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Summary

This report discusses the policies for the development and introduction of oil- 
alternative energy and the state of such energy in the European Union.

The report is based on the report of two years ago and last year’s report on 
related themes and focuses on the trends in 1995. Accordingly, only a brief explanation 
is made, as needed, about the previous background and history. Please refer to the 
past reports for detail.

In section 1.1, we introduce the way EU is watching to their enviromental 
problem and an outline of their energy policy. First of all, we refer to the fundamental 
aim of EU policy and the expected role of their energy policy. Next, we describe the 
situation of major fuel and energy, and describe how oil-alternative energy is used. In 
1995, while three countries became new EU members, EU aimed at forming the unified 
energy market again. But for the opposite of France, they can’t form it yet. We refer to 
the argument about it which is on the last stage now. And we introduce the argument 
that they have begun on new EU energy policy.

In sectionl.2, we refer to the policy about oil-alternative energy. We explain the 
relations between EU energy and environment policy, and introduce three kinds of 
program adjusted in environment policy. We describe details and direction of JOULE- 
THERMIE, the program on the forth frame work open since 1995.

In sectionl.3, we refer to the present condition and prospect of use of oil- 
alternative energy. Based on the last year’s report, we introduce major topics and 
trends in technical, practical, and commercial respects from the later half of 1994 to 
the later half of 1995.

From November, 1993, the European Community has developed into European 
Union based on the Maastricht Treaty. It may be said that the European Community 
stands on the European Union, but we do it with “EU” instead of “EC”.

Currency unit; 1 ECU=approximately 133 yen in addition to above
(in January, 1996).
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WHAT SORT OF ENERGY POLICY DOES EUROPE NEED ?

BY Yves Gotland 
French Industry Minister

France backed the Commission in its initiative of 
drafting a Green Paper on energy in order to offset the 
lack of a clear view of what a common energy policy 
might entail.
There is a broad consensus about the objectives - or 
rather the policy directions - set out in the Green 
Paper: competitiveness, security of supply,
environmental protection. These are also the objectives 
of French energy policy. Likewise, France cannot but 
endorse the general analysis made in the Green Paper 
which is based on a study of the European Union's 
energy balance and prospects.
Above and beyond these policy directions, it is vital to 
define a proper long-term energy strategy for the 
European Union since, while the Green Paper provides 
a basis for discussion, it does not propose quantified 
targets for a given date, e.g. with regard to energy 
self-sufficiency, fuel diversity, energy efficiency or the 
reduction of carbon dioxide emissions. That is in fact 
why I have used the term "policy directions" rather 
than "objectives".
It falls to the Member States as a whole to put into 
perspective these objectives and the definition of 
appropriate ways of achieving them, in order to 
construct a long-term strategy in response to certain 
fundamental questions:
• When we talk about security of supply, do we mean 
short or long-term security? Looking to the long term, 
it is quite obvious, for example, that European coal, 
which is uncompetitive and on the decline, does not 
have a role to play. Are we thinking of market 
competitiveness or lasting competitiveness? Where 
electricity is concerned, for example, the market tends 
to favour investment with the shortest payback periods, 
e.g. gas turbines, even though gas is not the most 
competitive energy source for generating base-load 
electricity, day in day out throughout the year. 
However, a more proactive approach, based on lasting 
competitiveness, would favour hydroelectricity,

nuclear power or imported coal, the cheapest base-load 
energy sources.
• Where the greenhouse effect is concerned, it would 
seem that only long-term measures will have a lasting 
effect, and these can only succeed in practice if careful 
consideration is given to excise duties, taxation, and 
other incentives for choosing the least polluting energy 
sources, namely new and renewable energy sources and 
nuclear power, which do not produce C02.
Similarly, the European partners should go further than 
simply exchanging views and look ahead to the future 
in order to identify the main threats to Europe's energy 
balance, and how to meet these threats head on:
• How can Europe's growing dependence on external 
energy supplies, which is likely to rise from 50% to 
70% in the next fifteen years, be curbed?
• Can we content ourselves with surging dependence 
on external gas supplies, rising from 40 % at present to 
70% in 2010 and nearly 80% in 2020 ?
• If the gas boom predicted by Commission studies 
results in a price hike, possibly of around 50% towards 
2005, how can we then avoid greater recourse to 
Middle East oil, which is already much in demand in 
the United States and will be increasingly called upon 
by the Asian countries, especially if they experience a 
coal crisis as a result of the alignment of indigenous 
coal prices on world prices? Would there not then be 
another risk of an oil crisis?
• More generally, can Europe content itself with 
growing dependence on (mainly imported) oil and gas 
which already cover 68% of its consumption?
• At this stage in the deliberations, while not 
prejudging the underlying intentions of the authors of 
the Green Paper, a formal criticism has to be made: 
can this discussion document content itself with such a 
brief mention of nuclear power, which is actually one 
of the few indigenous energy sources which can be 
developed in Europe, and undeniably contributes to the 
diversification of Europe's energy balance, is a highly 
competitive energy source for bas-load electricity
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generation and, what is more, does not produce carbon 
dioxide?
Moving away from these purely technical matters, we 
should consider two fundamental questions on which 
the European partners will have to make progress in 
the short term if they want to press ahead with the 
establishment of a European energy policy. I am 
referring to the concept of the internal market and the 
principle of subsidiarity.
The Green Paper sets out from the principle of the pre
eminence of the internal market. France quite agrees 
that the needs of individuals and industrial users should 
be satisfied at the lowest possible cost while meeting 
the requirements of security of supply and 
environmental protection since competition is a factor 
in technical progress and is undoubtedly beneficial for 
industrial consumers anxious to have complete freedom 
of choice.
For example, opening up the electricity generation 
monopoly can help to improve economic efficiency and 
the transparency of the European electricity system. 
However, given the long-term threats and risks 
mentioned above, can we put our faith exclusively in 
the invisible hand of the market?
While France believes that it is legitimate to define 
European energy policy objectives, expecting them to 
be achieved mostly through the free play of market 
forces would be tantamount to denying the very 
existence of a specific energy policy designed to 
achieve those objectives where they do not fit in with 
the logic of the market.
Referring to the pre-eminence of the market raises 
another question: how can we establish a balance 
between the market on the one hand and the concept of 
public service or general economic interest obligations 
on the other? This concept exists in most European 
Union Member States. The concept of public service 
varies in scope depending on a country's history, 
administrative organization and economic traditions. In 
any given State it may vary with time. In France, the 
concept of public service is based on a few 
fundamental principles, such as continuity of service, 
equality of access and treatment for users and 
universality of service. This modus operandi, which 
applies to the grid energy sources, has proved its 
merits. Nevertheless, it can be improved upon and 
adapted to the European context. France has in fact 
made proposals to this effect. However, does the 
market concept justify completely calling into question 
the economic organization of a number of Member 
States?
In this respect, it is important that greater substance 
should be given to the concept of general economic 
interest obligations which, to my way of thinking, are 
defined restrictively in the Green Paper. I believe that 
there is a need for greater pragmatism here, taking into

account the diversity of energy policies pursued by the 
Member States, which, as the Commission stresses in 
the Green Paper, is not a disadvantage but an 
opportunity.
By the same token, we should now consider another 
dimension of European energy policy. At what level 
should the policy directions defined be developed and 
implemented? In other words, how should the concept 
of subsidiarity be applied?
Clearly, the action to be taken can be divided between 
three levels: the OECD, the European Union, and the 
individual Member States. What is the appropriate 
level?
The answer will no doubt depend on the sector 
concerned. In the case of coal, for example, there is a 
world market which works admirably, and no 
intervention is needed other than for social or regional 
reasons to do with employment. Where oil is 
concerned, there are effective crisis procedures 
administered by the IEA, which do not need to be 
duplicated.
On the other hand, with gas the problem is clearly 
regional since there are three main gas markets in the 
world: the North American market, the European 
market and the Asian market. Europe is therefore an 
appropriate level at which to analyse natural gas, and 
France is quite happy that there should be long-term 
reflection at European level on gas supplies in Europe. 
Where refining and oil products are concerned, there 
are major risks of relocation which could be sparked 
off by an excessive opening up of the single market to 
the outside or by excessively demanding environmental 
standards which might dissuade operators from 
investing in modernization in Europe. That is why 
France feels that it is essential that a European refining 
capacity should be safeguarded.
Last but not least, turning to nuclear power, it is 
essential that Europe should stand up for its industry. 
This is true of the capital goods involved, where there 
is keen American and Japanese' competition. It also 
applies to enrichment, where Europe has a strong and 
efficient industry: in this connection, it is vital that the 
market should not be excessively disturbed as a result 
of nuclear materials being imported from neighbouring 
regions at prices way below market prices 
Are additional Community instruments necessary?
Yes, where economic analysis and forward studies are 
concerned, which should be stepped up at European 
Union level since it is crucial that the Member States 
should have a common vision of their future and the 
risks and problems involved.
For the rest, the main thing is to take stock of the 
existing instruments and ensure better coordination 
between the Member States on matters such as the 
environment, the internal market, taxation, 
competition, etc.
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It is quite obvious that the question of security 
underlies each component of the energy sector. Would 
it be possible to establish, ultimately, mechanisms 
similar to those of the common foreign and security 
policy (CFSP) which are cooperative and not binding? 
The question should at least be asked.
All in all, it has to be admitted that the degree of 
convergence between the domestic energy policies of 
the Member States remains rather limited. They are 
pursued in contexts which are much too disparate for 
them to be able to converge in the short term since 
there is a very great variety in terms of the energy 
situations in the individual countries, their indigenous 
resources, and their energy production, 
transport/transmission and distribution systems, and 
the structure of their electricity-generating facilities, a 
variety which is attributable to historical, social, 
geographical and geological factors and which can only 
increase with the enlargement of the European Union 
to include yet more States.
What we must therefore avoid at all costs is to seek an 
artificial and premature consensus between the

European Union Member States. On the contrary, a 
much more modest and pragmatic approach is needed 
to begin with, this being the only realistic way of 
expediting matters. France recommends applying the 
principle of subsidiarity (a) to the determination by 
each Member State of its energy policy as a function of 
its specific features and (b) with regard to the 
definition by each of them of general economic interest 
obligations.
At Community level, better use should be made of 
what already exists and joint forward economic 
analysis should be carried out to ensure a uniform view 
of long-erm risks and problems that might be 
encountered in relation to Europe’s energy supplies.
On the basis of this clear and common view of the 
future, we can determine what we really can do best 
together. In this way we can gradually harmonize 
European energy polices. It will be a long-term 
enterprise, but it is the only realistic way to make 
progress towards a common energy policy. O
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BY Antti Kalliomaki
Finnish Minister of Trade and Industry

The accession of Finland to the 
European Union required a 
number of difficult issues to be 
negotiated and solved before 
membership became possible. I 
am glad to say that energy did not 
belong to the problem areas.
Emphasis and approach in our 
energy policy are very much the 
same as generally adopted in 
Europe and in the EU.
Finland, being heavily dependent 
on imported energy, has attached 
great importance to security 
issues. As my country is, at the 
same time, one of the most 
energy-intensive industrialized 
economies in the world, energy 
efficiency has always been a 
concern of the energy producers, 
users and the Government.
Environment protection is taken 
very seriously due to the fragile 
arctic nature of the country. All these elements of 
energy policy are carried through in a market-oriented 
framework that is, I dare say, one of the most liberal 
ones in Europe.
Against this background one can understand that 
membership did not really change the substance of 
energy policy.The only major area where special 
arrangements were negotiated was nuclear fuel supply. 
There we wanted to ensure smooth transition to the 
new Euratom environment and to preserve diversity of 
supply.
We look forward to playing an active role in energy 
cooperation within the EU. We believe that it will also 
bring positive inputs to national energy policy. We 
also hope to be able to contribute constructively to EU 
activities in this field.

Below I will highlight some 
specific issues that currently 
are both on the Finnish and 
European energy policy 
agenda.

Internal Energy 
Market

Energy pricing and markets 
in Finland have been 
gradually deregulated since 
the 1980s. In the early 
1980s oil and coal imports 
were subject to import 
licences. Licences for 
electricity imports were 
removed only this year, and 
thus energy imports are no 
longer controlled by the 
Government.
Again until the early 1980s 

end-user prices for oil-products were regulated, but 
there are no longer any specific Government price 
controls in energy markets including electricity 
retailing and wholesaling. Energy prices are 
determined in general by the markets and the 
Government does not interfere in price setting or 
mechanisms.
Transmission prices of electricity are, however, kept 
under surveillance by a new electricity market 
regulator due to the monopoly nature of that business. 
Pricing for the network services has to be reasonable 
and fair, but without recourse to regulations, for 
instance on permissible rates of return.
The Finnish Electricity Act has undergone an overall 
revision, the aim of which has been further to 
liberalize power transmission at all voltages, i.e. local 
distribution lines included. Any producer can sell 
electricity to any end-user or retailer throughout the
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whole nation. This is a real Third Party Access 
principle. Differentiation of operations and increased 
transparency of electricity prices and costs support that 
goal. The Act entered into force at the beginning of 
June 1995.
Finland has no statutory scheme for the planning of 
national electricity capacity. Permits are no longer 
required even for the very largest plants. Only nuclear 
and hydro power need licences under the particular 
legislation. Free competition is thus a fact in electricity 
generation. For land use, environmental protection and 
similar reasons, appropriate permits or licences are, of 
course, required.
It is therefore hardly surprising that Finland is in 
favour of internal electricity markets in Europe. We 
have supported the principle of negotiated TPA in the 
Council. We see that for a relatively small market like 
Finland, international cooperation and competition are 
both favourable and fruitful. We also see that further 
harmonisation of national rules and regulation would 
help to improve the functioning of the internal energy 
market. In the electricity and gas markets 
harmonisation has, however, much less importance in 
the competition field compared to such problems as 
remaining exclusive rights or restricted access to 
networks. Harmonisation can fine-tune the market but 
is not a pre-condition for trade. International trade has 
been with us for centuries but harmonisation is a 
relatively new idea.

Environment and Climate Change

In its energy report to Parliament in autumn 1993, the 
Finnish Government adopted goals for halting the 
growth of C02-emissions from energy production and 
use by the end of the '90s. Finland has been practising 
sustainable forestry for decades now, and consequently 
forests are expected to sequester increasing amounts of 
atmospheric carbon for at least the next 15 - 20 years. 
This means that even more carbon will be bound in the 
forests. Maintenance of this reservoir is an important 
part of Finland's climate policy.
Finland considers that implementation of effective 
policies and measures is a key to the fulfilment of these 
commitments. The main focus in Finland's climate 
strategy is to strengthen those emission reduction 
programmes that are already under way.
Firstly, in 1990 Finland became the first country in the 
world to adopt a carbon dioxide tax, and the system 
has gradually been improved since then. We should 
like to see this type of measure as an important element 
in the future negotiations on a protocol. We also 
supported the idea of an European C02-tax at the Essen 
summit.
The Finnish energy conservation programme aims at 
even more efficient end-use of energy in individual

sectors. This would reduce consumption of energy by 
10-15 % from the 1990-level by the year 2000.
The aim of the new bioenergy programme is to 
increase use of bioenergy by at least a quarter from the 
present level by the year 2005. At present, some 13 % 
of energy production in Finland is covered by biomass. 
Technology programmes have now been under way for 
several years beginning in the 1980s, and in 1993 the 
government launched eight new energy technology 
development programmes, which focus on new and 
renewable energy technologies. We believe that 
solutions based on new technologies will have a major 
role in the future for achieving real emission 
reductions.
These are the main policies we have considered to be 
the most effective under Finnish conditions. However, 
there are great differences between the parties 
concerned, as regards their starting points, resources 
and capabilities.
The special features of Finnish energy production are 
the large shares of nuclear and hydro power, combined 
heat and power (CHP), district heating and biofuels. 
Therefore, specific emissions of C02 are also relatively 
low and our capacity to reduce them are limited in 
future. We expect that energy-related C02 emissions 
will increase up to 2000 by 25-30 %. In 1990, C02 
emissions from Finnish energy production and 
consumption and industry totalled some 54 million 
tonnes.
Finland considers that the current commitments in 
articles 4.2 (a) and (b) of the Climate Convention are 
just a first step and that they are inadequate. We see 
the Berlin mandate as useful as the next step to start a 
process for negotiating a protocol. The future 
negotiations should focus on a wide range of 
instruments, tools and measures from which each 
country or a group of countries could choose the most 
suitable and cost-effective measures for their own 
circumstances. This should take into account 
differences in starting points' and approaches, economic 
structures and resource bases, the need to maintain 
strong and sustainable economic growth, available 
technologies and other individual circumstances.

Nuclear Energy and Nuclear Safety

Finland is one of the eight EU Member States whose 
electricity production is partly based on nuclear 
energy. The four existing power reactors with a total 
capacity of 2310 MWe were brought on line in the late 
1970s and early 1980s. Today they satisfy about 30 % 
of Finland's electricity demand.
Both the two 445 MWe VVER units at Loviisa, 
operated by Imatran Voima Oy (IVO), and the two 710 
MW BWR units at Olkiluoto, operated by 
Teollisuuden Voima Oy (TVO), have functioned
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reliably and safely throughout their operational history. 
The average yearly load factors of the Finnish units 
have constantly been among the best in the world.
All attempts to construct additional nuclear power 
plants have run into political difficulties. The latest 
project, which was approved by the Government in 
March 1993, did not get the Parliament's approval, 
required under the Finnish nuclear legislation.
Finland is totally dependent on other countries for 
supplies of uranium as well as for conversion, 
enrichment and fuel fabrication services. The necessary 
security of supply has been achieved through 
diversification of sources. One of the aims in Finland's 
accession negotiations was to ensure that transition to 
the new supply environment existing in Euratom would 
take place smoothly and preserve this vital diversity of 
supplies.
Finland is one of the few countries which already has 
an operating repository for low and medium active 
nuclear wastes. A programme to find a site for final 
disposal of spent fuel elements before the year 2000 
was also started in the early of the 1980s and is going 
on well. In December 1994 Parliament passed a law 
which definitively excluded the reprocessing option for 
fuel used in Finnish reactors by requiring direct 
disposal of this fuel in Finland. The same law also 
forbids disposal of foreign spent fuel and other nuclear 
wastes in Finland.
The expertise which has ensured the high level of 
nuclear safety in Finland, and especially that acquired 
through the adaptation of the two WER reactors to 
western safety requirements, has also been used to 
provide assistance in upgrading existing reactors of this 
type in Russia itself, both bilaterally and through EU 
co-operation (TACIS etc...)

East-West Energy Cooperation

Like other western industrialized countries and 
multilateral organisations Finland has started 
programmes of cooperation and technical assistance in 
order to help development in the countries of the

Former Soviet Union and those of Central and Eastern 
Europe.
The emphasis of the Finnish energy assistance 
programmes is on nuclear safety and energy 
conservation. The most important target countries are 
the Russian Federation and Estonia.
In early 1992 an agreement on cooperation with 
neighbouring areas was signed between Finland and 
the Russian Federation. The purpose of the agreement 
is to create a legislative framework for this cooperation 
as well as to encourage regional and local authorities in 
cross-border contacts.
In 1992 - 1994 Finland allocated FIM 30 million about 
ECU 5 million for bilateral cooperation in nuclear 
safety. The financing is planned to remain at about 
ECU 2 million a year for the next few years. In 
addition, Finland has joined the Nuclear Safety 
Account set up at the European Bank for 
Reconstruction and Development (EBRD).
Two major studies on energy planning and energy 
conservation in the Russian Federation have been 
completed. The Energy Plan for Karelia describes the 
past and future development trends in the society of 
this region, identifies the present energy demand and 
supply situation, and analyses the likely development 
of the economy and the energy sector up to the year 
2015. The Energy Conservation Study on Nine 
Industrial and Energy Utility Plants in the Russian 
Federation deals with the energy consumption of major 
energy consuming plants, estimates energy 
conservation potentials and suggests technically and 
economically feasible measures for energy 
conservation.
In Estonia, the Finnish Ministry of Trade and Industry 
is financing a number of projects aiming at improved 
energy efficiency and better environmental 
performance in the energy sector.
Based on extensive trading relations with the countries 
of the Former Soviet Union, Finnish companies and 
organisations have good capabilities in dealing with 
these countries. As a new member of the European 
Union Finland is naturally willing to join forces with 
other Member States in helping third countries to 
develop their energy economies. O
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Brussels, 22-23 June 1995

C. Papoutsis, Member of the Commission

This conference was held here by the 'Club de 
Bruxelles' organisation with the theme 'What should 
European Union Energy Policy Be?', and attracted 
attendance by over three hundred representatives from 
almost every branch of energy-related industry, and 
both public and private sector institutions, national, 
European, and International. This, important event in 
fact was organised at the behest of DG XVII and set in 
the context of its Winter 1995 Green Paper on future 
EU energy policy1. The opening keynote addresses 
were by French Industry Minister Yves Galland and 
Commissioner Papoutsis; leading figures from industry 
and representative including environmental bodies, as 
well as senior Commission officials and members of 
the European Parliament, made for lively panel 
discussions. The full text of proceedings will be 
published in due course, but, alongside the article by 
Minister Galland which we are pleased to publish in 
this issue, Commissioner Papoutsis' address to the 
Conference is included in full below.

Mr President, Minister,
Ladies and Gentlemen,
I am very pleased to open today this important 
Conference, about Energy Policy. It provides an 
excellent opportunity to analyse the objectives of the 
Green Paper, and provide useful input for the 

forthcoming White Paper on Energy Policy.
The debate on energy policy and the Green Paper is 
also important in view of the need to discuss energy 
policy in the context of the Inter-Governmental 
Conference in 1996.
I would like to remind you that the Community has 
had an energy policy for some time. Until the middle of 
the last decade, the policy was largely driven by 
security of supply concern.

1 COM(94) 659 fin, 11.01.95, published subsequently as a 
supplement to Energy in Europe (E,F,D, SP)

However, the progressive implementation of the 
internal market, and the emergence of environmental 
problems, have changed rather radically the context in 
which energy policy has to be developed. We also have 
to keep in mind that the geopolitical and economic 
context has also changed significantly outside the 
Union.
All these factors justify the launching of a broad 
debate among interested parties about the future of a 
european energy policy. The Green Paper has 
provided the basis of reflection, first of all, for the 
other institutions - European Parliament, Economic 
and social Committee and the Council. The resolution 
adopted by the Council on 1st June, under the capable 
presidency of Minister Galland, has provided a 
constructive basis for further policy development. But 
in parallel to the work of the institutions, I attach 
great importance to the views on the Green Paper of 
all the actors in the energy field-trade unions and 
environmental protection organisations.
A White Paper which will result from these 
discussions, has been announced, and 1 plan to make it 
available by the end of the year. This paper will have 
to achieve two main objectives.
Firstly, it has to propose broad policy orientations and 
to fix a long term work programme towards their 
implementation.
Secondly, the White Paper will contribute to the 
reflections in view of the Inter-Governmental 
Conference in 1996.
It is clear that energy is a field of mixed responsibility 
between the National and Community levels. Serious 
issues, such as our increasing dependence on energy 
imports, or global problems, such as environmental 
questions, will need to be faced by consistent policies 
at both levels.
As stated in the Green Paper, what we seek is not 
harmonisation of national policies. The goal is to 
foster globally efficiency of the measures taken,
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through the joining of forces throughout the 
Community.
I am convinced that, although appropriate Community 
instruments already exist in the Treaties, they need to 
be aligned to energy policy and global economic 
requirements.
The convergence concept presented in the Green Paper 
seeks to promote a new relationship between national 
and Community policies.
The actors in the energy field, either private or public, 
are facing very important challenges. I am pleased that 
occasions like todays' Conference provides an 
opportunity to discuss these questions in depth.
Three objectives are identified in the Green Paper:
• global competitiveness,
• security of supply and,
• protection of the environment.
I hope each of these will be examined in length.

A first question we have to address is how our energy 
policy can reinforce the overall economic 
competitiveness of enterprises in the European XJion. 
And how can we ensure that technological 
developments contribute to this process.
Competitiveness is an essential element of the economic 
future of the Community. We all recognise the 
importance of competitiveness for maintaining jobs, 
welfare and quality of life. Energy policy cannot be 
considered outside this context, as an isolated case. 
The energy sector has to participate in the Community 
efforts towards improved competitiveness. Industry is 
rightly concerned with this question.
The White Paper on growth, competitiveness and 
employment already introduced the idea that the energy 
sector should, and can, participate in the improvement 
of the global competitiveness. The improvement of 
competitiveness will be achieved by implementing two 
instruments.
Firstly, a better functioning of the market, through 
both the simplification of community rules and the 
market integration. This means that we have to open 
up monopolies to competition, but at the same time 
ensure that there is adequate protection of the public 
service mission.
Secondly, technology development and its penetration 
into the markets are key parameters for improved 
competitiveness. The Green Paper describes the 
potential for technology to be exploited in producing 
energy, in consuming it and reducing accordingly the 
damaging impact on the environment.
I am convinced that more efficient technology is 
required in all energy sectors.
Continuing progress in this field would have positive 
impact on the energy balance of the Union, and also 
would mean a better position of our industries on 
international markets.

It is up to the private sector to continue its efforts 
towards this objective, Nevertheless, public authorities 
cannot waive their responsibility. Clearly Not all the 
technological development needs to be supported but 
there are many cases where it should be.
Unfavourable prices for example, - as it is presently 
the case for renewable energy sources - may endanger 
their potential to participate in the future energy 
supply of the Community; and that is where support 
for the develoment and penetration of the technology is 
important.
The 4th framework programme, Ihermie II, SAVE II, 
and Altener are all Community Support Programmes 
which make a valid contribution towards the 
development, diffusion and penetration of 
technological advances.
Promotion of improvement of energy efficiency and the 
exploitation of new and renewable energy sources are 
also important if we are to narrow the gap between 
developed and less-developed regions of the 
Community. The pursuit of the social and economic 
cohesion objective, established in the Treaty, can also 
be achieved through an energy policy, which is aimed 
at improved competitiveness.
The second question that the Green Paper wants to 
address is how energy supply can be rendered more 
secure inside the European Union, especially to 
peripheral and isolated regions and those that are less 
developed.
Security of supply, as I said earlier, has always been a 
great concern, both for governments and for industry. 
For the citizens of the Community, security of supply 
means access to an 'uninterrupted flow of energy, of 
steady quality, at a fair and affordable price. This is 
highly dependent of the international market, since the 
Community presently imports half of its energy 
requirements.
The coal and oil markets are more international than 
the electricity and gas markets, which have more a 
regional nature. Nevertheless, all energy sources, 
except for renewable energy, are internationally 
traded.
External relations are essential in order to increase the 
economic inter-linkage between producing and 
consuming areas. Trade agreements and technical co
operation are based on the common interest between 
parties. The notion of security of supply is today a 
broader concept than simply a relationship between 
supplier and consumer. Without ignoring the need to 
have measures for crisis management, the emphasis 
today has shifted towards building sound relationships 
for the benefit of both partners.
Within the Community itself, it is necessary to secure 
energy supplies for peripheral or less developed 
regions at an acceptable price. Therefore, a favourable 
climate must be established, enabling economic actors
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to take the risk of building the infrastructure required 
to provide energy. The Community can also participate 
through its policy of developing Trans European 
Networks for energy.
Moreover, these regions are endowed with new and 
renewable energy sources. The favourable conditions 
for developing renewables have to be exploited with 
incentives from public authorities. The systematic and 
serious development of renewables as well as the 
promotion _qf energy efficiency could make an 
important contribution towards reducing the 
Community dependency on imported energy.
The third issue addressed by the Green Paper is how 
European Union energy policy can integrate 
environmental concerns. This includes the aspect of 
how the European Union can assist public authorities 
in the promotion of energy efficiency.
Integration of environment concern in other policies is 
provided for by the Treaty. The question is how to 
achieve this in the most efficient way in the energy 
sector. The Green Paper states that a strategy for 
internalisation of environmental costs, using market 
based instruments, is the most efficient way.
Although some consequences on competitiveness are 
sometimes feared, we should recognise that 
internalisation of environmental or social costs, linked 
with energy prices, are also a way of providing an 
incentive to energy efficiency, by using more efficient 
technology, notable in the industrial sector. Incentives 
for the exploitation of renewable energy sources can 
also be provided in this way.
The single market, working in an integrated and 
efficient way, can play a role, as it will permit the 
industry to adapt production to needs. Such conditions 
may be beneficial to energy efficiency, since industrial 
investment is an important tool for progress in this 
respect.
As concerns the action areas of public authorities, the 
promotion of energy efficiency is one of the areas in 
the energy field for which there is policy concensus. 
However, two external triggering factors are lacking :
• higher energy prices, which could be an incentive 
to consumers, and
• the general economic conditions which would 
create a favourable climate for investments.
Therefore, public intervention is still necessary. The 
use of economic instruments, including tax incentives, 
needs to be examined. A regulatory approach may in 
some cases also be needed, provided it is implemented 
in a way that does not hamper market functioning. 
Finally, I would like to highlight two points : the 
necessity of international cooperation in the energy

sector, and the importance of a clear role for the 
Community in energy policy.
International co-operation is probably the area of 
Community responsibility where a consensus will be 
the easiest to reach. Contributing to a favourable 
climate for investments through a persistent dialogue 
with energy producers is no longer contested. I would 
even say that, the role of the Commission has been 
fully recognised.
Facing challenges going beyond Community borders, 
such as the environmental questions or co-operation in 
technology transfer to developing countries, are also 
recognised as natural responsibilities for the 
Community. A political dialogue is also crucial in 
order to develop common ways of analyzing the 
situation and finding consistent solutions.
In the Union's programmes, international co-operation 
has been more and more taken into account. The 
question is : is it sufficient? I believe that new policy 
guidelines would have to focus on the major 
challenges facing the Union. Todays Conference will 
help - I hope - to identify these.
One of these challenges is clearly the global nature of 
the environment and how to handle it. Another 
challenge is to find the right balance in the energy 
sector between a fully free market system aiming at 
making profit, and the necessary public authorities 
involvement to secure an adequate service to the 
citizens.
I believe very strongly in the important role the 
European Union has to play in facing the challenges of 
energy policy.
We need to mobilise Community instruments, existing 
or new ones to be defined, in a coherent way in view to 
ensure market functioning and to bring added value to 
actions taken at national level. The implementation of 
these instruments does require to have common 
objectives at community level that will permit to 
achieve consistency and efficiency. Convergent 
approaches within Member States are essential to such 
objectives.
As a concluding remark, I would like to tell you that 
I'm in favour of an energy chapter within the Treaty. 
Considering the importance of energy for our 
economies, for the citizens of Europe and their 
welfare, I believe we need to give energy policy a 
framework in which it can be developed efficiently and 
effectively.
This, and all the other issues will be dealt in the White 
Paper, as a result of an in-depth reflection.
I wish you a fruitful debate over the next two days, and 
I will look forward to hearing the results of your 
discussion. O
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As many readers will have learnt from the 
Press, this meeting was a significant one 
especially concerning the very difficult matter 
of progress towards completion of the Internal 
Market in electricity. Common positions were 
also achieved by Council on Commission 
proposals concerning the Trans-European 
Energy Networks which go a long way 
towards accelerating progress in this vital 
area. In addition to articles on the central 
aspects of the single market file elsewhere in 
this issue, and of course the coverage in the 
keynote articles, we have therefore also taken 
the space to include the complete conclusions 
of the Council meeting as these were 
published in the Press Release following the 
meeting.

Completion of the Internal Market -
ELECTRICITY

Following the modified proposals for Directives on 
setting up common rules for the internal gas and 
electricity market, after consultation of the European 
Parliament and of the Economic and Social Committee, 
and while confirming the conclusions adopted by the 
Council on November 1992 and November 1994, the 
Council:
1. REAFFIRMS the four points of agreement as 
identified in the 29 November 1994 Council 
conclusions, keeping in mind the need for further 
discussion and clarification with regard- to market 
liberalization beyond the production sector and other

aspects of the Directive, for instance that of 
harmonization and taking into account the fact that 
each of these 5 key topics should represent part of an 
overall agreed solution;
2. RECALLS that, in the above-mentioned 
conclusions of 29 November 1994, the Council 
requested further discussion on how to open the 
markets beyond the area of electricity production, 
especially on the question of the possible simultaneous 
introduction of a negotiated TPA and a so-called 
single-buyer system. In this context it agreed to verify 
that both approaches, in a spirit of reciprocity, lead to 
equivalent economic results and, therefore, to a 
directly comparable level in the opening of markets 
and to a directly comparable degree of access to 
electricity markets and that they conform to the 
provisions of the Treaty;
3. NOTES the Commission's working paper on the 
organization of the internal electricity market, 
following the request expressed by the Energy Council 
at its meeting on 29 November 1994;
4. CONFIRMS, in the light of this working paper, 
that one of the Directive's main objectives concerning 
the internal electricity market is to increase competition 
in the interests of all consumers, and that, to this end, 
European electricity systems must progressively take 
market mechanisms into account, allowing in particular 
for the situation of independent producers and eligible 
consumers, in the framework of flexible and pragmatic 
solutions which will:
• permit the performance of public service 
obligations imposed on electricity undertakings in the 
general economic interest, including objectives set by 
each Member State regarding security of supply and 
environmental protection. The implementation of 
these obligations, in accordance with the Treaty, and in 
particular with Article 90(2) thereof taken as a whole, 
will include, for those Member States which so wish, 
the implementation of long-term planning, as cited by 
the Commission and in line with the Council
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conclusions of 30 November 1992, as being a means of 
ensuring these objectives. The development of trade 
must not be affected to an extent that would be 
contrary to the interests of the Community;
• take into consideration the principle of subsidiarity 
and the different situations and forms of organization 
in the various Member States in this sector as well as 
endogenous resource utilization;
• take into account the question of transitional 
arrangements, in accordance with the conclusions of 
the Council at its meeting on 30 November 1992;
5. CONSIDERS that the two systems, both within the 
European Community and within those countries of the 
European Community which so wish, can co-exist 
subject to certain conditions, intended to ensure 
reciprocity between the two systems and equivalent 
effects, being met as indicated in paragraph 2. There 
is agreement on the following points without prejudice 
to the discussions to be continued on these conditions, 
as indicated in paragraph 6:
• the single buyer must purchase electricity under 
objective conditions that guarantee in particular 
transparent transport prices and a total lack of 
discrimination;
• a system of authorizations granted to independent 
producers, based on transparent criteria, will be 
introduced along with competitive bidding procedures 
in the zone covered by the single buyer, while 
complying with the provisions of paragraph 4;
• within a single-buyer system, eligible consumers in 
accordance with the principle of equivalence referred 
to above, will be able to negotiate supply contracts 
abroad, while complying with the provisions of 
paragraph 4;
• the appropriate conditions for transparency in 
transport and distribution will be defined in both 
systems so as to guarantee that any sort of 
discrimination or predatory behaviour, in particular in 
intra-Community trade, is avoided;
• appropriate and effective regulatory and control 
mechanisms and mechanisms for the settlement of 
disputes will be introduced in both systems so as to 
avoid any abuse of a dominant position to the 
detriment in particular of consumers;
• in the single-buyer system, producers who are not 
bound by contract with the single buyer should be able 
to export their electricity via the network of the single 
buyer, provided that there is sufficient transport 
capacity on that network and that this is technically 
feasible;
6. CONSIDERS that further discussions are necessary 
on the following points:
• the building and use of direct lines;
• the question of the definition of independent 
producers;

• the question of the definition of all eligible 
consumers and of their rights and responsibilities;
• the concrete conditions for accepting or rejecting 
authorizations for independent producers in relation to 
planning and to the capacity of the system and the 
conditions under which independent producers may 
negociate supply contracts with eligible consumers;
• the question of possible quantitative limits on the 
electricity imported by eligible consumers;
• the issue of integrated companies in both systems, 
as regards production, transport and distribution, so as 
to avoid discrimination, cross-subsidization and unfair 
competition;
• the question of who will be responsible, in both 
systems, for the organization of the tender procedures;
• the detailed procedures as regards transitional 
periods and arrangements;
• the problem of stranded investments;
• the conclusions to be drawn in particular from the 
working document submitted on 11 May 1995 by the 
Commission on the specific nature of small systems, 
particularly small highly interconnected systems, in 
particular as regards the realization of direct lines;
7. INVITES the Permanent Representatives 
Committee to finalize its work on the basis of these 
conclusions to enable the Council to adopt a common 
position before the end of the year."

Trans-European Energy Networks

The Council approved its common positions on two 
proposals for Decisions concerning trans-European 
energy networks.
These are: a proposal laying down a series of 
guidelines, and another concerning measures aimed at 
creating a more favourable context for the development 
of those networks.
Once formally adopted after the texts have been 
finalized, the common positions will be forwarded to 
the European Parliament under the joint decision
making and cooperation procedures respectively.
1. THE FIRST COMMON POSITION defines the 
nature and scope of action by the Community on 
guidelines on trans-European energy networks. It 
establishes a series of guidelines covering the 
objectives, priorities and broad lines of action by the 
Community on trans-European energy networks. 
These guidelines identify projects of common interest 
on trans-European electricity and natural gas networks. 
An indicative list of projects of common interest 
mentioned in the text is attached.
With regard to the objectives, the Community should 
promote the interconnection, interoperability and 
development of trans-European energy networks and
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access to such networks in accordance with current 
Community law, with the aim of:
• allowing effective operation of the internal market 
in general and of the internal energy market in 
particular while encouraging the rational production, 
distribution and utilization of energy resources and the 
enhancement of renewable energy resources, so as to 
reduce the cost of energy to the consumer and render 
the European economy more competitive;
• facilitating the development and reducing the 
isolation of the less-favoured regions of the 
Community, thereby helping to strengthen economic 
and social cohesion;
• strengthening the security of energy supplies, inter 
alia by means of closer relations with non-Community 
countries in the energy sector in their mutual interest, 
in particular in the framework of the European Energy 
Charter Treaty and cooperation agreements concluded 
by the Community.
The common position establishes the following 
priorities for action by the Community on trans- 
European energy networks:
• for electricity networks:
- the connection of isolated electricity networks to the 
interconnected European networks;
- the development of interconnections between Member 
States and of internal connections insofar as necessary 
in order to enhance these interconnections;
- the development of interconnections with non- 
Community countries in Europe and the Mediterranean 
region which contribute to improving the reliability 
and security of the Community's electricity supply 
networks or to adding to electricity supplies to the 
Community;
• for natural gas networks:
- the introduction of natural gas into new regions;
- the connection of isolated gas networks to the 
interconnected European networks, including the 
improvements needed to the existing networks for this 
purpose and the connection of the separate natural gas 
networks;
- increasing the transmission (gas delivery pipelines), 
reception and storage capacities needed to satisfy 
demand, and diversification of supply sources and 
routes for natural gas.
The broad lines of action by the Community on 
trans-European energy networks must be:
• the identification of projects of common interest;
• the creation of a more favourable context for 
development of these networks.
Any energy network project may be considered to be 
of common interest if it corresponds to the objectives 
and priorities set and displays potential economic 
viability taking economic, social and technical factors 
into account.

In this connection, the Council considers that the 
concept of viability includes not only the financial 
profitability of the projects but also other 
considerations such as the reliability and security of 
energy supplies, the strengthening of economic and 
social cohesion and protection of the environment in 
the Community.
A committee composed of the representatives of the 
Member States will assist the Commission in 
implementing the Decision, in particular with regard to 
updating the list of projects of common interest.
2. THE COMMON POSITION concerning a more 
favourable context for the realization of projects of 
common interest in connection with trans-European 
energy networks and for the interoperability of such 
networks on a Community-wide scale identifies the 
action to be taken to achieve those objectives.
The text therefore provides that the Community should 
promote as necessary:
• technical cooperation projects between the entity or 
entities responsible for the trans-European energy 
networks involved in the proper functioning of 
European interconnections;
• cooperation between Member States through mutual 
consultations with a view to facilitating implementation 
of the authorization procedures for the realization of 
projects on trans-European energy networks in order to 
reduce delays.
In close collaboration with the Member States 
concerned, the Commission should take all relevant 
initiatives for promoting the coordination of the 
activities in question.
As regards the creation of a more favourable financial 
context for the development of trans-European energy 
networks, the common position provides that the 
Community:
° may provide financial support as part of the action 
on trans-European energy networks. These measures 
would be adopted by the Commission in accordance 
with the provisions of the Council Regulation laying 
down general rules for the financing of trans-European 
networks;
• will take account of the projects of common interest 
in providing assistance from its Funds, instruments and 
financial programmes applicable to those networks, 
within the terms of their own rules and purposes.
A committee composed of the representatives of the 
Member States will assist the Commission in 
implementing the Decision.

GREEN PAPER "FOR A EUROPEAN UNION 
ENERGY POLICY" - COUNCIL RESOLUTION

1. CONSIDERS that the publication of the 
Commission Green Paper entitled "For a European
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Union Energy Policy" published on 11 January 1995 is 
an important stage in the debate on a European Union 
energy policy;
2. NOTES with satisfaction the consultations on the 
Green Paper for a European Union energy policy 
organized with the Member States' energy authorities 
and with organizations representing energy operators 
and consumers within the Union;
3. RECALLS that, in conformity with its conclusions 
on 29 November 1994, improved competitiveness, 
strengthened security of supply, citizens' quality of life 
and enhanced protection of the environment, taking 
into account the obligations arising out of the 
Framework Convention on Climate Change, are main 
objectives to be considered in the context of energy 
policy: these objectives must also take into account the 
principle of subsidiarity and economic and social 
cohesion;
4. BELIEVES that any consideration of energy policy 
should be based on the following observations and 
principles:
• Without prejudice to the role of the Member States 
and of industry, in line with the provisions of the 
Treaties, the European Community does have a number 
of powers which imply a common view on Member 
States' approaches within the Community;
• there is always major uncertainty regarding 
long-term economic forecasting for energy, against 
which background energy policy must be defined in the 
long term; this is why energy policy, to the extent that 
it is based on a long term approach, must define the 
general framework which would allow inter alia 
undertakings to incorporate this uncertainty into their 
investment choices;
• an appropriate institutional framework in the 
energy field must be established taking into 
consideration the need to complete the internal market 
and to respect the general principles of competition, as 
well as, wherever they exist and according to the 
conditions established by the Treaty, services of 
general economic interest;
• security of supply and satisfaction of energy needs 
on economically and environmentally acceptable terms 
presupposes in particular diversification and flexibility 
of supply and efficient use of energy in all sectors, as 
well as a research and technological development 
policy;
• means of transportation of fossil fuels and 
electricity, including networks, contribute to the 
security of European Union supplies and to the 
implementation of the internal energy market and must 
therefore be developed as appropriate;
• the clear link between energy policy and 
environmental and climatic protection makes it 
necessary to evaluate in depth the interrelation between 
environmental and energy policy initiatives;

• energy is a decisive long-term factor for the 
improvement of the competitiveness of European 
economies on which economic growth within the 
European Union is closely dependent;
• closer relations with third countries are imperative 
not only for the European Union's security of supply 
but also because energy cooperation may contribute to 
economic development and political stability;
• the influence energy decisions have on the 
fundamental parameters of economic and social 
cohesion necessitates taking into account as 
appropriate, in the elaboration of energy policy, 
actions and programmes in the energy sector, the 
objective of strengthening economic and social 
cohesion;
5. CONSIDERS that improved convergence of energy 
policies within the European Union must first consider 
use of existing Community instruments, should take 
into account the observations and principles mentioned 
above and should go towards:
• the incorporation of energy policies, including the 
completion of the internal market in natural gas and 
electricity, in the strategy for renewed growth, 
employment, competitiveness and cohesion within the 
European Union;
• regular assessment of the existing European 
Community legislation in the energy sector and where 
necessary repeal of those rules that are no longer 
needed;
• better alignment of energy and environmental goals 
and, to this effect, consideration and, to the extent 
necessary and practicable, development of instruments 
such as economic incentives, internalization of 
environmental costs and the dissemination of 
information;
• the development of the requisite energy 
infrastructure, in particular trans-European networks, 
where the need arises and on economically viable 
terms;
• closer relations with third countries in the field of 
energy and, if appropriate, e.g. with signatories of the 
European Charter Treaty and with the Mediterranean 
countries, the development of international agreements, 
thereby creating a necessary dialogue on the 
fundamental aspects of energy policy;
• the promotion of efficiency and conservation in the 
energy field, including for example transport savings 
and, where appropriate, combined heat and power 
production, and the promotion of new and renewable 
energy sources and indigenous resources, for the 
purposes of environmental protection and of reducing 
energy dependence on satisfactory economic terms;
• the evaluation of existing measures and 
consideration of measures to be introduced, where 
necessary, taking into account, as appropriate and inter
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alia, the role of the International Energy Agency to the 
extent of its specific competence, concerning supplies, 
so as to cope with possible risks of a cut-off of supplies 
and to contribute to security of supplies in the long 
term;
• diversification of supplies for the purpose of 
bringing stability to the energy sector, taking account 
of all forms of energy production, subject to 
compliance with the provisions of the Treaty 
concerning safety, security and environmental 
protection,
6. CONSIDERS that the operation of the internal 
market requires the strengthening of consultation and 
cooperation between the Member States within the 
Community and the development of Community 
methods of analysis, in particular with respect to the 
functioning of market mechanisms, which could 
enlighten the Community decision-making process,
7. INVITES the Commission, when developing the 
White Paper, to continue its extensive consultations in 
particular with Member States."

Energy Efficiencyof Household 
Refrigeration Appliances

The Council noted the progress of discussions on the 
proposal for a Directive on energy efficiency 
requirements for household electric refrigerators, 
freezers and their combinations.
The aim of the proposal, which is part of the SAVE 
programme, is to establish minimum standards of 
energy efficiency for the household appliances 
concerned, thus helping to reduce C02 emissions.
After a discussion, the Council instructed the 
Permanent Representatives Committee to continue 
examining the proposal.

Examination of Community Law in the 
Energy Field

The Council took note of the information provided by 
the Commission on its work on simplifying 
Community law in the energy field.

Community Programme providing 
financial Support for the Promotion 

of European Energy Technology 
(1995-1998) {'Thermie II')

The Council studied the proposal for a Regulation 
concerning a Community programme providing 
financial support for the promotion of European energy 
technology (1995-1998) ("THERMIE II").

It examined the Presidency's compromise proposal to 
use appropriations entered under the 1995 budget 
without prejudging further discussions on the 
programme, and suggestions made by certain 
delegations.
In conclusion, the Council instructed the Permanent 
Representatives Committee to continue examining the 
proposal in the light of its discussions.

European Energy Charter

The Council took note of the progress of proceedings 
in the context of the European Energy Charter. 
Negotiations on the Energy Charter Treaty and the 
Energy Charter Protocol on energy efficiency and 
related environmental aspects were completed in 1994. 
Those documents were opened for signature in Lisbon 
on 17 December 1994. Fourty-five countries have 
signed to date. The Treaty is open for signature until 
16 June 1995.
The second meeting of the Provisional Charter 
Conference was held in Brussels on 5 and 6 April 
1995. The next Provisional Charter Conference is 
scheduled for September 1995.

EURO-MEDITERRANEAN CONFERENCE

The Council had before it a note from the Presidency 
on regional cooperation in the energy field in the 
context of the Euro-Mediterranean Conference in 
Barcelona.
The note's starting point is the finding that the 
European Union's security of supply in hydrocarbons 
involves the Mediterranean region as well as Eastern 
Europe. Energy is also an important development 
factor in countries where distribution management is 
complicated by the isolation of rural areas and urban 
growth.
After a discussion, the Presidency considered that any 
discussion of a Euro-Mediterranean partnership must 
attach considerable importance to energy problems, an 
important development factor in countries where the 
networks supply only a small percentage of the 
population and where distribution management is 
complicated by the isolation of rural areas and rapid 
urban growth.
The Presidency therefore asked the Commission to:
• examine the French Presidency's proposals in 
greater depth, taking account in particular of the 
conclusions of the Tunis Conference held in March 
1995, with a view to the Barcelona Conference in 
November 1995;
• assign appropriate financial resources to the 
objectives identified, within the framework of the
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financial resources to be allocated by the European 
Community to its framework programme for 
partnership with the countries of the Southern and 
Eastern Mediterranean.

Investments of Interest to the 
Community

The Council took note of a Commission report to the 
Council, pursuant to Regulation 1056/72, on ' the 
collection of information concerning investments of 
interest to the Community in the petroleum, natural gas 
and electricity sectors, corresponding to existing or 
planned capacity or capacity under construction on 
1 January 1993. O

Table 1: Trans-European Energy Networks
INDICATIVE LIST OF PROJECTS OF COMMON INTEREST : ELECTRICITY NETWORKS
United Kingdom Magee - Crytton - Moffat
Greece - Italy Ipiros - Puglia
Germany - Denmark Bfaeverskov - Bentwisch
France - Belgium Moulaine - Aubange
France - Italy Grande lie - Piossasco
France - Spain Cazaril - Aragon
Belgium - Luxembourg Aubange - Bertrange
Spain - Portugal Aldeadavila - Douro Int.

Meson - Lindoso
Finland - Sweden
Denmark: East-West link
Netherlands : North-East region Zwolle - Meeden - Eemshaven
France: Norht-East region Sierrentz'- Mulbach
Italy : North-South and East-West routes 15 partial projects
Spain Bay in Biscary - Mediterranean route
Portugal: Improvements to the interconnection 
with Spain

Pego-Rio Major II
Recarei - Doura Int.

Greece: East-West route
Germany - Norway including upgrading of grids
Italy - Switzerland Gorlago - Robbia
Austria - Italy Lienz - Sandrigo
Greece - Turkey Thessaloniki - Hamitabat
Norway - Netherlands including upgrading of grids
Spain - Morocco Pinar - Melloussa
Baltic ring : Denmark, Sweden, Finland, Estonia Latvia, Lithuania, Belarus, Poland, Germany

GAS NETWORKS
Spain Galicia, Estremadura, Andalucia, Valencia- 

South, Murcia, LNG Ferrol
Portugal Setubal - Braga

Greece Bulgaria-Athens, LNG Revithoussa
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EU DISCUSSIONS ON THE INTERNAL ENERGY MARKET AND
THE ROLE OF CONSUMERS

BY A. Klom , DG XVI!
Unit for Completion of the Internal Market

The role of consumers, be they industrial or domestic, 
distribution companies or small enterprises, is not an 
issue forgotten in the context of the lengthy debates on 
the completion of the internal energy market, 
especially in the areas of electricity and natural gas. 
This article aims to explain a number of key issues 
which are under discussion in the debate on the 
completion of the internal energy market, and related 
to these the objective position of consumers. To be as 
topical as possible, it will focus specifically on the 
electricity market and the proposals belonging to that 
area, the aim being to clarify and explain the following 
issues:
• What have been the developments in the field of the 
internal market for energy over the past few years?
• What is Third Party Access or TPA ?
• What is the Single Buyer approach ?
• What is the position of domestic consumers ?
• What is the present state of affairs ?

The internal Market for Energy - 
Recapitulation

In February 1992 the Commission adopted proposals 
for Council Directives for the internal market in 
electricity and for the internal market in natural gas. In 
January 1993 the Economic and Social Committee gave 
its opinion on these proposals; in November 1993 the 
European Parliament gave its opinion in first reading 
on the proposals, suggesting a large number of 
amendments. Taking account of a number of 
Parliament's amendments, but not all of them, and of 
discussions in the Council, the Commission amended 
its proposals in December 1993.
Since January 1994 discussions in the Council have 
focussed on the amended electricity proposal, the aim 
at present being to adopt a common position. As both 
proposals follow the so-called co-decision procedure, 
this means that after adoption of a common position by

the Council, Parliament will have to give its opinion in 
second reading on the proposals. Only after this can 
Parliament and Council, together, formally adopt the 
Directives.
The Energy Council of May 1994, on the basis of the 
amended electricity proposal, identified five key issues 
to be solved in order for a common position were to be 
reached. The following Energy Council of November 
1994 reached political agreement on four of the five 
issues, though formally no common position was 
adopted. These four key issues relate to public service 
obligations, procedures for new production capacity, 
the unbundling of accounts and the role of the network 
operator.
Disagreement still prevails on the fifth key issue, 
which in effect therefore the one is preventing the 
Council from arriving at a common position. This vital 
issue is that of access to the network, also called third 
party access (TPA).

What is Third Party Access ?

The original proposal by the Commission introduced 
the concept of regulatory or mandatory third party 
access to electricity grids and to gas pipelines, as a 
means of achieving greater competition and 
liberalisation in these markets. This would entail 
generation companies having direct access to electricity 
consumers by means of transportation, against fair 
payment, of their supplies through the grid.
Faced with opposition in the Council and Parliament to 
mandatory TPA, the Commission in its amended 
proposal introduced the idea of negotiated third party 
access, as a compromise to meet the concerns 
expressed on this issue. In negotiated TPA producers 
of electricity can still get access to consumers via the 
electricity grid by means of negotiations with the 
network operator. These negotiations would deal with 
the tariff for transportation. The network operator, if
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part of an integrated utility company, will have to be at 
least administratively independent, and will have to 
'unbundle accounts' as regards production, 
transmission and. distribution. This means that 
negotiations with the grid operator should be free and 
that Member States will have to ensure that they are 
conducted in good faith and that none of the parties 
abuses its negotiating position soustrating a succesful 
outcome of negotiations. The network operator may 
refuse access where he lacks the necessary transport 
capacity, or where fulfilling the contract in question 
would prevent him from carrying out public service 
obligations assigned to him by the Member State. 
Should disputes arise in such negotiations, whether 
relating to the contract or to the negotiations 
themselves, then the parties will be able to go to a 
dispute settlement authority. Such an authority will be 
appointed by Member States and could be either an 
existing entity, such as an arbitration court or a 
competition authority, or could be newly established. 
However, direct appeal to Community law also 
remains possible before a court of law. The dispute 
settlement authority will have access to the unbundled 
accounts of the network operator and will this way be 
able to judge whether negotiations on the tariffs and 
the technical requirements of transmission are fair and 
reasonable or not.
The consumers involved in negotiated TPA will be on 
the one hand large industrial consumers with an annual 
consumption of 100 GWh of electricity or 25 million 
m3 of gas, and on the other hand distribution 
companies, without any restrictions as to their size or 
consumption.
The amended proposals of the Commission are part of 
the second phase of a three-phased approach to 
complete the internal energy market. The second phase 
will aim to establish a minimum level of liberalisation 
and opening-up of European electricity and gas 
markets. It will leave open the possibility for Member 
States individually to go beyond that minimum level by 
lowering eligibility threshholds for consumers. Based 
on the results of this second phase, the Commission 
will make proposals on the necessary measures for the 
third and final phase of liberalisation.
This multi-phased approach means that as things stand 
the consumers eligible for negotiated TPA would be 
final industrial consumers and distributors. The 
Commission's objective is that the advantages of 
liberalisation be passed on indirectly through 
distributors to domestic consumers and to small and 
medium-sized enterprises (SME's). This degree of 
opening up markets is not as for-reaching as can at 
present be found in some Member States. However, 
for the Union as a whole it will at least form a starting, 
minimum but common, level of opening of markets. In 
a later phase further liberalisation may be considered.

What is the single Buyer Approach ?

During the course of discussions in the Council on the 
amended electricity proposals in 1994, France 
suggested the idea of a Single Buyer approach, as an 
alternative to the Commission's negotiated TPA. The 
idea was further developed by the French authorities, 
and in October of last year they presented a six-page 
document to Member States and the Commission 
entitled "Functions, Role and Tasks of the Sole 
Purchaser", which sets out the French proposal in 
detail.
The Single Buyer would be the only entity within the 
area of the network that it covers that would be 
allowed to buy and to sell electricity. All producers, on 
a competitive basis, would sell to the Single Buyer. 
New producers would be admitted to the area by calls 
for tender, to be organised by the Single Buyer, which 
would also have to cover offers of electricity from 
existing generation capacity in neighbouring countries. 
The Single Buyer would also fulfil all the tasks of the 
network operator, including day-to-day balancing of 
supply and demand and the management of 
interconnectors with other networks. The Single Buyer 
would be obliged to ensure security of supply, 
optimisation of investments, equal treatment between 
consumers and respect of the environment.
All consumers whether industrial consumers or 
distributors within the Single Buyer's area would have 
to buy their supplies from him. The Single Buyer 
purchasing will try to optimise its prices by his 
competitive. However, consumers would have the 
option to set up direct lines between themselves and 
producers outside the Single Buyer area, so as to able 
to import cheaper supplies. In addition, large industrial 
consumers could benefit economically from an import 
mechanism which would allow them to buy external 
supplies which are then resold to the Single Buyer 
network at the border of the system. The Single Buyer 
would buy in these external supplies at its own sales 
price minus a published transport tariff, subject to the 
same conditions as in negotiated TPA, namely 
availability of the necessay transport capacity and 
respect of public service obligations. Distributors 
under the French proposal would not be allowed to 
import.
Such a proposed system is quite different in 
organisation as compared to the Commission's 
amended proposal for negotiated TPA. Not only are 
there clear differences in the importing opportunities to 
be allowed for consumers, but also the internal system 
of the network is more closed as regards direct 
consumer access to production capacity. For large 
industrial consumers there will still be some 
possibilities to get access to external supplies of 
electricity, but for distributors, and through them for
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SME's and domestic consumers, the Single Buyer will 
be the only supplier of electricity.

WHAT IS THE POSITION OF 
DOMESTIC CONSUMERS ?

In a negotiated TPA system distributors have full right 
of negotiated access to electricity networks and will be 
able to enter into supply contracts with domestic and 
external suppliers of electricity. Supply contracts 
would be negotiated, and access to the network would 
also be subject to negotiations. The network may 
refuse access on the grounds of endangerment of the 
fulfilment of public service obligations assigned to it 
by the Member State.
Member States may also impose public service 
obligations on distributors as regards security, 
regularity, quality and price of supplies. Such 
obligations can act as a shield for domestic consumers 
by ensuring essential services. Competition will of 
itself also protect consumer interests. Member States 
may determine the rights and obligations of 
distribution companies and of their customers. 
Furthermore Member States may also impose the 
obligation to supply consumers in a given area, and 
they may regulate tariffs, for instance to ensure equal 
treatment of consumers. These measures contribute to 
protection of the consumer's interest on the one hand, 
while on the other hand distributors may thereby 
indirectly, pass on the advantages of liberalisation to 
domestic consumers. Member States remain free to 
establish pricing policies and tariff regulations, within 
the framework of Community law.
Distributors, and indeed all other consumers, will have 
the right to establish direct lines between themselves 
and a producer for direct supply of electricity. Though 
this option of supplies through direct lines is not very 
likely, to be attractive for domestic consumers, it can 
offer advantages to distributors and SME's below the 
eligibility threshhold of 100 GWh who would be able 
in this way to contract competitive by priced supplies 
of electricity, which could be delivered by a direct 
line, bypassing the network.
In contrast to this, according to the French proposal 
for a Single Buyer system distributors could buy their 
supplies only from the Single Buyer. However, France 
has pointed out that this is not intrinsic to the Single 
Buyer system, but only to the particular French 
conception thereby. The Single Buyer would try to 
optimise its purchasing policy as regards the generators 
it has under contract, buying electricity according to an 
economic merit order and thus trying to purchase 
overall at the lowest possible price. Distributors would 
be offered an average, optimised, price for supplies by 
the Single Buyer. Domestic consumers would then be

supplied by distributors on the basis of these 
'averaged' and optimised supplies.
Both the Single Buyer and distributors would have to 
fulfil public service obligations. This would guarantee 
the quality, regularity and security of supplies to 
domestic consumers, as well as a number of other 
important concerns which France has not yet specified. 
However, a characteristic of the French proposal is that 
the Single Buyer would also ensure continuation of the 
pricing policy called "perequation" or price- 
equalisation. This policy requires that homogenous 
categories of consumers throughout the whole of the 
territory covered by the network would have to pay the 
same price for the same supplies. This means that 
distributors would, in the French model, have to 
follow this policy in their sales to domestic consumers. 
The possibility of establishing a direct line to a point 
of production would be an exception to the general rule 
according to the French proposal and in particular open 
to distributors, or domestic consumers.
The foregoing shows that the results of these two 
different approaches to liberalisation of the electricity 
market would be quite different for domestic 
consumers in both systems. As competitive forces are 
of less importance in the Single Buyer system 
consumer protection thanks to free market conditions 
would be less pronounced.

WHAT IS THE PRESENT STATE OF 
AFFAIRS ?

The November 1994 Energy Council which failed to 
reach agreement on the TP A/Single Buyer issue, 
requested the Commission to examine, and report to 
Council on, the consequences of side-by-side 
implementation of negotiated TPA and a so-called 
Single Buyer system for competition in general, for 
producers and for consumers. The Single Buyer system 
would have to be measured for compatibility with the 
EC Treaty and as regards the reciprocity between the 
two systems in terms of an equivalent degree both of 
opening of markets and of access to markets.
Given the onerous nature of this task, the Commission 
has given high priority to examination. To begin with, 
it commissioned a consultant, the 
Energiewirtschaftliches Institut (Institute of Energy 
Economics) of Cologne University to undertake a 
thorough technical analysis of the implications of 
coexistence and reciprocity between the two systems 
concerned.
Based on the input from this study, Commission 
services prepared a working paper on the issue of 
TP A/Single Buyer coexistence with the title 
"Commission Working paper on the organisation of the
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Internal Electricity Market"-?. This working paper was 
adopted oh 22 March 1995 and subsequently sent to 
the Council as the Commission's response to its 
November 1994 request.
The working paper concluded that the French proposal 
for a Single Buyer system is not as such compatible 
with the EC Treaty and that it would not guarantee 
reciprocity between the two systems, nor equivalent 
economic results. However, in an attempt to break the 
deadlock in the Council on this issue, and based on the 
understanding that in the second phase of completion 
of the internal energy market flexible solutions will 
have to be found for harmonising Member States' 
different electricity industry structures in Member 
States, the Commision suggested a number of 
adaptions to the French proposal for a Single Buyer, 
which would ensure at compatibility with the Treaty 
and reciprocity between the two systems. In doing so 
the Commission has kept a close eye on the position of 
consumers in both systems, to ensure that neither in the 
negotiated TPA approach under a modified Single 
Buyer system, would consumers lose out on a fair 
chance to have access to a choice of competitive 
electricity supplies, offered either from within their or 
outside countries. With this in mind the Commission's 
adaptions to the Single Buyer system contribute to 
reciprocal opportunities for eligible consumers to find 
competitive supplies in the internal electricity market. 1

In both "systems eligible consumers would be large 
industrial consumers and distributors. As such, 
domestic consumers would also get a better chance in 
both systems to enjoy the advantages, albeit indirectly 
through distributors, of greater competition and 
liberalisation.To clarify where developments are now 
leading in this area, on the basis of the Commission 
working paper, discussions in the Council are 
continuing with the aim of finding a common position; 
the Council agreed in its November 1994 conclusions 
that this should be done before the end of 1995. To 
this end, the four key issues on which a political 
agreement was already reached in the Council in 
November 1994 will have to be transposed into legal 
language. However, for a common position to be 
reached in the Council, Member States still have to 
agree on the central issue of network access.
The Commission hopes that with the working paper it 
has prepared, and with the suggestions for adaptations 
to the Single Buyer system which it has put forward in 
that paper, it has made a substantial contribution to the 
process of finding common ground for an agreement 
on completing the internal electricity market. Once this 
point has been reached, and with the agreement of the 
European Parliament, European consumers can start 
looking forward in the not too distant future to a more 
open, competitive, secure and European market for 
electricity supplies. O

1 SEC (95)464final, 22.03.95
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DIFFERENT APPROACHES TO ELECTRICITY 
LIBERALISATION

Can Negotiated Third Party Access and the Single Buyer Model coexist ?

BY A.M. Klom, DG XVII
Unit for Completion of the Internal Market

Introduction

On 29 November 1994 the Energy Council in its 
conclusions of the meeting invited the Commission to 
study the consequences of side-by-side introduction 
and application of the Commission's proposal for a 
negotiated third party access (TPA) system and the 
French proposal for a so-called Single Buyer system 
within the internal electricity market. The Council 
asked the Commission to verify whether these two 
approaches were equivalent in terms of economics, 
reciprocity and compatibility with the EC Treaty.
In addition, the Council expressed its conviction that 
the completion of the internal electricity market 
requires flexible solutions, which must be applied in a 
spirit of reciprocity between Member States. The 
following article aims to explain the context of these 
questions, and will attempt to clarify and summarize 
the response given by the Commission on this 
important issue.

The context of the discussion on the
INTERNAL MARKET FOR ELECTRICITY

In 1989 the Commission mapped out a gradual 
approach for the achievement of the internal energy 
market. This approach consisted of a number of 
proposals based on four general principles: firstly the 
need for a gradual approach to enable the industry to 
adjust to its new environment; secondly subsidiarity to 
enable Member States to opt for the system best suited 
to their circumstances; thirdly the avoidance of 
excessive regulation; and fourthly a legislative 
approach based on Article 100A of the Treaty which 
entails a political dialogue with the Council, the 
Economic and Social Committee and the European 
Parliament.
The Commission opted for a three-phased approach. In 
a first phase in!990 and 1991 directives were adopted

concerning electricity and gas transit in the Community 
and the transparency of prices charged to industrial 
consumers. A second phase involving greater 
liberalisation of the electricity sector, including the 
limited introduction of a system of third party access, 
was initiated in February 1992 with the proposals for 
directives for common rules for the internal market in 
electricity and in natural gas. A third phase, with 
greater liberalisation, will be considered on the basis of 
the results of the second phase.
The proposals under discussion since 1992 were 
amended by the Commission in December 1993 on the 
basis of the opinion in first reading of the Parliament, 
and based on the discussions of Member States in the 
Council. From the very beginning the Commission has 
taken a very open and cooperative approach on the 
subject of the gradual liberalisation of energy markets 
in Europe. When, during the course of discussions on 
the amended electricity proposal in 1994, France 
suggested the possibility of a Single Buyer model as an 
alternative to the Commission's proposal, the 
Commission took an open view to this concept as well. 
This then forms the background for the Council's 
request to ask the Commission to examine the side-by- 
side application of the two systems.
During the Energy Council meeting of 29 November 
1994 overall agreement was reached on four elements 
in the amended electricity proposal. Since then the 
Council has tried to translate this political agreement 
into legal texts which can be used as the text of a 
common position of the Council, which the latter in its 
conclusions of 29 November 1994 undertook to adopt 
by the end of 1995. The four elements on which this 
agreement was reached deal with the issue of public 
service obligations, which may be imposed by Member 
States on electricity companies for the general 
economic interest. They cover there quirement of the 
unbundling of accounts in vertically-integrated 
companies for the activities of production, transmission 
and distribution. They cover the role and functioning 
of the network operator and they cover the procedures
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for establishing new production capacity within a 
particular market.

Examination of the Single Buyer 
system

With these agreements in mind, and based on the 
request of the Council, the Commission has undertaken 
to study the consequences of a side-by-side application 
of a negotiated TPA and a Single Buyer system. Due to 
the fact that agreement had already been reached on the 
other issues it was important that the Commission 
make its examinations as quickly as possible, so as to 
enable the Council finally to complete its discussions 
and adopt a common position.
In a preparatory phase the Commission asked the 
Energiewirtschqftliches Institut (Institute of Energy 
Economics) of the University of Cologne to make a 
technical analysis of the questions under consideration. 
On the basis of this analysis inputs, the Commission 
made its own economic and legal analysis of the two 
systems involved.
The basis for the analysis is of course the examination 
of the two systems put forward. The negotiated TPA 
approach forms a system in which electricity producers 
can sell supplies directly to eligible consumers by 
means of negotiating access to the network. 
Negotiations with the network operator would deal 
with transport tariffs and conditions, and would be 
subject to a dispute settlement mechanism. Eligible 
consumers could shop around inside and outside the 
system for competitive electricity supplies, while the 
network operator is responsible for ensuring system 
security and the fulfilment of public service 
obligations.
The Single Buyer model, as originally proposed by 
France, is a system in which in principle only a single 
entity would buy and sell electricity. All producers 
would sell to the Single Buyer on a competitive basis; 
all consumers would buy from the Single Buyer against 
optimised prices. The Single Buyer would manage the 
network, undertake long-term planning and 
optimisation of investments, and would ensure respect 
of services of general economic interest. Direct 
contract negotiations are only foreseen for electricity 
imports managed .via the Single Buyer.
The Commission's working paper, after describing 
both systems, looks at specific issues which become 
crucial if both systems were to be introduced 
simultaneously to the internal electricity market. The 
paper compares the internal organisations of the 
systems, analyses the negotiating of the contracts in 
each, it takes a specific look at the Single Buyer's 
behaviour and goes on to analyse the effect of parallel 
coexistence of direct lines and investments. To answer 
the question of compatibility with the EC Treaty a 
thorough legal analysis is added which, basing itself on

the Treaty and on jurisprudence of the European Court 
of Justice, tries to disect the different elements of the 
Single Buyer concept and analyse their implications as 
regards the Treaty.

The Commission's proposal

Based on the questions asked by the Council, the 
Commission reached the conclusion in its working 
paper that the Single Buyer model as proposed by 
France can be neither considered as equivalent to the 
Commission's proposal for negotiated TPA, nor 
provides for reciprocity, since it falls short of what is 
desirable and achievable from a competition point of 
view. A high degree of reciprocity could only be 
assured between the systems if certain basic adaptations 
were applied to the present Single Buyer model. Both 
systems must be based on a common and transparent 
definition as regards the categories of eligible 
consumers.The opening of the market* would be 
achieved via the coverage of these eligible consumers. 
As regards simultaneous introduction of both systems 
and their compatibility with the Treaty, it can be 
concluded that the Single Buyer system, in its present 
form with an internal monopoly structure, is to be 
considered as a measure of equivalent effect to a 
quantitative restriction on imports within the wearing 
of Article 30 of the EC Treaty. Furthermore, it should 
not contain obstacles to the freedom of establishment 
going beyond constraints imposed by public security. 
The French proposal would result in all supplies and 
production being channelled de facto through the 
Single Buyer. A system which channels imports and 
exports through an intermediary is contrary to the 
principle of free movement of goods. Exclusive rights 
resulting in absolute control over imports, transmission 
and distribution are prima facie contrary to the basic 
Community principles of free movement and 
competition and cannot automatically be justified on 
public service grounds, but need to be analysed case 
by-case in order to ensure respect of the principle of 
proportionality.
Security of supply reasons could justify an exemption 
based on "public security" provided in article 36 of the 
EC Treaty. There is no evidence in the case law of the 
European Court of Justice leading to automatic 
suspension of the Treaty rules on free movement and 
competition. As the negotiated TPA system shows, 
security of supply and public service obligations can be 
met in a system more open to competition.
It is obvious that according to their different security 
of supply situations Member States organize electricity 
markets according to their needs. The Single Buyer 
system seeks to provide an organisation of the 
electricity market based on long-term system planning 
aiming at securing supply with central management of 
production, transport and distribution. Without
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affecting the goal of this long term planning and 
security of supply, adaptations to the Single Buyer 
system would be necessary to ensure compatibility with 
the Treaty and for reasons of economic equivalence.
To ensure a maximum of reciprocity and compatibility 
with the Treaty, the Commission has suggested that the 
Single Buyer system should have to meet the following 
conditions. Firstly, in the case of the Single Buyer 
system eligible consumers should have the freedom to 
contract electricity supplies with external producers 
under the same conditions as and with domestic 
independent power producers.
Secondly, both systems could generate directly 
comparable and acceptable results if the import regime 
under the Single Buyer model is governed by an 
obligation on the Single Buyer to buy unlimited 
quantities of imported electricity under certain
objective conditions, by transparency of tariffs for to 
use of the transmission system and" thereby
transparency of prices to be paid by the Single Buyer 
for imported electricity. Furthermore, electricity 
imports should only be subject to objective and 
justified constraints (i.e. lack of interconnected 
capacity or for public security reasons).
Thirdly, in order to ensure that the principles of 
objectivity, transparency and non-discrimination are 
respected, to guarantee that competition is not
distorted, to avoid the risk of potential discrimination, 
and to achieve neutral and independent treatment, the 
Single Buyer, where it is part of an integrated
undertaking, should be fully unbundled in terms of full 
separation of management and of information flows 
between its different activities, especially in terms of 
production and supply.
Fourthly, tendering procedures for new and additional 
production capacities, which are more restrictive in 
competition terms than authorisation systems, should 
only be organised and decided by public authorities or 
other independent entities appointed for this purpose. 
Fifthly, to redress the imbalance between authorisation 
and tendering procedures, independent producers 
should, even under tendering systems, benefit from 
parallel authorisations to strengthen competitive forces. 
A transparent definition for independent producers in 
Single Buyer systems must be introduced, on the basis 
of quantitative capacity threshholds. In addition, 
autoproducers, export-producers and producers of 
power on the basis of renewables, waste and CHP, 
should also benefit from parallel authorisations to fulfil 
the need for their specific type of production capacity.' 
Finally, in the Single Buyer system all eligible 
consumers would need to have the freedom to construct 
and use direct lines for transactions with external 
producers and domestic independent producers (and 
vice versa for producers to supply eligible consumers) 
in accordance with article 7 of the amended proposal 
for a Directive of December 1993.

Only when the Single Buyer system meets these 
requirements can it be considered as compatible with 
the EC Treaty and providing reciprocity of economic 
results and opening of markets. Any parallel 
coexistence of two different systems within the same 
internal electricity market, based on flexible solutions, 
would have to ensure this as a minimum requirement 
for coexistence.

The Direction of the present 
discussions

The working paper containing the examination of the 
two systems does not form any new legislative 
proposal from the side of the Commission.The only 
proposals on the table for discussion are the amended 
proposals of the Commission of December 1993. The 
aim of the working paper is to respond to the 
November 1994 request of the Council and to provide 
new ideas to the Council in order to help the 
negotiations. The Commission favours rapid adoption 
and implementation of a Directive as the best means of 
achieving the internal electricity market. However, it 
does recognise the difficulties faced by some Member 
States, and therefore by means of the working paper is 
showing the way towards a negotiated solution. With 
this flexible approach the Commission is taking 
account of Member States’ concerns such as flexibility, 
subsidiarity and energy security,while fully respecting 
the fact that Member States have different structures 
with regard to the organisation of the electricity sector. 
The Council of energy ministers met on 1 June 1995 to 
discuss the working paper on the internal electricity 
market. During this meeting the Council followed the 
Commission in its basic conclusions of the working 
paper, namely that the two systems are so different that 
they only could coexist on the basis of certain defined 
conditions. However, as regards these conditions for 
coexistence the Council only reached political 
agreement on some of the conditions, being the 
obligation to buy for the Single Buyer, the parallel 
authorisation system, the possibility of TP A in Single 
Buyer systems for exports of electricity and the 
possibility for eligible consumers to enter into direct 
negotiations to import electricity. All other conditions 
were brought together in a list of issues which the 
Council will have to dicsuss during the Spanish 
Presidency. In short, it is clear that there is agreement 
on the principle of coexistence, but that only a few of 
the conditions have in fact been agreed on, and that 
many still have to be discussed.
The Commission is genuinely interested in encouraging 
a bridging solution to break • through the current 
political deadlock in the Council. This is shown by the 
effort made through the working paper. Of course, if 
in spite of this effort, the Council does not reach a 
solution, then the Commission will have to use all the
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powers and means at its disposal to bring about 
completion of the internal electricity market. As such 
the approach of the Commission in the working paper 
is a pragmatic one, which offers the chance of reaching

realistic and tangible results in the forseeable future, 
dependent of course on the outcome of the Council's 
discusions. O

k
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REVISION OF COMMUNITY LEGISLATION IN THE ENERGY
SECTOR

BY Anna Aguado, DG XVII
Energy Policy Directorate

The Brussels European Council of December 1993 
stated the importance of starting an exercise aiming 
simplify or eliminate certain legislative acts which 
could adversly affect the activities of economic 
operators and particularly of small and medium 
enterprises.
On the same subject, the Commission White Paper on 
Growth, Competitiveness and Employment also 
indicates that Member States should pay special 
attention to the improvement of flexibility within their 
enterprises and in the labour market, both by 
eliminating excessive rigidities resulting from existing 
legislation and by greater mobility of workers.
In order to help to initiate the process, the Commission 
has set up an independent group of experts, the 
Molitor Group (after its chairman) to examine national 
and Community legislation in selected sectors, which 
might have a negative impact on economic 
development in the European Community. Energy was 
included amongst the sectors subject to scrutiny.
Taking into consideration that nevertheless, energy 
legislation will not be examined as its first priority by 
the Group, the Energy Council of 29 November 1994 
invited the Commission to present a report on the 
revision of existing Community energy legislation, 
with proposals to simplify, update or eliminate 
legislation wherever necessary or possible.

In response to this invitation the Commission has 
started its own analysis of Community energy 
legislation in two areas : rational use of energy and oil. 
These areas had already been chosen during the 
German Presidency since some of the legislative acts 
concerned, adopted at different times, address similar 
topics.
The aim of the report being prepared is to give the 
Commission's opinion on the necessity or not to 
maintain legislative acts subject to revision. The need 
to repeal or not each of those legislative acts will be 
clearly justified both from legal and practical points of 
view.
On the basis of the results of this legal and practical 
analysis, the Commission will present formal proposals 
for the repeal of directives, regulations or decisions 
and for avoiding reference in the future to 
recommendations or resolutions which seem no longer 
relevant.
The Commission believes that this general exercise can 
lead to very positive results in terms of efficiency of 
EU Energy legislation and intends to continue this 
process of simplification as and where necessary.
In conducting this initiative, the Commission will 
ensure that full consistency is maintained at all time 
with the work of the MOLITOR Group in its work of 
reviewing the Community legislation. O
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TRANS-EUROPEAN ENERGY NETWORKS

BY Ian GowanS, DG XVII
• Unit for Trans-European Networks, Cohesion, and Programme Evaluation

Since the appearance of the last article on this subject 
there have been several significant developments, both 
as regards the Commisssion's proposals for the energy 
networks and the work of the Christophersen Group, 
culminating in the submission of network projects for 
approval by the Essen European Council of 
December 1994.
As regards the Commission's proposals for guidelines 
and a more favourable context for energy network 
development, these were the subject of a common 
political position of the Council of Energy Ministers of 
the EU held in June 1995.
Projects of common interest identified under the 
guidelines will be candidates for aid to the carrying-out 
of feasibility studies, which will have to demonstrate 
their economic viability in the broad sense. There is 
also provision in the Financial Regulation for projects 
to be supported by means of interest rate rebates and 
loan guarantees. The "favourable context" proposal, 
for its part, will aim at fostering technical cooperation 
between the network bodies as well as cooperation in 
granting authorisations by the Member States 
concerned.
Given the favourable opinions of the European 
Parliament on these proposals (November 1994 for the 
Financial Regulation and May 1995 for the other 
proposals), followed by successful second readings, it 
should be possible for them finally to be adopted by 
the Council of Ministers in time for their 
implementation and the commitment of appropriations 
in the second half of 1995.
As regards the appropriations, the Commission has 
sought provision for a total of 112 MECU for 
expenditure on energy networks, 1995-1999. The 
expenditure, together with that on the networks in the 
transport and telecommunications sectors, will be 
governed by the same Financial Regulation. This was 
the subject of a common position of the Council of 
Economic and Finance Ministers in April 1994 and an 
opinion of the European Parliament in November. It

will, like the guidelines proposals, require a second 
reading by the European Parliament beforeit can be 
finally adopted by the Council later this year.
The situation as regards the priority energy projects 
identified by the Christophersen Group follows on 
from their examination by the Heads of State and 
Government at the European Council of Essen, to 
which the Christophersen Group had reported.-^ 
Council followed the main recommendations of the 
Christophersen Group on giving priority to the ten 
energy projects which were at the most advanced state 
of readiness. These ten priority energy projects have 
been followed up by the Commission and by the 
European Investment Bank. In line with the 
recommendations of the Christophersen Group adopted 
by the European Council at Essen, the Commission 
will in each year in December submit, after 
consultation with the Member States, a report to the 
European Council on progress on the Trans-European 
networks, and the priority projects in particular; it will 
forward this report to the European Parliament.
The ten priority energy projects are the following :
Electricity Interconnections
a4 Greece - Italy
b6 France - Italy
b7 France - Spain
blO Spain - Portugal
c2 Denmark : East-West
Natural gas projects
e5 f6 Main pipelines system in Portugal and 

interconnections with N and S Spain 
e6 Greece
f6 Spain : internal pipelines and LNG terminal :

connections with Portugal 
h4 Algeria - Morocco - Spain
h7 Russia - Belarus - Poland - EU : section in

Germany 1

1 The report has now been published as ISBN92-826-8995-6 
‘Trans-European Networks', and may be obtained from the Energy 
in Europe office
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These priority projects face two broad categories of 
problems,financial and procedural.
As regards finance, the situation as at March 1995 was 
that the three overhead electricity connection projects 
(France-Italy, France-Spain and Spain-Portugal) faced 
no financing problems, but two other projects, Italy- 
Greece and east-West Denmark, did. Of the gas 
projects, the financing of those in Portugal had been 
finalised together with that of the two Spanish 
pipelines connecting with Portugal and the Tangier- 
Tarifa section of the pipeline from Algeria. For the 
section of that pipeline between Tarifa and Cordoba, as 
well as for the other gas projects and those in Greece 
and involving Eastern Europe, finance had not yet been 
tied up.
The second category of difficulty, that of technical and 
administrative procedural problems, faces four out of 
five of the electricity projects, and has delayed the 
commencement or progress of construction work. In

fact, only the East-West Denmark project is to be 
affected by such problems. For the priority gas 
projects, procedural delays are less frequent; they 
concern environmental impact or problems in the 
granting of permission for gas to be used for electricity 
generation.
The Christophersen Group as such has ceased to exist, 
but work on the resolution of the problems affecting 
the ten priority projects, and on the three others on the 
Group's "B" list of less advanced projects, continues 
under the Group of Commissioners on Trans-European 
Networks which has been set up with Mr Kinnock as 
Chairman. The "B" list includes two electricity 
projects for connections between Austria and Italy and 
Norway and the Continent, and the more complex 
"Baltic Ring" project, which provides for several 
electricity interconnections between countries 
bordering that Sea
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WAYS OF FINANCING COGENERATION PROJECTS 
IN THE EU : THE ATTRACTION OF THIRD PARTY FINANCING

Madrid, 3 March 1995

BY R. Alvim de Faria, DG XVII
Unit for Strategy for dissemination and promotion

This article aims at an overview of possible ways of 
financing cogeneration projects in the EU and suggests 
guidelines designed to ensure better penetration for 
cogeneration on the European energy market. The 
concept of Third Party Financing will be stressed 
throughout.

Introduction

It is generally accepted that western economies are now 
less vulnerable to the effects of possible oil crises as a 
result of policies pursued concerning energy savings, 
geographical diversification of supply, and 
fuel-switching.
On the other hand, economic growth in recent years 
has resulted in an increase in energy consumption. 
What is more, comparatively low prices have 
discouraged efforts to use energy more efficiently. The 
following question therefore arises: given the limited 
resources available, how can growth be encouraged 
while, at the same time, protecting the environment 
and not jeopardizing the security of energy supply?
• The first priority is to control energy demand by 
using energy more efficiently;
• The second priority is sound management of the 
quantities of energy available to satisfy the needs of 
growth. This entails a transfer of technological and 
financial resources to less well-off regions. The only 
real way to guarantee sustainable and cheap energy 
tomorrow is to encourage the spread of new technology 
financing techniques today.
One of the main obstacles to the development of 
innovative energy technologies is the availability of 
investment financing. When economic growth and 
energy prices are low, the market is slow to react to 
advanced energy technologies. A large range of ways 
of financing new investments are available on the 
market, and would-be investors have to chose from

among them the most suitable financing method at any 
given time.
There are four major obstacles to investments in energy 
technologies:
• Investors' unawareness of the best available 
energy technologies. There are cost-effective 
technologies which can slash energy consumption. 
However, there is sometimes a lack of transparency 
worldwide, and cost-effective technologies may go 
virtually unnoticed in a particular country or 
sometimes even in an entire region;
• No priority for energy audits in firms. Since 
1985, as a result of new priorities such as the need to 
cut staffing costs, electronic automation and falling 
energy prices, energy auditing to secure the best 
performance on the basis of the most recent 
technologies available is no longer a priority for firms;
• No priority for investments in energy 
technologies. The impact of an energy-related 
investment is insignificant compared with the total cost 
borne by firms (on average 12% of business costs). As 
a result, a big reduction in a firm's energy bill does not 
necessarily produce a substantial reduction in overall 
costs;
• Financial restrictions in a period of low 
economic growth. Firms are unwilling to mobilize 
capital to invest in energy-related technologies at a 
time when they have more pressing requirements, such 
as adjusting to a rather depressed economy. It is 
therefore necessary to find financing techniques which 
will have little or no impact on a firm's balance-sheet. 
After dealing briefly with financial instruments which 
can facilitate penetration and application of efficient 
energy technologies in firms and also the role which 
the Commission plays, or may be able to play in the 
near future with regard to such instruments both within 
the EC and outside, a brief allusion in this context to 
the THERMIE and SAVE programmes will complete 
this overview.
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Financial Instruments

Although many of the financial instruments available 
are well known, it is probably useful to give a 
rundown of the various financial alternatives with 
which an investor may be faced, and to classify the EU 
resources available to overcome obstacles to the 
introduction of efficient energy technologies.

Grant Aid

Grants reduce investment costs and promote the 
financing of the remaining investment. There are 
several energy programmes which provide grants for 
private companies in order to encourage investment. In 
the case of the EU programmes (e.g. JOULE - 
THERMIE), the aim of the grants is not to improve a 
company's profit and loss accounts but instead to help 
it to overcome the technological and financial risks 
always associated with innovation (which, according to 
OECD and EC studies, is perceived as a way of 
meeting society's needs more effectively).
There are also national and regional programmes 
designed to provide grants for the private sector. In the 
case of some national and regional - programmes, the 
grants given by way of financial support for projects 
are often nothing more than subsidies.

Incentives

National incentives include tax relief and accelerated 
depreciation, among other measures for investments in 
innovative technologies (e.g. in France, Germany and 
Belgium). Interest rate subsidies and loan/equity 
guarantees may also be offered in order to reduce the 
risks associated with private sector investments in 
SMEs. At Community level, instruments have been 
developed to facilitate leasing arrangements, interest 
rate subsidies (which give private investors a cheaper 
source of financing and consequently increase the value 
of their investment) and guarantee funds.
It should be noted that all the motivations mentioned 
here depend more on regulatory and political aspects 
than on market forces.

Self-Financing

A company which generates sufficient cash as a result 
of its activities can finance its investments internally 
without any recourse to the capital market. Internal 
cash flows remain the main source of funds for large 
companies. This type of financing is rarely available to 
SMEs and when it is the other obstacles mentioned 
remain. As a result, firms and SMEs in particular will 
endeavour to obtain a complete package with a
minimum of technological involvement and
self-financine.

Equity financing

A rapidly growing company will find it hard to finance 
its growth and will need equity financing. Equity 
investment in new private companies is generally 
referred to as venture capital. In order to support the 
development of venture capital companies throughout 
Europe, the Commission has developed several 
instruments to facilitate SME access to financing and 
encourage joint ventures through proprietorial 
financing.

Debt financing

Companies may find debt financing attractive because 
the interest payments are (in most cases) tax- 
deductible: this reduces a company's tax burden and 
hence increases its value. However, there is a danger 
that excessive borrowing may result in financial 
difficulties.
Companies may often obtain debt financing at 
competitive rates (e.g. via the European Investment 
Bank (EIB) which operates on a non-profitmaking basis 
and finances companies by means of individual or 
global long-term loans).
However, equity financing and debt financing by 
companies (in particular SMEs) does not help to 
overcome the additional obstacles mentioned in the 
introduction, for which other financial instruments are 
necessary.

Other financial instruments

Increasingly frequently mention is made of controlling 
demand and least-cost planning. Least-cost planning is 
a method of optimizing energy investments by 
considering supply-side and demand-side options for 
satisfying the growing demand for energy services: it 
compares costs in order to curb demand in line with 
the contribution of new supply possibilities. The 
concept originated in the United States where public 
services have realized that increasingly often it is 
financially more attractive to invest in very efficient 
equipment which reduces electricity consumption than 
to invest in new power stations: nowadays, it is much 
more cost-effective to save energy than to build new 
generating capacity.
The idea behind controlling demand is to help 
consumers to make cost-effective investments in 
energy-saving measures. Public services need to 
establish marketing strategies to sell conservation 
measures to millions of very different independent 
decision-makers: their aim now is to sell not energy 
but sell energy efficiency. The decisive factor in favour 
of the introduction of least-cost planning in Western 
Europe is the environment: energy efficiency causes 
less damage to the environment than energy 
consumption. The economic benefits are also
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significant, not just for the public services but also for 
investors in general.
One way for utilities to develop an energy demand 
control policy is to incorporate into their structures an 
ESCO (Energy Service Company) to assess and install 
energy conservation measures in the customer's 
premises. ESCOs introduce energy-saving measures 
using third party financing techniques.

Third Party financing

Third Party Financing was developed to help 
companies finance investment without affecting their 
balance-sheets. A user of efficient energy technologies 
does not finance the initial outlay. Instead, he 
reimburses the technology supplier by making 
payments related to the performance of the technology 
installed. Third party financing always includes 
technological assistance and in-house energy audits. 
The user therefore does not have to concern himself 
with technological considerations. The ESCO provides 
a combination of engineering, financial and marketing 
skills, carrying out detailed energy audits and chosing 
appropriate reliable technologies for making the 
planned energy savings.

General Definition
Third party investment is based on a contract whereby 
a private company or public institution enlists the 
services of an Energy Service Company (ESCO) which 
assumes responsibility for all phases of investments 
designed to increase energy efficiency.
The ESCO finances all investment costs (design, plans, 
materials, labour, commissioning, performance 
measurement and monitoring), and it is reimbursed the 
total cost of the investment but in proportion to the 
energy savings achieved. Financing covers the physical 
and non-physical part of the investment.

The benefits of Third party financing
• The services provided by a third party investment
company
One way of overcoming the obstacles associated with 
energy efficiency investments is to call upon a 
specialized third party investment company 
specializing in long pay-back periods. It may offer to 
take over the entire financial investment but it also 
contributes its manpower resources and technical 
capabilities, and of course ensures risk management. A 
third party investment company will identify the 
investments needed in order to save energy and provide 
the customer with advice, services and the financial 
resources needed to cany out a project.
It will assume a number of responsibilities, including:
- economic and financial assessment of the project;
- financial arrangements and the provision of funds 
to make it possible to decide on investments rapidly;

- customer representation and safeguarding of 
customer interests;
- post-commissioning performance management.
• The financial benefits
Third party investment ensures total financing. The 
beneficiary preserves his equity and lines of credit. The 
investment does not generally appear as a commercial 
debt and in no way affects the customer's financial 
independence ratios. Cash-flow forecasts do not have 
to take account of the success or failure of the project. 
There is a direct link between the savings made as a 
result of the investments and the amount of the 
reimbursements, which is never the case with a 
conventional loan.
• Contractual guarantees
The third party investment company guarantees:
- the ceiling for the project completion budget;

(excess amounts to be borne by the third party)
- the completion time;
- equipment performance throughout the duration of 
the project;
- permanent customer access to accounts and invoices 
relating to investments concerning him.
• Contract period
A maximum period is laid down by contract for the 
reimbursement. Any balance outstanding after the 
maximum project period is cancelled and must be taken 
over by the third party investment company. If the 
customer so wishes, early reimbursement of 
investments is permissible.

The role of the EU : Helping to
OVERCOME THE FINANCIAL OBSTACLES

The European Commission has set up a number of 
targeted programmes and schemes designed to facilitate 
access to financing for particularly worthwhile 
projects.

Grants and incentives

The Thermie and SAVE Programme 
Europe's economic and industrial context, 
characterized by the internal market objective, 
demands a solid energy base. The Community's energy 
situation is still suffering from a lack of security, 
regional disparities and unresolved environmental 
problems. One solution to these problems is to develop 
and exploit new energy technologies. That is why the 
Council of the European Union has adopted a series of 
programmes for the promotion of energy technology in 
Europe, starting as early as 1974.
On 23 November 1994, the Council approved the latest 
initiative, the new JOULE-Thermie programme, a 
specific programme of RTD, including demonstration,
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in the field of non-nuclear energy. The promotion and 
demonstration part of the programme is covered by 
Thermie of course which takes its name from the 1990- 
1994 programme which had similar objectives. For the 
first time, Thermie is included in the EU's RTD 
framework programme, thereby improving the links 
with the other R&D programmes. The new programme 
also includes a new activity concerning an overall 
energy RTD strategy with regard to 
energy-environment-economy inter-relationships. The 
Thermie programme will run from 1994 to 1998 with a 
total budget of ECU 532 million. Its main objectives 
are as follows:
- to improve energy efficiency on the supply side and 
on the demand side;
- to promote greater penetration of renewable energy 
sources;
- to encourage cleaner use of coal and other solid 
fuel;
- to maximize the exploitation of EU oil and gas 
resources.
The means used by Thermie are as follows:
• direct financial support for projects in the fields of 
rational use of energy, renewable energy sources and 
solid fuel;
• financial support for other activities, such as:
- energy demonstration strategy,
- dissemination of energy technology,
- preparatory, flanking and support measures, and
- SME technology stimulation.
Most of the other activities are carried out via the 
network of Organizations for the Promotion of Energy 
Technologies (OPETs) which at present consists of 
49 private and public national and regional institutions 
in the Member States.
The SAVE programme is a five-year Community 
programme in the field of energy saving. It was 
launched in 1991 to help Member States to boost and 
coordinate their national energy efficiency 
programmes, the underlying idea being to have a 
comprehensive series of legislative measures supported 
by pilot projects and make a substantial effort to 
improve the flow of information between Member 
States and between the Community and other interested 
parties. A SAVE II programme with the same basic 
features is planned for the period from 1 January 1996 
to 31 December 2000.

Specific third party financing initiatives 
The EC encourages third party financing by financing 
the SAVE programme developed by DG XVII and the 
Technology Performance Financing (TPF) system 
developed by DG XIII under the SPRINT programme. 
In both cases, Thermie can contribute by selecting 
projects suitable for third party financing.
On 26 June 1992 the Commission submitted a proposal 
for a Directive under the SAVE programme containing

a series of measures including the promotion of third 
party financing of investments in energy efficiency in 
the public sector, a measure which will have an impact 
on energy efficiency and hence C02 emissions.
The Thermie Regulation gives the Commission the 
possibility of introducing other appropriate financial 
mechanisms if necessary, in accordance with the 
procedures laid down in the Regulation.
Given the clear need on the market for new financial 
instruments such as third party financing, Thermie 
(together with SAVE) has the task of motivating and 
convincing all the parties involved in third party 
financing. External investors (banks and other financial 
institutions), energy distribution companies, 
engineering companies and consultancies (potential 
ESCOs), equipment manufacturers/suppliers and 
technology users. The network of OPETs plays a key 
role in bringing participants together and promoting 
third party financing.

Strategies for the near future

• Finding resources even to finance good investments 
is a constant problem in EC industry and in all the 
countries where Thermie activities are carried out. 
Financial institutions do not like taking risks and may 
demand a high rate of return on any type of financing.
• The Community can • play an important role in 
facilitating companies' access to financing. It may:
- help to make the technology market more 
transparent: with more information at their disposal, 
financial institutions will be able to make a better 
estimate of the risks and reduce the cost of their 
available funds;
- reduce investment costs by offering grants for 
projects which are difficult to finance because of major 
technical and economic risks: reducing investment 
costs while preserving the profits generated by a 
project will increase its value;
- facilitate companies' access to equity financing by 
stimulating the venture capital markets within and 
outside the EC;
- stimulate other investments by providing loan 
guarantees, interest rate subsidies and other 
non-market-orientated schemes.
• It seems clear that third party financing is the most 
appropriate financial instrument for breaking down the 
barriers erected by market forces. Consequently, great 
efforts are being made to promote it. To this end, it is 
necessary
- to derive greater benefit from the complementarity 
between SAVE and Thermie in order to promote third 
party financing activities, the role of Thermie being 
chiefly:
(i) to develop and/or promote innovative energy 
technologies which can be reproduced elsewhere, 
which generate major energy savings, and which have
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a favourable environmental impact, through financial 
support for innovative or dissemination projects 
deriving from Community or national programmes;
(ii) to carry out vigorous promotional activities in 
order to encourage the application and market 
penetration of "ready for market" energy technologies 
with the same characteristics as the projects supported;
(iii) to disseminate and provide expertise with regard to 
energy-specific financial arrangements such as third 
party financing, basically through the network of 
OPETs. These activities should be targeted by country 
and adapted in the countries where there are no 
ESCOs.
- persuade the financial institutions to invest more in 
third party financing operations. Once third party 
financing has taken off, the financial institutions 
should become major players in the promotion of third 
party financing;
- to set up a network of third party financing 
companies (Energy Service Companies - ESCOs) 
incorporating financial institutions and if possible 
energy distributors;
- to promote joint ventures between several ESCOs at 
international level in the case of major projects or a 
series of similar projects in order to spread the risks 
between several companies or encourage the 
dissemination of successful initiatives;
- to use part of the Thermie fund in future to 
stimulate the degree of involvement of financial 
institutions and third party financing companies which 
have the task of promoting this product on the market.

- in a second stage, to examine together with national 
and multilateral financial institutions the possibility of 
extending third party financing to include all the 
countries where the Thermie programme can operate 
(Community, Latin America, Eastern Europe, CIF, 
Baltic States, etc.).

Conclusions

There are many reasons for combining efforts 
under SAVE and Thermie (and other related 
units/programmes) with regard to third party financing 
in order to ensure optimal cross-fertilization between 
the various Community programmes. More widespread 
application of this technique will not only help to 
achieve energy, environment and technology 
objectives, but also help to improve the employment 
situation in the European Union.
By way of conclusion, while cogeneration is 
undoubtedly a technology with a very promising 
future, it should never be forgotten that every project 
is a specific case and that major progress still needs to 
be made...
Any decision in this connection must therefore be 
preceded by a technical and economic feasibility study 
covering the following factors:
• the price of the fuels used;
• the purchase price of top-up and standby electricity;
• the pay-back period;
• the price for selling the surplus electricity generated
to the grid. O

k

— 69



THE MARKET FOR SOLID FUELS IN THE COMMUNITY IN 
1994 AND THE OUTLOOK FOR 1995

BY J. Piper, DG XVII
Unit for Solid Fuels

The European Commission recently published its latest 
annual report on the Community market for solid fuels 
(hard coal, coking coal, lignite and peat) covering the 
most recent estimates from Member States' 
administrations for 1994 and the forecasts for the 
current year. This report is required under the terms of 
Article 46 of the ECSC Treaty which states that, to 
provide guidance on the course of action to be 
followed by all concerned, and to determine its own 
course of action, the European Commission must 
conduct a study of market and price trends.
Since three new Member States - Austria, Finland and 
Sweden - joined at the beginning of January 1995, 
homogeneous data was not available at the time of 
writing for inclusion in the report. Throughout the 
report, therefore, the terms "Community" or 
"European Union" refer to the 12 Member States as of 
the end of 1994, although there is a specific chapter 
included at the end presenting the main energy features 
of the new Member States.
For the Community, 1994 saw a relatively strong 
recovery of economic growth, with real GDP estimated 
to have grown by more than 2'A % over the year as a 
whole. For the current year, GDP is expected to grow 
by around 3%. As a result, total energy demand may 
have risen by around l'A% during 1994, as compared 
to the previous year and, bearing in mind the current 
economic forecasts and assuming normal weather 
conditions, could increase further this year.

Production of solid fuels in the 
Community.

Production of hard coal in the Community continues to 
be affected, to varying degrees, by the policies to 
restructure, rationalize, modernize and improve 
competitiveness. Total production is expected to have 
decreased from 158.6 Mt in 1993 to 132 Mt in 1994, 
with the most significant changes occurring in the 
United Kingdom (where production is estimated to

have fallen by nearly 28%, or 18.9 Mt), Germany 
(with a decrease of 10.4% or 6.6 Mt) and France (with 
a decrease of 13% or 1.1 Mt). Spain, .on the other 
hand, may well have seen the increase in opencast 
production more than offsetting the decline in 
underground production, to the tune of some 0.1 Mt. 
Portugal closed its only hard coal mine during 1994.
In contrast, 1995 may well see one of the smallest 
variations in production since the early 1980's. Current 
estimates for Community production are for some 
130.4 Mt, which would only be some 1.6 Mt lower 
than the 1994 figure. The most significant decreases 
are expected in the United Kingdom and Spain, each 
with a 3.3 % drop (or 1.6 Mt and 0.6 Mt respectively). 
France and Germany, on the other hand, could see 
production increase by 0.6 Mt and 0.2 Mt respectively. 
Lignite production in the Community in 1994 is 
estimated to have been some 284.0 Mt, which is 4.8% 
or 14.5 Mt less than in the previous year. This is due 
mainly to the lower production in Germany (13.5 Mt 
less) and Spain (2 Mt less), since Greece could have 
increased production by some 2.2 Mt. For 1995, the 
forecasts point to a further decline of some 5.3% or 
15 Mt for the Community' to a new total of some 
269 Mt. Once again, only Greece expects to 
significantly increase lignite production (by 1 Mt to 
reach 58 Mt), whilst Germany believes its production 
will continue to fall, by some 15.6 Mt, to a new low of 
192.7 Mt.
Coke production is expected to continue to decline, 
with a 4.5% or 1.7 Mt drop to 37.7 Mt in 1994 and a 
further reduction of 1.8% or 0.7 Mt forecast for 1995, 
although the coke-production/nominal capacity ratio 
does appear to be improving as production capacity has 
been cut back sharper. With the steel industry 
absorbing about 90% of the coke available on the 
internal market and the continued structural and 
technological changes taking place in this industry 
(including the increased production of steel from
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electric arc furnaces), it is not surprising that coke 
production is in continuous decline.
The annual average Community underground 
workforce, which, fell by 27,900 during 1993, is 
expected to have fallen again during 1994 by some 
18,800, or 15%, to a new low of around 106,700. 
Approximately half of these losses were in the United 
Kingdom, followed by Germany with one third. For 
1995, job losses are forecast to be at a much more 
moderate pace, given that the period of intensive 
restructuring in the British coal industry is almost 
complete. Job losses could therefore be around 4,500 
and be for mainly in Germany and Spain.
Productivity continues to increase, a logical 
consequence of the restructuring measures adopted in 
all the coal-producing Member States, which are 
concomitant with the closure of the least profitable and 
generally least efficient pits. For the Community as a 
whole, productivity rose from 762 kilograms per 
underground worker per hour in 1993 to 768 in 1994 
and could increase to about 800 in 1995.

Demand for solid fuels in the 
Community.

The report highlights that the total demand for solid 
fuels, in terms of gross inland consumption, may have 
declined by 1% in the Community during 1994, 
compared to 1993. This is largely accounted for by the 
expected 5 % decline in the demand for lignite since the 
demand for hard coal, in terms of consumption, may 
have actually increased by 1%. For 1995, current 
forecasts point to a similar trend; a modest recovery 
for hard coal and a further fall for lignite.
Deliveries of hard coal in the Community are expected 
to have fallen significantly to 259.7 Mt in 1994, down 
some 5.2% or 14.2 Mt compared to 1993. This is the 
third year of decline and represents the lowest figure 
seen in the Community. However, a closer analysis of 
these figures indicates that the United Kingdom alone 
has been largely responsible for this drop since if this 
country were excluded from the totals, then total 
inland deliveries during 1994 would have seen an 
increase of almost 2 Mt compared to the previous year. 
It is also important to note that the decreases in 
deliveries have mainly affected the Community hard 
coal producing countries, with Spain the only 
exception.
Forecasts for 1995 point to a slight rise in internal hard 
coal deliveries in the Community to 260.8 Mt, an 
increase of 0.4% or 1.0 Mt. This would indicate an 
end to the period of decline which has led to a 
contraction of the market by 72 Mt since 1991.
When examining the estimates for actual consumption 
of hard coal for 1994, however, it is quickly evident

that there has been a noticeable draw on the stocks at 
the power plants, of some 15 Mt. This would imply 
that actual consumption figures for 1994 could be 
broadly similar to those for 1993, and such a draw on 
stocks could be similarly repeated in 1995, thus 
maintaining a fairly stable level of hard coal 
consumption in the Community.

IMPORTS INTO THE COMMUNITY.

The report notes that, in 1994, imports of hard coal 
from non-Community countries are expected to have 
risen by 3.5% or 4 Mt, compared to the previous year, 
to a total of 120 Mt. Of this, some 26.5 % are coking 
coals, with the rest being of thermal qualities (which 
have accounted for the principal increases).
In comparison with the previous year, Belgium saw the 
largest increase of 1.8 Mt, followed by Denmark with 
1.5 Mt and the Netherlands with 1.1 Mt. Only in the 
United Kingdom and France did imports fall, by 
1.9 Mt and 0.9 Mt respectively. In the United 
Kingdom this was a result of the increased penetration 
of gas, better performance by nuclear plants, and the 
concentration on reducing the huge stockpiles of coal. 
For France, the decline reflects that the good 
utilization rate of nuclear power plants and higher 
hydro-electricity production.
For 1995, Community coal imports could again 
increase, although more modestly, by 2.4 Mt to a total 
of 122.4 Mt. Most countries anticipate a slight increase 
in imports, with the biggest increase of 1.3 Mt forecast 
in Germany. However both the United Kingdom and 
the Netherlands expect a drop in imports (by 1 Mt and 
0.4 Mt respectively).
On the supply side, the United States remained the 
major exporter to the Community with some 27% of 
the market in 1994, followed by South Africa with 
23% and Australia with 17%. Whilst the picture is 
expected to be one of modesf'gains spread across most 
of the traditional suppliers, with gains for Australia, 
Poland and the United States (with an additional 1.7 
Mt, 1.6 Mt and 1 Mt respectively), the CIS and 
Colombia are both expected to have seen sales the 
Community decline.
For 1995, no significant changes are anticipated 
amongst the suppliers, although South Africa and 
Poland are expected to show the biggest gains.
GIF (cost, insurance, freight) prices for both imported 
coking coal and imported steam coal during 1994, 
expressed in terms of US dollars, were on average 
some 4% lower than in the previous year. However, 
the tightening of the balance between offer and demand 
on the international market, after several years that 
have seen large surpluses on the market, and a 
significant rise in maritime freight rates, have led to 
considerable pressure on prices. With the recent
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scarcity of coal on the spot markets, prices could 
increase during 1995, especially those for steam coals.

The new Member States.

The report then briefly gives an overview of the energy 
features of the three new Member States.
In Austria, coal accounts for some 13% of gross 
energy demand. Whilst there is no indigenous hard 
coal mining, Austria does have a declining lignite 
industry which currently produces some 0.5 Mtoe. A 
large proportion of the imported hard coal comes from 
Poland. For the production of electricity, some 65- 
70% is hydro, gas is responsible for 14% and solid 
fuels for 11%.

(!) Note that the sums may not add up due to rounding. 
* Including industrial power stations 
** The variations are calculated in kt

In Finland, hard coal accounts for some 13 % of total 
energy demand, with another 19% accounted for by 
other solid fuels. Peat is the principal indigenous fuel 
as Finland does not produce coal or lignite. Most 
imported coal comes from Poland and Russia. As to 
electricity production, some 34% is nuclear, 26% is 
hydro, other solid fuels are responsible for 15% and 
hard coal for 14 %
In Sweden, hard coal accounts for some 5.1% of total 
energy demand and under 2% of electricity generation. 
Hydro is responsible for 51% of Swedish electricity 
generation and nuclear nealy 44%, although the 
country is committed to phasing out nuclear power by 
the year 2010 if environmentally acceptable 
alternatives can be found. O

Table 1: Comparaison of the main features of the solid fuels market
1993

actual
1994

estimates
1995

forecast
1994/1993

(%)**
.1995/1994

(%)**
HARD COAL

Resources
- Production 158.6 132.0 130.4 -16.8 -1.2
- Recoveries 2.5 1.5 1.7 -38.6 7.5
- Imports from third countries 115.9 120.0 122.4 3.5 2.0
Total 277.1 253.5 254.4 -8.5 0.4
Deliveries
- To coking plants 52.5 50.4 50.9 -4.0 0.9
- To power stations* 183.6 172.0 172.2 -6.3 0.1
- To others 37.9 37.3 37.7 -1.5 1.0
- Exports to third countries 0.4 0.3 0.3 -18.0 -5.2
Total 274.3 260.0 261.0 -5.2 0.4

COKE
Resources
- Production 39.4 37.7 37.0 -4.5 -1.8
- Imports from third countries 3.1 3.7 3.8 18.6 3.3
Total 42.5 41.4 40.8 -2.8 -1.3
Deliveries
- To steel industry 37.1 39.4 38.3 6.2 -2.9
- Other deliveries within the Community 4.8 4.1 3.8 -14.4 -7.5
- Exports to third countries 0.7 0.7 0.6 1.0 -15.3
Total 42.6 44.2 42.7 3.8 -3.6

LIGNITE AND PEAT
Resources
- Production and imports 301.5 286.7 271.7 -4.9 -5.2
Deliveries
- To briquetting plants 47.7 38.4 33.4 -19.6 -12.8
- To power stations 233.8 229.9 221.8 -1.6 -3.5
- Others (incl. exports to third countries) 20.0 18.8 16.5 -6.2 -12.2
Total 301.5 287.1 271.7 -4.8 -5.3
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Environmental Control

BY S. Furfari, DG XVII andProf. G. Variali, Chemical Engineering Department 
Energy Technology Directorate - ‘La Sapienza’ University, Rome

Foreword

Fossil fuels burned in the production of electricity 
produce a variety of gases and particulates. If these gases 
and particulates are not captured by pollution control 
equipment they are released into the atmosphere.
Among the gases emitted during the burning of fossil 
fuels the most important are carbon dioxide (CO2), 
sulphur dioxide (SO2), and nitrogen oxides (NOx). 
Sulphur is an element that is present in almost all types 
of coal, although some kinds of coal contain more

sulphur than others depending on the location of the coal 
mine and the type of coal being mined. The average 
percent of sulphur contained in coal ranges typically 
from 0.3% to 2.5%, exceeding in some cases 8%. 
During combustion the sulphur combines with oxygen to 
form SO2 that, as it enters the atmosphere, mixing with 
oxygen and trace substances forms a variety of sulphur 
compounds. In addition, the presence of light, moisture, 
and other pollutants in the atmosphere may also be 
important in activating the complex changes that sulphur 
emissions undergo.

Member State LCIS02
Emissions
1980

S02 Emission Ceiling (Kton/y) and % 
Reduction Over Adjusted LCI 
Emissions 1980

LCI NOx 
Emissions 
(as NO2) 
1-980

NOx Emissions Ceilings 
(Kton/y) and %
Reduction Over
Adjusted LCI Emissions 
1980

(kton) 1993 1998 2003 (kton) 1993 1998
Belgium 530 318 (-40) 212 (-60) 159 (-70) 110 88 (-20) 66 (-40)
Denmark 323 213 (-34) 141 (-56) 106 (-67) 124 121 (-3) 81 (-35)
France 1910 1146 (-40) 764 (-60) 573 (-70) 400 320 (-20) 240 (-40)
Germany 2225 1335 (-40) 890 (-60) 668 (-70) 870 696 (-20) 522 (-40)
Greece 303 320 (+6) 320 (+6) 320 (+6) 36 70 (+94) 70 (-94)
Ireland 99 124 (+25) 124 (+25) 124 (+25) 28 50 (+79) 50 (+79)
Italy 2450 1800 (-27) 1500 (-39) 900 (+63) 580 570 (-2) 428 (-26)
Luxembourg 3 1.8 (-40) 1.5 (-50) 1.5 (-50) 3 2.4 (-20) 1.8 (-40)
Netherlands 299 180 (-40) 120 (-60) 90 (-70)) 122 98 (-20) 73 (-40)
Portugal 115 232 +102) 270 +135 206 (+79) 23 59 (+157) 64 (+178)
Spain 2290 2290 (-0) 1730 (-24) 1440 (-37) 366 368 (+1) 277 (-24)
UK 3883. 3106 (-20) 2330 (-40) 1553 (-60) 1016 864 (-15) 711 (-30)
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Nitrogen in the air combines during the combustion 
process with oxygen to generate NOx mainly at high 
temperature (1450-5-1500 °C, 02 content and residence 
time being important factors) (Thermal NOx). Nitrogen 
chemically combined in the coal is partially converted to 
nitrogen oxides being function of fuel type (Fuel NOx). 
Further NOx production is generated by the reaction of 
hydrocarbon free radicals with nitrogen in the 
combustion air (Prompt NOx).
Sulphur dioxide and nitrogen oxides are referred to as 
precursors to acid deposition, because they react with 
other chemicals in the atmosphere to form sulphuric acid 
and nitric acid, respectively. These two acids do not 
accumulate in the atmosphere, but are absorbed by rain 
droplets, thus discharging acid onto the earth in the form 
of “acid rain”. In addition, sulphuric acid may form 
microscopic droplets that can be deposited directly onto 
the ground. This form of deposition, as well-as the direct 
capture of sulphur dioxide by vegetation, is referred to as 
dry deposition.
The increased use of fossil fuels in recent years, as well 
extensive deforestation, has caused a build-up of carbon 
dioxide in the atmosphere. This increase of CO2 causes 
the atmosphere to absorb infrared radiation reflected 
from the earth that would otherwise have been dissipated 
into space. This phenomenon, which could increase 
global temperatures, is called the “greenhouse” effect. 
November 24 1988, the Council of the European Union 
adopted a “Directive (N°609) on the limitation of 
emissions of pollutants into the air from large 
combustion plants” that prescribed a series of limits for 
the progressive reduction of total annual emissions from 
existing large combustion plants.
A summary of the final emission limit standards and 
application phases of each Member States is reported in 
Tablel.
To respond to the concerns of the European Union 
related to emissions of sulphur oxides and nitrogen 
oxides the Member States passed the respective 
environmental regulation prescribing the emission limit 
standards depending on the type of fuel burned and the 
combustion device used and defining the time limits for 
retrofitting applications.

Emission Reduction Technologies

Emission reduction is accomplished with different 
control technologies for the two pollutants considered, 
sulphur dioxide and nitrogen oxides. An overview will 
be given below of the available methods.

SO2 - switch to coal with lower sulphur
content or less polluting fuels, such as 
natural gas
- equipment for flue gas desulphurization 
(FGD), humid or dry
- boiler conversion to the fluidized-bed 
combustion (FBC) process or to the 
integrated-gassification combined cycle 
(IGCC), not yet in extensive use.

NOx - adoption of a low combustion
temperature profile (NOx formation 
depends primarily on the flue gas 
temperature), using staged combustion, as 
Over Fire Air (OFA)
- use Low-NOx-Bumers (LNB)
- Gas Rebuming (GR), introducing CH4 
in equivalent quantity of about 20% of the 
main fuel at a furnace level higher than 
that of the main burners [3-4]
- fluidized bed combustion (FED).

In order to perform an analysis on the retrofit of E. U. 
coal-fired thermoelectric units to control flue gas 
pollutants such as NOx and SO2, information* on the 
activities and programmes of European coal-fired power 
plants were collected with the help of European utilities. 
E.U. Coal-fired Thermoelectric Units Retrofitted or 
Scheduled for Flue Gas Control

Figure 1: EU. Power Plant Capacity as MW 
Retrofitted or Scheduled for Flue Control

IBs

E.U. power plant capacity as MW retrofitted with or 
scheduled for de-NOx and/or de-SOx of the flue gas is 
shown in Figure 1 where the columns of the graph 
indicate the progress made in completing projects and 
organizing programmes expressed as power plant
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capacities, while in Table 2 below the corresponding 
exact values for the environmental activities are reported:

The environmental control activities, shown in the above 
graph, has been especially developed in Germany and all 
the Member States are working the reduction of air 
pollutants progressively introducing their own 
environmental regulations and related application phases.
The activities developed to date and future programmes 
of each Member State are evaluated using a statistical 
technique - the 'Weighted Average Retrofit (WAR)' - 
which summarizes the flue gas control adopted in the

Table 3 : ‘Weighted Average Retrofit’ for Flue Gas Control of E.U. Coal-fired Thermoelectric Boilers 
____________________ (to date ans scheduled)___________________

Member Stat X vi*MW(R)i

x 100
Ini*MWi
1

de-Nox
to-day

de-NOx
progr.*

de-SOx
to-day

de-SOx
progr.*

Belgium 0.7 0.0 0.0 0.7
Denmark 45.2 0.3 7.5 0.0
France 0.5 0.0 1.2 1.3
Germany 56.3 0.02 59.7 0.02
Greece 0.0 7.1 0.0 2.1
Ireland 4.8 1.2 0.0 0.0
Italy 12.6 3.2 1.3 4.4
Netherlands 63.3 1.52 35.1 5.1
Portugal 0.0 38.9 0.0 4.1
Spain 0.0 0.1 0.0 1.1
UK 6.8 3.1 0.6 55.8
E.U. 17.6 0.9 11.6 0.9
* The figures de-NOx progr. and de-SOx progr. include both coal-fir

Table 2 : De-Nox and de-SOx Retrofitting Activities
Technology MW

retrofitted
% MW 

retrofitted *
MW in

programme
% MW in 

programme

de-NOT 76073 48 18981 12
de-SOy 58417 40 18593 12
* respect to the overall capacity of the Coal-fired 
Thermoelectric Units of 159642 MW

power plants, for each Member State, by means of the 
following formula:

X vi*MW(R)i

Weighted Average Retrofit =---------------------- x 100
ZniMWi
l

where:
i denotes a coal-fired thermoelectric unit
v the number of the retrofitted unit
n the number of the unit i
MW(R) the capacity of the retrofitted unit i
MW the capacity of the unit i
The calculated values of the ‘Weighted Average Retrofit’
(WAR) are reported in Table 3. The ‘WAR’ summarizes
the historical data of flue gas control activities and gives
information to understand, statistically, the level of
retrofitting (up to-day and future) of E.U. power plant
park.

k

The statistical order of WAR in adopting de-NOx flue 
gas equipment to date is reported in Figure 2 a showing 
the different level of Member State’s activities:
• the Netherlands, Germany, and Denmark have almost 
completed the required reduction of nitrogen oxides (the 
time limits for the former German Democratic Republic 
are SO2 from 1 January 1994 and NOx from

1 July 1996) due to implication in forest damage and 
increasing acidification of surface waters in North 
Europe
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Figures 2a : ‘Weighted average Retrofit’ of de-NOx 
application to date in E.U. coal-fired thermal units.
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• Italy, U.K., Ireland (although allowed by the 
Directive to increase NOx emission), and Belgium 
started in adopting de-NOx facilities with programmes 
less intensive compared to the Netherlands, Germany, 
and Denmark due to the lower percentage reduction 
prescribed by the 1988 Directive of the Council of the 
European Union. Meanwhile, the advanced technologies 
are deeply improved such as Low NOx Burners and Gas 
Rebuming able to respect the required emission limits 
during combustion avoiding the adoption of the more 
expensive Selective Catalytic Reactors
• Greece, Portugal, and Spain have to starts in future 
being allowed to prolong and/or increase the current 
emissions (see Table 1).
Figures 2b : ‘Weighted Average Retrofit’ for sheduled 
de-NOx technology for E.U. coal-fired themal units

The trend of “WAR” for scheduled de-NOx equipment is 
shown in Figure 2 b giving the following information:
• Portugal will start with an intensive de-NOx project 
(from the year 2000)

« Greece will adopt de-NOx technologies in line with 
the limits reported in Table 1
either in terms of overall boiler capacity or as application 
time
e the other Member States will complete their own 
projects in the years 1995*2002 with few exception. 
Figures 2c : ‘Weighted Average Retrofit’ of de-SOx 
application to date in E.U. coal-fired themal units

The “WAR” data given in Figure 2 c indicates the 
statistical behaviour of de-SOx technical systems applied 
to date by each Member State:
<» Germany, Netherlands, and Denmark have been the 
most active in reducing S02 emissions and have almost 
completed their overall projects
Italy, France, and U.K. have already adopted de-SOx 
systems respecting the required S02 reduction indicated 
in Table 1.
a Belgium, Greece, Ireland, Portugal, and Spain had 
not yet adopted any flue gas desulphurization systems at 
the time the data were collected.
Figures 2d : ‘Weighted Average Retrofit’ of scheduled 
de-SOx technology for E.U. coal-fired thermal units
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For future de-SOx activities the “WAR” data reported in 
Figure 2 d shows the major programme of the U.K., to 
be completed within the 2002, and the remaining 
activities of Netherlands, Italy, Portugal, Greece, 
France, and Spain.
To complete the scenario for the environmental 
retrofitting projects of the Member States in the 
European Union, the trend of de-NOx and de-SOx 
activities, expressed as capacity retrofitted year by year 
up to 2006, is shown in Figure 3. The maximum of the 
coal-fired boiler retrofit is concentrated in the years

1987"1990, mainly due to the time limits laid down by 
German, Dutch, and Danish environmental rules, while a 
second peak appears for the years 1992" 1996 due to the 
group of Member States required to reduce the emission 
percentage to a level lower than of the three former 
countries, namely, Belgium, Italy and U.K. A third 
peak, the U.K. projects, is forecast around the year 2002 
and represents the main tail of the environmental 
programme that will complete the major action promoted 
by the E.U. Council Directive.

Figures 3 : Trend Year by Year of E.U. Power Plant Capacity Retrofitted or scheduled for flue gas control
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De-NOx and de-SOx Technologies 
Selected in E.U. Coal-fired 

Thermoelectric Plants

De-NOx and de-SOx technologies employed in E.U. 
coal-fired thermoelectric plants were selected among 
those processes available and commercially mature in the 
early 1980s to comply with the environmental 
requirements of the E.U. Council Directive and the 
related environmental regulations of each Member State.

Generally utilities designed their own power plant 
retrofits performing adequate preliminary feasibility 
studies to ensure several decision-steps such as:
• site-specific alternative environmental technologies
• analysis evaluating the consequences of the projects 
examined on air quality, water quality, and solid waste 
disposal
• analysis evaluating the cost effectiveness of the 
environmental technologies to be adopted in the specific 
power plant considering firstly the retrofit installation 
investment, and operation and maintenance costs, and 
secondly the capacity, age, and efficiency of the existing 
boilers.
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Figures 4 : De-Nox processes adopted in E.U. coal-fired power plants
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Further, utilities were required to comply with the 
emission standards of their own Member State that are 
more or less strict compared to those of other Member 
States
Consequently, each utility was required to install 
environmental technologies able to remove a percentage 
of pollutants to the degree necessary to meet the most 
stringent standards that it faces. For example, if 
desulphurization standards require removal of 70+90 
percent of sulphur dioxide emissions the utility must 
install a Flue Gas Desulphurization (FGD) unit; by 
contrast, if the percentage of SC>2 removal is less strict 
the utility install less expensive desulphurization systems 
such as switching the fuel to coal with a lower sulphur 
content.
The same considerations apply to nitrogen oxide 
emission control: the more stringent the standard limits, 
the more efficient must be the de-NOx technology. 
Consequently the selection may range from a staged 
combustion process through Low NOx Burners to a SCR 
system as emission control requirement increase.
On the basis of the above concerns, the environmental 
processes adopted in E.U. Coal-fired power plants for

NOx and SO2 emission control are shown in Figures 4 
and 5: namely, the most widespread de-NOx processes
are based on the following systems or on combination of
them:

Process MW
Retrofitted

1. Air Staging-SCR 8614
2. Low NOx Burner 28370
3. Low NOx Burner Air Staging 15611
4. Low NOx Burner - Air Staging-SCR 7142
5. SCR 6533
6. Low NOx Burner - SCR 16565
while, the de-S02 technology is based mainly on Flue
Gas Desulphurization, as shown in the following Table:

Process MW ■
Retrofitted

1. FGD 63206
2. Spray-dry 4158
3. Low Sulph. Coal & de-Sox System 1400
4. Low Sulphur Coal 1100
5. Coal Cleaning and natural gas 1050
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Figures 5 : De-SOx processes adopted in E.U. coal-fired power plants
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Conclusion

In November 1988 the European Union formally agreed 
a Directive on the limitation of emission pollutants into 
the air from large combustion plants and the Member 
States passed their own Environmental Rules prescribing 
the emission standards and time limits for retrofitting. 
"76000 MW of E.U. coal-fired power plants have been 
retrofitted to date for control of NOx emission and 
"58500 MW for control of SOx emission; future 
programmes are designed to reduce the NOx and SOx 
emission for "19000 MW and "18600 MW, respectively, 
by the year 2002.
A statistical analysis was developed to evaluate the 
environmental activities of each Member State on the 
basis of information collected on 677 coal-fired 
thermoelectric units having an overall capacity of about 
160000 MW.
As far as coal-fired power plants are concerned:
• Denmark, Germany and the Netherlands have almost 
completed their overall projects for de-NOx and de-SOx 
emission control
• France, Italy and U.K. respected the NOx and SOx 
reduction indicated by the Directive and have scheduled 
the remaining activities to be completed by the 2002

• other Member States being allowed to prolong and/or 
increase current emissions are going to start with their 
own environmental programmes.
The maximum rate of retrofit activities was developed in 
the years 1987+1990 and 1992+1995, while the 
maximum for future programmes is concentrated in the 
year 2002.
The environmental processes adopted in E.U. coal-fired 
power plants for NOx and SOx emission control are 
based on the following systems or combinations of them: 
NOx Low NOx Burner, Low NOx Burner + SCR, 

Low NOx Burner + Air Staging, Low NOx 
Burner + Air Staging + SCR, Air Staging + 
SCR, and SCR

SOx FGD, Spray-dry, and other systems such as 
switching to coal with lower sulphur content 

The reduction of emissions from coal-fired power plants 
may be increased by improving the total efficiency and 
thus reducing the emissions per unit of useful energy: to
day, this strategy is based on the adoption of advanced 
combustion technologies such as fluidized bed 
combustors and the integrated gasification combined 
cycle. These two advanced technologies are able to 
eliminate or reduce the two pollutants examined above to 
the emission limit values prescribed by the E.U.’s 
current environmental regulations [5-8]. O
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Boiler Efficiency and Environmental Performances

BY S. Furfari, DG XVII and Prof. G. Variali, Chemical Enginerring Department 
Energy Technology Directorate - ‘La Sapienza’ University/ Rome

Foreword

Greater efficiency of coal-fired thermoelectric boilers 
is a key element for a number of energy targets such as 
higher conversion of coal to energy, better control of 
sulphur and nitrogen oxides, solid and liquid wastes, 
greenhouse gases, and other emissions resulting from 
coal use.
Efforts in improving coal-use efficiency can help to 
resolve the conflict between the necessary increase in 
coal use due to the increased energy demand and the 
legitimate growing concern about the related 
environmental impact.
Several repowering technologies, such as replacing the 
boiler with a new combustion configuration operating 
as a combined cycle by adding a gas turbine or by 
adopting new, cleaner, burners based on highly 
efficient coal combustion or gasification technology, 
are commercially available. By contrast the strategy of 
plant refurbishment - increasing life-time of the coal- 
fired units by 20 years - is less expensive than 
repowering and thus is generally preferred.
Potential global climate change due to increases in the 
concentration of greenhouse gases in the atmosphere 
has attracted considerable attention as an emerging 
environmental issue. Even if there are scientific 
uncertainties related to global climate change, the ‘not 
regret’ strategy implies that actions are necessary to 
reduce emissions of greenhouse gases. Increasing 
power generating efficiency is a key option in this 
strategy.
In order to perform an analysis of the efficiency of 
European Union (E. U.) coal-fired thermoelectric units 
and their impact on the environment, information on 
the characteristics of this power plants such as 
capacity, age, efficiency, operation, and boiler 
renewing/repowering were collected with valuable 
support of the European utility companies. Additional 
information on coal-fired generating units that are

under construction or in various stages of planning 
were also acquired.

E. U. Coal-fired Power Plant

Historically, most of the electricity generation capacity 
in the E.U. has been based on coal-fired power plants. 
After the two oil shocks of 1973 and 1979, reduced 
availability of oil imports and increasing fuel oil costs 
made coal-fired generation even more important. In 
addition, utilities have either retrofitted existing oil- 
fired steam units to bum coal, or operated gas- and oil- 
fired boilers to meet peak-loads only. There are some 
exceptions where the large existing stock of oil-fired 
capacity obliged the utilities to continue using liquid 
fuel. Nevertheless, the new and future plants have been 
designed to bum coal.

Table 1: Number and Total Capacity of Coal-fired 
Power Plants in the E.U. (existing and planned \

Member Existing Project
State

N° (MW) N° (MW)
Belgium 31 4000 2 775
Denmark 42 8156 3 945
France 36 11397 - -

Germany 282 42217 1 553
Greece 21 4683 6 2210
Ireland 19 1340 - -

Italy 41 10642 21 7650
Netherlands 11 4495 4 2140
Portugal 8 1714 3 995
Spain 40 11082 - -

UK 146 39648 - -

Overall EU 677 144374 40 15268

The stock of E.U. coal-fired power plant electricity 
generating is represented in Table 1 reporting number
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and overall capacity (MW) of existing and planned 
boilers by Member Stated
The coal-fired electricity generating capacity of about 
160 GW installed in the European Union represents 
about the 64% of the total thermal capacity, and 52% 
and 39% respectively when hydroelectric and 
hydroelectric & nuclear capacities are included. These 
figures indicate the strategic importance of coal as 
source for thermoelectric production. Capacity at 
project status amounts to 15757 MW and represents a 
growth of about 10% of the existing thermoelectric 
coal-fired power plant capacity.
Table 2 reports the percentages by Member State of 
installed and at project status coal-fired generating 
capacity compared to the total internal energy sources 
(fuel oil, natural gas, hydro, nuclear and others). 
Figures are also given for the percentage of total E.U. 
existing and at project status coal-fired capacity. The 
figures show massive use of coal in absolute terms in 
Germany and U.K., medium in Italy, France, and 
Spain. It is also important to underline the high 
percentage of coal use in electricity generation in 
Denmark (99%), and Greece (71%) compared to other 
energy sources.

Table 2 : % by Member State of coal-fired 
electricity generating Capacity compared to E.U.

Member State EU Internal
% %

Belgium 3.0 33.8
Denmark 5.7 99.5
France 7.1 11.0
Germany 29.9 48.7
Greece 4.3 71.0
Italy 11.2 32.2
Netherlands 4.2 37.6
Portugal 1.7 39.6
Spain 6.9 26.4
UK 24.8 54.1

Thermal Unit and Carbon Dioxide

The increased use of fossil fuels in recent years has 
caused not only an extensive deforestation but also a 
build-up of carbon dioxide in the atmosphere. This 
increase in CO2 causes the atmosphere to absorb 
infrared radiation reflected from the earth that would 
otherwise have been dissipated into space. This 
phenomenon which could increase global temperatures, 
is known as the ‘greenhouse* effect.

j At the iimeof writing, the European Union still consisted of 12 
Member States

These potential increases in temperature are of concern 
because they could cause climatic changes, shift in 
agricultural zones, and partial melting of the polar ice 
caps resulting in flooding of coastal areas.
The CO2 reduction from the power plants might 
mitigate this phenomenon, though significant 
uncertainties remain regarding global wanning. 
Reduction in power plant CO2 release reduction by 
using of scrubbing systems is today the only 
foreseeable option, it is but so expensive that it can not 
be adopted in electrical utilities and in all other 
industrial sectors. However, carbon dioxide emissions 
can be reduced by increasing conversion efficiency of 
coal-fired thermal boilers in a number of ways:
• for plant repowering:
- cleaner-burners in highly efficient coal combustion 
systems that can reach efficiencies of up to 45%, a 
considerable improvement over conventional 
technologies with efficiencies in the 33-35 percent 
range
• for new plants:
- clean coal technologies such as pressurized fluidized 
bed and gasification technology in combined cycle [1- 
3] with gas turbine yielding efficiencies of up to 50% 
and possibly more with a more advanced cycle.
Due to the increased conversion efficiencies of these 
technologies, carbon dioxide emissions are reduced by 
10 to 15 % for each 5-percentage-point improvement 
in conversion efficiency.
In order to evaluate the scope for reducing CO2 
emissions E.U. coal-fired thermoelectric plants have 
been analysed according to age, size and efficiency. 
The results are presented below.

Technologies for High Efficiency 
Coal Conversion in the E.U. Power 

Plants

Today's new coal combustion processes have been 
developed at demonstration and commercial scale to 
satisfy the rapidly changing environmental, economic, 
and technical performance requirements being imposed 
on E.U. power plants.
The repowering of the existing E.U. power plants must 
satisfy stringent site selection and environmental 
requirements while producing electricity efficiently and 
with a high level of reliability. In other words, the new 
technologies to be applied to the selected existing 
power plants have to offer the potential for a cleaner 
environment and lower power costs by contributing to 
the solution of issues relating to acid rain, global 
climate change, future energy needs, and energy 
security.
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Given the above mentioned requirements, the new 
technologies of interest to E.U. utilities can be placed 
in the following three categories:
• Advanced Combustion. New coal-fired technology 
[4-7] is based on the cyclone combustor concept, 
mainly developed in the USA. Coal is burned in a 
separate chamber outside the water-wall furnace and 
the hot combustion gases then pass into the boiler 
where the heat exchange takes place. The advantage is 
that the ash is kept out the furnace cavity and does not 
deposit on boiler tubes lowering heat transfer 
efficiency. Further, not having degradation of the 
boiler tubes' surface due to ash removal in the 
prechamber, boiler efficiency is enhanced over time. 
Other new coal-fired technology able to reduce 
environmental emission is based on positioning air 
ports at designed level so that coal is combusted in 
stages and NOx emission can be reduced by up to 
70%-5-80%. Injecting limestone into the combustion 
chamber also has the potential to reduce sulphur 
emission by up to 90%.
• Fluidized-bed Combustion. Fluidized-bed 
Combustion [8-10] can be either atmospheric (AFBC) 
or pressurized (PFBC - at pressures 6-5-16 times higher 
than normal atmospheric). The pressurized fluidized- 
bed combustion offers potentially higher efficiency and 
less waste products than the atmospheric fluidized-bed 
process. Systematic improvements have modified the 
earlier design (bubbling- or circulating-bed) bubbling 
beds with solid recirculation, fluid beds with internal 
circulation, and hybrid designs combining several 
fluidization concepts.
Polluting emissions are reduced by controlling 
combustion parameters in order to maintain the flue 
gas temperature at 750-5-900°C and by injecting sorbent 
as limestone: under these conditions the sulphur 
capture is enhanced (up to 93%) and NOx emissions 
are reduced.
• Integrated Gasification Combined Cycle. The 
Integrated Gasification Combined Cycle (IGCC) 
process [11-14] basically consists of four steps:
- fuel gas formed by reacting coal with high- 
temperature steam and air or oxygen,
- fuel gas purification at room temperature (advanced 
systems are going to clean the hot gas),
- combustion of the clean gas and electricity generation 
via a gas turbine driven by the hot exhaust gases,
- the residual heat in the exhaust gases and from the 
gasifier is used in a conventional steam turbine 
generator to produce additional electricity.
The IGCC process is the cleanest and most efficient 
system: it is able to remove up to 99 % of sulphur from 
coal (scrubbers in conventional plant typically remove 
90%) and partly convert coal's nitrogen into ammonia 
removed subsequently by conventional chemical 
processes. NOx produced in combustion with air are

held to an acceptable level by staging the combustion 
process or by adding moisture to hold down the flame 
temperature.
Current efficiency levels may be increased and cost per 
unit of power lowered when the hot gas (over 
1100°C) clean-up process (bed of zinc ferrite particles 
and others) is commercially assessed [15-16],
The Thermie programme of the Commission of the 
European Union has funded the 335 MWe project in 
Puertellano, Spain, based on the PRENFLO coal 
gasification process. The main objectives of the 
programme are demonstration of the technical and 
economical feasibility of an IGCC plant while testing 
various types of coal from Europe and confirmation of 
the clean generation of electricity from coal. The gas 
desulphurization system leads to veiy low SO2 
contents in the flue gas and the mixing with nitrogen 
from the air separation unit also achieves very low 
NOx emissions[17].

Age of E.U Coal-fired Power Plant

The design of coal-fired power plant has in the past 
been based on the general assumption that the technical 
and economical life would be of about 30 years. 
However several power plants now operating are 35-5- 
40 years old.
The ‘30 years'expectation was that power plant units 
would be replaced with new units which would meet 
load requirements and through the use of technological 
improvements produce power at lower cost, and have 
higher availability and higher efficiency.
This expectation has not been fulfilled because of a 
number of factors such as low load growth, increasing 
construction costs, competing fuel, siting difficulties, 
and increasing uncertainty as to local authority 
regulatory approval.
Utilities have recognised that the potential lifetime of 
existing plant may be far in excess of the design 
assumption and that there can be numerous technical 
and economical advantages in continuing to operate 
these ‘old' power plants.
Thus, extending the life of the power plants to reach as 
much as 50-5-60 years service or longer could be 
economically advantageous. The aims for extending the 
life time might be as follows:
• extension or improvement of availability, 
reliability, and heat rate of power plant performance in 
an economically beneficial manner
• improvement of power plant safety, and 
environmental protection to meet new regulations
• increasing the thermal efficiency of coal-fired 
power plant so that the-plants become as economically 
viable and as low on CO2 emissions as new power 
plant designs.
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The feasibility of extending the life of the E.U. coal- 
fired power plants to meet the above aims can be 
evaluated, using a statistical technique - the ‘Weighted 
Average Age (WAA)’- to review the power plant 
status, for each Member State, by means of the 
following formula:

Z ai * MWi 
i

Weighted Average Aged =
Z MWi 
i

Where : - i denotes a coal-fired thermoelectric unit
- a the age of the unit i
- MW the capacity of the unit i

Table 3 : ‘Weighted Average Age’ of EU Coal-fired

Member State Zi ai * MWi

Zi MWi

Belgium 25.9
Denmark 17.2
France 21.4
Germany 18.8
Greece 13.8
Ireland 12.8
Italy 17.2
Netherlands 10.8
Portugal 7.2
Spain 14.8
UK 24.2
EU 19.6

The calculated values of the ‘Weighted Average Age' 
(WAA) are given in Table 3. The ‘WAA' synthesizes 
the historical data of power plant age and provides 
information for understanding, statistically, the level 
of obsolescence of power plant.
The ‘WAA' data given in Figure 1 indicates 
statistically which Member States' power plants should 
have the most interest in extending the life of their 
coal-fired power plants, as one of the most cost- 
effective options for meeting their future energy 
requirements. The need to consider extending the life 
of coal-fired power plants increases from Portugal 
(installed capacity 1714 MW), Netherlands 
(4495 MW), Ireland (1340 MW), Greece (4683 MW), 
and Spain (11032 MW)- the ‘WAA’ varies in the 
range 74-15 -; through Italy (10937 MW), Denmark 
(8156 MW), and Germany (47073 MW) - ‘WAA’ 154- 
20 -; to France (11397 MW), U.K. (39548 MW), and 
Belgium (4000 MW) - ‘WAA’ 204-26 -.

Figure 1 : ‘Weighted Average Age’ of E.U. Coal- 
fired Power Plant

-& id

The ‘Weighted Average Age’ has also been calculated 
using the power plant data separated into three classes:
• Over 30 years
• Between 20 and 30 Years
• Below 20 years
in order to provide more detailed information on the 
statistical level of obsolescence of the power plants in 
each Member State.

'WEIGHTED AVERAGE AGE' OF THREE AGE- 

RANGE CLASSES OF COAL-FIRED BOILERS

Table 4 : ‘Weighted Average Age’ of EU Coal-fired 
Power Plant Park Split Three Age-range classes

Member State Zi ai * MWi

Zi MWi

Over 30 20-30 below
years years 20 years

Belgium 33,5 25,8 15,8
Denmark 33,5 24,6 9,2
France 31,9 24,6 10,0
Germany 33,7 24,4 9,7
Greece 30,4 24,4 10,5
Ireland 33,1 27,9 7,7
Italy 34,6 24,3 4,9
Netherlands 32,0 27,4 7,2
Portugal 33,0 27,5 5,0
Spain 31,7 24,1 11,7
UK 32,9 24,0 13,9
EU 33,3 24,3 14,2

The calculated values of the ‘Weighted Average Age’ 
of the three age-range classes are reported in Table 4, 
showing the differences in the statistical level of
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obsolescence among the three classes and the previous 
overall evaluation due to the different industrial 

■ evolution of each Member State.
These differences are emphasised in Figure 2 which 
gives the ‘WAA* for the over 30 years power plant life 
for each Member State. This shows that the ‘WAAs’ 
vary over the range 30-5-35.

Figure 2 : ‘Weighted Average Age’ of coal-fired 
power plants over 30 years old
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The order of the Member States and capacities 
concerned are reported in Table 5.

Table 5 : Member States and Power Plant Capacity
Member State MW Member State MW
Greece 363 Ireland 185
Spain 209 Denmark 692
France 1080 Belgium 1243
Netherlands 125 Germany 8247
U.K. 7790 Italy 1133

Table 6 : Member State and Power Plant Capacity
Member
State

MW Member
State

MW

U.K. 25828 Denmark 3158
Spain 2377 Belgium 1846
Italy 5213 Netherlands 655
Germany 15578 Portugal 100
Greece 700 Ireland 110
France 7299 E.U. 62864

Figure 3 presents the Weighted Average Age for the 
class between 20-5-30 years showing two plateaus, a 
lower one covering seven countries in the range 24-5-26 
and a higher range (‘WAA*-28) covering power plants 
in Netherlands, Portugal, and Ireland constructed 
around 1965.

Figure 3 : ‘Weighted Average Age’ of coal-fired

The order of the Member States and Power Plant 
capacities concerned are reported in Table 6.
The below ‘20 years old' class shows (Figure 4) 
‘WAAs' vary in the range 5-5-16; these values indicate 
that the level depends on the years of installation of 
the new coal-fired units power plants in each Member 
State.

Figure 4 : ‘Weighted Average Age’ of coal-fired
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The order of the Member States and Power Plant 
capacities concerned are reported in Table 7.

Table 7 : Member States and Power Plant Capacity
Member
State

MW Member
State

MW

Greece 3260 Ireland 1045
Spain 8446 Denmark 4306
France 3018 Belgium 911
Netherlands 3715 Germany 23248
U.K. 5930 Italy 4591
Portugal 1564 E.U. 60393
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E.U. Coal-fired Power Plant Size

The ‘Average Capacity per coal-fired thermal unit’ for 
each Member State is given in the Table 8.

Table 8 : ‘Average Capacity (MW) per Coal-fired
thermal unit’ for each Member State
Member State Ratio Member State Ratio
Belgium 129 Italy 260
Denmark 194 Netherlands 409
France 317 Portugal 214
Germany 167 Spain 277
Greece 223 U.K. 272
Ireland 71 E.U. 213

« in U.K., since the ‘Average Capacity’ of the plants 
over 30 years old is high (438), they consider 
unnecessary to plan new units;
« in Italy, due to the low ‘Average Capacities’ of the 
coal-fired thermal units over (103) and less than (279) 
30 years old, they have planed plants with an average 
capacity of 444 MW;
« in France, since the ‘Average Capacity’ of boilers 
below (163) and over (353) 30 years old is high, there 
are no new units planned.
In other words, Member States with power plants of 
low capacity have been obliged to plan new units of 
high capacity to balance the reduced efficiency of 
existing units.

The ‘Average Capacity (MW) per coal-fired thermal 
unit’, that varies between 71 of Ireland and 317 of 
France, is also an index of the power plant 
concentration or dispersion in the country. Although 
fuel conversion efficiency and economical electricity 
generation both increase with the unit size, utilities 
often prefer for management reasons, or due to local 
constraints, to install boilers of lower capacity.
To increase the efficiency and economy of the power 
plants, the new tendency has been to construct boilers 
of higher capacity as demonstrated by the ‘Average 
Capacities (MW) per coal-fired boiler over 30 years, 
below 30 years and at project status’ of single Member 
State reported in Table 9.

Table 9 : ‘Average Capacity (MW) per Coal-fired 
Thermal Unit over, less than 30 years old and at 
projects Status’ for each State Member___________

Member
State

Ratio
MW/Number boilers

over 30 y Below 30 y project
Belgium 86 160 388
Denmark 63 178 315
France 163 353 -

Germany 92 208 255
Greece 68 249 368
Ireland 16 110 -

Italy 103 279 404
Netherlands 125 437 535
Portugal 50 226 326
Spain 105 285 -

U.K. 95 438 -

E.U. 90 265 382

It is possible to note: e.g.,
• in Germany, due to the low ‘Average Capacities’ of 
the coal-fired thermal units over (92) and less than 
(208) 30 years old, there are plants at project status 
with an average capacity of 255 MW;

E.U. Coal-fired Power Plant 
Efficiency

The efficiency of E.U. coal-fired thermal units varies 
between 19% and 44% within the collected available 
data-2 Table 10 presents the correlation for each range 
with the various parameters (number, average age and 
mean capacity of boilers).

Table 10 ; E.U. Coal-fired Thermal Units : 
Efficiency versus Number, Average Age and Mean 
Capacity of Boilers __________________________
Efficiency N° Average Average
Range % Boiler Age Capacity, MW
19*30 55 28 118
30*35 190 26 221
35*45 222 21 334

Low efficiency values correlate with old boilers of 
small capacity, while high efficiency values correspond 
to new thermal units of relative higher capacity, and, 
specifically to the characteristics of boilers with 
efficiency in the range 35*45% probably due to the 
specific boiler design.
The variation of efficiency with boiler age and capacity 
is well illustrated in Figures 5 and 6, where the trend 
of thermal unit efficiency is correlated with capacity 
(MW) and year of first operation, respectively.
In the graphs the efficiency trend seems to be 
correlated positively with electricity generating 
capacity, negatively with the construction year 
approaching asymptotically, in both the cases, the

2 The analysis of efficiency has not been performed on overall 
E. V. coal-fired boilers since data for this specific parameter are not 
available for all the existing 677 coal-fired thermal units, but only 
for 467. Nevertheless, due to the large quantity of the available data 
(69% of the total) the results of this analysis of the correlation 
between efficiency and various other parameters (capacity, age, and 
operation hours) of the coal-fired boilers may be considered 
statistically reliable. > :
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range 38-M2%. The scattering of the points from the 
mean in Figure 6 may be explained by the necessity in 
recent years to construct boilers of low capacity due to 
different factors such as site constraints or local limited 
electricity demand: in fact, in Figure 5, the distribution 
of the points related to efficiency versus capacity 
approaches the asymptote with a narrow range, while

the area of boilers below 100 MW is particularly 
dense.

The analysis of Figures 5 and 6 and Table 10 indicates 
that the conventional design of thermoelectric units 
has reached the maximum conceptual development and 
further improvements in efficiency must be reached 
with new technologies to be applied in existing or new 
power plants.

Figure 5 : Trend of E.U. coal-fired boilers 
versus capacity
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Figure 6 : Trend of E.U. coal-fired boilers 
versus year of first operation
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age level, the statistical formula ‘Weighted Average 
Priority in Repowering Existing Coal- Efficiency (WAE)’ is then applied to the E.U. coal-
FIRED Power Plants fired thermoelectric unit data, where:

To produce aggregates and averages for the coal-fired 
boiler efficiency of each Member State at capacity and
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Zr|i*MWi*(l/Ai)
i

Weighted Average Efficiency =---------------------------
Z MWi* (lAi) 
i

and : i denotes a coal-fired thermoelectric unit 
il the efficiency of the unit i 
MW the capacity of the unit i 
A the age of the unit i

The calculated values of the ‘Weighted Average 
Efficiency* are reported in Table 11 showing a range 
between 32-MO. The ‘WAE* synthesizes the data of 
power plant efficiency and provides statistical 
information highlighting the comparative level of 
conversion of fuel into useful energy of E.U. coal-fired 
power plants. Furthermore, the best ‘WAE’ values 
averaging between 39 and 40 of some coal-fired power 
plants do represent a focal point for those Member 
States which are below this figure.

The statistical series in Figure 7 shows the priority that 
should be given by each Member State to repowering 
the coal-fired power plants in order to produce the 
maximum of useful energy and controlling the flue gas 
emission, specifically, greenhouse gases.

Figure 7 : Trend of ‘Weighted Average Efficiency’ 
of the E.U. coal-fired thermoelectric units
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In order to define the priority index for repowering 
coal-fired boilers characterized by greater age and 
lower capacity, the ‘WAE* formula has been applied 
on coal-fired boiler data subdivided in three classes of 
efficiency: namely, below 30%, between 304-35% and 
over 35 % (Table 12).

‘WAE’for Efficiencies Below 30%
The result of this analysis indicates that the ‘WAE* for 
efficiencies below 30% varies in the range 244-30 
indicating that the electrical productivity of the power 
plants is very low as to the capacity of the single

boilers, while the age is high: repowering of the units 
is urgent in order to reach a mean threshold of 
efficiency to justify their life extension.

Table 12 : ‘Weighted Average Efficiency’ of E.U. 
Coal-fired Power Plant calculated in three 
Efficiency Classes : below 30%, 304-35% and over 
35% ________________________________
Member
State

Zini*MWi*(l/Age)

Zi MWi* (lAge)
Below
30%

304-35% Over 35 %

Belgium 28.77 34.26 36.67
Denmark 34.07 33.81 40.12
France 34.01 38.02
Germany 24.69 33.20 38.21
Greece 28.46 32.01 35.12
Ireland 26.24 38.01
Italy 33.37 38.56
Netherlands 39.17
Portugal 28.17 39.93
Spain 27.58 33.24 35.65
U.K. 24.68 33.90 36.66
E.U. 26.22 33.38 37.98

In this class of efficiency the total capacity of the 
power plants is 6502 MW and average operating hours 
per year 4512. Due to the very low capacity (e.g. 
Belgium 53 MW, Denmark 160 MW, Ireland 425 
MW, and Portugal 150 MW) and operating hours (e.g. 
Greece 2475 hour/year) of some Member State's 
boilers the repowering should focus o the boilers of the 
other Member States that have the following capacities:
• Germany, 1163 MW
• Spain, 2193 MW
• U.K., 680 MW
giving an overall capacity of 4036 MW. The 
efficiency improvement obtainable by coupling existing 
coal-fired thermal units with a gas turbine in combined 
cycle could reach value of 40%. Nevertheless, the 
advantages in electricity production and CO2 reduction 
should be carefully evaluated by the three Member 
States because the savings may not be cost effective 
given the number of boilers and the related ratio 
capacity (MW)/number of boilers, that is:
Member N. Boiler Ratio
State MW/N.boiler
Germany 12 97
Spain 7 313
U.K. 6 113
Instead, an advantageous strategy could be to combine 
repowering activities for coal-fired boilers of this 
efficiency class on two levels:

88 —



E.U. COAL-FIRED THERMOELECTRIC PLANTS

• retrofit of those boilers of adequate thermal 
capability with advanced combustion technologies such 
as cyclone combustors where the coal is burned in a 
separate chamber outside the furnace cavity (keeping 
the ash out of the boiler tubes) and simultaneously 
connected to a gas turbine in order to reach an overall 
efficiency up to 45+50 %
• promotion of new Integrated Gasification 
Combined Cycle (IGCC) projects, drawing on the 
experience and success of the Puertellano Plant, Spain, 
to be installed in existing sites providing a double 
advantage:
- utilization of existing sites for the IGCC process 
overcoming the constraint and uncertainty in having 
new sites approved by the local authority
- substitution of old plants having low efficiency 
(averaging 28% in Germany, Spain and U.K.) and 
high CO2 emission with new plants with efficiency up 
to 50%.

‘WAE’for the 30+35%Efficiency Class 
The ‘WAE’ for the 30+35% efficiency class gives 
figures in a very narrow range (32+34) indicating that 
coal-fired boilers are similar in capacity and year of 
construction.
A priority scale of the Member States which should 
repower their own electrical facilities can be obtained 
by submitting the power plants belonging to this 
efficiency class, given their comparative age and 
electrical capacity, to an analysis of parameters as total 
capacity, average operating hours per year, and ratio 
‘Capacity (MW)/Number of boilers’. The priority scale 
can be calculated by the formula as follows:

MWi * Hi * Ri
Priority Scale = * 100

Zi MWi * Hi * Ri
Where:
- i denotes a Member State
- MW the overall capacity of the Member State i
- H the power plant average operating hours of the 

Member State i
- R de ratio capacity (MW)/number of boilers of the 

Member State i

This priority scale gives information on the power 
plants for which increasing boiler efficiency provides a 
means of meeting future energy requirements and, at 
same time, reducing CO2 emissions at European Union 
level: in fact, the prospects for an increase in energy 
production combined with a decline in CO2 emissions 
are negligible or reasonable depending on whether 
capacity, operating hours, and boiler size of the power 
plants are low or high values, respectively.
The priority scale given in Figure 8 shows the Member 
States which may reconfigure as combined cycle plants

by adding gas turbines to their own electric facilities 
more usefully.
Figure 8 : Trand of the Priority Scale in Power 
Plant repowering in the 30+35% efficiency class

Bobs cftil deed

Therefore, the most probable Member State candidates 
for repowering in this efficiency class are U.K., 
Germany, and Spain with the following power plant 
capacity, operating hours and number of coal-fired 
thermal units:
Member
State
U.K.
Germany
Spain

Capacity
MW

18625
11805
5300

Operation 
Hours/Yrs 

5652 
5028 
6695

Number of 
boilers 

75 
58 
22

France andOther Member State candidates may be 
Italy with the following characteristic parameters : 
Member Capacity Operation Number of 
State MW Hours/Yrs boilers
France 1415 4607 6
Italy 1318 6695 11
The power plants, shown in the two above tables,
repowered with a combined cycle can reach efficiencies 
of up to 55%.
In agreement with the priority scale other most
important factors determining the need for new electric 
generating capability must be considered by Member 
States by analysing macro-economic factors, such as 
the Gross National Products and the cost of the fuel 
and electricity and peak demand and energy 
requirements.

‘WAE’for Over 35% Efficiency Class 
The ‘WAE’ for the over 30% efficiency class shows 
data in the high range 35+40 due to the high capacity 
(MW) and recent year construction of single boilers 
coupled to efficient thermal conversion of the coal.
The overall capacity of this efficiency class is 79219 
MW that is 1.5 times the total capacity of the other 
classes. The average size of the coal-fired 
thermoelectric units, expressed as ratio of total 
capacity (MW)/number of boilers, is 334, 1.5 and 2.8
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times that of the classes below 30% and 30-5-35%, 
respectively.
The ‘WAE’ statistical series derived from the data of 
the over 35% efficiency class given in Figure 9 
indicates two levels of priority for the repowering of 
coal-fired boilers, namely below 37 and over 38. But 
the programme of retrofitting activity to improve the 
efficiency of the thermal Plants is difficult to define for 
a series of reasons:
• the average age is 21 years with the frequency 
distribution of the boiler age, classified every five 
years, shown in the histogram in Figure 10. The coal- 
fired units exceeding thirty years account for a small 
proportion of the boilers in this class, ca. 12%. 
Utilities, keeping in view the life time of the boilers, 
can consider it economically advantageous to operate 
them far in excess thirty years.

Figure 9 : Behaviour of the "‘Weighted Average 
Efficiency’ of the Coal-fired Boilers of the Over
35% Efficiency Class

• average efficiency is 38% with the frequency 
distribution of the thermal conversion of the coal, 
classified every five per cent, shown in Figure 11. This 
efficiency level of coal-fired thermal units is the 
maximum potential for current conventional process 
design developments.

Figure 10 : Frequency distribution of the Age of 
E.U. Coal-fired Boilers

□sfciiftncfefinaiypicalagp

• the repowering of boilers of this class efficiency 
would be not as cost-effective as for the previous two
efficiency class since the application of advanced 
combustion technologies and IGCC processes is a 
necessary substitution. In fact, the above new systems 
provide a means of satisfying a rising demand for 
electricity, while providing an environmental benefit.

Figure 11: Frequency distribution of the Efficiency 
of E.U. Coal-fired Boilers

Eistributicn ofefiidary pacertagp

Potential Reduction of CO2
Carbon dioxide emissions can be reduced by 10 to 
15 % for each 5-percentage-point improvement in 
conversion efficiency when adopting high coal 
conversion technologies, as previously reported. 
Related to the ‘WAE* calculated for the three different 
classes of boiler efficiency the hypothesis on Member 
State's potential candidates for repowering of their 
power plants, an evaluation of the maximum potential 
reduction of CO2 can be performed as follows:
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Carbon dioxide emissions from E.U. coal-fired Power 
Plants^ in 1993 (1992 value reduced by 2%) result to 
be: CO2 = 1165 Mt
and Carbon dioxide specific emissions per installed 
MW: C02/MW = 6.3 x 10"3 Mt
• Hypothesis for repowering the class of coal-fired 
boilers with an efficiency lower than 30 %
Power plant candidates for repowering activities are 
found in Germany, Spain, and U.K.
- Overall capacity = 4036 MW
- average efficiency = 26.8%
- Current C02 emission = 25.3 Mt/y
- repowered efficiency = 50%
- C02 reduction emission = 11.7 1706 Mt/y
• Hypothesis for repowering the class of coal-fired 
boilers with an efficiency between 30-5-35 %
Power Plant candidates for repowering activities are 
found in Germany, Spain, and U.K.
- Overall capacity = 35370 MW
- average efficiency = 32.7 %
- Current C02 emission = 223.7 Mt/y
- repowered efficiency = 55%
- C02 reduction emission = 99.8 149.6 Mt/y
A gradual repowering of about 20% per year of the 
coal-fired Power Plants will give a C02 reduction of 
about 22-5-33 million t/year and would be a realistic 
goal for the E.U. coal-fired thermoelectric sector to 
attain.
Further reduction can be matched if power plants in 
France and Italy are included among the candidates, 
too. The additional C02 reduction are estimated to be 
7.7-5-11.6 million t/year.
E.U. coal-fired Power Plant generating electricity 
related to the collected data consists of 677 existing 
thermal units for a total capacity of 144347 MW and 
40 thermal units at project status for a total capacity of 
15268 MW.
The statistical analysis based on the ‘Weighted Average 
Age', calculated on the aggregate and analytical (three 
age ranges) data for the boilers, gives an indication of 
the level of obsolescence of E.U. Power Plants and the 
need to extend the life of coal-fired thermal units.
The analysis based on the available efficiency data for 
467 E.U. coal-fired thermoelectric units, indicates the 
following:
- an overall capacity of 122672 MW, with mean 
operating hours per year of 4983 and an average 
efficiency of 34%, ranging from 19 to 44%.
The statistical analysis based on the ‘Weighted Average 
Efficiency’ of the boilers classified in three efficiency 
range, namely below 30%, between 305-35 % and over 
35%, gives an overview of E.U. coal-fired power 
plants, as follows:

j Data from ‘Energy in Europe' 1993 - Annual Energy Review - 
European Commission - Directorate-General for Energy (DG XVII). 
Special Issue, June 1994

below 30% range of efficiency
• 55 boilers with a total installed capacity of 
6502 MW and mean operating hours per year of 4512, 
and efficiency ranging from 24 to 30 %
• statistical candidates for repowering are situated in
the following Member States:
Member N. Overall Operating H<
State Boilers MW per Year
Germany 12 1163 5510
Spain 7 2193 5597
U.K. 6 680 3828
• the hypothesis on the repowering of the candidate 
power plants may be based on two strategy levels:
- boilers of related higher capacity and efficiency 
retrofitted with cyclone combustors and coupled in 
combined cycle with gas turbines with an increase in 
efficiency of up to 40-5-45 %
- promotion of the IGCC process in those plants having 
the oldest boilers with corresponding low capacity and 
efficiency in order to use existing sites and increase 
efficiency up to 50%.

30+35% range of efficiency
• 190 boilers with a total installed capacity of 
41951 MW, with mean operating hours per year of 
4968, and efficiency ranging from 32 to 34%
• statistical candidates for repowering are situated in
the following Member States:
Member N. Overall Operating Hours
State Boilers MW per Year
Germany 75 18625 5652
Spain 58 11805 5028
U.K. 22 5300 6695
• repowering hypothesis of the candidate Power
Plants based on the adoption of combined cycle with 
gas turbines to reach efficiencies up to 55%.

over 35% range of efficiency
• 222 boilers of total installed MW equal to 74219, 
with mean operating hours-per year of 4972 and 
efficiency ranging from 35 to 44 %
• repowering should only be considered in the distant 
future for the following reasons:
- the average age of the boilers is 21 years and only 
12% of the coal-fired units are older than thirty years. 
Generally, utilities keeping in view the life time of the 
boilers can consider it economical to operate them for 
much longer than thirty years.
- the (35-5-44%) efficiency level is the maximum 
potential for conventionally-designed coal-fired 
thermal units
- the repowering of boilers in this efficiency class 
would be not cost-effective due to the relatively recent 
construction of the units and the higher coal conversion 
in producing electricity compared to boilers in two 
other efficiency class. Therefore, the application of
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advanced combustion technologies should start with the 
first two efficiency classes examined above.
Related to the greenhouse gas effect, designing new 
power plants (to be installed on the oldest sites) with 
advanced combustion configurations such as 
pressurized fluidized bed and gasification technology 
in combination with gas turbines can add a further 
benefit to the environment due to the elimination of 
flue gas scrubbers. As already discussed the 
elimination of SOg in IGCC's and fluidized bed 
processes varies in the range from 90 to 99 % allowing 
the discharge of the flue gas in the atmosphere without 
the use of de-SOx scrubbers that actually add CO2 to 
the air because via the chemical reaction with CaCOg 
and have negative effect on plant efficiency.
Related to the economy, the proposed advanced 
technologies for repowering E.U. coal-fired power 
plants require a higher level of investment than new 
conventional pulverized fuel thermal units, 
nevertheless they may be able to produce power at a 
lower cost per kWh for the following reasons:
- the electrical-thermal efficiency of up to 45-5-55% 
reduces the specific kWh cost directly because 
conventional power plant efficiency generally range 
between 30-7-40 % depending on the age and size of the 
units
- the use of advanced technology, new materials and 
equipment resulting from the demonstration and 
optimisation at power plants (i.e. Puertellano project) 
facilitates the design and construction of the new 
installations
- although the reduction in CO2 produced per MW is 
not a cost advantage, nevertheless it is a clear 
environmental target for the future and a concomitant 
economic advantage with the improvement in 
efficiency of the new technologies.
CO2 reduction can be maximized at 111.5-5- 
167.2 Mt/yr by repowering the boilers in the efficiency 
below 30% and 35-5-40% ranges belonging to the 
Member States selected via the ‘Weighted Average 
Efficiency* (CO2 reduction increases to 119.2-5- 
178.8 million t/year including France and Italy).
A gradual repowering of this 20% of the installed 
capacity would correspond to a CO2 reduction of about 
22-5-33 million t/year ( 24-5-36 million t/year including 
France and Italy).
It would be noted that the Commission has been 
requested to implement action related to this problem 
by the European Parliament Resolution of the 
21 December 1993. ®
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ANALYSIS OF THE BEST WAY : MOX FUEL 

The optimum route for disposal of surplus weapons grade plutonium

BY A. Decressin, DG XVII
Nuclear Energy Unit

Introduction

In the following presentation it is assumed that, under 
of the START agreements, warheads will be 
dismantled at a rate close to 2000 per year, freeing up 
a significant quantity of highly enriched uranium and 
weapons grade plutonium in the coming years to come. 
From a technical standpoint, as far as the plutonium is 
concerned, disposal in the short term on a meaningful 
industrial scale represents a major problem for the 
countries concerned. But, to keep in long term storage 
large quantities of weapons grade plutonium can 
obviously not be recommended either. This would be 
at variance with the very spirit of the disarmament 
initiatives, to mention only one reason.

OPTIONS FOR DISPOSAL OF WEAPONS 
GRADE PLUTONIUM

Currently available technologies allow of two main 
options which can effectively prevent weapons grade 
plutonium from being used for illicit activities:
• Either to use it as nuclear fuel in civilian power 
plants thus to leaving the residual plutonium (which 
has not been fissioned) as reactor-grade plutonium 
associated with the fission products in the spent fuel. 
Progressive recovery of that plutonium can await later 
reprocessing at a stage when such fissile material may 
become attractive for civilian purposes; for example, 
around 30% of the plutonium recycled in a typical 
LWR-f of 1000 MWe unit size, and loaded with one 
third MOX fuel will be burnt and the remainder ends 
up as residual reactor grade plutonium in the spent fuel
• or to dispose of it, after appropriate processing to 
render the material unusable for diversion. The most 
frequently proposed method is to blend the plutonium 1

1 Light Water Reactor

with fission products, to fabricate a kind of artificial 
high by active waste, vitrify this blend as it is done for 
fission products after reprocessing, and . finally to 
dispose of it in a deep geological repository.
The US National Academy of Sciences has concluded 
in its study on weapons grade plutonium disposal that 
both options offer a comparable degree of security 
against to diversion.
However, it is also noted in this study that:
• if plutonium is burnt in reactors, its isotopic 
composition is greatly modified, rendering it definitely 
much less attractive if not useless for the production of 
nuclear explosives. This is the essential point, since 
under the other option the fission products would 
decay in some hundreds of years, after which the 
remaining radioactivity will of itself no larger provide 
any serious protection against diversion. Consequently, 
mixing weapons grade plutonium with fission products 
to form high by active waste cannot be considered to 
be a definitive solution;
• the use of plutonium in civilian power plants of 
course generates electricity, thus not only turning 
"swords into ploughshares" but adding an economic 
incentive to this option. Indeed, 100 tons of Pu 
recycled in LWRs represent 2000 TWh, or about one 
year's of electricity consumption in Europe.
In a previous presentation^ we demonstrated that there 
is, not only for the non-proliferation considerations of 
the high cost of interim storage, every incentive to use 
surplus weapons grade plutonium as fuel as quickly as 
possible after it becomes available from the 
dismantlement of nuclear warheads.

2 Disposal of Surplus Separated Plutonium, Influence of Interim 
Storage of Plutonium, A. Decressin and E. Vanden Bemden, NATO 
International Scientific Exchange Programme, 16-19 Oct. 94, IPPE, 
Obninsk, Russia
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Which types of reactors could be
EFFICIENT USED

The fastest way to use weapons grade plutonium as 
fuel is to recycle it in existing power reactors such as 
LWRs and, perhaps, at a later stage, in fast neutron 
reactors (FNRs) which have still to be built. New 
reactor concepts may also be envisaged burning the 
plutonium stocks even more efficiently. But the time 
required for their development and industrial 
deployment could be longer than the time needed by 
conventional reactors to use the entire of the plutonium 
surplus forecasted to become available in the near 
future.
Indeed, Light Water Reactors of modem design can be 
fuelled with MOX for a substantial part of their cores 
(30 % or even more) without major core modifications. 
The first large commercial LWR power plants were 
loaded with MOX fuel, in Germany in 1982 and in 
France in 1987; around 15 tons of plutonium have 
already been recycled in Europe to date. In the 
European Union close to 30 reactors will soon have 
been loaded with this fuel. Current MOX manufacture 
capacity is about 60 tons annually. Extension 
programmes are under way leading to a capacity of 400 
tons by the year 2000, which would use around 15 tons 
of Pu/year.
In the USA, more than 100 LWRs are currently in 
operation and most of these are perfectly able to accept 
MOX as fuel at least up to 1/3 of the core.
In the Russian Federation, seven VVER-1000 produce 
electricity and it is expected that 10 to 15 additional 
PWRs could be connected to the grid by the year 2010. 
In the Ukraine, ten VVER-1000 reactors are operating 
and five are under construction. All these reactors 
could certainly serve as plutonium burners when 
partially loaded, as a first step, with MOX fuel, close 
to 1/3 of the core. In a more distant future, new 
designs of LWR could permit operating with 100% 
MOX fuel cores.
Fast neutron reactors (FNRs) if built would certainly 
constitute more efficient plutonium burners. Their 
efficiency in this respect is around five times greater 
than that of LWRs (fuelled with 1/3 MOX). The future 
Russian fast reactor type BN 800, for instance, could 
be fuelled each year with 1.6 tons of plutonium, the 
first core 2,3 t plutonium"^.
However, as of today FNRs are still in the 
demonstration phase. In the USA, the fast reactor 
concept has never got beyond the experimental phase 
and nothing suggests that the intention exists to 
promote such development over the coming decades.

3 Utilization of Plutonium in Nuclear Power Industry of Russia - 
V.N. Mikhailov (Minatom, Russia) and al.
Paper distributed al the International Policy Forum: Management 
and Disposition of Nuclear Weapon Material, March 8-11,1994, 
Leesburg, Virginia, USA.

On its side, the Russian Federation plans progressively 
to load the BN 600 with plutonium, and the Russian 
authorities have announced that they envisage building 
three to four BN 800 fast reactors by the year 2010.

Scenarios for plutonium use in power
REACTORS

For the use of weapons grade plutonium as fuel in 
civilian power plants, various scenarios can be selected 
involving different types of power reactors and 
plutonium recycling routes (fast or thermal recycling 
route). In our study, we have analysed certain 
scenarios with the view to examining the impact of the 
reactor type and the recycling route chosen on the total 
time needed to eliminate a given amount of weapons 
grade plutonium by irradiation and thus conversion 
into spent fuel elements.
Six scenarios have been studied (see table 1) involving:
• PWRs of current design and of 1000 MWe unit size 
loaded with one third of the core with MOX fuel
• Advanced Fast Neutron Reactors of 800 MWe unit 
size loaded with 100% MOX fuel, and
• Advanced PWRs of 1000 MWe unit size loaded 
with 100% MOX fuel.
The following assumptions have been adopted for 
annual loadings of weapons grade plutonium per 
reactor :
• 300 kg for 1000 MWe PWRs at 1/3 MOX;
• 900 kg for 1000 MWe PWRs at 100 % MOX;
• 1500 kg for 800 MWe FNRs (First core 2500 kg 
weapons grade plutonium).
For the sake of comparison, it is assumed that the firm 
decision to go ahead with a given scenario is taken at 
the same date in all six cases. In order to cover a broad 
range of possibilities for each reactor type, three 
reference and three accelerated scenarios have been 
evaluated to see the effect of an increased number of 
reactors operating with MOX on the total time needed 
to eliminate a given amount of plutonium. The times 
have been calculated under the six scenarios needed to 
eliminate 50 tons and 100 tons respectively of weapons 
grade plutonium.
Before discussing the results, it has to be noted that 
even if it is assumed that the decision is taken at the 
same date to go ahead with a certain scenario, the point 
in time when the first MOX load is manufactured and 
loaded into the first reactor of the kind chosen in the 
scenario, will not be the same for each scenario. In 
practice this will depend on the availability both of the 
type of reactor of the recycling route chosen. In other 
words, a certain setting-up time has to be accounted for 
at the end of which the following conditions have to be 
fulfilled, among others:
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• the first reactor of the type considered in the 
scenario must be in industrial operation or brought into 
operation and capable of accepting MOX fuel on an 
industrial scale;
• the technology needed to manufacture MOX must 
be available;
• the sub-industries of the plutonium cycle must be 
available, licensed and operational (MOX fuel 
fabrication plants, specific MOX fuel transport systems 
the necessary psecial containers, etc.);
• all administrative conditions, including safeguards 
procedures laided down for MOX use have to be 
satisfied;
• the fuel for the first MOX load must have been 
supplied to the first power station involved in the 
scenario.
Taking all the above into consideration, the setting-up 
time will amount to at least 6 years, in the case that for 
instance, existing conventional LWRs with 1/3 MOX 
loadings are envisaged as plutonium burners.
If Fast Neutron Reactors (FNRs) were to chosen for 
the recycling of weapons grade plutonium, a minimum 
delay of 11 years would have to be assumed for the 
setting-up time, given that the first industrial FNR 
using plutonium still has to be built, licensed and 
industrially operated (in Russia, for instance, the BN 
600 took 12 years from the start of construction to full 
operation, and the comparable period in the case of . 
SuperphSnix in France was 9 years).
If a new type of LWR has to be designed from scratch, 
built, licensed and industrially operated with 100% 
MOX cores, even longer setting-up time might have to 
be assumed, due to the fact that experience must 
probably first be gained with operation of these 
reactors with uranium fuel and/or MOX fuel but with 
fuel loads under than 100%.
Taking into account these considerations, effective 
recycling of plutonium in reactors would not begin 
earlier than perhaps 6 to 15 years following the firm 
decision taken to do so. If on the other hand, existing 
LWRs capable of being loaded with a third of the core 
with MOX fuel are to be deployed, wich shorter run-in 
time coulg be achieved. If FNRs or a new type of 
LWR capable of being loaded with 100% MOX fuel 
are envisaged, it is not necessary the case that 
subsequent reactors of that type could be built and 
operated following shortly upon the first one, since 
satisfactory experience would have to be gained with 
the first unit before operation or even construction of 
the following units.

DISCUSSION OF THE RESULTS

Taking into account all the constraints set out above, 
some general trends may be concluded from the 
scenarios examined :
• Once a firm decision has been taken to go ahead 
with a given scenario, the total times needed, including 
setting up time, for the disposal of 50 and 100 tons of 
weapons grade plutonium are 20 to 25 years and 25-35 
years respectively.
• Within each category of scenarios, reference or 
accelerated, the difference in the results is small but 
increases with the quantity of weapons grade 
plutonium to be eliminated, the largest difference being 
4 years:
This rather small difference may be attributed to:
• the inevitably slow and gradual start-up of the 
operational phase of the scenarios, meaning as from 
when plutonium is actually used in the power plants;
• the often major delays between the operation of the 
first unit to be built a new advanced reactor type and 
due to demonstration requirements;
• the longer setting-up time required if advanced 
reactor types are preferred, which is only partly 
compensated by their more efficient plutonium-buming 
characteristics.
Generally speaking it may be concluded from our 
analysis that there is no major interest in developing 
new exotic reactor concepts for the sole purpose of 
eliminating a given quantity of weapons grade 
plutonium in the order of 100 tons. In this case, the 
favourite option is to use existing reactors and those in 
an advanced stage of development in the country 
concerned as quickly as possible.
However, industrial approaches towards the problem 
could have an influence on the lead times of the 
scenarios and especially on the setting up times. 
Considering the state of MOX recycling development 
in Russia and in the USA for example, three 
possibilities could be envisaged:
• Use could be made of the existing technologies and 
the experience of countries where such technologies 
have been developed over many years. MOX fuel 
could be fabricated in these countries to the extent that 
non-committed capacity is available, or in additional 
MOX fabrication plants still to be built. Howerver 
transportation of weapons grade material is generally 
considered to be an issue fraught as the difficulties, at 
least from the public acceptance and therefore political 
point of view.
• Technology transfers on a commercial basis or 
industrial joint ventures between the specialized 
companies and the countries having surplus plutonium 
could be enhanced, with the aim of building and 
operating the MOX fuel fabrication plants, including
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CONCLUSIONS

Disposal of weapons grade plutonium is a goal which 
should be achieved as quickly as possible and be 
performed safely and economically, the aim being also 
to preserve the energy resource it constitutes for the 
future. Using weapons grade plutonium as fuel for 
nuclear reactors appears to be the best solution.
In order to save time and therefore consequence 
money, it may be concluded from some scenarios 
involving different reactor types, that there is an 
economic incentive (time-saving) to use the weapons 
grade plutonium as fuel in existing LWRs, since this 
route offers the shortest time span.
Among the various possible industrial approaches, 
close and effective international industrial cooperation, 
including commercial know-how transfer agreements 
and industrial joint ventures, could advantageously be 
organized involving companies having long experience 
in the field of MOX fuel production and MOX fuel use 
in LWRs. O

Table 1: Scenarios : Number of reactors fuelled each year with MOX
Reference scenarios Accelerated scenarios |

Year la 2a 3a lb 2b 3b
1000 MWe 

PWRs
1/3 MOX

800 MWe 
FNRS

lOOOMWe
PWRs

100 % MOX

1000 MWe 
PWRs

1/3 MOX

800 MWe 
FNRS

1000 MWe 
PWRs 

100% MOX
"do"
1
2
3
4
5
6 1(a) 1(a)
7 2 2
8 3 3
9 4 4
10 5 5
11 6 1(b) 1(b) 7 (l)b 1(b)
12 7 9 2
13 8 11 2 3
14 9 2 13 3 5
15 10 2 15 4 7
16 11 3 17 5 9
17 12 4
18 13 3 5
19 14 6
20 15 4 7 Cc) CO CO
21 16 8
22 17 5 9
23
24
25
26 (0 (O (0

all necessary services and substructures, on the site 
where the plutonium is available.
• A third possibility is, of course, that the countries 
possessing weapons grade plutonium develop the 
necessary R&D and set up the chosen recycling routes 
on their own. Start-up and development of such 
national industrial programmes would probably take 
more time than in the previous cases. Indeed, such 
programmes often depend to a very large extent on 
government financing which, in general, takes more 
time than direct cooperation between partners, whose 
goal is to be commercially efficient and thus to obtain 
results as soon as possible.
Of these three industrial approaches, the second one 
could present many advantages, from the economic 
point of view, as it seems to be the most promising 
way to get rid of increasing amounts of weapons grade 
plutonium quickly. In this context, it is noted once 
again that in the European Union several countries 
have gained considerable experience in the fabrication 
and use of plutonium in nuclear power plants.
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Table 2: Time needed (ts + te) to achieve the scenario's objectives
Scenarios categories time after1 do" (years)

50t WGPu lOOt WGPu
Reference scenarios
la: PWRs 1000 MWe 1/3 MOX 23 33
2a: FNRs BN 800 type 23 30
3a: PWRs 1000 MWe advanced design, 100 % MOX 23 29

Average time 23 30

Accelerated scenarios
lb : PWRs 1000 MWe 1/3 MOX 21 30
2b : FNRs BN 800 type 20 27
3b : PWRs 1000 MWe advanced design, 100 % MOX 19 26

Average time 20 28
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1. RENEWABLE ENERGY SOURCES STATISTICS IN THE 
EUROPEAN UNION

The present national and European Union policies in favour of new and renewable 
energy technologies recognise their importance in improving the security of supplies 
and reducing the emissions of greenhouse gases. Following the two oil crises, energy 
demand is met today by a broader range of energy sources, a trend which will certainly 
also be observed in the future.

New and renewable energy technologies will assume an important role in this scenario 
of supplies diversification, especially because of increasing public opposition to nuclear 
energy at international level. The contribution of renewable energy sources will be 
further enhanced by the measures which have been adopted on stabilising C02 
emissions, emissions due mainly to the combustion of fossil fuels and linked to serious 
damage of the environment.

Primary energy production of renewable energy sources in the European Union in 
1991 was 1910PJ, representing 7% of overall primary energy production. The 
observed increase over the 1989-91 reference period is due essentially to hydro-power 
which shows a substantial rise due to exceptionally unfavourable weather in 1989. 
However, the importance of the RES in the various Member States varies considerably 
depending on the existence of fossil fuel reserves, their energy policies and in 
particular specific measures taken in promotion of renewable energy sources at 
national level. In Luxembourg, renewable energy sources are the only indigenous 
sources available. In Portugal, renewable energy sources cover 96.4% of primary 
energy production due to the availability of hydro-power, extensive forests and limited 
fossil fuel resources. In Italy, renewable energies contribute 31.3% to primary energy 
production because of important hydro, geothermal and biomass resources as well as 
limited fossil fuel resources and strong public opinion against nuclear energy. The 
contribution of renewable energy sources to primary energy production is also 
important in Spain (18.5%) Greece (18.3%),. France (14.2%) and Denmark (10.7%); 
on the other hand, it is well below the EU average contribution in the case of the 
United Kingdom (0.5%) and the Netherlands (1.4%), both Member States having 
important fossil fuel reserves.

Renewable energy sources covered 3.7% of total energy demand (primary energy) in 
the European Union in 1991. Essentially, it is hydro-power and biomass (mainly 
firewood) which at present make a significant contribution. It is mainly the availability 
of these two resources in combination with specific energy policy measures which 
explain the importance of renewable sources in the case of Portugal (17.1%), Greece 
(7.6%), France (6.8%), Spain (6.6%), Denmark (6.4%), and Italy (5.5%).

In the European Union, hydro-power and biomass/wastes are the major renewable 
energy sources, geothermal, solar and wind energy making a low or even marginal 
contribution. The use of biomass/waste is predominantly in the form of firewood

— 99 —



RENEWABLE ENERGY SOURCES STATISTICS

consumption in households, although wood waste burned in industry as well as the 
municipal solid waste incineration contribute significantly.

In 1991, electricity generation in the European Union from renewable energy sources 
was 176 713 GWh representing 9.1% of total electricity generation. Electricity 
generation is dominated. by hydro-power (162 600 GWh). Looking at electricity 
generation in the EU from biomass/wastes (9 810 GWh in 1991) municipal solid 
wastes account for 67.9% (6 656 GWh) wood/wood waste and agricultural solid 
wastes burned in power stations for 18.5% (1 815 GWh), the remaining part being 
generated from biogas.

In 1991, heat production in the European Union from renewable energy sources was 
1 077 PJ (not including heat production from MSW incinerators and district heating 
plants in Germany), dominated by biomass/wastes (1 057 PJ). Firewood consumption 
for domestic heating (776 PJ) and combustion of wood waste in industry (196 PJ) for 
on-site steam/heat production are the main applications.

As regards the individual renewable energy sources we note the following :

1.1. Hydro-power

Hydro-power is the second largest renewable energy source in the EU, 
accounting for 30.6% (585 360 TJ) of total RES primary energy production in 
1991. Electricity production (excluding pumping plants) was 162 600 GWh in 
1991, representing a significant increase in comparison to 1989 when there 
were unfavourable climatic conditions. By the end of 1991, installed capacity 
was 57 655 MW, showing a modest increase of 1.3% over the reference 
period. The somewhat insignificant nature of the increase is due to the fact that 
the economically exploitable potential of large-scale plants has already been 
developed in the Union. Further development of hydro-power during the 
reference period took place mainly in Greece, France and Italy. It should be 
noted that the sole tidal power plant in the EU at la Ranee in France is included 
in the above statistics.

Mini-hydroplants (<1 MW) of a total installed capacity of 1 331 MW in 1991, 
represent 2.3% of the total installed capacity of hydro-power.

1.2. Wind Energy

The considerable wind potential in the European Union, coupled with the 
technical maturity and commercial viability of this technology for electricity 
generation, indicate that this is a promising technology.

In 1991, the installed capacity of wind energy converters in the EU was 
645.4 MW, of which 413 MW was in Denmark, 110 MW in Germany and 

• 85 MW in the Netherlands. The installed capacity is expanding fast in the EU 
having almost doubled over the two-year reference period; certain Member
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States (BRD, GR, FR, NL, P) taken individually show even higher expansion 
rates than the EU average.

In 1991, electricity generation in the EU was 1 080 GWh; following the 
operation of the new WECs, electricity generation increased significantly 
during the 1989-1991 period from 526 GWh in 1989 and 819 GWh in 1990 to 
its 1991 level.

1.3. Solar Energy

Active solar energy made a modest contribution of 6 663 TJ in the EU in 1991, 
although it is worth noting that the annual increase rate is of the order of 8%.

. Solar Collectors

In 1991, the total surface of installed solar collectors in the EU was 
3 557 000 square metres, 45% of which was installed in Greece. Germany, 
France, Italy, Spain and the United Kingdom also have significant surfaces of 
solar collectors. The heat produced by solar collectors in the EU in 1991 was 
6 607 TJ used mainly for domestic hot water and to a lesser extent in the 
heating of swimming pools. Although there are favourable climatic conditions 
for the collection of solar energy in the southern Member States, the low 
expansion rate of installed surfaces of solar panels may be explained by the 
current low prices of fossil fuels.

Photovoltaic panels

The installed capacity of photovoltaic panels in the EU in 1991 was 
13 116 kWp, with an annual increase rate of 25%. Significant reductions in 
cost due to the use of cheaper materials, along with promotion policies in some 
Member States, has resulted in this significant deployment of PV panels mainly 
in small scale stand-alone applications.

1.4. Geothermal Energy

In the EU, electricity production and installed capacity of geothermal power 
plants in 1991 were 3 207 GWh and 598 MWe respectively. Electricity 
generation is almost exclusively confined to Italy (588 MWe) due to its vapour 
dominated geothermal resources while a minor contribution is made by France 
(5 MWe in Guadeloupe) and Portugal (3 MWe in S. Miguel island).

In contrast to the use of geothermal heat for electricity production, the direct 
end-use of geothermal heat is more widely spread across the European Union 
and serves mainly in district heating and agriculture. Direct end-use heat 
production in the EU was 14 067 TJ in 1991. France (5 029 TJ) has several 
installations in operation in the Paris and Aquitaine basins, principally for 
domestic heating. In Italy (8 400 TJ) low enthalpy geothermal heat is used in 
district heating (Abano, Ferrara, Vincenza, S. Donato regions), spa treatment 
and in industry.
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1.5. Biomass/Wastes

Biomass/Wastes is the most important renewable energy source in the EU. 
They are of significant importance not only because they contribute to 
sustainable energy supplies but because energy recovery limits methane 
emissions to the environment.

Biomass/Wastes contributed 1 222 089 TJ of primary production in the EU in 
1991, representing 64% of the total RES primary energy production. It is 
mainly used in the form of heat, the electricity generated being just 9 810 GWh 
in 1991.

1.5.1. Municipal Solid Waste

Incineration is the most frequently used method to recover energy from wastes 
disposed of by households, industry and the tertiary sector across the EU.

In 1991, primary energy production was 165 348 TJ and took place mainly in 
Germany (80 219 TJ), France (32 055 TJ), Denmark (16 843 TJ) and the 
Netherlands (18 996 TJ), while this technology is not yet applied in Greece, 
Ireland and Portugal.

Electricity generation using this source in the EU was 6 656 GWh, in 1991. 
While most Member States favour using Municipal Solid Waste for electricity 
generation, significant use of MSW in district heating takes place in France 
(19 890 TJ), Denmark (12 584 TJ) and Germany. It should be noted that heat 
production is not available for Germany, reducing the figure for the EU for 
heat production by 0.6 to 1.0 Mtoe.

1.5.2. Wood/Wood waste/other solid waste

The combustion of firewood and of forestry/agricultural solid waste is the 
major RES technology in the EU accounting for 53.5% of total RES primary 
energy production (1 022 362 TJ in 1991). The production of steam and heat 
in industry and domestic heating are the main applications of this fuel source 
while electricity generation is of a rather limited extent (1 815 GWh in 1991). 
The principal fuels used are firewood and wood waste (wood chips, bark etc.) 
while there is a minor contribution from black liquor, straw and other 
agricultural wastes.

Firewood consumption in households, which to a large extent is not 
commercialised, was 775 733 TJ in 1991, representing on average 0.15 kgoe 
per household in the EU. Portugal (0.45 kgoe), Greece (0.38 kgoe) and France 
(0.38 kgoe) show significant levels of firewood consumption for domestic 
heating. It is notable that firewood covers almost 10% of household energy 
needs in the EU.
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The combustion of forestry/agricultural waste in industry for heat production in 
the EU was 196 089 TJ in 1991, mainly in Spain (68 336 TJ), France 
(58 103 TJ), Portugal (22 186 TJ) and Italy (24 000 TJ).

The combustion of forestry/agricultural waste including black liquor in power 
stations in the EU was 43 315 TJ in 1991, generating 1 815 GWh, mainly in 
Portugal (808 GWh). The heat produced (that is, by CHP plants) was 
25 327 TJ, used either on-site by the industrial autoproducers or supplied to 
the district heating network.

In addition, 7 225 TJ of forestry/agricultural waste was consumed for district 
heating mainly in Denmark (7 057 TJ). It is noted that statistics for district 
heating plants in Germany were not available.

1.5.3. Biogas

The anaerobic fermentation of organic wastes is a practice which is rapidly 
expanding in the EU. Whereas this is an activity which takes place mainly for 
environmental reasons, energy recovery is often a welcome by-product. In the 
EU, biogas primary energy production was 34 380 TJ in 1991, mainly in the 
form of landfill gas, sewage sludge gas and to a lesser extent as biogas 
produced from agro-food industry effluents. Electricity generation from biogas _ !«.
was 1 318 GWh in 1991 in the EU. "

Six Member States practice energy recovery from landfill sites with beneficial 
effects on the environment through limiting methane emissions.

Sewage sludge treatment with energy recovery is also practised to a variable 
extent in all Member States with the exception of Greece, Spain and Portugal.

The statistics for the various technologies/applications for all Member States and the 
EU are presented in tables 1.1 to 1.15. Although statistics for three years are presented, 
earlier results (1989) for some Member States and applications are of lower quality 
since during the second phase of the project (1990/91) better surveying methods were 
employed giving a wider coverage. It should also be noted that complete time series 
statistics were not available for all technologies in all Member States especially for 
higher cost technologies.
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TABLE L1 PRIMARY ENERGY PRODUCTION FROM RENEWABLE ENERGY SOURCES (RES)

Hydro Wind Solar Geoth. Biomass 
/Wastes

TOTAL

Units: ktoe

% RES contribution to

overall primary 
production

1989 27 0-.6 0.8 1.0 448 477 4.0 1.0
Belgique/ ::#9p .#8 ; ' 1-0' . 448 474 -4.0 • 1:0
Belgie 1991 20 0.7 0.9 1.3 474 497 4.3 1.0

1989 2 36.9 1.3 1.1 1045 1086 11.8 6.1
Danmark 1990 <2 52.4 ' i-r. :#92 1150 ' ,,11,6 . , 6,3

1991 2 64.0 2.1 1.1 1198 1267 10.7 6.4
BR 1989 1677 2.2 7.4 6.9 5067 6760 3.3 1.9
Deutschland 1603 40.4 ' 8:4 ■ 6.9 5044 6673 ' 3:5 ' ' fte

1991 1472 18.5 9.4 6.9 5007 6515 3.9 1.9
1989 163 0.1 67.2 2.6 1395 1629 16.6 7.2

Ellas #990 . ',152 oSg175.0 ' 2.6 - 1396 1626 16.8 7:1:
1991 266 1.0 81.7 2.9 1398 1750 18.3 7.6
1989 1664 1.2 21.6 2.4 3970 5659 16.5 6.5

Espana 2185. 1.2 ,; 22.3 ' 2.4 3757 5968 17.9 .6,7
1991 2346 1.2 22.7 2.4 3803 6175 18.5 6.6

France
1989

## 
1991

4075

4979

0.0 14.8 133.4

0.1 14.8 134.4

9262

10577
1989 59 0.0 0.0 0.0 85 144 4.3 1.5

Ireland . . \60., 0.0 0.1 ' 6.p iq§ ,168
1991 64 0.0 6.1 0.0 108 173 4.9 1.7
1989 2928 0.2 . 7.4 2067.0 2899 7902 29.7 5.2

Italia $#90 •' .2719. • 0.2 7.5 2072.9 2850 7650 ' ,28.6 '
1991 3632 0.3 7.6 2049.7 2850 8539 31.3 5.5
1989 7 0.0 0.0 0.0 39 46 100.0 1.4

Luxembourg ;:#90 ' 8 0.0 0.0 o.o' " ’ 45 ,' 100.0 ' ' 1-3
1991 7 0.0 0.0 0.0 38 45 100.0 1.2
1989 3 3.2 1.6 0.0 857 865 1.4 1.3

Nederland :#9P : ' "'7' ' 4.5, • ' 1-7 , 0.0 ' 891 , 90S , -' :i-s '1,3
1991 9 6.2 2.0 0.0 . 927 944 1.4 1.3
1989 520 0.0 9.5 0.0 2211 2741 96.3 16.3

Portugal 1990 :§SS. >'0.r 11.0 3.2 2199 ' 3013 ' ,,, 96.3 ' ' 175
1991 789 0.1 12.7 4.4 2183 2990 96.4 17.1
1989 408 .0.8 5.2 0.5 602 1017 0.5 0.5

United m# 445 0.8 ’ 5.2 0.4 592 1042 0.5 0,5
1991 394 0.9 5.2 0.6 624 1024 0.5 0.5

1989 11534 45.2 136.9 2214.9 27880 41810 6.2 3.4
EU ## .'70.4, 148.5 2215,3 27705 42828 '; 6.5. - ,: '3|

1991 13980 92.9 159.1 2203.8 29188 45624 7.0 3.7

13485

15706

overall inland 
consumption

12.9

14.2

6.2

6.8
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TABLE 1.2 PRIMARY ENERGY PRODUCTION FROM RENEWABLE ENERGY SOURCES IRES'!

Hydro Wind Solar Geoth. Biomass TOTAL % RES contribution to
/Wastes

overall primary overall inland
UnitsrTJ production consumption

1989 1123 27 - 35 43 18751 19979 4.0 1.0
Belgique/ #1990 .(#27 ,,43 (#8751; .1:0
Beldie 1991 853 29 38 53 19857 20830 4.3 1.0

1989 83 1544 56 45 43756 45485 11.8 6.1
Danmark >1990 ##..6 72 48 45720 11.6## 6.3

1991 94 2678 87 45 50154 53058 10.7 6.4
BR 1989 70200 94 312 290 212142 283038 3.3 1.9
Deutschland #990 -#436 '' 354 ' 290 211211 v#:#387

1991 61646 774 394 290 209660 272764 3.9 1.9
1989 6840 5 2815 108 58427 68195 16.6 742

Ellas #550 ' 6 ' 3140 108 58439
1991 11156 42 3421 123 58523 73266 18.3 7.6
1989 69656 48 903 101 166234 236942 16.5 6.5

Espana #590 .: #50 101 ,157320 249893 17.9
6.61991 98215 52 949 102 159212 258530 18.5

1989 170622 1 618 5586 387785 564612 12.9 6.2
France #590 #96085 1 618; ' 5222 #8M39 59.0965 13.3

1991 208476 3 618 5629 442867 657593 14.2 6.8
1989 2491 1 2 0 3549 6043 4.3 1.5

Ireland a# , 1 ,: 3 " 0 ' 4511 7021 , ' 4.9 ' i-7
1991 2682 1 5 1 4535 7223 4.9 1.7
1989 122605 8 308 86545 121374 330841 29.7 5.2

Italia ilpg #3854 -8 ' 315 86793 119329 320298 28.6 s!o
1991 152060 11 318 85820 119329 357538 31.3 5.5
1989 293 0 0 0 1647 1940 100.0 1.4

Luxembourg a# 543 0 0 • 1891 . 100.0 ' .1.8
1991 285 0 0 0 1600 1884 100.0 1.2
1989 134 133 67 0 35865 36199 1.4 1.3

Nederland 187- 73 , 0 '37310 37877 '. '1^ ^ 1.3

1991 375 261 82 38806 39524 1.4 1.3

Portugal
1991

21776 0 398

33032 3 534 185

92583

91421

114757

125174 96.4
1989 17096

United
32 216 

6, 

216

21 25206 
T7 24767 
25 26127

42572
43648
42888

0.5 0.5

0.5

EU
1989

1991

482921 1894 5731 92738 1167318

585360 3889 6663 92272 1222089

1750602 
' 1753188

1910273

6.2

7.0

3.4

3.7
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TABLE 1.3 ELECTRICITY GENERATION FROM RENEWABLE ENERGY SOURCES fRES)
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TABLE 1.4 HEAT PRODUCTION FROM RENEWABLE ENERGY SOURCES (RES1

Solar Geothermal Biomass
/Wastes

TOTAL

Units: ktoe
1989 0.8 1.0 313 315

Belgique/ a ..... .a :
Belgie 1991 0.9 1.3 310 312

1989 1.3 1.1 911 914
Danmark la# : v 'ia :-v'":955

1991 2.1 1.1 1035 1038
BR 1989 7.4 6.9 2937 2952
Deutschland f-Jrggo ^ U 8:4 6.9 ':'.-29l6 2#

1991 9.3 6.9 2877 2893
1989 67.2 2.6 1395 1465

Ellas S>!i# ,75.0 2.6 21396
1991 81.7 2.9 1398 1482
1989 21.1 2.4 3913 3936

Espana 71990 a 6m - Ml -:.a •• : .3684 . ia.
1991 22.1 2.4 3729 3753
1989 14.7 119.1 8917 9051

France : .3-1990 14.7 •il:^m9042
1991 14.7 120.1 10188 10322
1989 0.0 0.0 85 85

Ireland 108 ,108
1991 0.1 0.0 108 108
1989 7.2 200.6 2836 3044

Italia - / ' ' -200.6 '#-#5 2983
1991 7.2 200.6 2775 2983
1989 0.0 0.0- 6 6

Luxembourg lit# . : o.o - \ 0.0 .7
1991 0.0 0.0 7 7
1989 1.6 0.0 436 438

Nederland '2¥l 990 1-7 0.0 448 : yi ' 449
1991 1.9 0.0 453 455
1989 9.5 0.0 2069 2078

Portugal : - '10-9 , , 0.0 2057 2068
1991 12.7 0.0 1997 2010
1989 5.2 0.5 342 348

United W# , 0:4 :%%35i ' ' 357
Kingdom 1991 5.2 0.6 358 363

1989 136.0 334.2 24161 24631
EU - 325.5' - 23917 24300

1991 157.8 336.0 25234 25728

* Not including statistics for Germany on District Heating and MSW incinerators
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TABLE 1.5 HEAT PRODUCTION FROM RENEWABLE ENERGY SOURCES fRESI

Solar Geothermal Biomass
/Wastes

TOTAL

Units: TJ

Belgique/
Belgie

1989
a.

1991
' I

13172

13058
1989 56 45 38163 38264

Danmark . ■- . 72 , 48 ,39972
1991 87 45 43343 43475

BR 1989 310 290 122988 123588
Deutschland #0 ' 350 290 :

1991 390 290 120450 121130

Ellas
1989 2815

3140
108

’ '108-
58427 61350

61687
1991 3421 123 58523 62066

Espana
1989 881

.'911'
101

am-
163824 164806

155250
1991 925 102 156131 157158

France
1989 616

'6i6
4986
4622

373348 378950
378570

1991 616 5029 426552 432197

Ireland
1989 m# 3547

4509

1

1991 5 1 4530 4536

Italia
1989

## i 300
,300 ' .

8400 118750 127450
124910

1991 300 8400 116210 124910
1989 0 0 270 270

Luxembourg ## 0 ' 1 O ' 294
1991 0 0 286 286
1989 66 0 18261 18327

Nederland -::#6 ■ 70 iVP ' -:<H:/ .:::f8746 \ 188t6
1991 78 0 18965 19043
1989 396 0 86625 87021

Portugal ■i 51S90 458
1991 532 0 83618 84150
1989 216 21 14316 14553

United 1990 216 ■ ■ ;,=17 14706 : 14939
Kingdom 1991 216 25 14977 15218

: 'I
1989 5693 13993 1011613 1031299

EU 1990 6170 ■ 13628 1001400 1021198
1991 6607 14067 1056552 1077226

* Not including statistics for Germany on District Heating and MSW incinerators
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TABLE 1.6 ELECTRICITY GENERATION AND INSTALLED CAPACITY
HYDRO-ELECTRIC PLANTS

All Plants Mini (<1MW)

Generation Capacity
GWh MW

Generation Capacity
GWh MW

1989
Belgique/
Belgie 1991

312 110 7.3 2.5
274 , -110' 7.3 ###
237 110 5.8 2.6

1989
Danmark /''.1990

1991

23 9 12.6 5.4
28 9 < • #
26 9 13.9 5.5

BR 1989
Deutschland 990

1991

19500 4551 2850.0 360.0
: :/:#c 2850# .= #p

17124 4514 2665.0 360.0
1989

Ellas #1990
1991

1900 1989 8.5 2.2
'1769 , '2093

3099 2197 11.0 3.9
1989

Espaha :;;;1990
1991

19349 12207 640.5 151.5
.%• • 161:8 

27282 12406 718.7 169.3
1989

France •.•1990
1991

47395 20223 1099.0 383.0
#•." : 1393%-': 403)0

57910 20467 1556.0 410.0
1989

Ireland / ’ 1990
1991

692 224 18.0 4.4

745 231 24.4 10.6
1989

Italia {'#990
1991

34057 12730 1076.0 301.0
317.0

42239 12890 1366.0 322.0
1989

Luxembourg 1990
1991

81 43 7.0 9.0
55 ;: 43 i ;v.#. v 23.1#’ 9:0
79 43 20.5 9.0

1989
Nederland : - .1990

1991

37 25 0.4 0.2
''■>;•• '85':'37: 0.9 ) 0.2

104 37 1.0 0.2
1989

Portugal ’:;1990
1991

6049 3373 31.0 27.4
- : 9302 ' • ' ' : = 3350 35.0: ;.. 23.8

9176 3339 40.0 23.4
1989

United ./: 1990
Kingdom 1991

4749 1407 62.4 13.0
5171 • ' 1403 - 62.4 13.0
4579 1412 68.4 14.3

1989
EU 1990

1991

134145 56891 5813 1260 
147567 57230 6145 1305 
162600 57655 6491 1331
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TABLE 1.7 ELECTRICITY GENERATION AND INSTALLED CAPACITY
WIND ENERGY CONVERTERS

Capacity Generation

MW GWh
1989

Belgique/ 1990
Beigie 1991

4.8 7.4
4.8 - 7.4
4.8 7.9

1989
Danmark

1991

263.0 429.0
' . 343.0 ' 610.0

413.0 744.0
BR 1989
Deutschland h%.1^90

1991

20.0 26.1
62.0 , 121.0 

110.0 215.0
1989

Ellas M
1991

1.3 1.4
.1.8 ' % , '1.7

6.6 11.8
1989

Espana
1991

6.0 13.4
- .mi4.o

7.3 14.5
1989

France i-1990
1991

0.3 0.4
0.3 •; ' 0.4.
0^8 0.8

1989
Ireland :x':#9P

1991

0.1 0.3
0.1 0.2
0.1 0.2

1989
Italia '?;i;1990

1991

2.5 2.3
\2.g.

3.5 3.0
1989

Luxembourg :f%1990
" 1991

0.0 0.0..... . . .,.. ... ...
Xv'::'^vv;P;0 ;V: ..0.0

0.0 0.0
1989

Nederland ■:--;:1990
1991

38.7 36.9
r=V ;\Sr$§7;V.;' ,?;vv--5i>9

84.5 72.4
1989

Portugal . ;::.1;996
1991

0.1 0.1
:/'c ’ '..0.5 0.8

0.9 0.8
1989

United '1990
Kingdom 1991

9.5 9.0
- - •;; 9.9 • 9.0

14.0 10.0

1989
EU 1990

1991

346.3 526.2
475:2 818.6
645.4 1080.4
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TABLE 1.8 ENERGY PRODUCTION AND INSTALLED CAPACITY
SOLAR INSTALLATIONS

Solar Collectors Photovoltaic Panels

Collector’s surface Heat Production 
1000m2 TJ

Installed capacity Elec. Generation 
kWp GWh

1989
Belqique/ v :...1:99p
Belaie 1991

34 35.1 74 0.05
34 , *' 35.1 , * , - 74 ‘ _ 0.05
36 37.8 111 0.09

1989
Danmark %/1.990

1991

44 56.0 0 0.00
/ ,57 ' ' 72.0, ' " 0. 0,00

69 87.0 0 0.00
BR 1989
Deutschland i':%1990

1991

310 310.0 821 0.53
% , 350.0' ,2000 1:00

390 390.0 2000 1.00
1989

Ellas #990
1991

1300 2815.0 254 0.06
' ; 1450 ; •- , 3140.0 - ' 160 ! * 0.10

1600 3421.0 160 0.11
1989

Espana -:#99p
1991

273 881.4 3000 6.00
'282 , , - , 910.5 ' '3100: - 6.00
286 924.7 3500 6.80

1989
France ?;vfl99ij

1991

342 615.6 835 0.68
';342 < , ,615.6 ' , 835 0.68

342 615.6 835 0.68
1989

Ireland y^l;990
1991

1 1.8 50 0.03
" , ' 2 ,, ‘ 2.6 , . 50 ' 0,03

3 5.3 50 0.03
1989

Italia #990
1991

290 300.0 2400 2.30
'290 , 300.0 3971 ■' >.10
290 300.0 5100 5.00

1989
Luxembourg ::,%1990

1991

0 0.0 0 0.00
0 0.0 ,0 0.00
0 0.0 0 0.00

1989
Nederland .1990

1991

80 66.0 350 0.40
84 70 0 750 0.90
95 78.0 1050 1.20

1989
Portugal 1990

' 1991

130 396.0 160 0.45
16pi:^ ; 0,45

170 532.0 160 0.45
1989

United v- 1990
Kingdom 1991

276 216.0 150 0.10
= /. ... 276:r ,.. 216:0. ...>> 150 }. : W.O

276 216.0 150 0.10

1989
EU 1990

1991

3080 5692.9 8094 10.59
3317 6169.8 11250 13.40
3557 6607.4 13116 15.45

A
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TABLE 1.9 ENERGY PRODUCTION AND INSTALLED CAPACITY
GEOTHERMAL PLANTS

-
Power Plants Heat Plants

Installed capacity Elec. Generation 
MWe ' GWh

Installed capacity Heat Production 
MWth TJ

1989
Belgique/ ' 1990
Belgie 1991

0 0 8 43
0. , ' b '' "8%, '-J43
0 0 8 53

1989
Danmark 'rTiMo

1991

0 0. a 45
■'-;m ■ .0 - ■ 0 .1 ;■ s' 48

0 0 8 45
BR 1989
Deutschland --■■1990

1991

0 0 NA 290
"O' O' - ; NA ' ' " ' 290

0 0 NA 290
1989

Ellas -199b
1991

2 0 17 108
--*!■ 2 -0 ' 17 . .108

2 0 20 123
1989

Espana
1991

0 0 NA 101
0 0 ' ' NA _ 101
0 0 NA 102

1989
France 1990

1991

5 20 NA 4986
:■& ' 5 20 ' NA 4622

5 20 NA 5029
1989

Ireland : .1990
1991

0
0. 0 0 1

1989
Italia ,.1990

1991

520 3155 550 8400
^ 550 '8400

588 3182 550 8400
1989

Luxembourg . 1990
1991

. :r ‘-wmmvmd m
0000

1989
Nederland 1990

1991
. ;S:-

0 0 0 0
. 1989

Portugal 1990
1991

- % . " : ^>4 ;./r. Xi ..0
3 5 0 0

1989
United 1990
Kingdom 1991

0 0 NA 21
X - 0 ' ;:NA :

0 0 NA 25

1989
EU 1990

1991

530 3175 NA 13993 
530 3246 NA 13628 
598 3207 NA 14067

NA = Not Available
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TABLE 1.10 PRIMARY ENERGY PRODUCTION FROM BIOMASS/WASTES

Units: TJ
Municipal

Solid
Waste

Wood/Wood Waste/Other Solid Waste
Biogas TOTAL

Households Industry District heating Power stations

1989 4418 7760 367 0 5937 269 18751
Belgique/ ;.:199P / ,367 0 ' '5937 209 18751
Belgie 1991 5314 7760 367 0 5989 427 19857

1989 15400 13703 5611 5881 2057 1104 43756
Danmark r-19# 13779 6061 . .5776 M#§44. 'Wei# -45720

1991 16843 •14924 6069 7057 3700 1561 50154
BR 1989 ' 81800 91278 4100 NA 22500 12464 212142
Deutschland ## ' 81800 91278 4103 ' . NA V A:;;: 4 2231'

1991 80219 92185 4689 NA 20336 12231 209660
1989 0 53510 4899 0 0 18 58427

Ellas um '..=:4 p 5351:6 4911 o , Lib ;##9
1991 0 53510 4995 0 0 18 58523
1989 1996 86826 76453 0 534 425 166234

Espana ;:'#0 2667 : 86826 ' 66868 6.;.<:;.=;:.::534 "A " j. # ;,;<is732o
1991 2667 87250 68336 0 534 425 159212
1989 26589 295184 58103 168 3953 3788 387785

France 0#g;#29937 293090 581.03 168 V..: • 3788 . 389039
1991 32055 344800 58103 168 3953 3788 442867
1989 0 1651 1803 0 0 94 3549

Ireland #0 . ' P = .0 o y 9 5 :%4514
1991 0 1872 2544 0 0 119 4535
1989 1530 92500 24200 0 800 2344 121374

Italia :#0 1692 .90000 24000 ;^#(oqo 2#
1991 1692 90000 24000 0 1000 2637 119329
1989 1368 268 0 0 0 11 1647

Luxembourg .#8 V \ ' o o
1991 1311 268 0 0 0 21 1600
1989 16867 15000 1450 0 0 2548 35865

Nederland :#90 17982 15000 - q:::{=: •(:.:: 0 :=VL, 25$ i (37310
1991 18996 15000 1750 0 0 3060 38806
1989 0 61340 25197 0 5958 88 92583

Portugal :,1990 ' . 6 :'Y: : 61340^%^24i#my • o. / : \: ;;5958 80 ; .92683
1991 0 61340 22186 0 7803 92 91421
1989 7390 6825 3049 0 0 7942 25206

United X19P0 ;V;: 6084 : 6825; i : 3049; ."3 ■ : o V:;" 0 8809 L,L :,2#7
Kingdom 1991 6251 6825 3049 0 0 10002 26127

' I-
1989 157358 725845 205232 6049 41739 31095 1167318

HU : 1990 : 161846 . 721547 196454 5944 42025 32213 .1160028
1991 165348 775733 196089 7225 43315 34380 1222089

‘Not taking into account District Heating statistics for Germany which are not available. 
“Including 7118 TJ in agriculture
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TABLE 1.11 INCINERATION OF MUNICIPAL SOLID WASTE f MBW1

Ellas

1989 NA 15400 0 11859
Danmark ## . . na , 16013 " -.21 12253

1991 NA 16843 106 12584
BR 1989 NA 81800 4346 NA
Deutschland ‘ ; NA 81800 . , 4346

1991 NA 80219 ■ 4169 NA

Installed
capacity

Incinerated
waste

Electricity
generation

Heat
production

MWe TJ GWh TJ
1989

Belgique/ ::#90
Belgie 1991

NA 4418 368 300
- : .NA ' ,,4418 , '368' ', ' ,"300

NA 5314 414 345

1989
#90

0
0

0
A0

0
Fro

1991 0 0 0 0
1989 20 1996 102 120

Espana ' '1990 ' 27 2667 139 . 120
1991 27 2667 139 120
1989 NA 26589 371 16302

France ' NA ' 29937 423 ' 18380
1991 NA 32055 443 19890
1989 0 0 0 0

Ireland #990 o ' ';o FF- ' , 0 ,: / DD##
1991 0 0 0 0
1989 46 1530 85 0

Italia F#P ' ' ' 1692 ' 94 , , ' ;Q
1991 46 1692 94 0
1989 7 1368 48 0

Luxembourg 7 ' 1253 45 ' ;o
1991 7 1311 50 0
1989 140 16867 869 1207

Nederland '149 ' 17982 1530
1991 173 18996 1025 1531
1989 0 0 0 0

Portugal '•1990 ■ ■ 0 . ' of ' o
1991 0 0 0 0
1989 58 7390 286 1830

United •: .1990
Kingdom 1991 38 6251 215 1976

-Ai" -.
1989 NA 157358 6475 NA

EU 1990 NA "V. 161846 6587 :;.v NA
1991 NA 165348 6656 NA

NA = Not Available
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TABLE 1.12 COMBUSTION OF WOOD/WOOD WASTE/OTHER SOLID WASTE
IN POWER STATIONS

Installed
capacity

Fuel
consumption

Electricity
generation

Heat
production

MWe TJ GWh TJ
1989

Belgique/ ##
Belgie 1991

NA 5937 135 4544
NA , 5937 4% ,,4544
NA 5989 134 4252

1989
Danmark ;..;>1990

1991

NA 2057 148 1214
'NA , ' ,2844 ' ,, '74 ' 1913
NA 3700 118 2451

BR 1989
Deutschland ^fjff,99'd

1991

NA 22500 150 21080
NA ' 21799 '129' B 20601
NA 20336 263 17705

1989
Ellas ##

1991
%=- , -6 *v##

0 0 0 0
1989

Espana Bf9j9C)
1991

115 534 83 0
115 534 . ' - '83 ' -mS
115 534 83 0

1989
France >::il 990

" 1991

NA 3953 381 519
NA .' ' 3953 -
NA 3953 381 519

1989
Ireland 990

1991 0 0 0 0
1989

Italia ;Bl990
1991

3 800 22 330
5- :#moo , 28
5 1000 28 400

1989
Luxembourg -^990

1991 0 0 0 0
1989

Nederland *#990
1991

Vii? BwPksB ’rSiilBiSs® o

0 0 0 0
1989

Portugal >*990
1991

NA 5958 661 0
C '^#58 B i >B*0

NA 7803 808 0
1989

United " 1990
Kingdom 1991

0 0 0 0
= : 0 0 . : 0

0 0 0 0

1989
EU ...1990

1991

NA 41739 "1580 27687
• NA ‘ 42025 1519 27977

NA 43315 1815 25327

NA = Not Available
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TABLE 1.13 LANDFILL GAS

Installed Gas Electricity Heat
capacity consumption generation production

MWe TJ GWh TJ
1989 0 0 0 0

Belgique/ , 0 "tiii'Sv- ' ' 0
Belgie 1991 0 0 0 0

1989 NA 60 2 33
Danmark ■; "1990 ' NA '60 ":v ' 2

1991 NA 102 2 71
BR 1989 NA NA NA NA
Deutschland • 1990 NA NA NA

1991 NA NA NA NA
1989 0 0 0 0

Ellas .K1# • o o
1991 0 0 0 0
1989 0 0 0 0

Espana ' 0. x : ■ p - I-;#
1991 - 0 0 0 0
1989 NA 880 35 377

France ■=: 1990 ■ NA, ..
1991 NA 880 35 377
1989 0 0 0 0

Ireland 1990 0
1991 0 0 0 0
1989 7 216 15 0

Italia 1990 . W# ' -:#2 • - :)o
1991 7 252 18 0
1989 0 0 0 0

Luxembourg .■•<1990 /^:q . : / . %
1991 0 0 0 0
1989 NA 726 11 51

Nederland . 'I# ,#
1991 NA 971 28 77
1989 0 0 0 0

Portugal .1.990 b . .. .= 0 0
1991 0 0 0 0
1989 19 2956 139 1172

United 1990 19 3119 .139 1336
Kingdom 1991 37 4082 208 1419

1989 NA NA NA NA
EU 1990 NA NA ;NA NA

1991 NA NA NA NA

* Included in Sewage Sludge Gas 
NA = Not Available
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TABLE 1.14 SEWAGE SLUDGE GAS

Installed
capacity

Gas
consumption

Electricity
generation

Heat
production

MWe TJ GWh TJ
1989

Belgique/ #1990
Belqle 1991

NA 65 2.3 38
NA 65
NA 55 2.3 16

1989
Danmark £1990

1991

NA 848 34.4 554
' 88.5-: 'll::: 36;1,:##\

NA 921 37.5 602
BR 1989
Deutschland ’ vM 990

1991

NA • 12464 495.0 6530
= 530.0,9#-^

NA 12231 530.0 5871
1989

Ellas 4>i:990
1991

0 0 0.0 0
0 0 0:0 k: , ,.= ,0
0 0 0.0 0

• 1989
Espana :,>i.990

1991

0 0 0.0 0
' 0 . o . $ 0.0 . ^0

0 0 O.o 0
1989

France .'>.1990
1991

NA 1443 13.0 1256
% .= . NA 1443. , 13.0#,.. ,1256

NA 1443 13.0 1256
1989

Ireland ;V1990
1991

0 2 0.1 1
- - o 2 0.1. .?• • 1

0 2 0.1 1
1989

Italia . :1990
1991

35 568 20.0 160
#35# . .##25 %. 26.0; \ ::: 250

35 825 26.0 250
1989

Luxembourg ; ;:1990
1991

NA 11 1.0 2
: NA.: . 28 0.2

NA 21 - 0.3 18
1989

Nederland ,;>ji990
1991

NA 1622 54.0 523
:#@654.:##. 64.0 .##7

NA 1853 83.0 592
1989

Portugal ,'1.990
1991

0 0 0.0 0
# < 6/.- f ; o 0.0 0

0 0 0.0 0
1989

United .1990
Kingdom 1991

71 4978 276.0 1432
. 73 . #5682 316.0 • 1633

91 5912- 328.0 1700

1989 NA 22002 896 10496
EU 1990 NA 22816 988 10090

1991 NA 23264 1020 10306

’ Including other biogas types in Germany 
NA = Not Available
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TABLE 1.15 GAS FROM AGRO-FOOD INDUSTRY EFFLUENTS

Gas
consumption

Autoconsumption 
for fermentation

Electricity
generation

Heat
production

TJ TJ GWh TJ
1989

Belgique/
Belqie " 1991

202 70 4.5 86
202 ' 70
371 96 4.7 227

1989
Danmark 1990

1991

75 NA 0.0 46
,77 NA - 0.0 56

77 NA 0.0 56
BR 1989
Deutschland :-;<1990

1991
1989

Ellas ;4W
1991

18 NA 0.0 18
J8 .NA ,
18 NA 0.0 18

1989
Espana • -;1?90

1991

425 NA 0.0 425
425 NA - 3%##: '
425 NA 0.0 425

1989
France . :/1990

1991

1465 NA 0.0 1465
1465 NA .
1465 NA 0.0 1465

1989
Ireland -1990

1991

91 1 0.0 90: -mm-. •%
115 3 0.0 112

1989
Italia 1990

1991

1250 NA 0.0 1250
rm .1 -m#

1250 NA 0.0 1250
1989

Luxembourg 41990
1991

y -A: . W : j
0 0 0.0 0

1989
Nederland . 1990

1991

200 140 3.6 30
. ,^2%:= . t:# .. ,isj/9

•236 199 1.9 15
1989

Portugal ,1990
1991

88 NA 0.0 88
■/88V: S' ::¥rn 0:6:/^: • vs' 86

92 NA 0.0 92
1989

United 1990
Kingdom 1991

0 0 0.0 0
- ■ - o''./?•' o : o:o -V. s o

0 0 0.0 0

1989 NA NA NA NA
EU 1990 NA NA NA . NA

1991 NA NA NA NA

" Quantities included in those of sewage sludge gas 
NA = Not Available
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