel (mainly gas).

To make installation more affordable,
the following are required:

J Attractive tariffs for surplus electricity
sold back to the grid.

J Development of options for third-party
financing.

J Energy pricing that recognises the
efficiency of the technology.

J More relaxed emission control limits for
high efficiency schemes.

On a practical level, there is a
requirement for development of:

J A better gas supply network.

J Smaller, highly efficient units for smaller
energy users, possibly including the
domestic sector; Stirling engines and
fuel cell CHP have potential.

J Higher electrical efficiency and lower
emissions in gas turbine technology.

J Higher generative efficiency and
reduction of NOx emissions for
reciprocating engines.

J Packages with an absorption chiller to
provide summer cooling in commercial
buildings.

24

Small-Scale Combined Heat and Power

CHP is the production of both heat and
power from a single source. Usually,
both forms of energy are used on site
but surplus electricity from large
installations is sometimes sold back to
the grid, and heat can be used to
supply district heating systems. 
Small-scale CHP (capacity under
1MWe) typically converts about 30% of
the input fuel energy into electricity and
50% into usable heat.

The TechnologyN

The main components of a small-scale
CHP system are:

J A generator to produce electricity.

J A prime mover (engine) to drive the
generator.

J A heat recovery system to recover
waste heat from the engine.

J A control system, an exhaust system
and an acoustic enclosure.

Highly efficient CHP technology for the
commercial sector is now mature and
well established. For the domestic
sector, where CHP units might serve
individual houses, further technology
development is needed. CHP can work
in conjunction with absorption chilling to
provide cooling, heating and power.

It should be noted that CHP works best
where the building(s) in question have
significant heat and electricity
requirements for a substantial part of
the year. When evaluating CHP, it is
important to consider other measures
that might affect the energy loads in the
future. The economics of a prospective
CHP scheme need to be assessed
carefully in the context of other energy
conservation measures, eg
improvements to lighting and thermal
insulation.

The MarketN

The most commonly used prime mover
for small-scale CHP plant in the
buildings sector is the spark-ignition
gas engine. For larger buildings with
substantial energy requirements, eg
hospitals and universities, gas-turbine-
based plant are often appropriate.
Other technologies under development
include:

J Small (<1MW) gas turbines.

J External combustion reciprocating
engines (Stirling engines).

J Fuel cells.

Development is usually initiated by one
of the following:

J National or district utilities which set up
centralised CHP plant, traditionally for
district heating networks, but more
recently also for industrial clients.

J Autoproducers in the industrial or
tertiary sector, which produce power
and heat for their own needs only.

Within the EU, CHP is at a relatively 
low level and is a long way from
reaching its full potential. Growth from
the present 10% of electricity
production to about 30% is an
achievable target for the year 2010.

EU CompetitivenessN

Most companies in CHP are 
European. Japan produces plant in the 
300-1500kW range but at a fairly low
level. There are almost no imports into
Europe. The packaged CHP market
tends to operate on a local basis, with
suppliers and purchasers usually in 
the same country. Many suppliers are
small companies.

Technical and Market BarriersN

The most important disincentives to
installation of CHP technology are as
follows:

J Price fluctuations at national and
international levels for both input energy
and the electricity produced make it
very difficult to assess the value of 
CHP as an investment; particularly in
countries with power based on nuclear
and hydro-electric plant, electricity
tends to be cheap and this provides
little incentive for implementation of CHP.

J Low prices paid by utilities for power
generated by autoproducers.

J Emission control regulations are
designed to limit air pollution arising
from a range of processes including
heat and electricity generation, but the
limits that are set currently do not
recognise adequately the efficiency 
of the CHP process - a CHP plant can
be penalised for the emissions it
produces despite the fact that it is
displacing plant with greater emissions;
a move towards tighter environmental 
standards creates uncertainty for small
autoproducers and is a further
disincentive to CHP uptake.

J High capital cost and the fear of long
payback times.

J Important barriers in some countries
include tariff and licensing
arrangements associated with the
supply of electricity and low availability
of natural gas.

Small-scale CHP is normally provided as a packaged unit

Typical small-scale CHP plant

Heat to
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Generator
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TECHNOLOGY MODULES:



CONTRIBUTION TO EU POLICY OBJECTIVES

In the transport sector, advanced energy technologies can
make an important contribution to the pursuit of a number of
key EU policy objectives. Technologies which cut the
consumption of oil and gas are particularly important to the
future security of the EU’s energy supply and to the CO2

emissions reduction goals, while those that limit polluting
emissions benefit the environment at global, regional and local
levels. 

The development of advanced transport energy technologies
will also contribute to making the EU transport industry
(particularly SMEs) more competitive in world markets, where
emissions regulations and vehicle efficiency requirements can
be expected to become increasingly important in the future.
This in turn will lead to increased employment opportunities 
in the transport industry. Increased deployment of the
technologies described in this section would also further 
EU policies in other key areas, such as social and economic
cohesion, health and quality of life in cities, and enhancement
of the EU’s knowledge base.

MARKET BARRIERS

Each of the advanced transport technologies experiences
some specific barriers, and these are discussed in the
individual technology modules. In addition, despite their
potential benefits, wider and more rapid uptake of advanced
energy technologies in the transport sector is constrained 
by some more general barriers, as follows: 

J Decision makers lack good-quality information on technology
investment opportunities.

J Investors are deterred by the actual or perceived risk of
adopting new technologies.

J Some of the technologies are perceived to have detrimental
environmental impacts.

J The large-scale finance needed to introduce new technologies
in the public and rail sectors is difficult to access.

J Price distortions (eg different tax rates on fuels) and price
differentials (eg biofuels cost three times as much as diesel)
act as a brake on uptake.

J Market characteristics, market operation and restrictive
regulations may limit deployment. 

J Low rates of renewal or replacement of plant constrain the
deployment of new technologies, particularly in the public
transport and rail sectors.

J An appropriate infrastructure, common standards across 
the EU and safety certification are all lacking.

THE NEXT STEPS

Each of the transport energy technology modules, which
follow this overview, contains details of the specific RTD needs
and initiatives for the future which apply to that particular
technology. A combination of policy initiatives and technology
development is needed in order to improve the efficiency of
energy use in the transport sector and to reduce its
environmental impacts, as outlined below:

J Reduce reliance on transport: This could be done partly 
by decreasing the need for unnecessary mobility (eg through
urban society planning, telecommuting, teleshopping and
teleworking, and providing facilities for cycling and walking). 

J Stimulate people to make more rational use of transport: 
This is likely to involve more transport pricing, economic
incentives and regulations. More advanced technologies are
also needed to link road pricing schemes to energy use,
emissions reductions and congestion in ways which ensure 
fair and efficient pricing.

J Make public transport more attractive to potential users:
Further R&D is needed to optimise inter-modal transport, and
to make bus and rail transport as efficient, attractive and low
cost as car and truck transport, for both passengers and
freight.

J Develop and promote the switch to cleaner and more
energy efficient transport: More energy efficient and cleaner
modes and technologies need to be further developed and
promoted. In particular, further RTD is needed to reduce costs
and improve convenience, comfort and performance for each
mode and shifts from one mode to another (vehicle
technologies, operations, integrated service approach, telematic
applications, driver behaviour etc).
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BACKGROUND

Transport plays a key role in modern society, where mobility is
needed to access the many services which are now expected
by every citizen, and where the efficient movement of people
and goods contributes not only to economic growth but also
to social cohesion. Demand for transport is increasing markedly:
over the last 20 years, car travel and road freight in OECD
countries have grown at 3.3% and 4.8% a year respectively,
which is far higher than the growth in GDP (2.8% a year).

Due to these trends, energy consumption in the sector is also
rising rapidly (see Table 1), and currently stands at 29% of EU
primary energy demand.

Transport is the fastest growing sector in the EU in terms of
energy demand, and accounts for an increasing proportion of
environmentally harmful emissions from energy production and
utilisation. It is by far the biggest contributor to air pollution in
cities. Road transport accounts for about 80% of EU transport
energy use, and 55% of total EU oil consumption.

By 2010, total car mileage and road haulage in the EU are
expected to increase by 25% and 42% respectively, 
with rail freight growing by 33% during the same period.
These increases are unlikely to be offset significantly by
improvements in energy intensity. For instance, the current
trend is towards higher energy intensity in new cars, as a
result of consumer demand for larger vehicles and bigger
engines. By 2010, therefore, it is estimated that transport will
account for 32% of EU primary energy demand. It is thus very
difficult to draw scenarios where transport could achieve the
EU policy goal of reducing CO2 emissions.

KEY TECHNOLOGIES

A vehicle’s energy efficiency is rarely considered as important
by consumers when they are making purchasing decisions. 
In view of this, EU and Member State government policies
must play a central role in reducing energy consumption
in the transport sector and its environmental impact, without
jeopardising economic growth, mobility or the quality of life. 

This section addresses a wide range of transport
technologies, which have been selected due to their potential
contribution to reducing energy consumption and/or
environmentally harmful emissions. Some are already well
developed and available in the market; others are still at the
R&D stage, with commercialisation several years away. 
The various transport technologies are covered in the following
technology modules:

Advanced Vehicle Technologies

J New Technologies in Combustion Engines

J Vehicle Design and Light Materials

J Fuel Cells for Transport Applications

Alternative Fuels

J Gaseous and Alternative Fuels

J Biofuels

J Electric and Hybrid Vehicles

Transport & Traffic Management & Technologies

J Transport and Traffic Management

J Transport and Traffic Technologies

Freight/Rail Transport Technologies

J Freight Transport

J Rail Transport.

The global market - actual and potential - for these technol-
ogies is enormous. As a result, transport-related technological
development is an extremely competitive field, with advances
and initiatives taking place worldwide on an ongoing basis.
In some technologies, EU industry currently stands at the
vanguard of progress; in others, competition from the USA,
Japan and other countries is particularly intense.

28

Transport Overview

Table 1: Transport sector energy
consumption in OECD countries

Mtoe 1993–1994 Increase since
1984 (%)

EU 283 36

Canada 47 21

Japan 84 47

USA 535 19

OECD Total 1036 27

FIAT ZIC electric car   COURTESY OF FIAT
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Technical and Market BarriersN

Engine efficiency is limited at around
30% by the thermodynamic cycle; as 
a result, potential performance
improvements are minor, and require
considerable R&D effort. Production
processes need to be optimised to
ensure that development costs do not
lead to unacceptably high costs for the
consumer; however, additional costs
should gradually reduce as they are
spread wider.

Information for end-users is limited and
not well understood; generally,
consumers are not particularly
interested in either technology or
environmental issues. It is essential that
innovations are reliable, as there is a
risk that vehicles using new
technologies will be rejected by users
if they develop major problems. 

Legislation on vehicle emissions has 
a two-fold effect, with stringent
regulations stimulating manufacturers to
produce cleaner but less efficient
engines. Existing legislation encourages
smaller-engined vehicles, which goes
against a market trend towards more
equipment and power. As vehicle
manufacturers are market-driven, it is
essential that they understand the
direction of future legislation to enable
them to plan and develop.

Initiatives for the FutureN

There is no doubt that the
implementation of clean and efficient
engine technologies will require
substantial investment in R&D by
manufacturers. If progress is to be
made, cooperation between individual
vehicle manufacturers, and between the
industry and politicians, is vital in order
to develop standards and to ensure
successful deployment. 

Future engine performance and
efficiency improvements are likely to
concentrate on:

J Direct injection diesel and gasoline
engines.

J Smaller engines with more power.

J Two-stroke engines.

J Partial load operation.

J Development of a lean three-way
catalyst and lambda probe.

J Catalysts and materials, and electronic
control of injection.

J Warming-up processes.

J Transmission efficiency.

30

New Technologies in Combustion Engines

Petrol and diesel engines provide the
main source of power for automotive
vehicles. New technologies offer
potential for increasing engine efficiency
and reducing associated environmental
impacts.

The TechnologyN

Current technical developments in
petrol engines include the use of multi-
valve engines, variable length intake
manifolds, and valves with variable
opening rates. There are several
innovations which are still at the
development stage, including direct
injection engines, and engines with lean
fuel mixture and stratified mixture. 

The main advances in diesel units can
be found in direct injection, the use 
of turbo compressors and intercooling,
new injector-pump systems, the
“common-rail” system etc.

R&D is taking place on two-stroke
engines which have a higher output per
cylinder than four-stroke engines,
enabling them to be smaller and lighter.
Previous two-stroke engines have 
had higher levels of emissions, and
R&D activity is currently focused on
producing clean versions.

Government environmental policies,
aimed at reducing polluting emissions

and cutting energy demand, are
prompting the development of different
engine technologies. For both petrol
and diesel engines, effective NOx
reduction catalysts would enable
engines to meet emissions regulations
without compromising energy efficiency,
while exhaust gas recirculation would
reduce NOx in the combustion
chamber. On diesel engines, work is
proceeding on filters and traps which
capture particles generated by diesel
combustion.

Globally, progress on “clean” vehicle
technology varies considerably.
In the EU, lean burn combustion has
been developed by manufacturers, but
largely discarded in favour of catalysts,
and only Japanese constructors are
marketing new models featuring this
technology. Currently, lean burn systems
cannot meet NOx reduction limits
without comprising energy efficiency,
and NOx reduction catalysts have still
not completely solved the problem of
NH3 emissions. Although prototype
clean two-stroke engined cars have
been developed in the USA, the
technology requires further work.
In general, significant development is
still needed in the area of new engine
materials.

The MarketN

The EU is an important market for
vehicle sales, representing 32% of
world car sales, and 34% of total world
car production. Globally, 85% 
of all vehicles currently produced are for
OECD markets. The ten European
makers have 53% of the European
market, as well as 2% each of the US
and Japanese markets. 

With annual petrol consumption
amongst private passenger vehicles
estimated at over 115Mtoe, and diesel
consumption around 27Mtoe, the EU
represents a substantial market for the
various engine improving technologies.

EU CompetitivenessN

The process of developing and
marketing these technologies is closely
linked to motor vehicle production.
Emission reduction and energy
efficiency technologies are being
developed in all the major motor vehicle
producing countries of the EU
(Germany, France, Spain, the UK and
Italy), as well as non-EU countries such
as Japan and the USA, with additional
research being carried out in countries
such as Austria and the Netherlands. 
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Figure 1: Potential market penetration
of new technologies

Vauxhall ECOTEC – a low charge turbo combustion engine   
COURTESY OF VAUXHALL MOTORS LIMITED

Volkswagen Passat TDI 110bhp engine   
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EU CompetitivenessN

New designs and materials are being
introduced into models of car which are
gradually coming onto the market.
Virtually all the European vehicle
manufacturers (and others from outside
Europe) are involved in every domestic
market in the EU Member States. Of 22
manufacturers worldwide working on
these areas, ten are European. There
are no specific measures in force in any
EU countries to actively support the use
of new designs or lighter materials, and
the EC itself has proposed voluntary
targets for fuel economy, but has not
specified the method of attainment.

Technical and Market BarriersN

A number of factors influence changes
in vehicle design. Manufacturers will
only invest in new materials if costs can
be recovered in two to three years.
They are greatly influenced by customer
perceptions and, even though a design
may offer significant energy efficiency,
they will not make changes if it is
believed that this will adversely affect
the public’s perception of the vehicle.
Conversely, although customers may
perceive that vehicles made from
particular materials will use less fuel,
this does not appear to influence their
choice of vehicle.

Plastics and aluminium are less easily
recycled than steel and, without the
existence of recycling facilities,
manufacturers may be forced to limit
investment in these materials. Although
manufacturers are keen to introduce the
new materials, stringent environmental
legislation (ISO 14000), which incorporates
life-cycle considerations, may make the
uptake of new materials more difficult.

Initiatives for the FutureN

Some of the new materials have
negative aspects, particularly composite
components with limited toughness.
Problems with ageing mean that
coating and painting processes for
aluminium, plastics and other light
materials need considerable further
development. Producing components
from some new materials can also be
very expensive, and further
development of production technology
is required.

Some materials are not environmentally
friendly and car manufacturers are
working to make recycling processes
more effective, including component
marking, the use of more easily
recyclable materials, and building
recycling systems for post-use vehicles.
Environmental problems may lead to
the creation of companies specialising
in recycling plastic car components.
The introduction of new materials also
affects the ancillary component
manufacturing industry, which will have
to increase R&D investment in order to
cope with increased levels of product
design and development.

Increasing the take-up of new materials
will require further effort, and includes
the development of new processes to
produce both less expensive new
materials, and existing, but expensive
light-weight materials, especially metal
and polymer matrix composites. Finally,
improvements in the reliability of many
new materials are essential, eg
increasing the resistance of ceramic
engine components to thermal shock.

32

Vehicle Design and Light Materials

Improved vehicle design and the use of
lighter materials in vehicle production
can have a beneficial impact on fuel
consumption in the transport sector.

The TechnologyN

The potential now exists to reduce
vehicle weight substantially by intelligent
design using composite materials, or
lighter-weight metals, eg aluminium,
particularly for low speed inner city
transport where the weight of a motor
vehicle plays a considerable part in its
fuel consumption. Furthermore,
combining the new materials
technology with improvements to
engines, and reductions to cylinder
capacity and power, is likely to lead
towards lighter and smaller vehicles.
This may, however, also result in less
effective safety and performance
features. The main areas to benefit from
the new, lighter materials are bodywork,
interior parts, under-bonnet parts, and
structural parts.

Between cities, where travel is typically
at higher speeds, most fuel is used to
overcome aerodynamic resistance.
Pressure resistance, which is
dependent on vehicle shape, accounts
for 70% of this. Improvements in vehicle
design can affect fuel efficiency by
reducing rolling resistance, improving
aerodynamics, and reducing vehicle
mass. In recent years, improvements in
computer technology have made
possible processes such as computer
aided design, which in turn have led to
improvements in vehicle design. 
New developments in weight-saving
materials include aluminium-based
metal matrix composites, and ceramics.
In addition, a gradual, but continual,
improvement has been made in the
properties of traditional materials, such
as steel alloys.

The MarketN

Figure 1 shows the potential market for
deploying new materials and improving
vehicle design.

The choice of vehicle materials depends
on a number of often inter-related
factors. For example, the potential for
using more aluminium depends not only
on aluminium technology, but also on
that of steel: as steel producers start to
reduce the weight of steel parts, it
becomes more difficult for aluminium
producers to remain competitive.
Although composite materials offer
attractive weight savings, they are very
expensive to produce and their further
use will depend heavily on
improvements in production technology.

The capacity for manufacturing new
materials in the EU varies considerably
from country to country. Some, such as
Belgium, have to import raw
composites, but have the capability to
manufacture components. Others, like
the Netherlands, have specialist
companies that can supply composite
materials, in addition to steel and
aluminium. In a number of other
countries, such as Spain, the automotive
industry relies on the technologies of
others for new materials.

The location of design improvements
varies according to the specific
technique involved. Overall
improvements in vehicle aerodynamics
usually result from design-stage
modelling by manufacturers, while
improvements in rolling resistance come
from tyre manufacturers (the most
recent work in this field has been the
development of the Michelin low-energy
tyre in France). Research on the
reduction of vehicle weight is an
international process in its initial stages,
with detailed work carried out later by
the vehicle design team. Vehicle design
is a truly international activity, sourced
equally from national production, other
EU countries, and outside the EU.
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Figure 1: Potential for deployment
of new materials and vehicle designs

Michelin energy truck tyres can reduce 
fuel consumption by up to 6%
COURTESY OF MICHELIN TYRE PLC

The Audi Al2 – an environmentally friendly lightweight all-aluminium-bodied car
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Transit buses and fleet vehicles are
expected to be the early markets for
PEMFCs, and several demonstration
buses are already operational in Europe
and North America. Bus applications
have less demanding space and weight
requirements for the fuel cell engine,
and central depots would make it easier
to use alternative fuels, eg hydrogen,
natural gas and methanol.

Fuel cell cars are not expected to be
deployed commercially until after 2005,
although Daimler-Benz (Germany) and
Toyota (Japan) have already announced
demonstration vehicles with similar
performance and range to conventional
internal combustion engine cars. If cost
targets can be met, fuel cells could
command a significant share of the
enormous and growing market for cars
by 2010.

EU CompetitivenessN

Daimler-Benz is working with the
leading developer of PEMFC stacks,
Ballard Power Systems (Canada), to
develop and market fuel cell engines to
the world’s automotive industry. Other
European companies, such as Johnson
Matthey (UK), are leading the
development of particular aspects of
fuel cell technology and are supplying
materials and components to fuel cell
markets.

Technical and Market BarriersN

The main technical barrier to the
deployment of all fuel cell types is cost.
Current fuel cell stacks cost
3000ECU/kW or more and the cost
target for widespread application in
automotive applications is estimated to
be about 30-60ECU/kW.

Each fuel cell type also has its own
specific development issues. For the
PEMFC, development issues include
reducing catalyst load on the
electrodes, increasing the tolerance of
the catalysts to CO and developing fuel
processing systems for on-board use.
However, existing development
programmes are making good progress
in addressing these issues, and they
are not expected to be critical barriers.

The lack of an existing fuel
infrastructure is a barrier to the
introduction of fuel cell vehicles fuelled
by hydrogen, methanol or natural gas.
Development work is now under way
on gasoline fuel processing for PEMFC
systems but this represents a major
technical challenge. Methanol is thought
by many to be the most suitable fuel
in the medium term. Others insist that
fuel cells should use conventional
gasoline in order to have a chance to
penetrate the market.

Other barriers include a lack of
operating experience and a lack of
awareness of the technology among
potential users and fuel suppliers.

Initiatives for the FutureN

The main research targets within the
next five to ten years will be cost
reduction, system simplification and
improved lifetime and reliability for fuel
cell stacks and fuel processors. Some
of the necessary cost reduction is
expected to come as a result of volume
manufacturing, but there is still a need
for cheaper materials and new low-cost
stack and component designs.

Further work is needed to develop
cheap, compact and responsive fuel
processors for methanol, natural gas
and gasoline. Ultimately the choice of
fuel will be determined by the availability
of a fuel processor, and by comparative
economics and fuel availability.

Further demonstrations and field trials
of vehicle fleets are required to evaluate
the technology which has been
developed and to establish reliability
and operating costs under realistic
conditions. It is also important that
information from these trials is
disseminated effectively to potential
users and fuel suppliers.  

Full life cycle assessments will be
needed to evaluate the environmental
benefits and disbenefits of fuel cells
using different candidate fuels and
different fuel processing technologies.

34

Fuel Cells for Transport Applications

Fuel cells are electrochemical devices
which can convert the energy of a fuel
directly into electricity and heat, with
high electrical efficiency and low
pollutant emissions. (Note: The use of
fuel cells in stationary applications is
covered in the Heat and Power
section.)

The TechnologyN

A fuel cell consists of an electrolyte
sandwiched between two electrodes.
Fuel is oxidised at the anode, liberating
electrons which flow via an external
circuit to the cathode. The circuit is
completed by a flow of ions across the
electrolyte that separates the fuel and
oxidant streams.

Practical cells typically generate a
voltage of around 0.7-0.8V and power
outputs of a few tens or hundreds of
watts. Cells are therefore assembled in
modules known as stacks and
connected electrically to provide a
larger voltage and output. The other
major components of a fuel cell system
are a fuel processor and a power
conditioner. For vehicle applications, the
fuel cell stack and fuel processor are
together described as the fuel cell engine.

Fuel cells are usually classified by their
electrolyte. The main types, their status
and their potential applications are
shown in Table 1.

The MarketN

There has been increased interest in
fuel cells for transport in recent years,
and most of the world’s automotive
manufacturers are now actively involved
in the assessment of fuel cell vehicle
systems. This interest has been driven
by the environmental legislation
introduced in California and under
consideration elsewhere. Under this
legislation, hydrogen-fuelled fuel cell
vehicles would be classified as Zero
Emission Vehicles (ZEVs) and those
using methanol would be Equivalent
Zero Emission Vehicles (EZEVs).
The fuel cell vehicle would also give 
23-30% lower CO2 emissions than a
conventional engine using the same
fuel, due to the higher electrical efficiency.

The polymer electrolyte membrane fuel
cell (PEMFC) is emerging as the most
promising technology for transport
applications due to its high power
density, rapid response characteristics
and potential for low cost in volume
manufacture. The alkaline fuel cell (AFC)
is also being considered for transport,
although it will probably only be suitable
for hydrogen-fuelled vehicles. 

The higher temperature fuel cells are
primarily being developed for stationary
applications, but they may also be used
for larger transport systems, eg trains
and ships.

Table 1: Main types of fuel cell

Fuel Electrolyte Operating Development Applications
cell temperature (ºC) status

SOFC Solid oxide 750-1000 100kW tubular CHP, power
5kW planar generation

PEMFC Solid polymer 50-80 250kW Transport, CHP,
or SPFC distributed

power generation

AFC Alkaline 50-200 Developed Space, transport

MCFC Molten carbonate 630-650 2MW Power generation, CHP

PAFC Phosphoric acid 190-210 11MW CHP, power generation

Laboratory work on NEBUS fuel cell stacks at the Daimler-Benz Research Centre, Ulm, Germany   
COURTESY OF DAIMLER-BENZ

Daimler-Benz fuel-cell-powered NEBUS   COURTESY OF DAIMLER-BENZ



The MarketN

In 1991, worldwide consumption of
LPG in vehicles amounted to 9 million
tonnes. The total number of vehicles
operating with LPG worldwide is close
to 3.3 million. Approximately 1.4 million
of these are in Europe, with high
numbers in Italy and the Netherlands.
In the Netherlands, LPG is used in 
12% of all vehicles - more than for
diesel engines - and is seen as a
regular fuel, with all motorway filling
stations supplying LPG. Non-European
countries with the most developed
markets are Japan, South Korea (for
taxis), Thailand, Australia, Mexico, the
USA and Canada, mainly for private
cars and other light duty vehicles.

The potential for LPG use is limited by
the availability of LPG in refineries (some
5% of crude oil input); the reserves of
natural gas could easily replace oil in
the transport sector. Since existing
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EU CompetitivenessN

The Netherlands and Italy have the
most advanced LPG engine technology
in Europe. The Netherlands leads the
field in LPG multi-point injection
engines, and both supply other
countries. The technology is also
available from Japan, the USA and
Canada, and there is international 
co-operation with car manufacturers.

Belgium has two bus manufacturers
producing CNG vehicles. In Spain,
Iveco-Pegaso manufactures buses and
refuse collection vehicles at competitive
market prices and quality, although
there is no national supplier of CNG
stations. The UK is able to supply
natural gas vehicles to overseas as well
as to UK markets. This is most
advanced in the urban bus market,
where a number of vehicles came onto
the market in 1996. The UK is generally
considered to be lagging behind other EU
countries in commercial deployment of
natural gas vehicles.

Technical and Market BarriersN

The barriers to the more widespread
use of LPG and natural gas as
transport fuels include:

J Lack of availability of an easily
accessible supply. Filling stations are
currently limited in number, and the cost
of implementing a widespread
infrastructure would be significant.

J Capital cost, which tends to be higher
for gas-powered vehicles.

J Possible large fuel cost and taxation
fluctuations, as a result of changing
government policy or restriction of
future supply.

J Existing taxation and possible future
taxes on gas vehicles and fuels.

J Lack of specific legislation and safety
certification regulating the use of gas in
vehicles and refuelling installations,
especially regarding natural gas tanks
made of composite materials.

J Lack of Standards for LPG across the
EU.

Initiatives for the FutureN

Marketing and administrative
requirements for more widespread use
of gaseous alternative fuels include:

J An economic analysis of the situation
brought about by their introduction as
transport fuels.

J Availability of information (technical and
economic) on this technology, and a
mechanism for information exchange.

J Development of a legal and fiscal
framework to define responsibilities
covering the use of gas as a transport
fuel, the harmonisation of vehicle
regulation, and CNG and LPG fuel
specification in EU countries.

J A good marketing campaign.

J Financial support by governments and
a favourable tax framework.

J Existence of a supply infrastructure,
especially for private vehicles.

J Targeting the market for fleet vehicles,
especially those based in urban areas
with a base that can be used as a
central fuel source.

Required technical initiatives include:

J Development of new gas engines
optimised for mono-fuelled natural gas
vehicles (lean-burn, technology derived
from stationary engines, etc) in order to
achieve efficiencies comparable to
diesel engines.

J Improving the reliability and efficiency 
of natural gas filling stations.

J Changing from CNG to LNG.

J Fuel systems including sensors and
micro-processor control on emissions,
and improvements in engine
management systems and engine
settings to give greater reliability and
efficiency.

J Further development of kits for
converting petrol engines to natural
gas.

J Reducing the space and weight
required for fuel storage on board the
vehicle.

36

Gaseous and Alternative Fuels

Natural gas and liquefied petroleum 
gas (LPG) are alternatives to diesel and
petrol. They are particularly attractive 
for motor vehicle use because they are
stored in a liquid state and used in a
gaseous state, making it possible to
obtain a high energy storage density
and achieve cleaner and quieter
combustion.

The TechnologyN

Natural gas basically consists of methane,
and can be used in engines in a liquefied
form (LNG) or as compressed gas
(CNG). LPG is a mixture of butane and
propane obtained as a by-product of oil
refining. The proportions of butane and
propane used vary between countries.

Some adaptation of existing fuel system
technology is needed to enable vehicles
to use these gases as a fuel. Although
engines designed specifically for
gaseous fuels are available, vehicles 
are normally adapted to use gaseous
fuels as an after-market conversion. 
Bi-fuelling designs are available,
allowing a car to use both conventional
fuel and LPG or CNG.

The best gas-powered engines achieve
an efficiency level greater than petrol
engines (see Table 1) but lower than
diesel engines. Whereas LPG may be
considered to be a commercial
technology, CNG is still in the early
stages of market penetration.

vehicles can be converted to use it,
there is no need for new vehicles to be
sold for the fuel to penetrate the market.

There are around 0.8 to 1 million vehicles 
running on natural gas worldwide,
mainly in Russia, Italy, South America,
Australia and North America. In Europe,
the market has undergone greatest
development in Italy, Belgium, Sweden,
Switzerland and the Netherlands. 
The technology is very advanced in the
USA and Canada, where natural gas
has been used for 15 years in urban
buses and private cars.

Initial use of natural gas in the transport
sector is likely to be concentrated in
urban vehicle fleets, where the depot
can have easy access to a gas supply,
and the environmental benefits of low
emissions will be maximised. In Europe,
CNG is mainly used today for
proprietary fleets which refuel overnight
in a fixed location.

Table 1: Fuel consumption and emissions for a car with a three-way catalyst

Fuel use CO2 CO HC NOx PM
MJ/km g/km g/km g/km g/km g/km

Petrol 2.74 181 2.07 0.14 0.21 0.01

LPG 2.68 159 0.97 0.06 0.23 negligible

CNG 2.74 148 0.48 0.19 0.14 negligible

Note: The CNG figures are based on bi-fuel petrol conversions, and the vehicles’ engines have not been
optimised for CNG. The LPG figures are also based on conversions rather than specially-built vehicles.

Bristol’s first gas bus, UK   COURTESY OF BRISTOL OMINBUS COMPANY

Maidstone Initiative for Sustainable Transport (MIST) bus   COURTESY OF MAIDSTONE AND DISTRICT BUS COMPANY
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Technical and Market BarriersN

There are a number of technical and
market barriers to more widespread use
of biofuels:

J Production costs are high compared
with diesel (1.5-3 times); this, together
with the lack of an existing market,
makes biofuel development and
production an unattractive investment.

J Arable land can generate far more
income for farmers through traditional
food crop uses.

J Although set-aside policies allow biofuel
use of arable land, the uncertain future
of these policies precludes long-term
investment.

J The GATT Blair House agreement limits
the production of oily crops to
approximately 900,000ha of non-food
crops in Europe.

J The competitiveness of biofuels is
heavily dependent on the level of duty
levied on transport fuels by governments.

J Vehicle operators are unwilling to convert
to biofuel operation, without assurance
that the vehicles are environmentally
acceptable, perform well and are not
excessively expensive to maintain.

J Biofuel crops could have environmental
disadvantages, eg pesticide use due to
mono-culture and (particularly in the
Netherlands) lowering of the water level.

J Bioethanol is a poor lubricant with
corrosive combustion products, and
can increase engine wear.

J Biodiesel and its exhaust gases have 
an unpleasant smell.

Initiatives for the FutureN

Requirements for wider use of biofuels
include:

J Clear political involvement for the
long term.

J Identifying niche markets that would
benefit most from the use of biodiesel.

J A positive marketing campaign.

J Building on the biodiesel experience
available.

J Demonstration projects, to provide
practical experience of biofuelled vehicles.

J Favourable taxation policies - a carbon
tax would favour biofuel development
(eg UK production of biofuels ceased
after changes in tax policy).

J Concerted action by agents in all sectors,
including agricultural producers, 
oil extractors, the transesterification
industry and end users.

J Research into reducing liquid biofuel
production costs - the target is a
reduction by 0.152ECU per litre before
2005.

J Research into optimising engine design,
either to use biodiesel or to allow
greater flexibility in the fuels used.

J Investigation of new plant species 
for producing raw material for biofuels.

J Research into increasing crop yields
without compromising on environmental
impact.

38

Biofuels

Biofuels for transport are vegetable
products which can be used as fuels 
in engines instead of fossil fuels. 
The engines may need minor
modifications to run on biofuels. (Note:
Liquid biofuels are also covered in the
Renewables section.)

The TechnologyN

Biodiesel is derived from vegetable oils,
eg rapeseed, sunflower etc. It can
replace diesel entirely or mix with it in
different proportions for running diesel
engines which require little modification.

Bioethanol and its derivative, ETBE, are
oxygenated products, produced from 
a range of agricultural feedstocks, 
eg starch and sugar crops. It can be
used in existing, slightly modified, 
petrol engines. Cold starting requires
the addition of a small amount of a
volatile fuel component - usually petrol.
Vegetable ETBE is used as an additive
to enhance the octane rating, as a
replacement for fossil MTBE
(synthesised from crude oil).

Biomethanol can be produced from
wood, and used in existing petrol
engines in the same way as bioethanol.
It can also be used as a feedstock in
the production of biodiesel.

The MarketN

Biofuels provide an alternative to fossil
fuels. Apart from the use of ETBE to
replace MTBE, the major market is
likely to be for blending with
conventional fuels or niche application 
by fleet operators. Developments in the
use of different biofuels have varied
between countries depending on their
agricultural resources.

The use of unmodified vegetable oils
in diesel engines poses a series of
technical problems. Thus activities
carried out at EU level have centred
around their conversion to biodiesel
(esterification with methanol). The use
of bioethanol has not yet been
developed on a major scale in the EU,
except in Sweden and France, and
initiatives have been aimed at the
production of ETBE as a replacement for
MTBE in unleaded petrol (see Table 1).

Nearly 3.5 million tonnes of biomass-
derived ethanol a year are used as
motor fuel in the USA, mainly by 
adding it to petrol, which represents
nearly 1% of US motor fuel volume.

In Brazil, of 11 million light vehicles in
use, nearly 5 million are currently
running on pure ethanol,
while the other 6 million use a 22%
ethanol blend.

In the USA, flexi-fuelled vehicles have
been developed that can run on any
combination of petrol and methanol, 
up to 85% methanol.

EU CompetitivenessN

Most EU biodiesel production is
concentrated in a few major companies.
Although the UK and Belgium have
produced biodiesel and conducted
trials, neither country is currently involved
in commercial production of biofuels.
For bioethanol, France is the primary
producer in Europe, followed by Italy
and Spain. In France, 70% of the 
non-food set-aside land (410,000ha)
is used for biofuel production - both
bioethanol and biodiesel - and 0.35
million tonnes of ethanol are processed
into 0.75 million tonnes of ETBE a year.
Most of the processes used in France
have been developed there, and are
already used by petroleum companies.

Table 1: Current and estimated deployment of biofuels in the transport sector

Market area Country Current Max. potential
deployment deployment by 2010

(million tonnes a year) (million tonnes a year)

Private vehicle France 1.2 2.35
(ethanol, ETBE)

Spain - 4.9

UK - 2.5

Urban public Belgium - 0.04
transport (biodiesel)

Netherlands 1.75 x 10-5 0.08

Spain >8.77 x 10-5 0.07

Urban freight,
UK - 50% of total mineral diesel in 1992

public transport

Wheat - a source of biomass for liquid biofuel production   COURTESY OF ETSU

Biodiesel pump   COURTESY OF ETSU
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engine, or a hybrid of the two, is a
newcomer that is expected to achieve
an important market share in the future.
A large-scale expansion of the market
for battery-powered cars is, however,
unlikely without an easily accessed and
comprehensive power supply network,
enabling vehicles to be recharged at
speeds comparable to existing refuelling
methods. This consideration is less
important for short-range commercial
delivery vehicles, which could be
recharged at local depots.

The development of any new propulsion
system involves extensive, and risky,
investment. As there is no substantial
market for EVs at the present time, and
no operational infrastructure to support
the use of pure EVs, major investment
will require some stimulation. Although
there appears to be a profusion of
potential technological solutions to
existing barriers, the scarcity of
accumulated experience in practical
applications provides serious problems
for decision makers. This includes the
question of battery technology, which is
very new, and not proven for powering
vehicles. Furthermore, it is possible that
the extensive use of batteries could
pose recycling problems, particularly as
some components could be toxic both
to people and to the environment.
Experience in the USA also seems to
indicate possible problems with
licensing and safety regulations, 
eg home recharging may require new
safety legislation.

Initiatives for the FutureN

The quality and quantity of R&D must
be considerably stepped up if EVs are
to make a significant impact.
Technological advances must
concentrate on the design of new
structures, equipment and materials,
improving the energy efficiency of
electrical and electronic equipment, and
varying the power required for operating
vehicles. Further work is needed on
new generation batteries in order to
improve energy density and life cycles,
and to reduce manufacturing costs and
recharge times. 

Before it is likely to commit substantial
investment to EVs, the automotive
industry needs to be convinced that
electrically powered vehicles can offer
similar performance characteristics,
equipment, and internal comfort levels
to vehicles powered by internal
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Electric and Hybrid Vehicles

Increasing the use of electric road
vehicles (EVs) has the potential to
deliver benefits in terms of both energy
saving and reducing transport’s
environmental impact. 

The TechnologyN

There are three main types of EV: the
pure EV, powered only by rechargeable
batteries; the series hybrid EV, which
uses electricity from a small diesel
generator to power the vehicle at a low
speed, with additional power for
starting and accelerating provided by
batteries; and the parallel hybrid EV,
which employs a combination of
battery-driven electrical and
combustion-driven mechanical drives.

As technology has developed
sufficiently to build an EV for urban
applications, future expansion of the
market for these vehicles will mainly
depend on developments in battery
design. There are a number of different
types of battery, some long-established,
others in development form. 

Generally, electricity seems to offer
greater long-term potential for road
transport than other alternative energy
carriers, as it can exploit a range of
primary energy sources. It already has
sufficient installed power, with a well-
established distribution infrastructure.
However, there will need to be
considerable investment in the refuelling
equipment itself.

The MarketN

Californian emissions control legislation
will effectively force US car
manufacturers to ensure that 10% of all
cars offered for sale in 2003 are
electrically powered, with a further 15%
being hybrid EVs. As a result, Ford,
General Motors and Chrysler are
cooperating to develop battery
technology, helped by US Government
funding. Japan has around 1000 EVs
operating, and the Ministry of Industry
there aims to increase this to 200,000
by 2000. Worldwide, the impetus for
EVs will come from the need to solve
urban environmental problems.

EU CompetitivenessN

Although the present level of
development of European technology is
good, this may be threatened if a
concerted effort is not made to match
the efforts of the USA and Japan. 
Even now, the situation in the EU is
variable, and mainly consists of
municipal public transport projects.
Although it is predicted that EVs will
have only 3.3% of the EU vehicle
market by 2010, this would enable
companies other than the conventional
vehicle manufacturers to engage in
small-scale production. Currently,
around 18,000 EVs are deployed in the
EU, with a maximum deployment of
1.72 million thought possible by 2010. 

Technical and Market BarriersN

EVs are currently 80-100% more
expensive than conventionally powered
vehicles, and offer poorer performance
features. Such disincentives mean that
the public are only likely to buy EVs
under certain circumstances, eg to
enable access to urban areas restricted
to motor traffic. At present, the main
incentive for fleet users to purchase
EVs is to enhance their “green” image. 

Even though 98% of day journeys are
less than 50km, general acceptance of
EVs is limited by a perception that they
lack power and range. However, this
prejudice might be overcome by the
use of hybrid vehicles, which offer
comparable performance to
conventional vehicles. The urban car,
electrically powered, conventionally
powered with a small combustion

combustion engines. In addition, it is
likely that existing users will require
extra incentives to switch, eg preferential
parking, taxation and admittance to
restricted zones. 

There is no doubt that, in terms of
energy efficiency and cost, EVs can
provide an attractive alternative,
particularly as electricity is not at
present taxed as highly as some other
fuels. However, they should not simply
replace existing cars, but be part of an
overall urban mobility management
strategy which takes into account
public transport, parking management,
car rental or sharing schemes, speed
limits, and intelligent traffic control. 
It should be noted that, because of
country-to-country variations in
electricity generation methods, 
the attractiveness of EVs in reducing
CO2 levels will also vary.

Energy supply for electric vehicles on the island of Rügen, Germany   COURTESY OF BEO, GERMANY

Components of an electric car engine   COURTESY OF FIAT

FIAT ZIC electric car   COURTESY OF FIAT

Peugeot electric scooter   COURTESY OF PEUGEOT
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Initiatives for the FutureN

In order to shape urban and regional
traffic in an environmentally and socially
compatible way, and promote mobility
patterns other than private vehicle use,
activity in the following travel
management areas is required:

J A global approach, encompassing land
use planning, administration, price
policies, organisation and coordination,
investment and intelligent use of
facilities.

J Changing values and habits.

J Support for a shift in balance to a
higher level of public transport usage.

J Information on the wide range of urban
traffic management options.

J Sharing information on implementation
of methods since, although conditions
differ between cities, this can show the
potential for real benefits and public
acceptance, and modify the attitudes 
of local authorities.

J Increased support through public
finance structure and dedication to
investment as well as in consolidation 
of research in practical experiences.

J Consideration of a common evaluation
framework, especially regarding energy
impact.

J Analysis of possibilities through
demonstration projects.

J Special consideration of commercial
areas, eg to demonstrate to
shopkeepers that pedestrian areas
increase rather than decrease
commercial activity.

J A positive marketing campaign to
achieve public support of measures
restricting private car use, and to
increase the recognition of benefits 
and the collaboration of local authorities
and politicians.
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Transport and Traffic Management

All European cities are facing, to varying
degrees, urban travel management
problems, eg congestion and pollution.
The aim of transport and traffic
management is to recover
environmental quality in our cities and
to obtain energy savings by reducing
private vehicle use in favour of more
efficient modes of transport.

The TechnologyN

Travel management methods include:

J Priority for public transport, through
physical measures, eg bus lanes, or
electronic methods, eg transponders
that cause traffic lights to favour public
transport.

J Increased car occupancy (currently
there are only about 1.2 travellers per
vehicle in metropolitan areas), using
methods such as public services for
travel-matching and construction of
High Occupancy Vehicle (HOV) lanes.

J Integration of modes, eg “park and
ride” and “bike and ride” schemes;
public transport networks can be
designed to make it easier for users to
change between transport modes, 
eg using specific interchange hubs,
although this requires cooperation
between different transport providers
vehicles.

J Optimisation of urban space, aiming to
redistribute urban space usage and limit
the use of private cars, using measures
such as pedestrianisation, traffic
calming, city-wide parking schemes,
and parallel improvement of public
transport.

J Employer-based Travel Demand
Management - originating in the USA,
this type of management has recently
started in Europe, with most effect 
in the Netherlands and Belgium; with
rapid improvements in telematics,
teleworking is now a real option for
several types of work and can be
promoted by the employer.

The MarketN

The need for transport and traffic
management is recognised in cities
throughout Europe, where management
techniques are already part of city
planning and urban traffic management.

The market is, however, very
disaggregated, with each local authority
or transport operator deciding on local
transport and traffic management
measures independently. The success
of a project can sometimes be
replicated in other countries, but
generally situations differ from city to
city, and analysis and assessment are
normally only performed by national
transport consultants, engineering firms
and local authorities.

Outside Europe, there is potential for
exporting expertise in the development,
planning and application of management
methods. There will be a rapidly
increasing market for expertise in both
traffic and public transport management
techniques, as developing countries
increase in wealth and car ownership.

EU CompetitivenessN

Many UK transport consultancies and
engineering firms export their expertise
to Hong Kong, Indonesia, Singapore
and other developing countries, and
Spain is starting to influence transport
planning in South America.

Technical and Market BarriersN

There are a number of barriers to the
implementation of management
methods:

J People’s unwillingness to use public
transport is not based on financial
reasons, but on the perception that
private transport offers a higher quality
of service, in terms of frequency, time,
comfort, reliability and information.

J Financial resources for public transport
are essential.

J Public resistance to measures that
modify free use of urban space is
difficult to overcome, and this affects
administrative and public information
decisions, as well as acceptance by
politicians.

J Despite the clear case for greater use 
of public transport, many travellers hold
such transport, especially buses, in low
esteem.

J Development of teleworking is slow,
with lack of confidence in the benefits
of new working practices, together with
social, psychological, legal, regulatory
and technical barriers.

J Improvements in public transport can
only solve traffic problems when
combined with measures to limit the
use of private cars.

J In some countries, the market could be
distorted by the need for public
transport to make a return on
investment, while the road infrastructure
is publicly funded, favouring private
road-based transport.

Bus lane, UK   COURTESY OF OXFORDSHIRE COUNTY COUNCIL

Bus-tram interchange in Ghent, Belgium   COURTESY OF JUPITER CONSORTIUM

Public transport in France   COURTESY OF ADEME
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Technical and Market BarriersN

Barriers to the implementation of
transport and traffic technologies
include:

J Lack of standardisation between
technology sources - lack of
interoperability between modules is a
particular problem in public transport
Operational Control Systems, and
premature implementation of ATT can
lead to “islands” of implementation.

J Public resistance to road and
congestion electronic pricing.

J Unsuccessful implementation of
automatic toll collection - one project,
tested on a German motorway, resulted
in a poor cost/benefit ratio, insufficient
technical reliability, lack of international
implementation, and problems with
legal data protection requirements and
unreliable video control.

J The requirement for parallel capital
investment in infrastructure.

J A highly fragmented ATT market,
requiring a concerted approach across
conventional functional and institutional
boundaries.

J The need for a clear return from capital
allocated to ATT by operators and
agencies.

Initiatives for the FutureN

In order to overcome the barriers to
wider implementation of ATT
technologies, priority must be given to:

J Developing a process of consultation
and public education for measures
such as road pricing, to increase the
awareness of the costs of road use and
the alternatives available and to attempt
to change public preferences.

J Implementing standards for hardware
and software in the ATT industry,
especially regarding generic systems
architecture, with appropriate
certification procedures.

J Investing in infrastructure, with the 
cooperation of public administration.

J Promoting large-scale urban and inter-
urban demonstration projects, bringing
together different technical
achievements to highlight the benefits
of ATT, with wide dissemination of
results.

J Coordinating research activities, with
greater market influence within the
European framework.

J Increasing partnership between the
public and private sectors.

J Defining a proper evaluation framework.
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Transport and Traffic Technologies

Transport and traffic technologies
include those that help optimise the use
of the transport system by increasing
existing road capacity or enabling a
wider application of demand
management technology.

The TechnologyN

Advanced Transport Telematics (ATT)
covers all elements of traffic
management, eg communications
systems, networks and public services,
mobile telecommunications information
and processing, data gathering and
processing and information
broadcasting. ATT technologies for
public transport management include:

J Operation control systems - automatic,
centralised systems for controlling the
flow of vehicles in the public transport
network.

J Communication systems for services 
on demand, for areas of low population
density.

J Public transport information systems,
making information available not only at
the bus stop or train station but also in
the home via cable TV or phone.

J Advanced payment systems.

ATT urban traffic control and
management systems include:

J Road and congestion pricing - 
eg differential pricing can shift traffic
to less congested roads, or electronic
collection can keep traffic flowing.

J Adaptive traffic-light systems.

J Advanced systems for traffic
management on motorways, currently
focused on dynamic collective guidance
and information systems.

J Variable message signs.

J Information for parking services, with
increased use of computers, to help
reduce the significant level of city-centre
car traffic searching for a parking
space.

J Traffic guidance systems, using
in-vehicle navigational aids.

The MarketN

The market for transport telematics is
potentially enormous. Although
definitions and cost assumptions vary
widely, the general trend in the market
is sharply upwards (see Table 1).

The technologies have been widely
demonstrated for over a decade in very
diverse European cities, and some are
in use throughout Europe. Many are
continually being developed to optimise
their performance and make them
easier to use (see Table 2).

The USA was the first to launch an 
ATT programme, which has quickly
emerged as a leader in several aspects,
especially in its public funding for
development. An expenditure of 183
billion ECU (34 billion ECU public and
149 billion ECU private) on an Intelligent
Transport System was estimated for the
period 1992-2011.

The Asia-Pacific region is the world
leader in ATT innovations, and is
introducing high technology systems
and making large investments.

EU CompetitivenessN

In Europe, the absence of agreed
procurement specifications means
European manufacturers cannot match
the economies of scale achieved by
their competitors in countries such as
the USA and Japan.

Spain can be considered to be in a
good competitive position, with
important activities in other countries in
the field of urban traffic control systems.
The UK, too, is in a good competitive
position. GEC-Marconi are leaders in
producing transport telecommunications
technology. France and Germany are
involved in producing technology for
advanced payment systems, although
Spanish firms are also starting to be
involved in this area. 

Table 1: Estimated annual market size for
transport and traffic technologies

Annual market size (billion ECU)

Current 2010

Europe 0.455 20-40

USA 1.1 18

Japan 0.002 4
(in-car navigation systems)

Table 2: Current status of transport and traffic technologies

Technology Market Status

Operation control Currently these are widely implemented but at very different
systems levels of technical complexity.

Advanced payment Rapid changes in technology are leading to delays in implementation 
systems while operators wait for new developments.

Road and Singapore and three cities in Norway already have some form 
congestion pricing of congestion pricing, and the USA has invited applications for up to 

five demonstration projects. However, the results from important 
projects in Germany have not been positive.

Adaptive traffic-light At present most systems aim to ease congestion, but there are
systems opportunities for other applications, eg priority for public transport.

Advanced systems Ramp metering, widely used in North American freeways for 30 years,
for motorway traffic has been introduced in urban motorways in several European cities 
management during the last seven years to reduce recurrent peak-period congestion.

Variable message Systems are well developed in several large European cities.
signs and information
for parking services

Traffic guidance Traffic control centres and information centres will be needed in most 
systems countries, with the Radio Data System-Traffic Message Channel

(RDS-TMC) likely to have 80% market penetration in Europe by 2014.
Recently, a number of private companies have begun to develop 
systems, which benefit individual users but which may be detrimental
in terms of the whole network.

In-car navigation system   COURTESY OF TRAFFICMASTER PLC

This in-car navigation system computes the
most rapid route through city traffic
COURTESY OF DAIMLER-BENZ

Variable message sign   COURTESY OF HAMPSHIRE COUNTY COUNCIL



Optimal use of the available
transportation infrastructure is
necessary to support economic
development in Europe. This requires
the development of technology to
enable goods to be tracked, direct
distribution patterns and inter-modal
transport.

The TechnologyN

Combined transport, providing energy
savings and decongestion of roads,
requires multi-modal freight centres as
an interface between long distance
transport and short distance distribution.
Successful management of the logistics
and optimal vehicle utilisation require
the introduction of advanced IT and
telecommunications systems.

Mobile communications can be
enhanced with on-board computers
and Electronic Data Interchange (EDI).
Enabling vehicles to communicate
directly with centrally-based computers
running advanced logistics and fleet
management software has been shown
to provide:

J Fewer empty driven km.

J Fewer detour km.

J More economical use of fuel.

J Lower communication costs.

J Less planning time.

Further advances can be obtained
through the use of vehicle-mounted
Global Positioning Systems (GPSs) and
Computerised Vehicle Routing and
Scheduling (CVRS) technology.
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Technical and Market BarriersN

Many of the barriers to be overcome to
improve market penetration by freight
technologies are associated with lack of
knowledge and negative attitudes about
the advantages of IT. Particular
problems are:

J Tailor-made systems are needed for
each type of application.

J The competitive market and large
number of small companies operating
heightens the perceived risk associated
with the adoption of new technology.

J The variety of IT available is very large,
making it difficult to select appropriate
solutions.

J Operation of freight distribution centres
requires good cooperation between
many different, often competing
organisations.

J The rapid growth of communication
systems has led to instability in the field
of IT and telecommunication
technologies.

J Standards such as EDIFACT need years
to become accepted.

J There is a generally negative perception
of rail transport throughout the freight
transport community.

J Disseminating information in the 
freight transport sector is very difficult,
especially to smaller operators.

Initiatives for the FutureN

To overcome these barriers and
improve the EU’s current freight
transport system, the Member States
need to encourage the development
and use of the advanced systems
described. The promotion of integrated
freight centres and multi-modal services
is one of the main interests in the
Common Transport Policy. To promote
this, a common evaluation framework
should be developed showing the
benefits to be obtained by the use of
this technology, with all energy
implications. The EU is still far from 
a comprehensive, uniform and above 
all fully integrated system of telematic
applications in freight transport and
much effort must be expended to
achieve this objective.

Particular emphasis should be given 
to the following:

J Reduction of urban vehicle noise
pollution is necessary to enable
alternative strategies, eg night
deliveries, to reduce urban congestion.

J Promotion should focus on very simple
technology for use with smaller
operators.

J Standards must be clear, not only to
suppliers but also to operators, in order
to guide market demand.

J Dissemination of economic implications,
particularly cost/benefit analysis of ATT
technologies, is essential.

J Demonstration of the benefits of 
new inter-modal technology would be
beneficial to the shift from road to 
rail transport.

J EDI incompatibility problems must be
solved.

J Interface protocols and formal
procedures need to be introduced as
reference standards for ATT systems.

J Investigation of the real impact of new
technologies has to be carried out.

J Training needs to be available to modify
attitudes towards driving behaviour 
and fleet monitoring, and on economic,
professional, managerial and
organisational implications relating 
to the implementation of advanced
transport telematics.
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Freight Transport

The MarketN

Throughout Europe there is a general
rise in the distances freight is carried by
road. Freight transport is the most
complex transport sector, presenting
few international patterns. It includes
a large number of businesses ranging
from individuals operating a single truck
to multinational logistics companies.
Except in the Netherlands, most
companies operate with fewer than
ten vehicles.

The IT market is young. Most of the
developments are recent, many as a
result of EU research programmes;
consequently the application of these
technologies is rare. Few organisations
use CVRS technology, cargo tracing
and tracking is usually made by
telephone contact and GPSs are rarely
used. There has been little practical
implementation of ATT systems in inter-
modal transport. Only the largest
European transport companies use EDI,
usually the extension of an internal
computer network. However, most of
the transport companies in Northern 
and Central Europe offering logistics
services have computer systems
controlling their administration.

EU CompetitivenessN

Some of the relatively strong
manufacturing base for commercial
vehicles in the EU is controlled by
multinational companies which can
switch production locations. Several EU
companies in France, the Netherlands
and the UK produce route planning and
other transport-related software.
Specialist software such as this requires
detailed knowledge and so will always
favour local suppliers.

Japan’s congestion problems caused
that country to start research 
on ATT early. Work is proceeding on 
inter-modality and combined transport.
Projects on automatic guidance
systems and traffic control, and
optimisation of mobile communications
systems, are under way.

Telecommunication services are
advanced in the USA. Advanced
telematic applications and vehicle 
and fleet management techniques are
promoted.

Major field trials of route guidance 
and navigation systems have been
completed in Japan, Europe and the
USA. More systems are under
development, offering an expanded
range of motorist information through
so-called electronic yellow pages.

TNT freight transport   COURTESY OF TNT

Traditional regional distribution system   COURTESY OF TESCO PLC



Tra
n

sp
o

rt 
R

a
il T

ra
n

s
p

o
rt

149

EU CompetitivenessN

Virtually all rail stock in the EU is
currently supplied by the major
European manufacturers. They are 
also involved in projects in the USA,
Latin America, Africa and Asia. 
A number of EU manufacturers produce
the equipment under licence
agreements with major Japanese or
North American groups.

European firms are world leaders in
electric traction equipment, although
they face competition from Japan. 
In diesel traction they have to compete
with the major US and Canadian
manufacturers; diesel traction is the
basic transport system used in these
two countries.

An example of European technology
being deployed outside the EU is the
electric and electronic equipment for
trams, trains, high speed trains and
signalling systems produced by GEC
Alsthom ACEC Transport, 35% of which
is exported.

Technical and Market BarriersN

Several barriers exist. The key ones are:

J No emissions regulations currently exist
for rail vehicles that encourage the
take-up of new technologies.

J The main regulations controlling
technology used in railway rolling stock
relate to safety, and the need to comply
with these can delay the introduction of
new technologies.

J The only technical risks that might exist
relate to producing safety cases for new
rolling stock which, for example, is
made from lightweight materials or has
electronic equipment with the potential
to disrupt signalling systems.

J The long life of rolling stock means that
stock turnover is slow; in addition, if the
vehicle fleet is unlikely to grow, and/or
overall rail demand remains constant or
declines over a period of time, it could
potentially take a long time for new
technologies to become widespread.

J The market within some newly
privatised railway industries is distorted
towards guaranteeing profits to rail
infrastructure providers; this could mean
that less money is available to service
operators to invest in new equipment.

Initiatives for the FutureN

To overcome these barriers, and ensure
that the European rail transport industry
remains competitive both within the EU
and internationally, EU Member States
need to tackle a number of issues.
These relate to technical development,
finance and infrastructure support
measures, and include:

J Standardising components and
equipment in terms of supply voltages.

J Improving diesel engine technology.

J Improving the energy efficiency of
electric and electronic components.

J Improving and developing bogie design
to further reduce rolling resistance.

J Developing improved marshalling
systems for different sizes and shapes
of freight wagon that form a single train;
correct configuration of wagons
significantly reduces aerodynamic drag.

J Support measures to finance rail
infrastructures which incorporate
advanced energy technologies.

J Collecting data on actual energy
consumption and emissions in the rail
industry.

J Developing integrated road-rail
systems.

J Investing in rail infrastructure in the city
environment.

J Integrating rail access into new urban
development schemes.

J Studying the feasibility of introducing
tram lines in major cities.
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Rail Transport

For the purposes of this study, the term
“rail transport” covers all transport
systems involving vehicles running on
rails, including surface rail, trams, light
urban trains and underground rail.
Significant potential exists to improve
energy efficiency in this area.

The TechnologyN

The important new technologies in the
field of rail systems involve more
efficient traction equipment and also
applications incorporated into new
operating systems. Traction equipment
can be divided into two main groups:
heat-based and electric traction. 
While tram and underground rail
systems have used electric traction
exclusively for many years, both
systems co-exist in surface rail. 
Both traction systems normally use
electric engines to drive the axles, but
they use different sources of electricity.
In the case of electric traction, electricity
is taken from an overhead line or third
rail; in the case of heat-based
equipment, it is generated using a heat-
based engine generator set.

Diesel engines are normally used in
heat-based traction systems; it is
possible to develop more efficient
engines incorporating electronic
injection or supercharging, eg by
variable geometry compressors.
Developments in electronic systems are
ongoing, based on new generations of
more efficient electronic components.
The latest developments, in terms of
drive controllers, are the Gate Turn Off
Thyristor (GTO) and the Insulated Gate
Bipolar Transistor (IGBT). These are
much lighter, more efficient and cheaper
than previous components.

Rail vehicles consume most energy in
overcoming air resistance. Reducing
resistance between the wheels and
tracks, and in accelerating the train
mass from stationary, are therefore
important issues, especially for high
speed trains.

The MarketN

New rail stock being deployed in the 
EU incorporates modern traction
technology, much of which has been
developed by the main rail equipment
manufacturers in the Member States.
Uptake rates, and therefore market
size, in each country vary, depending
on a number of factors, eg the life of
the rolling stock, the predicted growth
or decline of national markets and the
availability of funds for investment.

The new technology is currently being
used primarily to increase the speed 
of high speed trains rather than to
reduce the energy consumption of
lower speed vehicles, although

significant opportunities exist to
improve energy efficiency in rail travel. 
Future widespread uptake on efficiency
grounds may depend on the
introduction of incentives and/or
emissions regulations.

Electronic components are continually
evolving: each new generation is better
adapted and has good market
potential. The market for electronically
controlled injection for diesel engines 
is potentially very large once costs
reduce. Power controllers incorporating
GTO and IGBT (IGBT looks set to
replace GTO in the next five years) and
the use of three-phase synchronous
and asynchronous AC engineering are
becoming widespread.

Strasbourg tram system’s Central Station   COURTESY OF ETSU

Eurostar train at speed   COURTESY OF EUROSTAR
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DG XVII: Energy Technologies in the Textiles Sector – Final
Report, Parts I and II (1992)

DG XVII: European Energy to 2020 – A Scenario Approach;
“Energy in Europe” Special Issue (1996)

DG XVII – Reay, D, and Pilavachi, P A: Needs for Strategic
R&D in Support of Improved Energy Efficiency in the Process
Industries (1989)

ETSU/Ente Vasco de la Energia (EVE): Energy Efficiency in 
the Foundry Industry (DG XVII, 1994)

ETSU – Flanagan, J M, and Pratten, N A: Energy Technology
in the Glass Industry (1992)

European Commission – Blok, K, Turkenburg, W C,
Eichhammer, W, Farinelli, U, and Johansson, T B (eds.):
Overview of Energy RD&D Options for a Sustainable Future
(1996)

EUROSTAT: Panorama of EU Industry ’95/96 (1996)

World Energy Council – Levine, M D, Martin, N, Price, L, 
and Worrell, E (eds.): Efficient Use of Energy Utilizing High
Technology – An Assessment of Energy Use in Industry and
Buildings

buildings
DG XVII: European Energy to 2020 (1996)

ENERDATA: Annuaire Statistique 1995

European Commission: Energy in Europe – A View to the
Future (1992)

European Commission: Improving Market Penetration for 
New Energy Technologies – Building Sector Report (1996)

IEA/OECD : Energy Efficiency and the Environment (1991)

IEA/OECD: Technology Scoping Study (1996)

IEA: World Energy Outlook – 1996 Edition

Schipper, L: People in the Greenhouse – Indicators of Carbon
Emissions from Households and Travel; in “Revue de
l’Energie” no. 478 (1996)

World Energy Council: Energy Efficiency Improvement Utilising
High Technology (1995)

transport
European Commission: Towards Fair and Efficient Pricing In
Transport – Policy Options for Internalising the External Costs
of Transport in the European Union; COM 691 (1995)

DRI Global Automotive Group/McGraw-Hill: Reducing CO2

Emissions from Passenger Cars in the European Union by
Improved Fuel Efficiency - An Assessment of Possible Fiscal
Instruments; Report to the European Commission (1995)

ECMT/OECD: Trends in the Transport Sector 1970-1992
(1994)

ECMT/OECD: Urban Travel and Sustainable Development
(1995)

Energy in Europe: European Energy to 2020 – Special Issue
(1996)

European Commission: A Community Strategy to Reduce 
CO2 Emissions from Passenger Cars and Improve Fuel
Economy; COM (95) 689 (1995)

European Commission: EUROSTAT Energy (1993)

European Commission: The Impact of Transport on the
Environment – A Community Strategy for “Sustainable
Mobility”; COM (92) 46 final (1992)

IEA/OECD: Energy Balances of OECD Countries, 
1993-1994 (1996) 

Michaelis, L: Sustainable Transport Policies – CO2 Emissions
from Road Vehicles; Annex I – Expert Group on the UN FCCC
(OECD, 1996)

OECD: OECD Environmental Data – Compendium 1993

World Energy Council: Global Transport Sector Energy
Demand Towards 2020 – Project 3, Working Group D (1995)
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This is a list of some of the major European and worldwide
publications which have been consulted in support of the
ATLAS project. It is not intended to be exhaustive and merely
represents a selection of the many publications so used.

renewables
EPIA/DG XVII: Photovoltaics in 2010; ALTENER report (1996)

ESD/DG XVII: TERES II – The European Renewable Energy
Study; ALTENER report (1996)

European Commission Green Paper: Energy for the Future –
Renewable Sources of Energy, COM (96) 576

European Commission White Paper: An Energy Policy for
the European Union; COM (95) 682

European Commission: An Action Plan for Renewable 
Energy Sources in Europe

EUROSTAT: Renewable Energy Sources Statistics 
1989-1994 (1996)

IEA: Renewables for Power Generation – Towards a Better
Environment (to be published)

Proceedings of the Conference – An Action Plan for
Renewable Energy in Europe, Madrid, 16-18 March 1994

Science Policy Research Unit, DG XVII: A Comparison of
National Models for the Promotion of Renewable Energy
Resources; ALTENER Contractors Meeting Report (1996)

heat and power
Energy in Europe: Annual Energy Review 1993

Energy Information Administration, US Department of Energy:
World Energy (Internet http://www.eia.doe.gov/) 

Greentie (Greenhouse Gas Technology Information Exchange)
(Internet http://194.178.172.97)

IEA Coal Research: World Coal-Fired Power Stations (1994)

IEA: Energy Policies of IEA Countries – 1996 Review

IEA/UK Department of Trade and Industry: Clean Coal
Technology, Markets and Opportunities to 2010 (1996)

IEA: World Energy Outlook – 1995 Edition

Siemens/KWU: Power Plants 2000

US Department of Energy/US Environmental Protection
Agency: Inventory of Technologies, Methods and Practices
for Reducing Emissions of Greenhouse Gases – 
Report for Intergovernmental Panel on Climate Change 
(Internet http://www.energyanalysis.anl.gov.) 

oil and gas
Alazard, N: Le Progrès Scientifique en Exploration-Production
– Impact sur les Réserves et les Coûts; in “Revenu de
l’Énergie” no.476 (1996)

Appert, O: Oil and Gas Supply in the Next Millennium –
Technical Challenges and Opportunities for Europe; 5th
European Oil and Gas Symposium, Edinburgh, November
1996

Brewer, J, and Hunter, A: Multimethod Research – A Synthesis
of Styles (1989)
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NH3 Ammonia

NOx Oxides of Nitrogen

NWECS North-West European Continental Shelf

O&M Operating and Maintenance

OECD Organisation for Economic Cooperation
and Development

ORC Organic Rankine Cycle

OWC Oscillating Water Column

PAFC Phosphoric Acid Fuel Cell

PCM Phase-Change Material

PEMFC Polymer Electrolyte Membrane Fuel Cell

PF Pulverised Fuel

PFBC Pressurised Fluidised Bed Combustion

PM Particulate Matter

PPC Pressurised Pulverised Combustion

PSD Passive Solar Design

PV Photovoltaics

R&D Research and Development

RDS-TMC Radio Data System–Traffic Message Channel

RHP Resorption Heat Pump

RTD Research and Technological Development

SCR Selective Catalytic Reduction

SME Small/Medium-Sized Enterprise

SNCR Selective Non-Catalytic Reduction

SOFC Solid Oxide Fuel Cell

SOx Oxides of Sulphur

SO2 Sulphur Dioxide

SPFC Solid Polymer Fuel Cell

TES Thermal Energy Storage

TI Transparent Insulation

TLP Tension Leg Platform

UK United Kingdom

USA United States of America

VAT Value Added Tax

ZEV Zero Emission Vehicle

J Joule – unit of energy

MJ Megajoule – (1,000,000 Joules)

PJ Petajoule – (1,000,000,000,000,000 Joules)

W Watt – rate of energy flow;
1 Watt = I Joule per second

kW kilowatt (1000 watts)

MW Megawatt (1,000,000 watts)

GW Gigawatt (1,000,000,000 watts)

TW Terawatt (1,000,000,000,000 watts)

kWh kilowatt hour – the energy consumed by a
1 kilowatt load in 1 hour of use

MWh Megawatt hour

GWh Gigawatt hour

TWh Terawatt hour

V Volt – unit of electrical potential difference

m metre – unit of length

km kilometre (1000 metres) 

ha hectare (10,000 square metres)

°C degrees Centigrade/Celsius – unit of temperature

t tonne - unit of weight

kt kilotonnes (1000 tonnes)

Mtoe million tonnes of oil equivalent

e electricity

p peak – the output of a solar cell receiving
1 kilowatt of solar radiation per square 
metre at 25°C under standard test conditions

th thermal
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AC Alternating Current

AFBC Atmospheric Fluidised Bed Combustion

AFC Alkaline Fuel Cell

AHP Absorption Heat Pump

ASD Adjustable-Speed Drive

ATT Advanced Transport Telematics

AVO Amplitude Versus Offset

BHP Brake Horse Power

BMS Building Management System

BOP Balance of Plant

BOS Balance of System

CAP Common Agricultural Policy

CD-ROM Compact Disc – Read-Only Memory

CEE Central and Eastern Europe

CFC Chlorofluorocarbon

CFL Compact Fluorescent Lamp

CHP Combined Heat and Power

CIS Commonwealth of Independent States

CNG Compressed Natural Gas

CO Carbon Monoxide

CO2 Carbon Dioxide

COP Coefficient of Performance

CVRS Computerised Vehicle Routing and Scheduling

DC Direct Current

DG XII European Commission Directorate General 
for Science, Research and Development

DG XVII European Commission Directorate General 
for Energy

DHW Domestic Hot Water

DI Dynamic Insulation

DSM Demand-Side Management

E&P Exploration and Production

EC European Commission

ECU European Currency Unit

EDI Electronic Data Interchange

EFTA European Free Trade Area 

EnR European Energy Network

EOR Enhanced Oil Recovery

ETBE Ethyl Tertiary Butyl Ester

EU European Union

EU15 The 15 Current Members of the European Union

EV Electric Road Vehicle

EZEV Equivalent Zero Emission Vehicle

FBC Fluidised Bed Combustion

FPDSO Floating Production, Drilling, 
Storage and Offloading

FPS Floating Production System

FPSO Floating Production, Storage and Offloading

FPV Floating Production Vessel

FSO Floating Storage and Offloading

FSU Former Soviet Union

GATT General Agreement on Tariffs and Trade

GDP Gross Domestic Product

GPS Global Positioning System

GSR Guarantee of Solar Results

GTO Gate Turn-off Thyristor

HC Hydrocarbon

HDR Hot Dry Rock

HFC Hydrofluorocarbon

HOV High Occupancy Vehicle

HVAC Heating, Ventilation and Air Conditioning

IEA International Energy Agency

IGBT Insulated Gate Bipolar Transistor

IGCC Integrated Gasification Combined Cycle

IOR Improved Oil Recovery

IR Internal Resistivity

IT Information Technology

JPU Jackup Production Unit

LNG Liquefied Natural Gas

LPG Liquefied Petroleum Gas

MCFC Molten Carbonate Fuel Cell

MHD Magnetohydrodynamics

MMC Multi-Media Cycle

MSW Municipal Solid Waste

MSWC Municipal Solid Waste Combustion

MTBE Methyl Tertiary Butyl Ester

MVR Mechanical Vapour Compression 

MWD Measurement While Drilling

NAFTA North American Free Trade Agreement

NGCC Natural Gas Combined Cycle
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