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 EXECUTIVE SUMMARY 

 

The twofold aim of this study is, on the one hand, to outline the prospective production and 
capacity of renewable energy sources (RES) in the EU by 2010 in the context of current EU 
policies and targets, and on the other, to provide recommendations for policy makers to adopt 
adequate options and instruments for providing a vigorous and lasting impetus to RES 
development in the EU. The study is based on an analysis of trends in renewable energy 
technology (RET) development, available potentialities and costs, as well as current 
production and capacity levels. Policy recommendations are drawn from the gaps identified, 
the recognition of the barriers to RES development, and the clarification of potential policy 
options and tools. 
 
Nowadays technical viable options are available to harness virtually all RES. Many 
technologies have reached maturity and further technological development is focussed on 
fine-tuning components and new and larger applications, as well as productivity gains in 
equipment manufacturing. Other technologies such as solar electricity or ocean energy require 
more basic research to achieve a genuine technological breakthrough. 
 
According to recent independent research the technical RES potential in the EU accounts for 
25.7 per cent of the anticipated EU-15 gross inland energy consumption in 2010. 
Consequently, the potential, which is limited by factors like the state of technology 
development, competing alternatives for land utilisation, spatial availability and transport 
restrictions and the varying availability of resources in time, is more than twice as much as 
the established White Paper RES target in 2010. As regards electricity, the technical potential 
is considerably higher. The mid-term realisable potential, which per definition is smaller than 
the technical potential, is about 42 per cent of projected electricity demand in 2010. Though 
reliable data is missing, the technical potential of renewables in the candidate countries is 
estimated to be of the same magnitude as in the EU. 
 
Thus, even among opponents of RES development it is commonly accepted that available 
technical prospects do not pose an obstacle to rapid and full-scale RES expansion. 
 
Since 1990 costs for almost all RES electricity technologies have come down, on average by 
40 per cent. Some technologies are relatively close to the market and in certain applications 
cost-effective vis-à-vis established conventional systems. If external costs for energy were 
fully internalised in market prices, selected RET would already be able to freely compete with 
some established conventional energy options. By 2020 technology development and 
economies of scale will result in further cost reductions of RET. These are estimated to be 
between 10 per cent (e.g. bioenergy, hydro, geothermal) rising to 20 per cent (e.g. wind 
offshore, solar thermal) and in some cases even to 50 per cent (e.g. solar PV). 
 
In 2000 RES contributed 6 per cent to meeting EU gross inland energy requirements. Biomass 
was by far the most relevant resource accounting for almost two thirds of all renewables. It 
was followed by hydropower. All others, despite high growth rates, still played a marginal 
role. Among the EU Member States, Sweden, Finland and Austria are frontrunners in terms of 
RES development, featuring shares of RES in gross inland consumption of between 20 and 30 
per cent. 
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The share of renewable electricity in gross electricity generation in 2000 was 14.9 per cent, up 
from 14.2 per cent the year before. More than four fifths of the RES electricity portfolio is 
made up by hydropower. Otherwise only biomass and wind account for a tangible 
contribution to the total. However, resource availability and acceptability constraints will not 
allow the large expansion of hydropower in most parts of the EU. Because of their sizeable 
utilised hydropower potential, Austria and Sweden, with 70 and 48 per cent respectively, head 
the ranks among the EU Member States.  
 
The candidate countries show on average slightly higher shares of renewables in meeting their 
energy demands. This applies equally to renewables in general and renewable electricity in 
particular. However, it should be noted that there are inconsistencies and gaps in the national 
statistics which make fair comparison a real challenge. 
 
The EU has set ambitious indicative targets for renewable energy development by the year 
2010. First and foremost there is the goal of doubling the share of renewables in gross inland 
energy consumption to 12 (11.5) per cent by 2010, set out and proclaimed in the White Paper 
for a Community Strategy and Action Plan Energy for the Future: Renewable Sources of 
Energy (COM(1997) 599final). 
 
In the field of electricity the Directive 2001/77/EC of the European Parliament and of the 
Council on the Promotion of Electricity Produced from Renewable Energy Sources in the 
Internal Electricity Market established an EU-wide quantitative target of 22.1 per cent of RES 
electricity in total Community electricity consumption. 
 
Lastly, biofuel development targets are envisaged by the European Commission in its 
proposal for a Directive of the European Parliament and of the Council on the Promotion of 
the Use of Biofuels for Transport (COM(2001) 547-2). In particular, by 2010 biofuels should 
account for a minimum amount of 5.75 per cent of all gasoline and diesel sales in the EU. 
 
When looking at the achievability of targets, in the light of the studies available, projections 
and current RES market trends, it appears that these are unlikely to be accomplished by 2010, 
given current policies and financial support levels. As a result, the share of RES in gross 
inland energy consumption in the EU-15 by the year 2010 is projected to be around 8.7 to 8.8 
per cent; i.e. it will fall short of the target by approximately 3 per cent. The gap will 
predominantly be due to the underperformance of the growth of biomass utilisation in the EU 
which, according to the White Paper target is supposed to make up 83.5 per cent of all 
incremental growth. Most likely only wind energy targets will be achieved, and even 
markedly surpassed, but these extra gains are insufficient to cater for an adequate offset in the 
total. 
 
RES electricity forecasts and bottom-up estimates based on currently prevailing trends, public 
promotion and policies lead to the conclusion that the 2010 envisaged target will be missed as 
well. By that time the share of RES electricity in total consumption is anticipated to be 
between 17.2 and 20.3 per cent, most likely at around 18 per cent. Again the gap is due to 
biomass utilisation which lags behind required growth rates. 
 
The EU enlargement process may further adversely affect the achievability of the targets for 
2010 if after enlargement the same targets are extended to the enlarged EU.  
 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 3

There is little data available as regards RES development in the long term  e.g. up to 2030. 
Here, more specific research on the EU-15 and the enlarged EU is needed.  
 
It is common knowledge that the development of RES is hampered by a number of obstacles 
such as the lack of cost-competitiveness, financial, fiscal, legal, administrative, and 
technological barriers, as well as insufficient information, education and training. The main 
barrier causing comparably slow progress is that, measured against the current market price 
for competing conventional energy sources, most of the available renewable technologies are 
not yet competitive. On the one hand, energy market prices do not take account of the various 
externalities, notably those linked with conventional air pollution and global warming, whilst  
liberalisation of the energy markets (resulting in lower energy prices) has made it even more 
challenging for renewables to gain ground. On the other hand, the very state of most RET still 
entails high energy costs per unit. Subsequently, market demand for those technologies, 
almost entirely carried by direct public financial support and/or regulations, remains fairly 
small, so that the most-needed economies of scale in production and use cannot be attained as 
yet. 
 
Policy makers have various options at their disposal to make renewables a more weighty 
choice in the EU’s energy supply. Given the current state of play in the field of renewables 
the starting point will always be political determination and resolve to advance them by 
overcoming existing barriers. Here, the central issue is to what extent the contribution of 
renewables to environment/climate protection and securing future energy supplies is really 
perceived as urgent and pressing. 
 
However, irrespective of whether renewable energy is politically sensed as more or less vital, 
the basic underlying rationally correct approach would always entail vigorously removing 
market price distortions. This calls for factoring externalities into the existing energy market 
price mechanisms. Beyond this, as with any other new technology facing massive 
implementation barriers, adequate financial support for RES is needed to bridge the cost-
effectiveness gap in order to move RET gradually closer to the market and finally penetrate 
and diffuse it at a significant scale. This is justified because even given the internalisation of 
externalities many RET would still have to go a long way to approach market 
competitiveness. Comparative cost reductions and increasing competitiveness are functions of 
sizeable economies of scale and significant technology advancements with intrinsic cost 
reduction, both of which depend on proper market stimulation. 
 
One of the key questions here is where opinions regularly collide; whether market stimulation 
should be achieved by ‘market-conform’ or plain market intervention measures. Here, market 
conform means that any stimulation does not eliminate the proper functioning of market 
forces, competition and free pricing (e.g. by introducing taxes or subsidies; concentrating on 
RTD). Contrary to that, non-market conform means straightforward interference with market 
mechanisms by adopting specific quantity (quota) or price (fixing tariff levels) regulations. 
Thus, the play of market forces, competition and free pricing are at least partially done away 
with. 
 
In reality there has always been some kind of co-existence of the two approaches in almost 
every national economy. However, with the exception of RTD subsidies the effectiveness of 
market-conform measures has been fairly limited to date, predominantly because of a lack of 
political resolve in introducing specific energy and environmental taxes on the one hand, and 
constant shortages of public funding for renewables on the other. 
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In the absence of much experience with market-conform interventions, there is strong 
empirical evidence that direct market intervention measures can be a very effective policy 
option for near-market renewable technologies in terms of quickly achievable market 
penetration rates, rapidity of take-up, and transaction costs. Among these, direct price 
interventions such as fixed buyback rates have a clear edge over quantity regulations if 
growth rates are the key criteria for judging effectiveness. Quantity-based interventions, 
however, are more efficient than price interventions when it comes to achievable cost 
reductions. Consequently, it can be concluded that whenever massive progress in developing 
renewable capacity within a relatively short period of time is called for, and sweeping market-
conform options are not feasible for one political reason or another, price interventions appear 
to be an adequate instrument for rapid RES expansion. However, it should always be kept in 
mind that opportunity costs are not negligible. 
 
Apart from all policy options relating to the market mechanism as such, there are other 
measures which aim to tackle non-market related barriers. Despite their merits they remain of 
secondary significance, as they are not able to critically impact RES cost-effectiveness and 
competitiveness. 
 
Massive extra efforts and policy change in certain areas are urgently required to attain the 
target of doubling the RES share by 2010. Here, it is of the utmost importance not to lose 
sight of the big picture and to set the right RES priorities and policy signals. Contrary to 
conventional wisdom, RES must be ranked according to their relevance in achieving policy 
goals and targets. This study demonstrates that for the period until at least 2010, the most 
meaningful contributions must be delivered by biomass and wind energy. Whereas wind 
energy is developing fast, even beyond the anticipated targets for 2010, biomass utilisation is 
still challenging. It must be clear that despite all the efforts being made the other RES will be 
rather marginal in achieving the targets for 2010. As regards the very long-term perspective, 
solar energy will most probably be the key RES, as a matter of course. Hence, any policy 
which aspires to be successful at the end of the day must take account of and place the right 
priorities in time. This relates both to RES sectors and preferred policy instruments. 
 
Since in the foreseeable long-term future biomass is likely to account for the overwhelming 
part of RES growth, incremental sweeping measures need to be devised and implemented to 
underpin widespread biomass exploitation, particularly in the electricity and heat markets. In 
other words the key to achieving the 2010 EU RES targets lies in biomass heat and electricity. 
The aim must be to create a ‘biomass economy’ pervading the entire biomass utilisation 
cycle. The starting point must be sending sufficient price signals to potential investors and 
securing the resource base. 
 
Whereas at EU level some attention has been paid to RES in the fuel and electricity markets, 
to date little action has been taken to promote RES in the heat market, which in fact is 
supposed to be the most relevant in terms of absorbed biomass quantities throughout the 
projected timeframe till 2010. Only very few Member States, such as Sweden or Austria, have 
addressed these issues at a more or less adequate level. Most biomass use in the EU for 
heating purposes is still to a large extent accounted for by traditional wood firing in rural 
areas. This usage, however, is declining due to the lack of comfort, inadequate commercial 
infrastructure and logistics, as well as low levels of technology.  
 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 5

To gain ground biomass must become attractive enough to penetrate the established heating 
structures dominated by natural gas, fuel oil, LPG and district heating. Particularly in rural 
areas biomass can replace fuel oil and LPG. Furthermore, large- and small-scale district 
heating systems as well as industrial cogeneration (e.g. in pulp and paper) and heat-only-
boiler plants offer the opportunity to take up sharply increasing quantities of biomass. Co-
firing of biomass in coal-fired power plants is a very interesting and straightforward option to 
swiftly increase biomass use without much technology change and with comparably little 
additional costs. An EU regulation may address this issue. 
 
To penetrate the various final energy markets biomass must be made available in sufficient 
quantities and at competitive prices or alternatively heat, electricity and fuel produced from 
biomass should be available to consumers at no additional cost and without technical hurdles 
and inconveniences such as irregular supplies, inadequate service support, marketing and 
logistics networks. 
 
Biomass on its own still requires financial support to compete with conventional sources. A 
first approach should be to essentially re-orientate agricultural policy (CAP) towards growing 
energy crops and forestry. Instead of limiting food production to publicly affordable levels 
these funds might be better used to maximise biomass to energy outputs and to increase the 
resource base of renewables. By using increasing parts of the same farming subsidies biomass 
might be offered at prices competitive to conventional sources, specifically in the heat market. 
In this context, an independent comparative economic assessment of the use of EU farming 
subsidies for agriculture on the one hand, and RES on the other could bring more light to the 
ramifications. A second approach could be to encourage biomass electricity generation (and 
cogeneration) through strong economic incentives such as fixed buyback rates. A third 
approach, to tackle the heat market could consist of promoting the increased use of biomass in 
decentralised heating schemes through granting direct investment subsidies, which, however, 
must be based on modern, energy efficient and environmentally benign combustion 
technology. 
 
Economics are central for renewables to progress in the energy market. Apart from biomass, 
drastically improving economics should be another key priority in the field of renewable 
energy policy. Whenever justified, market prices require rectification by factoring into them 
existing externalities. Interventions into the market price mechanism are also sought to step 
up economies of scale leading to accelerated RES market penetration, which has a positive 
feedback on unit costs. As long as the costs of renewables are not cost-competitive, continued 
and adequate public financial support is required for broad market penetration and high 
growth rates and, thus the achievement of quantitative targets. This is particularly important 
for those RES that are relatively near to market maturity. 
 
More research and technological development is needed into long-term renewable energy 
supply options and those technologies, which still have a long way to go to become 
technically viable and economically interesting to market actors. Again, priorities need to be 
clearly set as regards the extent and levels of funding. Owing to their critical position solar 
energy and biomass must be clear front-runners in receiving support. The 6th Framework 
Programme with its priorities and increased funding levels appears to be on the right track.  
 
For the time being, numerous support instruments are in place in the Member States. These 
are often incompatible and overlapping. Consequently, there is much room for the 
harmonisation of schemes and tools and Best Practice transfer between the Member States. A 
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first step would be to thoroughly and impartially examine the effectiveness and efficiency of 
various support instruments and Best Practice. A good example here would be wind power 
development, which has seen a spectacular upturn in a number of countries. Singling out the 
most effective instruments then would be a precondition to pass on Best Practices, the 
meaning of which is often boiled down to technology performance but not policies. On top of 
that, there is no uniform instrument befitting all the renewables in the same way. Just the 
opposite is true. The simple fact that renewables are quite diverse in terms of technical and 
economic viability requires applying the right instrument in the right place. Photovoltaics, for 
example, need first and foremost more research and technological development whereas the 
development of wind power is most receptive to the level of feed-in tariffs. 
 
RES are not evenly spread throughout the European Union. Furthermore, their cost-
effectiveness is much determined by the very natural conditions, which as a matter of fact 
differ substantially from location to location. As a consequence one and the same level of 
financial support for a given technology will yield different marginal productivity rates 
depending on factors that are out of the control of human beings. For this reason a more 
rational allocation of limited financial resources (notably public funds) should begin with 
mapping the technical RES potential in relation to its cost-effectiveness across the European 
Union. Similarly to regional development policy the promotion of renewables should be tied 
to criteria making a region eligible for a certain level of financial support. Therefore, policy 
responses should not be identical and uniform across the European Union. 
 
In the accession countries, which are well-known for being short of public funds, early 
structural aid instruments such as ISPA and Sapard, in addition to structural aid after 2004, 
should also be focussed on the incorporation of RES investments and the involvement of 
private sector operators to this end. In addition, the Phare and Altener (now Intelligent Energy 
Programme) Programmes should be used for institutional strengthening measures, 
development and the implementation of appropriate renewable energy policies. 
 
Action is also needed to improve renewable statistics and monitoring renewable energy 
development with the aim of identifying countries and renewables lagging behind schedule. 
This should be a continuous process rather than a sporadic exercise, even if undertaken every 
two years. 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 7

 KOMMENTIERTE ZUSAMMENFASSUNG 

 
Diese Studie verfolgt zwei Ziele: Erstens soll darin im Kontext der gegenwärtigen EU-Politik 
und der damit verfolgten Zielsetzungen ein Überblick über die voraussichtliche Produktion 
erneuerbarer Energien und die Kapazität erneuerbarer Energieträger (EE) in der EU im Jahre 
2010 gegeben werden, zweitens soll sie den politischen Entscheidungsträgern Empfehlungen 
für das Ergreifen angemessener Maßnahmen und die Wahl der richtigen Instrumente für einen 
dauerhaften und nachdrücklichen Aufschwung auf dem Gebiet der Entwicklung erneuerbarer 
Energieträger in der EU geben. Grundlage der Studie ist eine Analyse der Trends bei der 
Entwicklung der für erneuerbare Energien vorhandenen Technologien, der mit diesen 
Energien verbundenen Potenziale und Kosten sowie ihrer gegenwärtigen Produktions- und 
Kapazitätsniveaus. Die politischen Empfehlungen beruhen auf den identifizierten Lücken bei 
der Entwicklung erneuerbarer Energieträger, deren Hindernissen und den potenziellen 
Optionen für die Politik und den dieser zur Verfügung stehenden Mitteln. 
 
Heutzutage gibt es für praktisch alle erneuerbaren Energieträger erprobte technische 
Optionen. Viele Technologien sind bereits ausgereift, und die weitere technologische 
Entwicklung konzentriert sich auf die Feinabstimmung der Komponenten, auf neue und 
umfassendere Anwendungen sowie auf Produktivitätszuwächse bei der Herstellung der 
jeweiligen Geräte. Bei anderen Technologien wie der Stromerzeugung aus Sonnenenergie 
oder aus thermischer Meeresenergie sind weitere Grundlagenforschungen erforderlich, um 
einen wirklichen technologischen Durchbruch zu erreichen. 
 
Neueren unabhängigen Untersuchungen zufolge beläuft sich das technische Potenzial für 
erneuerbare Energieträger im Jahre 2010 auf 25,7 % des erwarteten Bruttoinlandsverbrauchs 
der 15 EU-Mitgliedsländer. Folglich ist dieses Potenzial, das durch Faktoren wie der Stand 
der technologischen Entwicklung, die miteinander konkurrierenden Alternativen für eine 
Landnutzung, die räumliche Verfügbarkeit und die Verkehrseinschränkungen sowie die 
zeitlich unterschiedliche Verfügbarkeit der natürlichen Ressourcen begrenzt wird, mehr als 
doppelt so hoch wie das im Weißbuch ‘Erneuerbare Energieträger’ aufgestellte Ziel für 2010. 
Bezüglich der Stromerzeugung ist das technische Potenzial beträchtlich höher. Das in der 
Hälfte dieses Zeitraums realisierbare Potenzial, das per definitionem kleiner ist als das 
technische Potenzial, liegt bei etwa 42 % des für 2010 vorgesehenen Elektrizitätsbedarfs. 
Obwohl verlässliche Daten dafür fehlen, wird das technische Potenzial für erneuerbare 
Energieträger in den Bewerberländern genauso hoch eingeschätzt wie in der EU. 
 
Auch von den Gegnern einer Entwicklung erneuerbarer Energieträger wird daher allgemein 
akzeptiert, dass die vorhandenen technischen Potenziale keine Hemmnisse für eine rasche und 
umfassende Ausbreitung erneuerbarer Energieträger darstellen. 
 
Seit 1990 sind die Kosten für fast alle Technologien zur Stromerzeugung aus erneuerbaren 
Energien um durchschnittlich 40 % gesunken. Einige Technologien sind schon relativ reif für 
den Markt, und in bestimmten Anwendungsbereichen wurde im Vergleich zu etablierten 
konventionellen Systemen Kosteneffizienz erreicht. Würden bei den Marktpreisen die 
externen Kosten für Energie vollständig berücksichtigt, wären ausgewählte erneuerbare 
Energieträger bereits jetzt im Vergleich mit einigen etablierten konventionellen Alternativen 
auf dem freien Markt konkurrenzfähig. 2020 werden die technologische Entwicklung und die 
durch die Größenzuwächse erzielten Kostenersparnisse zu weiteren Verringerungen bei den 
Kosten für die für erneuerbare Energieträger verfügbaren Technologien führen. Diese werden 
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dann schätzungsweise um etwa 10 % (z. B. bei Bioenergie, Wasserkraft und Erdwärme) 
gesunken sein, bei anderen Energieträgern um 20 % (z. B. bei vor der Küste gelegenen 
Windparks und thermischer Solarenergie) und in einigen Fällen sogar um 50 % (z. B. bei der 
Photovoltaischen Sonnenenergie). 
 
Im Jahre 2000 wurden 6 % des gesamten Energiebedarfs in der EU mit erneuerbaren 
Energieträgern gedeckt. Biomasse war mit fast zwei Dritteln dabei der bedeutendste 
Energieträger, gefolgt von Wasserkraft. Alle anderen erneuerbaren Energieträger waren trotz 
hoher Wachstumsraten immer noch von nur marginaler Bedeutung. Bei den EU-
Mitgliedsstaaten lagen hinsichtlich der Entwicklung erneuerbarer Energieträger Schweden, 
Finnland und Österreich vorn; der Anteil der EE am Bruttoinlandsverbrauch betrug dort 20 
bis 30 %. 
 
Der Anteil der Stromerzeugung aus erneuerbaren Energien an der gesamten Stromerzeugung 
lag im Jahr 2000 bei 14,9 % und damit über dem Wert vom Jahr davor von 14, %. Mehr als 
vier Fünftel des aus erneuerbaren Energien erzeugten Elektrizitäts-Portefeuilles wurde durch 
Wasserkraft erzeugt. Darüber hinaus leisteten nur Biomasse und Windenergie einen spürbaren 
Beitrag. Die Verfügbarkeit dieser natürlichen Ressource und Einschränkungen bei der 
Akzeptanz werden jedoch der starken Ausweitung einer Stromerzeugung aus Wasserkraft in 
den meisten Regionen der EU Grenzen setzen. Wegen ihres beträchtlichen Potenzials an 
nutzbarer Wasserkraft sind Österreich und Schweden mit 70 bzw. 48 % auf diesem Gebiet die 
Spitzenreiter unter den EU-Mitgliedsstaaten. 
 
Die Bewerberländer bestreiten im Durchschnitt geringfügig höhere Anteile ihres 
Energiebedarfs mit erneuerbaren Energien. Das betrifft sowohl die erneuerbaren Energien im 
Allgemeinen als auch die Stromerzeugung aus erneuerbaren Energien im Besonderen. 
Allerdings sollten wir dabei festhalten, dass die jeweiligen nationalen Statistiken 
Unstimmigkeiten und Lücken aufweisen, durch die ein fairer Vergleich nur schwer möglich 
ist. 
 
Für das Jahr 2010 hat sich die EU im Bereich der Entwicklung erneuerbarer Energien 
ehrgeizige Ziele gesetzt, vor allem mit dem Hauptziel einer Verdoppelung des Anteils der EE 
am Bruttoinlandsverbrauch der EU bis 2010 auf 12 (11,5) Prozent. Es wurde im Weißbuch für 
eine Gemeinschaftsstrategie und Aktionsplan Energie für die Zukunft: Erneuerbare 
Energieträger (KOM (1997) 599 endgültig) aufgestellt und verkündet. 
 
Im Bereich der Stromerzeugung wurden mit der Richtlinie 2001/77/EG des Europäischen 
Parlaments und des Rates zur Förderung der Stromerzeugung aus erneuerbaren 
Energiequellen im Binnenelektrizitätsmarkt das quantitative Ziel festgesetzt, 22,1 % des 
gesamten Stromverbrauchs in der EU mit der Stromerzeugung aus erneuerbaren Energien zu 
bestreiten. 
 
Zuletzt wurden von der Europäischen Kommission mit ihrem Vorschlag zu einer Richtlinie 
des Europäischen Parlamentes und des Rates zur Förderung der Verwendung von 
Biokraftstoffen im Straßenverkehr die Entwicklungsziele für Biokraftstoffe anvisiert 
(KOM(2001) 547-2). Dabei wurde insbesondere festgehalten, dass im Jahr 2010 mindestens 
5,75 % aller Verkäufe an Benzin und Diesel in der EU aus Biokraftstoffen bestehen sollen. 
 
Was seitens der verfügbaren Studien, der Einschätzungen und der gegenwärtigen Markttrends 
auf dem Gebiet der erneuerbaren Energieträger die Erreichbarkeit der Ziele betrifft, hat es den 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 9

Anschein, dass sich diese unter den gegebenen politischen Rahmenbedingungen und dem 
gegenwärtigen Ausmaß an finanzieller Förderung bis 2010 nur mit geringer 
Wahrscheinlichkeit realisieren lassen. Das hat zur Folge, dass der Anteil der EE am 
Bruttoinlandsverbrauch der 15 EU-Mitgliedsländer im Jahr 2010 auf ungefähr 8,7 bis 8,8 
Prozent geschätzt wird, d. h. um ungefähr 3 % hinter der Zielvorgabe zurückbleibt. Diese 
Differenz wird vor allem auf das unzureichende Wachstum bei der Nutzung von Biomasse in 
der EU zurückzuführen sein, das bezogen auf die Zielvorgaben des Weißbuchs 83,5 % aller 
Wachstumssteigerungen ausmachen soll. Die Ziele im Bereich der Windenergie lassen sich 
höchstwahrscheinlich erreichen und sogar deutlich übertreffen; diese zusätzlichen Gewinne 
werden jedoch nicht ausreichen, um insgesamt einen entsprechenden Ausgleich 
herbeizuführen. 
 
Die auf den gegenwärtig vorherrschenden Trends, dem aktuellen Umfang an öffentlichen 
Fördermitteln und der heutigen Politik basierenden Prognosen und Bottom-up-Schätzungen 
für die mit erneuerbaren Energieträgern erzeugten Strommengen kommen zu dem Schluss, 
dass auch dieses für 2010 anvisierte Ziel nicht erreicht wird. Der Anteil an mit erneuerbaren 
Energieträgern erzeugtem Strom am gesamten Stromverbrauch wird auf Werte zwischen 17,3 
und 20,3 Prozent eingeschätzt und höchstwahrscheinlich bei ungefähr 18 % liegen. Auch hier 
ist die Differenz auf den Umfang der Nutzung von Biomasse zurückzuführen, der hinter den 
erforderlichen Wachstumsraten zurückbleibt. 
 
Der Prozess der EU-Erweiterung kann sich auf das Erreichen der für 2010 gesteckten Ziele 
ebenfalls ungünstig auswirken, wenn nach der Erweiterung dieselben Zielvorgaben auch auf 
die erweiterte EU ausgedehnt werden. 
 
Hinsichtlich einer langfristigen Entwicklung erneuerbarer Energieträger beispielsweise bis 
2030 stehen nur wenige Daten zur Verfügung. Hier sind für das Gebiet der EU15 und die 
erweiterte EU spezifischere Untersuchungen erforderlich. 
 
Es ist allgemein bekannt, dass die Entwicklung der EE durch eine Reihe von Hindernissen 
beeinträchtigt wird, z. B. durch die fehlende Wettbewerbsfähigkeit im Bereich der Kosten, 
durch finanzielle, steuerliche, rechtliche, administrative und technologische Hindernisse 
sowie durch unzureichende Informationen, Bildungs- und Schulungsmaßnahmen. Das größte 
Hindernis, das für den vergleichsweise langsamen Fortschritt verantwortlich ist, besteht darin, 
dass gemessen am gegenwärtigen Marktpreis für die konkurrierenden konventionellen 
Energieträger die meisten verfügbaren Technologien für erneuerbare Energien nicht 
wettbewerbsfähig sind. Zum Einen bleiben bei den Preisen auf dem Energiemarkt 
verschiedene externe Faktoren unberücksichtigt, vor allem die mit konventionellen 
Energieträgern verknüpfte Luftverschmutzung und globale Erwärmung. Eine Liberalisierung 
der Energiemärkte und daraus resultierende geringere Energiepreise haben es für die 
erneuerbaren Energieträger noch schwieriger gemacht, an Boden zu gewinnen. Andererseits 
hat der Stand der Technik auf dem Gebiet der erneuerbaren Energieträger hohe Energiekosten 
pro Einheit zur Folge. Als Konsequenz daraus bleibt der fast gänzlich durch direkte 
finanzielle Unterstützung seitens der öffentlichen Hand und/oder entsprechende Regelungen 
getragene Bedarf des Marktes nach diesen Technologien recht gering, so dass die dringend 
erforderlichen und durch entsprechende Größenordnungen erzielbaren Kostenvorteile bei 
Produktion und Nutzung bislang nicht erzielt werden können. 
 
Den politischen Entscheidungsträgern stehen verschiedene Optionen zur Verfügung, um 
erneuerbaren Energien bei der Energieversorgung in der EU ein größeres Gewicht zu 
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verleihen. Bei den gegenwärtig vorhandenen Spielräumen für erneuerbare Energien wird am 
Beginn immer eine politische Entscheidung und politische Entschlossenheit stehen müssen, 
damit diese Energien durch die Überwindung der bestehenden Hindernisse gefördert werden 
können. Dabei geht es zentral um die Frage, in welchem Ausmaß der Beitrag erneuerbarer 
Energien zum Schutz der Umwelt und des Klimas und zur Sicherung der zukünftigen 
Energieversorgung wirklich als dringlich angesehen wird. 
 
Unabhängig davon, ob erneuerbare Energie politisch als mehr oder weniger lebenswichtig 
angesehen wird, würde der grundlegende rational korrekte Ansatz jedoch immer das 
energische Beseitigen von Verzerrungen beim Marktpreis nach sich ziehen, was die 
Einbeziehung externer Faktoren in die bestehenden Preismechanismen des Energiemarktes 
erfordert. Darüber hinaus muss wie bei jeder anderen neuen Technologie, deren 
Implementierung auf massive Hindernisse stößt, eine angemessene finanzielle Unterstützung 
der erneuerbaren Energieträger gewährleistet sein, um den Unterschied in der Kosteneffizienz 
zu überbrücken und so die für erneuerbare Energieträger verfügbaren Technologien 
allmählich an den Markt heranzuführen, diesen schließlich damit zu durchdringen und sie dort 
in bedeutsamem Umfang zu verbreiten. Das ist deswegen gerechtfertigt, weil auch unter 
Berücksichtigung der externen Faktoren viele Technologien zur Nutzung erneuerbarer 
Energien immer noch weit davon entfernt sind, auf dem Markt wettbewerbsfähig zu sein. 
Vergleichbare Kostenersparnisse und eine wachsende Wettbewerbsfähigkeit sind davon 
abhängig, dass die Vorteile einer entsprechenden Größenordnung auch bei den erneuerbaren 
Energieträgern genutzt werden können und dass wesentliche technologische Fortschritte zu 
verzeichnen sind, die von sich aus die Kosten verringern. Beides beruht auf angemessenen 
Anreizen für den Markt. 
 
Eine der Schlüsselfragen, bei denen die verschiedenen Ansichten regelmäßig 
zusammenprallen, lautet: Sollten diese Anreize für den Markt durch marktkonforme 
Maßnahmen oder durch direkte Eingriffe in den Markt erzielt werde? Marktkonformität 
bedeutet hier, dass kein Anreiz das normale Funktionieren der Marktkräfte unterbinden und 
den Wettbewerb und die freie Preisgestaltung einschränken sollte (z. B. durch die Einführung 
von Steuern oder Subventionen oder die Konzentration auf Forschung und technologische 
Entwicklung). Im Gegensatz dazu versteht man unter nicht-marktkonformen Mitteln direkte 
Eingriffe in die Mechanismen des Marktes durch die Einführung spezifischer Regelungen wie 
Kontingentierungen (Festlegung von Quoten) oder das Festsetzen von Preisen (Erhebung von 
Abgaben in bestimmter Höhe). Auf diese Weise werden das freie Spiel der Marktkräfte, der 
Wettbewerb und die freie Preisgestaltung zumindest zum Teil außer Kraft gesetzt. 
 
Tatsächlich gab es in fast jeder Volkswirtschaft immer eine Art Koexistenz zwischen beiden 
Ansätzen. Mit Ausnahme der Subventionen für Forschung und technologische Entwicklung 
war die Wirksamkeit von marktkonformen Maßnahmen bis heute recht beschränkt, vor allem 
wegen der mangelnden politischen Entschlossenheit, einerseits spezifische Steuern auf 
Energie und Umwelt zu erheben, zum anderen durch fortwährende Knappheit bei den für 
erneuerbare Energien verfügbaren öffentlichen Mitteln. 
 
Durch das Fehlen von Erfahrungen mit marktkonformen Eingriffen gibt es starke empirische 
Belege dafür, dass Maßnehmen, die direkt in den Markt eingreifen, für marktnahe 
Technologien bei der Nutzung erneuerbarer Energieträger eine äußerst effiziente Option für 
die Politik darstellen, da sie schnell erreichbare, hohe Durchdringungsraten des Marktes 
erzielen, ohne große Verzögerungen aufgegriffen werden und sich rasch auf die mit den 
Transaktionen verbundenen Kosten auswirken. Direkte Preisinterventionen wie feste 
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Rückkaufpreise haben dabei gegenüber quantitativen Regelungen dann klare Vorteile, wenn 
das entscheidende Kriterium für die Beurteilung der Effektivität die Wachstumsraten sind. 
Quantitative Interventionsmaßnahmen sind jedoch wirksamer als Preisinterventionen, wenn 
es vor allem um erzielbare Kosteneinsparungen geht. Daraus lässt sich folgern, dass immer 
dann, wenn bei der Entwicklung der Kapazitäten bei den erneuerbaren Energien in relativ 
kurzer Zeit große Fortschritte erzielt werden müssen und aus irgendeinem politischen Grund 
durchgreifende marktkonforme Optionen nicht durchführbar sind, Preisinterventionen ein 
angemessenes Instrument für eine rasche Ausweitung erneuerbarer Energieträger zu sein 
scheinen. Dennoch sollte dabei immer im Auge behalten werden, dass die 
Opportunitätskosten alles andere als unbedeutend sind. 
 
Neben allen politischen Optionen hinsichtlich der Marktmechanismen als solchen gibt es 
noch andere Maßnahmen, die darauf abzielen, Hindernisse aus dem Weg zu räumen, die 
nichts mit dem Markt zu tun haben. Trotz ihrer Vorzüge bleiben diese jedoch von sekundärer 
Bedeutung, da sie die Wirtschaftlichkeit erneuerbarer Energieträger und deren 
Wettbewerbsfähigkeit nicht entscheidend beeinflussen können. 
 
Um das Ziel einer Verdoppelung des Anteils erneuerbarer Energieträger im Jahr 2010 zu 
erreichen, sind auf bestimmten Gebieten massive zusätzliche Anstrengungen und Änderungen 
im Bereich der Politik dringend erforderlich. Dabei ist es von größter Bedeutung, den 
Gesamtzusammenhang nicht aus den Augen zu verlieren, auf dem Gebiet der erneuerbaren 
Energieträger die richtigen Prioritäten zu setzen und die richtigen politischen Signale zu 
geben. Im Gegensatz zu konventionellen Ansichten müssen die EE nach ihrer Relevanz für 
das Erreichen politischer Zielvorgaben eingestuft werden. Diese Studie zeigt, dass zumindest 
für die Zeit bis 2010 Biomasse und Windenergie dafür die bedeutendsten Beiträge leisten 
müssen. Während wir im Bereich der Windenergie eine schnelle Entwicklung verzeichnen, 
die sogar über die angestrebten Ziele für 2010 hinausgeht, stellt die Nutzung der Biomasse 
immer noch ein Problem dar. Dabei muss allen klar sein, dass trotz aller erfolgten 
Bemühungen die anderen erneuerbaren Energieträger beim Erreichen der Zielvorgaben für 
2010 nur eine recht marginale Rolle spielen. Fassen wir sehr lange Zeiträume ins Auge, wird 
wahrscheinlich die Sonnenenergie einmal zum wichtigsten erneuerbaren Energieträger 
werden. Jede Politik, die am Ende von Erfolg gekrönt werden will, muss daher rechtzeitig die 
richtigen Prioritäten berücksichtigen und die richtigen Schwerpunkte setzen. Das gilt sowohl 
für die verschiedenen Bereiche der erneuerbaren Energien als auch für die bevorzugten 
politischen Instrumente. 
 
Da in der absehbaren langfristigen Zukunft für den überwältigenden Teil der Zunahme 
erneuerbarer Energieträger wahrscheinlich die Biomasse verantwortlich sein wird, müssen 
Mittel und Wege gefunden und umgesetzt werden, die ein durchgreifendes Wachstum und 
eine umfassende Verwertung der Biomasse untermauern, insbesondere auf den Elektrizitäts- 
und Heizwärmemärkten. Mit anderen Worten: Der Schlüssel zum Erreichen der Zielvorgaben 
für die erneuerbaren Energieträger in der EU für 2010 liegt in der aus Biomasse erzeugten 
Heizwärme und Elektrizität. Das Ziel muss darin bestehen, eine ‘Ökonomie der Biomasse’ zu 
schaffen, die den gesamten Kreislauf der Nutzung der Biomasse durchdringt. Dabei wird der 
erste Schritt darin bestehen, potenziellen Investoren ausreichende Preissignale zu geben und 
die Rohstoffgrundlage zu sichern. 
 
Während die erneuerbaren Energieträger auf EU-Ebene im Bereich der Brennstoff- und 
Elektrizitätsmärkte einige Beachtung fanden, wurde bisher nur wenig zur Förderung der EE 
auf dem Heizwärmemarkt unternommen, der vermutlich bezüglich der Mengen an der von 
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ihm aufgenommenen Biomasse im vorgesehenen Zeitrahmen bis 2010 am bedeutsamsten sein 
wird. Nur ganz wenige Mitgliedsstaaten wie Schweden oder Österreich haben sich auf mehr 
oder weniger angemessener Ebene mit diesen Fragen auseinander gesetzt. Der Großteil des 
Verbrauchs an Biomasse zu Heizzwecken in der EU erfolgt immer noch durch traditionelle 
Holzfeuerung in ländlichen Gebieten. Diese Verwendung nimmt jedoch ab, da es dabei an 
Komfort mangelt, Infrastrukturen und Logistik im Bereich des Handels fehlen und sich die 
entsprechende Technologie auf einem niedrigen Stand befindet. 
 
Um an Boden zu gewinnen, muss Biomasse so attraktiv werden, dass sie die etablierten 
Strukturen im Bereich der Heizungssysteme durchdringen kann, bei denen Erdgas, Heizöl, 
Flüssiggas (LPG) und Fernwärme dominieren. Insbesondere in ländlichen Regionen kann 
Biomasse Heizöl und LPG ersetzen. Zudem bieten große und kleine Fernwärmesysteme 
sowie Anlagen zur Nutzung zweier verschiedener Energien (z. B. Pulpe und Papier) sowie 
Heat-only-Boiler-Anlagen die Möglichkeit, wesentlich größere Mengen an Biomasse zu 
verwerten. In Kohlekraftwerken zusätzlich auch Biomasse zu verfeuern, ist eine sehr 
interessante und direkte Möglichkeit, um die Verwertung von Biomasse ohne große 
technologische Veränderungen und mit vergleichsweise geringen Zusatzkosten rasch zu 
steigern. Im Rahmen einer EU-Verordnung könnte dieses Thema angegangen werden. 
 
Um die verschiedenen Endmärkte für Energie zu durchdringen, muss Biomasse in 
ausreichenden Mengen und zu konkurrenzfähigen Preisen zur Verfügung gestellt werden. 
Alternativ dazu sollte den Verbrauchern aus Biomasse erzeugter Strom oder Heizwärme und 
Biomasse als Brennstoff ohne zusätzliche Kosten und ohne technische Hürden und 
Unannehmlichkeiten wie eine unregelmäßige Versorgung, ein unzulänglicher Service oder 
ungenügende Vermarktungs- und Logistikstrukturen zugänglich sein. 
 
Biomasse wird für sich genommen immer noch finanzielle Unterstützung benötigen, um in 
Konkurrenz mit konventionellen Energieträgern treten zu können. In einem ersten Schritt 
sollte eine grundsätzliche Neuorientierung der Agrarpolitik (GAP) erfolgen, die zu einer 
Steigerung bei den zur Energieerzeugung angebauten Feldpflanzen sowie einer 
entsprechenden Forstwirtschaft führt. Anstatt die Nahrungsmittelproduktion auf ein für die 
öffentliche Hand erschwingliches Maß zu begrenzen, könnten die entsprechenden Fonds viel 
besser dazu genutzt werden, die Menge der zur Energieproduktion verwendeten Biomasse auf 
ein Höchstmaß zu steigern und die Rohstoffgrundlage für erneuerbare Energien zu erweitern. 
Indem ein wachsender Teil dieser Agrarsubventionen genau dafür genutzt wird, könnte 
Biomasse zu Preisen angeboten werden, die insbesondere auf dem Heizwärmemarkt mit den 
konventionellen Energieträgern konkurrieren könnten. In diesem Zusammenhang könnte eine 
unabhängige vergleichende wirtschaftliche Bewertung der Verwendung von 
Agrarsubventionen in der EU einerseits und der erneuerbaren Energieträger andererseits mehr 
Aufschluss über indirekte Folgen bringen. Ein zweiter Ansatz könnte darin bestehen, die 
Stromerzeugung aus Biomasse (und auch gemeinsam mit einer zweiten nutzbaren 
Energiequelle) durch starke ökonomische Anreize wie festgesetzte Rückkaufpreise zu 
fördern. Ein dritter Ansatz zur Regelung des Heizwärmemarktes wäre die Förderung einer 
gesteigerten Verwendung von Biomasse in dezentralisierten Heizungssystemen durch die 
Gewährung direkter Beihilfen für entsprechende Investitionen, die jedoch auf modernen, 
effizienten und umweltfreundlichen Verbrennungstechnologien basieren müssen. 
 
Wirtschaftlichkeit ist für die Entwicklung erneuerbarer Energien am Energiemarkt von 
zentraler Bedeutung. Von Biomasse abgesehen sollte einer drastischen Verbesserung der 
Wirtschaftlichkeit bei den politischen Maßnahmen im Bereich der erneuerbaren Energien 
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höchste Priorität eingeräumt werden. Wann immer es gerechtfertigt ist, müssen die 
Marktpreise korrigiert werden, indem die vorhandenen externen Faktoren in die Marktpreise 
einfließen. Eingriffe in die Marktpreismechanismen werden ebenfalls angestrebt, um die 
durch die Größeneffekte bewirkten Kostenvorteile zu vergrößern und so eine beschleunigte 
Marktdurchdringung mit erneuerbaren Energieträgern zu erzielen, was eine positive 
Rückwirkung auf die Kosten pro Einheit hat. So lange die Kosten erneuerbarer Energien nicht 
wettbewerbsfähig sind, ist eine fortgesetzte und ausreichende finanzielle Unterstützung 
seitens der öffentlichen Hand erforderlich, um eine Marktdurchdringung auf breiter Basis, 
hohe Zuwachsraten und damit das Erreichen der quantitativen Ziele zu gewährleisten. Das ist 
besonders für jene erneuerbaren Energieträger wichtig, die kurz vor der Marktreife stehen. 
 
Erforderlich sind weitere Forschungen und technologische Entwicklungen im Bereich der 
langfristigen Optionen für eine Versorgung mit erneuerbaren Energien und der Technologien, 
die immer noch weit davon entfernt sind, technisch erprobt zu sein und wirtschaftlich für die 
Marktakteure interessant zu werden. Auch hier müssen klare Prioritäten bezüglich des 
Ausmaßes und der Höhe einer Finanzierung gesetzt werden. Wegen ihrer entscheidenden 
Bedeutung müssen Sonnenenergie und Biomasse bei der Zuweisung finanzieller Hilfen an 
erster Stelle stehen. Das Sechste Rahmenprogramm mit den darin enthaltenen Prioritäten und 
den erhöhten Finanzhilfen scheint dabei den richtigen Weg einzuschlagen.  
 
Unter den gegenwärtigen Umständen sind in den Mitgliedsstaaten zahlreiche Hilfsprogramme 
in Kraft. Häufig sind diese nicht miteinander vereinbar und greifen ineinander über. Als Folge 
davon gibt es zwischen den Mitgliedsstaaten große Spielräume für die Harmonisierung der 
verschiedenen Systeme und Werkzeuge und für einen Austausch über die optimale Praxis. 
Ein erster Schritt in diese Richtung wäre eine gründliche und unvoreingenommene 
Untersuchung der Wirksamkeit und Effizienz der verschiedenen Hilfsinstrumente und der 
optimalen Praxis. Ein gutes Beispiel dafür wäre die Entwicklung der Windenergie, die in 
einer Reihe von Ländern einen dramatischen Aufschwung verzeichnen konnte. Eine 
Identifizierung der wirksamsten Instrumente wäre Voraussetzung für eine Weitergabe der 
optimalen Methoden, die häufig auf die technische Leistung, jedoch nicht auf politische 
Maßnahmen hinauslaufen. Obendrein gibt es kein einheitliches Instrument, das 
gleichermaßen für alle erneuerbaren Energien einsetzbar wäre. Das Gegenteil trifft zu. Die 
einfache Tatsache, dass sich erneuerbare Energien hinsichtlich ihrer technischen Erprobung 
und ihrer Eigenwirtschaftlichkeit recht stark voneinander unterscheiden, erfordert die 
Anwendung des richtigen Instrumentes am richtigen Ort. Die Photovoltaik benötigt zum 
Beispiel zuallererst mehr Forschungen und eine Weiterführung der technologischen 
Entwicklungen, während die Entwicklung der Windkraft am stärksten auf die Höhe der Tarife 
für die Einspeisung von Strom reagiert. 
 
Die Verteilung der erneuerbaren Energieträger in der Europäischen Union ist alles andere als 
gleichmäßig. Darüber hinaus wird ihre Kosteneffizienz stark durch die natürlichen 
Bedingungen bestimmt, die in der Tat je nach Standort substanzielle Unterschiede zueinander 
aufweisen. Daraus folgt, dass dasselbe Ausmaß an finanzieller Unterstützung für eine 
bestimmte Technologie in Abhängigkeit von Faktoren, die sich einer Kontrolle des Menschen 
entziehen, zu unterschiedlichen Grenzproduktivitätsraten führt. Aus diesem Grund sollte am 
Beginn einer zweckmäßigeren Zuteilung der begrenzten finanziellen Ressourcen (vor allem 
der öffentlichen Mittel) die Erfassung des technischen Potenzials eines erneuerbaren 
Energieträgers im Hinblick auf seine Kosteneffizienz im Bereich der Europäischen Union 
stehen. Ähnlich wie bei der Förderung der regionalen Entwicklung sollte die Förderung 
erneuerbarer Energien an Kriterien gebunden sein, die eine Region für finanzielle Hilfen in 
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bestimmter Höhe berechtigen. Aus diesem Grund sollten die politischen Antworten in der 
Europäischen Union auch nicht überall gleich und einheitlich sein. 
 
In den Beitrittsländern, in denen öffentliche Mittel bekanntermaßen knapp sind, sollten sich 
zu diesem Zweck auch frühe strukturelle Hilfsprogramme wie die ISPA- und Sapard-
Programme zusätzlich zu den nach 2004 gewährten Strukturhilfen auf die Eingliederung von 
Investitionen in erneuerbare Energieträger und die Einbeziehung der Unternehmer aus dem 
privaten Sektor konzentrieren. Daneben sollten die Programme Phare und Altener 
(mittlerweile Programm ‘Intelligente Energie für Europa’) zur Stärkung institutioneller 
Maßnahmen und zur Entwicklung und Umsetzung einer angemessenen Politik im Bereich der 
erneuerbaren Energien genutzt werden. 
 
Handlungsbedarf besteht auch hinsichtlich einer Verbesserung der Statistiken über die 
Entwicklung erneuerbarer Energien sowie hinsichtlich eines Monitoring-Systems, das auf die 
Identifizierung von hinter dem Zeitplan zurückbleibenden Ländern und erneuerbaren 
Energien abzielt. Das sollte in einem kontinuierlichen Prozess und nicht nur sporadisch 
stattfinden, selbst wenn es alle zwei Jahre durchgeführt wird. 
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 NOTE DE SYNTHESE 

 
Le double objectif de la présente étude consiste d’une part à exposer dans les grandes lignes la 
production et la capacité prévisionnelles des sources d’énergie renouvelables (SER) dans 
l’Union européenne d’ici 2010 dans le cadre des politiques et stratégies européennes 
actuelles, et d’autre part, à fournir des recommandations à l’intention des décideurs politiques 
afin qu’ils adoptent les options et les instruments adaptés à l’impulsion d’une dynamique 
vigoureuse et durable propice au développement des SER dans l’Union européenne. L’étude 
se fonde sur une analyse des tendances du développement des technologies faisant appel aux 
énergies renouvelables (TER), des potentiels et coûts disponibles, ainsi que des niveaux de 
production et de capacité actuels. Les recommandations politiques s’appuient sur les lacunes 
identifiées, sur les obstacles au développement des SER et sur les options et outils politiques 
potentiels. 
 
À l’heure actuelle, diverses options techniquement viables sont en mesure d’exploiter 
pratiquement toutes les SER. Alors que de nombreuses technologies ont atteint leur seuil de 
maturité, les nouveaux progrès technologiques portent sur des détails minutieux, sur des 
applications neuves et plus vastes, ainsi que sur les gains de productivité liés à la fabrication 
du matériel. D’autres technologies comme l’électricité solaire et l’énergie des mers doivent 
faire l’objet d’une recherche plus fondamentale avant de réaliser une véritable percée 
technologique.   
 
D’après une étude indépendante menée récemment, le potentiel technique des SER dans 
l’Union européenne représentera 25,7% de la consommation intérieure brute d’énergie de 
l’Union des Quinze prévue pour 2010. De ce fait, étant limité par l’état de l’évolution 
technologique, les alternatives concurrentes d’exploitation des sols, l’espace disponible, les 
restrictions en matière de transport et la disponibilité variable des ressources dans le temps, ce 
potentiel représente plus du double de l’objectif fixé pour 2010 par le Livre blanc sur les SER. 
Pour ce qui est de l’électricité, le potentiel technique est bien plus élevé encore. Inférieur par 
définition au potentiel technique, le potentiel réalisable à moyen terme s’élève à 42% de la 
demande en électricité prévue en 2010. Même en l’absence de données fiables, on estime que 
le potentiel technique des énergies renouvelables dans les pays candidats est du même ordre 
de grandeur que dans l’Union européenne.  
 
Ainsi, même parmi les opposants au développement des SER, il est communément admis que 
les potentiels techniques disponibles ne constituent pas un obstacle à l’expansion rapide et 
généralisée des SER. 
 
Depuis 1990, les coûts de presque toutes les technologies de production d’électricité à partir 
de SER ont baissé en moyenne de 40%. Plusieurs technologies sont relativement proches du 
marché et sont, dans le cadre de certaines applications, rentables par rapport aux systèmes 
conventionnels établis. Si les coûts externes à la production d’énergie étaient intégralement 
internalisés dans les prix du marché, les TER sélectionnées seraient déjà à même de 
concurrencer librement certaines options énergétiques conventionnelles. D’ici 2020, 
l’évolution technologique et les économies d’échelle contribueront à poursuivre la réduction 
des coûts des TER. Selon les estimations, ces réductions oscilleraient entre dix pour cent (par 
exemple pour la bioénergie, l’énergie hydroélectrique et l’énergie géothermique) et vingt pour 
cent (par exemple pour les parcs d’éoliennes en mer et l’énergie solaire thermique), voire 
dans certaines cas jusqu’à 50% (par exemple pour l’énergie solaire photovoltaïque). 
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En 2000, les SER ont contribué à six pour cent de la demande énergétique intérieure brute de 
l’Union européenne. Comptant pour près des deux tiers de toutes les sources d’énergie 
renouvelables, la biomasse représentait de loin la ressource la plus importante, devant 
l’énergie hydroélectrique. Toutes les autres ressources jouaient toujours un rôle marginal, 
malgré leurs taux de croissance élevés. Avec une part de SER de 20 à 30% dans leur 
consommation intérieure brute, la Suède, la Finlande et la Suède figurent parmi les États 
membres de l’Union à la pointe du développement des sources d’énergie renouvelables.  
 
En 2000, la part d’électricité produite à partir de sources d’énergie renouvelables dans le 
volume de production brute d’électricité s’élevait à 14,9 pour cent, contre 14,2% l’année 
précédente. L’énergie hydroélectrique représente près de 80% du volume d’électricité 
produite à partir de SER. Pour le reste, seules la biomasse et l’énergie éolienne apportent une 
contribution tangible au volume global. Il n’empêche que les limites inhérentes à la 
disponibilité et à l’acceptabilité des ressources ne permettront pas une expansion importante 
de l’énergie hydroélectrique dans la plupart des contrées de l’Union européenne. Grâce à un 
potentiel exploité d’énergie hydroélectrique assez considérable, l’Autriche et la Suède 
occupent les premières places dans l’Union, avec 70 et 48% respectivement.   
 
Les pays candidats affichent des pourcentages moyens légèrement plus élevés par rapport à 
leur demande énergétique. Ce constat vaut tant pour les sources d’énergie renouvelables en 
général que pour l’électricité produite à partir de SER en particulier. Il convient toutefois de 
souligner l’existence d’incohérences et de lacunes dans les statistiques nationales, ce qui rend 
difficile toute comparaison équitable.   
 
L’Union européenne a fixé des objectifs indicatifs ambitieux en matière de développement 
des énergies renouvelables d’ici à 2010. Il s’agit avant tout de doubler la part des énergies 
renouvelables dans la consommation énergétique intérieure brute à 12 (11,5) pour cent d’ici 
2010, conformément à l’objectif proclamé dans le Livre blanc établissant une stratégie et un 
plan d’action communautaires, intitulé Énergie pour l’avenir: les sources d’énergie 
renouvelables (COM(1997) 599final). 
 
Dans le domaine de l’électricité, la Directive 2001/77/CE du Parlement européen et du 
Conseil relative à la promotion de l'électricité produite à partir de sources d'énergie 
renouvelables sur le marché intérieur de l'électricité a fixé un objectif quantitatif de 22,1% 
d’électricité produite à partir de SER dans la consommation totale d’électricité dans la 
Communauté.  
 
Enfin, la Commission européenne envisage des objectifs de développement des biocarburants 
dans sa proposition de Directive du Parlement et du Conseil européens relative à la promotion 
de l’utilisation de biocarburants dans le secteur des transports. (COM(2001) 547-2). D’ici 
2010, les biocarburants devraient notamment représenter un volume minimal de 5,75 pour 
cent de l’ensemble des ventes d’essence et de diesel dans l’Union européenne.   
 
Après examen de la faisabilité des objectifs à la lumière des études disponibles, des 
projections et des tendances actuelles sur le marché des SER, il paraît peu probable que ces 
objectifs seront atteints d’ici 2010 si l’on tient compte des politiques et des aides financières 
actuellement en vigueur. Ainsi, la part des SER dans la consommation énergétique intérieure 
brute de l’Union des Quinze à l’horizon 2010 devrait osciller entre 8,7 et 8,8 pour cent, soit 
près de 3% de moins que l’objectif fixé. Ce manquement sera principalement imputable à la 
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croissance médiocre de l’utilisation de la biomasse dans l’Union européenne, qui, selon 
l’objectif du libre blanc, est censée représenter 83,5% de la croissance progressive dans son 
ensemble. Selon toute probabilité, seuls les objectifs en matière d’énergie éolienne devraient 
être atteints, voire même dépassés. Globalement, cette progression supplémentaire ne suffit 
toutefois pas à offrir une compensation adéquate. 
 
Fondées sur les tendances actuelles et sur les aides et politiques publiques, les prévisions et 
les estimations ascendantes relatives à l’électricité produite à partir de SER permettent de 
conclure que l’objectif fixé à l’horizon 2010 ne sera pas davantage atteint. À cette date, la part 
d’électricité produite à partir de SER dans la consommation énergétique globale devrait se 
situer entre 17,2 et 20,3%, plus probablement aux environs de 18%. Dans ce cas-ci également, 
le manquement est lié à l’utilisation de la biomasse, qui est à la traîne par rapport aux taux de 
croissance requis. 
 
Le processus d’élargissement de l’Union européenne pourrait nuire encore davantage à la 
faisabilité des objectifs fixés pour 2010 si, à l’issue de l’élargissement, les mêmes objectifs 
doivent être étendus à une Union élargie. 
 
On dispose de peu d’informations concernant le développement à long terme des SER, par 
exemple d’ici 2030. Il convient donc de mener des recherches plus ciblées sur l’Union des 
Quinze et sur l’Union élargie. 
 
Il est communément admis que le développement des SER est entravé par un certain nombre 
d’obstacles comme une faible compétitivité, des obstacles financiers, fiscaux, juridiques, 
administratifs et technologiques, ainsi que par une information, une éducation et une 
formation insuffisantes. Le principal obstacle à l’origine de la lenteur relative des progrès 
réside dans le fait que par rapport au prix du marché actuel des sources d’énergie 
conventionnelles concurrentes, la plupart des technologies disponibles faisant appel aux 
énergies renouvelables ne sont toujours pas compétitives. D’une part, les prix du marché de 
l’énergie ne prennent pas en compte tous les coûts externes, notamment les coûts liés à la 
pollution conventionnelle de l’air et au réchauffement de la planète. La libéralisation des 
marchés de l’énergie, qui se traduit par une réduction des prix de l’énergie, a rendu plus 
difficile encore la progression des énergies renouvelables. D’autre part, l’état actuel de la 
plupart des TER implique toujours des coûts énergétiques élevés par unité. Par conséquent, la 
demande du marché pour ces technologies, lesquelles sont presque intégralement soutenues 
par des aides financières publiques directes et/ou par des réglementations publiques, demeure 
relativement faible, de sorte qu’il n’est pas encore possible de réaliser les économies d’échelle 
les plus indispensables sur le plan de la production. 
 
Les décideurs politiques disposent de plusieurs options pour faire en sorte que les énergies 
renouvelables soient une option plus importante dans le cadre de l’offre énergétique de 
l’Union européenne. Compte tenu de l’état actuel de la technique dans le domaine des 
énergies renouvelables, le point de départ consistera toujours à faire preuve de détermination 
politique et à décider de faire progresser les TER en surmontant les obstacles existants. Dans 
ce contexte, la question essentielle est de savoir dans quelle mesure la contribution des 
énergies renouvelables à la protection de l’environnement/du climat et la sécurisation des 
approvisionnements énergétiques futurs sont réellement perçus comme urgents. 
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Il n’empêche, indépendamment du fait que les énergies renouvelables soient considérées ou 
non par le monde politique comme plus ou moins vitales, une approche fondamentale sous-
jacente et raisonnablement correcte consisterait systématiquement à se défaire énergiquement 
des distorsions des prix du marché. Cette approche exige une intégration des coûts externes 
aux mécanismes existants des prix du marché de l’énergie. Au-delà de cet aspect, à l’instar de 
toute nouvelle technologie confrontée à une longue série d’obstacles à sa mise en œuvre, il 
convient d’apporter une aide financière adaptée aux TER afin de compenser l’écart de 
rentabilité existant et de rapprocher ainsi les TER du stade de la commercialisation, et de 
garantir au bout du compte leur pénétration et leur diffusion à une échelle significative. Cet 
objectif se justifie dans la mesure où même avec l’internalisation des coûts externes, de 
nombreuses TER seraient encore loin d’être compétitives sur le marché. La réduction relative 
des coûts et l’accroissement de le compétitivité sont fonction d’économies d’échelle assez 
considérables et de progrès technologiques significatifs qui produisent une réduction 
intrinsèque des coûts, ces deux facteurs étant eux-mêmes tributaires d’une stimulation 
adéquate du marché. 
 
Il s’agit ici avant tout de se demander sur quoi les avis sont régulièrement partagés; la 
stimulation du marché doit-elle intervenir par le biais de mesures conformes au marché ou de 
mesures d’intervention directe sur le marché? Dans le cas présent, une mesure ‘conforme au 
marché’ suppose que toute stimulation n’élimine pas pour autant le bon fonctionnement des 
forces du marché, la concurrence et la libre fixation des prix (par exemple par l’introduction 
de taxes ou subventions; d’une politique axée sur la RDT). Par contre, une mesure  ‘non 
conforme au marché’ suppose une interférence directe avec les mécanismes du marché par 
l’adoption de réglementations spécifiques relatives aux quantités (quotas) et aux prix (fixation 
des prix). Le jeu des forces du marché, de la concurrence et de la libre fixation des prix est 
donc à tout le moins partiellement éliminé. 
 
Dans les faits, ces deux approches ont toujours coexisté dans une certaine mesure dans 
presque toutes les économies nationales. Néanmoins, à l’exception des subventions en matière 
de RDT, l’efficacité des mesures conformes au marché s’est avérée jusqu’à présent assez 
limitée, essentiellement en raison d’un manque de volonté politique à même d’introduire des 
taxes spécifiques dans les secteurs de l’énergie et de l’environnement d’une part, et de 
l’insuffisance constante des financements publics consacrés aux énergies renouvelables 
d’autre part. 
 
En l’absence d’une vaste expérience des interventions conformes au marché, des preuves 
empiriques solides démontrent que les mesures d’intervention directe sur le marché peuvent 
constituer une option politique très efficace pour les TER en voie de commercialisation en 
termes de pénétration rapidement réalisable du marché, de vitesse d’adoption, et de coûts de 
transaction. Parmi ces mesures, les mécanismes d’intervention directe sur les prix comme les 
prix de rachat fixes sont nettement plus efficaces que les réglementations quantitatives si les 
taux de croissance représentent le critère clé d’évaluation de l’efficacité. Les interventions 
fondées sur les quantités sont toutefois plus efficaces que les interventions sur les prix, 
s’agissant de réductions de prix réalisables. On peut donc en conclure que quand il s’agit de 
soutenir de vastes progrès dans le développement de la capacité faisant appel aux énergies 
renouvelables dans un laps de temps relativement court et que l’adoption d’options radicales 
conformes au marché n’est pas faisable pour l’une ou l’autre raison politique, les 
interventions sur les prix semblent être un instrument adéquat d’expansion rapide des SER. Il 
convient toutefois de garder à l’esprit que les coûts d’opportunité ne sont pas négligeables. 
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Mis à part toutes les options politiques concernant le mécanisme même du marché, d’autres 
mesures visent à lever les obstacles non liés au marché. Malgré leurs mérites, leur importance 
reste accessoire dans la mesure où elles ne peuvent agir de manière décisive sur la rentabilité 
et la compétitivité des SER.  
 
Dans certaines régions, il est urgent de déployer de gros efforts supplémentaires et de changer 
de politique si l’on entend atteindre l’objectif consistant à doubler la part des SER d’ici 2010. 
Dans ce contexte, il est de la plus haute importance de ne pas perdre de vue le cadre global de 
la question et de fixer les priorités et les signaux politiques adéquats en ce qui concerne les 
SER. Contrairement à ce que l’on pourrait penser, les SER doivent être classées selon leur 
influence sur la réalisation de cibles et objectifs politiques. La présente étude démontre que 
pour la période courant au moins jusqu’à 2010, les contributions les plus significatives 
devraient être apportées par la biomasse et l’énergie éolienne. Si l’énergie éolienne se 
développe rapidement, voire même au-delà des objectifs prévus pour 2010, l’utilisation de la 
biomasse pose toujours problème. Il convient de préciser que malgré tous les efforts 
consentis, les autres SER joueront un rôle accessoire dans la poursuite des objectifs fixés pour 
2010. À très long terme, il est fort probable que l’énergie solaire constituera naturellement la 
principale SER. Toute politique aspirant à un succès au terme de son processus doit prendre 
en compte les priorités adéquates et les imposer en temps opportun. Cela vaut tant pour le 
secteur des SER que pour les outils d’action prioritaires. 
 
Sachant que dans un avenir prévisible à long terme la biomasse devrait très largement 
dominer la croissance des SER, il convient de concevoir et de mettre en œuvre des mesures 
graduelles radicales destinées à soutenir une exploitation généralisée de la biomasse, 
notamment dans les secteurs de l’électricité et de la production de chaleur. En d’autres termes, 
l’élément clé qui permettra de réaliser les objectifs de l’Union pour 2010 réside dans la 
chaleur et l’électricité produite à partir de biomasse. L’objectif doit être de créer une 
 ‘économie de la biomasse’ qui touche l’ensemble du cycle d’utilisation de cette SER. En 
guise de point de départ, il s’agit d’envoyer des signaux suffisants sur les prix aux 
investisseurs potentiels et de garantir les ressources de base. 
 
Si l’Union européenne a accordé une attention certaine aux SER sur les marchés des 
carburants et de l’électricité, jusqu’à présent, peu a été fait pour promouvoir les SER sur le 
marché de la chaleur, qui est en fait supposé être le marché le plus important en termes de 
quantités absorbées de biomasse tout au long de la période planifiée jusqu’à 2010. Seuls 
quelques rares États membres comme la Suède et l’Autriche ont abordé ces questions dans 
une mesure plus ou moins adéquate. La plus grande part de l’utilisation de biomasse à des fins 
de chauffage dans l’Union européenne est toujours représentée par le chauffage au bois 
traditionnel dans les régions rurales. Cet usage est néanmoins sur le déclin en raison de son 
manque de confort, de l’absence d’infrastructures commerciales et de logistique ainsi que de 
son faible niveau technologique. 
 
Pour gagner du terrain, la biomasse doit devenir suffisamment attractive pour pénétrer les 
structures de chauffage établies, dominées par le gaz naturel, l’essence, le pétrole, le LPG et 
le chauffage urbain. Dans les régions rurales en particulier, la biomasse peut remplacer 
l’essence et le LPG. Par ailleurs, les systèmes de chauffage urbain à petite et grande échelles, 
les systèmes de cogénération industrielle (par exemple de pulpe et de papier) et 
les installations de chauffage exclusivement à base de chaleur permettent de traiter des 
quantités sensiblement croissantes de biomasse. La co-combustion de biomasse dans des 
centrales thermiques au charbon est une option très intéressante et directe destinée à accroître 
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rapidement l’usage de biomasse sans changement important de technologie et moyennant des 
coûts additionnels relativement faibles. L’Union européenne pourrait adopter un Règlement à 
ce sujet. 
 
Pour pénétrer les marchés finaux de l’énergie, soit la biomasse doit être fournie en quantités 
suffisantes et à des prix compétitifs, soit la chaleur, l’électricité et les carburants produits à 
partir de biomasse devraient être fournis aux consommateurs sans coût additionnel et sans 
obstacle technique ou désagrément tel qu’un approvisionnement irrégulier, un service 
clientèle, une commercialisation et des réseaux logistiques inadéquats. 
 
La biomasse prise séparément nécessite toujours une aide financière pour concurrencer les 
sources d’énergie conventionnelles. Une première approche serait de réorienter radicalement 
la politique agricole commune (PAC) vers la culture de récoltes et de ressources forestières 
productrices d’énergie. Au lieu de limiter la production alimentaire aux niveaux autorisés 
par les pouvoirs publics, ces fonds devraient être exploités pour maximiser la biomasse à des 
fins de production d’énergie et d’accroître les ressources de base des énergies renouvelables. 
Si une part croissante de ces mêmes subventions agricoles lui était consacrée, la biomasse 
pourrait être fournie à des prix compétitifs vis-à-vis des sources conventionnelles, notamment 
sur le marché de la chaleur. Dans ce contexte, une étude comparative économique 
indépendante sur l’usage des subventions européennes accordées au secteur agricole d’une 
part, et sur les SER d’autre part pourrait apporter davantage de précisions sur les 
ramifications. Une deuxième approche pourrait consister à encourager la production (et la 
cogénération) d’électricité à partir de biomasse par le biais d’incitants économiques forts 
comme les prix de rachat fixes. Une troisième approche axée sur le marché de la chaleur 
pourrait consister à promouvoir l’usage accru de biomasse dans le cadre de systèmes de 
chauffage décentralisé en octroyant des subventions directes à l’investissement, qui devraient 
toutefois s’appuyer sur une technologie de combustion moderne, rentable sur le plan 
énergétique et peu nuisible à l’environnement. 
 
Les facteurs économiques sont essentiels à la progression des SER sur le marché de l’énergie. 
Outre la biomasse, le renforcement drastique de ces facteurs économiques devrait constituer 
une autre priorité clé de la politique portant sur les sources d’énergie renouvelables. Au cas où 
cela se justifie, les prix du marché doivent faire l’objet d’une rectification fondée sur 
l’intégration des coûts externes à ces prix. Les interventions sur le mécanisme de fixation des 
prix du marché doivent également viser à accroître les économies d’échelle aboutissant à une 
pénétration accélérée des SER sur le marché, ce qui aurait un effet positif sur les coûts à 
l’unité. Tant que les coûts inhérents aux énergies renouvelables ne sont pas compétitifs, il 
conviendra de prévoir une aide financière publique continue et adaptée pour parvenir à une 
vaste pénétration du marché et à des taux de croissance élevés et atteindre de ce fait des 
objectifs quantitatifs. Cet aspect est particulièrement important pour les SER relativement 
proches du stade de maturité commerciale. 
 
Davantage de travaux de recherche et de développement technologique doivent être menés sur 
les options à long terme d’approvisionnement en énergies renouvelables et sur leurs 
technologies, qui sont encore loin d’être techniquement viables et économiquement 
intéressantes pour les acteurs du marché. À nouveau, il convient de définir clairement les 
priorités concernant la portée et les montants des financements. Compte tenu de leur position 
centrale, l’énergie solaire et la biomasse doivent clairement être les premières sources 
éligibles à une aide. Assorti de ses priorités et de financements accrus, le sixième Programme-
cadre semble prendre la bonne direction. 
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À l’heure actuelle, de nombreux instruments d’aide sont en place dans les États membres. Ces 
instruments sont souvent incompatibles et font double emploi. Par conséquent, il existe une 
vaste marge de manœuvre en vue d’une harmonisation des systèmes, outils et transferts de 
bonnes pratiques entre États membres. Une première étape consisterait à examiner de manière 
approfondie et impartiale l’efficacité et l’efficience de plusieurs instruments d’aide et de 
bonnes pratiques. Un bon exemple à cet égard résiderait dans le développement de l’énergie 
éolienne, qui a connu une avancée spectaculaire dans un certain nombre de pays. La sélection 
des outils les plus efficaces constituerait dès lors une condition préalable à l’adoption de 
bonnes pratiques, dont la teneur est souvent réduite aux performances technologiques et non 
aux politiques. Par ailleurs, aucun instrument ne convient de manière uniforme à toutes les 
énergies renouvelables, le contraire étant vrai. Le simple fait que les SER soient assez 
différentes en termes de viabilité technique et économique exige que l’instrument adéquat soit 
appliqué là où il le faut. Ainsi, l’énergie photovoltaïque nécessite avant tout des avancées en 
matière de recherche et de développement technologique, tandis que le développement 
d’énergie éolienne est davantage liée au niveau des tarifs d’achat. 
 
La répartition des SER dans l’Union européenne n’est pas uniforme. En outre, leur rentabilité 
est dans une marge mesure déterminée par les conditions naturelles, qui, par la force des 
choses, diffèrent sensiblement d’un site à l’autre. Par conséquent, l’octroi d’une aide 
financière de même niveau pour une technologie donnée produira des taux de productivité 
marginaux différents, selon des facteurs indépendants du contrôle de l’action humaine. Voilà 
pourquoi, à l’aide d’une cartographie du potentiel technique des SER par rapport à leur 
rentabilité dans l’Union européenne, il conviendrait d’entamer une répartition plus rationnelle 
des ressources financières limitées (notamment des fonds publics). Au même titre que la 
politique de développement régional, la promotion des énergies renouvelables devrait être liée 
à des critères permettant à une région d’être éligible à un niveau donné d’aide financière. 
C’est la raison pour laquelle les réponses politiques ne devraient pas être identiques et 
uniformes sur l’ensemble du territoire de l’Union européenne. 
 
Dans les pays candidats, dont on sait qu’ils sont à court de fonds publics, les premiers 
instruments d’aide structurelle comme les programmes ISPA et Sapard, ainsi que les aides 
structurelles qui seront octroyées après 2004, devraient également s’axer sur l’apport 
d’investissements dans les SER et sur la participation des opérateurs du secteur privé dans ce 
domaine. Par ailleurs, les programmes Phare et Altener (rebaptisé programme ‘Énergie 
intelligente pour l’Europe’) devraient servir à l’adoption de mesures de renforcement des 
institutions ainsi qu’à la mise au point et à l’application de politiques adéquates en matière 
d’énergies renouvelables. 
 
Il convient d’agir en vue d’améliorer les statistiques dans le domaine et assurer le suivi du 
développement des énergies renouvelables afin d’identifier les pays et les SER à la traîne. Il 
devrait s’agir d’un processus continu plutôt qu’un exercice ponctuel, même si cet exercice est 
réalisé tous les deux ans. 
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1. INTRODUCTION 

 
The European Union (EU) decided to make renewable energy sources (RES) a substantial and 
viable option for Europe’s future energy supply schemes in the long run, although at present 
their share is still at a low level. This declared political aim has been expressed in various 
documents ranging from the White Paper for a Community Strategy and Action Plan on RES1, 
the RES Electricity Directive2, proposals for Biofuel-related Directives3 to various 
communications and commitments taken in the context of international agreements such as 
the Kyoto Protocol.  
 

Despite a number of previous strategic studies on renewable energy supported by the 
European Commission or the International Energy Agency, as well as reviews conducted by 
independent scientific and research institutions or consulting firms, there is an explicit need to 
highlight more recent developments, factors and driving forces such as the following: 
 
� Previous estimates on renewable energy development in the EU might need updating in 

the context of rising energy demands and economy of scale effects. These factors 
stimulate growth in renewable energy production and innovative technological 
developments, thus increasing RES capacity. At the same time, the energy market 
liberalisation process has resulted in a downward trend of electricity tariffs, thus, making 
RES breakthrough more challenging4; 

 
� A growing preoccupation with climate change for instigating new perceptions on 

sustainable energy options. The Community stated an objective of reducing CO2 
emissions by 8 per cent by 2008 - 2012, compared to 1990 levels in order to fulfil the 
international commitments on climate change. New schemes, such as EU emission trading 
due to start in 2005, have made considerable progress5. The United Nations Framework 
Convention on Climate Change (UNFCCC) held the Seventh Session of the Conference of 
the Parties (COP 7) in Marrakech in November 2001. This paved the way for the concrete 
implementation of the Kyoto Protocol. The Eighth Session of the Conference of the 
Parties (COP 8) in New Delhi in October 2002 declared that urgent actions are required at 
all levels to substantially increase the global share of renewable energy sources with the 
objective of increasing their contribution to total energy supply6; 

 

                                                 
1 European Commission, White Paper for a Community Strategy and Action Plan Energy for the Future: 
Renewable Sources of Energy (COM(97) 599final). 

2 European Parliament and the Council, Directive on the Promotion of Electricity from Renewable Energy 
Sources in the Internal Electricity Market (2001/77/EC). 

3 European Commission, Proposals for Directives Promoting the Use of Biofuels in Transport and Amending 
Directive 92/81/EEC Concerning the Option of Applying a Reduced Rate of Excise Duty to Pure Blended 
Biofuels when Used either as Heating or Motor Fuel, November 2001. 

4 According to the First and Second Benchmarking Reports of the European Commission on the Implementation 
of the Internal Electricity and Gas Market there is empirical evidence that electricity tariffs have fallen most 
where there is full market opening such as in the UK, Germany, Austria, Sweden and Finland. (cf. 
SEC(2002)1038).  

5 Council agreement in December 2002 on European Commission proposal for a Directive of the European 
Parliament and the Council Establishing a Scheme for Greenhouse Gas Emission Allowance Trading within 
the Community and Amending Council Directive 96/61/EC (COM(2001) 581final). 

6 COP 8, The Delhi Ministerial Declaration on Climate Change and Sustainable Development. http://unfccc.int.  
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� In 2000 a Green Paper initiated a public debate on the changing context of Europe’s 
security of future energy supply

7. The external dependency rate on fossil fuels will reach 
70 per cent in the coming 20 to 30 years, mainly because domestic source utilisation will 
decrease and imports increase accordingly. Being essentially a domestic energy sources, 
RES could have an important role to play to make energy supplies more secure  within the 
EU. However, the strings attached concern available potentials, marketable technologies, 
lead time and as a matter of course public budget implications or financing constraints; 

 
� The enlargement of the European Union has now entered a new phase8 and will 

inevitably put on the table of discussions the issue of the diversification of energy supply 
and environmental mitigation for the Central and Eastern European countries. The share 
of RES in these countries is still rather low while high-polluting solid fossil fuels such as 
coal used in conjunction with antiquated energy technologies are ever-present; 

 
� Further significant progress has been made over recent years in research and development 

of new technological options and solutions for RES utilisation. Some technologies which 
have already been around for some time meanwhile have moved on to become in some 
cases even economically viable options. This is a result of captured economies of scale, 
technological fine-tuning and novel applications. Other technologies are close to market 
penetration;  

 
� There is new substantial evidence as to what extent the European Union can draw macro-

economic benefits from the development of renewables in terms of international 
competitiveness, employment and trade

9;  
 
� In a number of Member States new policy options, instruments and tools have 

demonstrated that the available technical RES potential can be tapped at steep growth 
rates. Thus, these approaches deserve to be looked at more closely in order to determine 
whether best practise transfer is to be recommended across the EU; 

 
� Another factor underpinning the further development of renewable energy is increased 

awareness and knowledge among all stakeholders involved in RES development. This is 
a factor that has dramatically changed the perception of renewables, which were 
traditionally viewed as just a marginal option. 

 
All the aforementioned factors and developments form the general framework of the present 
study. 
 
On that basis, the overall aim of the study, commissioned by the European Parliament, is to 
review state of the art renewable energy technologies, to assess the technical potential of 
renewable energy sources in the EU and to discuss policy options i.e. reasonable ways of 
increasing the share of RES in total energy supply. In so doing the study concludes with a 
statement on: 

                                                 
7 Results of the debate are summarised in the Communication from the Commission to the Council and the 
European Parliament, Final Report on the Green Paper ‘Towards a European Strategy for the Security of 
Energy Supply’, COM(2002) 321final. 

8 The Copenhagen Summit in December 2002 concluded that the first group of new members should join the EU 
in time for the elections to the European Parliament scheduled for June 2004. 

9 For example: Ecotec, Analysis of EU Eco-industries, their Employment and Export Potential, Final Report for 
DG Environment, Renewable Energy Sector in the EU, its Employment and Export Potential, 2002. 
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� whether the established goals and targets are realistic; 
 

� whether the measures undertaken at EU, Member States and regional level are sufficient 
enough to fulfil these goals, and; 
 

� whether more can be done in the light of long-term energy and climate policy objectives. 
 
In order to have an exhaustive analysis of policy options on renewables, the study has been 
broken down into seven chapters: 
 
� The first chapter evaluates the latest renewable energy technology (RET) developments. 

It also looks at the available technical potentials for RES and RES electricity, and the 
evolution of RES costs in the past and the future; 

 
� The second chapter depicts the latest evolution in capacity and RES production; 
 
� The third chapter of the study gives a brief overview of the relevant EU legislation and 

initiatives on RES which set out targets for RES development; 
 
� The fourth chapter based on available studies and an assessment of RES market trends 

outlines projections of RES capacity and production to 2010. It concludes with a 
statement on whether and to what extent the ambitious RES targets can be achieved by 
that time; 

 
� The fifth chapter discusses in detail the barriers to renewables in general as well as 

obstacles to each subsector. Some attention is given to the RES electricity grid connection 
and storage technologies; 

 
� The sixth chapter takes a look at and contrasts available options and approaches that 

policy makers may deploy to foster RES; 
 
� Chapter seven then draws conclusions and recommendations as to what is required for 

further accelerated growth of RES in the EU. 
 
In conducting this study the consultant adopted a three-pronged approach. The study draws on 
recent publications and research studies to a large extent. In order to obtain the latest data 
available extensive questionnaires have been developed and submitted to key RES 
stakeholders including RES industry representations, interests groups, electricity producer 
associations, energy agencies, both at EU and national level including bodies in the candidate 
countries.  
 
Answers to the questionnaire have been compared and cross-checked with other studies and 
estimates in order to have an exhaustive overview of capacity potential, prospects and 
recommendations. However, despite the great efforts and specific support rendered by the 
European Parliament, the return rate of the questionnaire was insufficient to generate a fully 
updated picture for the entire EU and candidate countries. In this context it is deplorable that 
even a number of EU-level RES professional associations felt unable to cooperate 
appropriately with the consultant. 
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When assessing the potential of the various RES technologies, the opinions of a limited 
number of leading experts have been taken into account. Telephone and on-site interviews 
with key experts following the assessment of completed questionnaires were also instrumental 
in refining and verifying data received from the questionnaires. 
 
Consequently, to the extent possible and given the very tight resources available to conduct 
this study the methodology applied is pervaded by a bottom up approach. 
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2. STATE OF THE ART OF RENEWABLE ENERGY 

TECHNOLOGIES,  POTENTIAL AND COSTS 

 
Advances in technology and costs of utilisation are the main fundamental driving forces for 
an increased deployment rate of renewable energies. The question of whether or not available 
potentials can be tapped will therefore be largely pre-determined by technological 
developments and breakthroughs and, thus, by the availability of mature RES technologies. 
This chapter deals with recent engineering progress achieved in developing mainstream RES 
technologies. A summary of the technical potential of renewable energy sources is given. 
Furthermore, it contains information on past and prospective cost evolution and the 
classification of RET market maturity. 
 

2.1. Renewable Energy Technologies Development Trends 

 

• Biomass 

 

Forestry wastes: Wood for fuel, in commercial quantities, can be produced as a by-product 
of the harvesting and thinning operations that continue throughout the year. As the value of 
the tree is in the stem, typically only that part of the tree is removed at the final harvest. The 
economical collection and processing of unwanted branches, tree tops, bark and the tree butts 
– about 20 to 50 per cent of the above-ground biomass - has been the subject of a great deal of 
research over recent years. There is a significant logistical task involved in taking the loose 
brash to the power plant where it is used in the form of wood chip. One method is to chip the 
material on site, which increases its bulk density and makes it easy to handle. This is practised 
in many Scandinavian countries. Systems are currently being investigated which allow the 
fuel to be compressed into bales in the forest for later chipping at the power plant. The 
residual material from urban and semi-rural tree management also represents a significant 
source of wood fuel. 
 
Straw: Technology is established for large-scale power generation from straw and Danish 
systems are the most advanced. All commercial systems are based on steam cycle technology 
although there is a pilot straw pyrolysis unit under development. There are a wide variety of 
grate and stoking systems employed. 
 
Energy crops: The most advanced energy crop for northern European conditions is coppiced 
willow, grown on a rotation of 2 to 4 years. Such crops could be particularly valuable outside 
the summer harvest period for straw. One of the most successful deployments of energy crops 
has been in Sweden where around 18,000 ha of willow are being grown for the district 
heating market. Of the grasses, those of tropical origin use sunlight more efficiently, and 
produce higher yields than native plants. They are, however, better adapted to the climate in 
Southern Europe. Miscanthus has been the most extensively studied. A European Union 
Miscanthus Productivity Network was set up to study productivity and agronomic factors in a 
range of climate and soil conditions. 
 
Municipal solid waste combustion: The mass burn technology for recovering energy from 
municipal and general industrial wastes is well established. European manufacturers are 
considered to hold the technological lead. A wide range of possible options have been 
proposed, ranging from schemes in which waste is pulverised and used with little additional 
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treatment (coarse refuse), through to schemes in which the waste is extensively processed to 
allow the recovery of recycled materials and the production of a refined, dried and densified 
fuel product. 
 
Poultry litter: Most technical issues associated with using this fuel have now been resolved 
by the key players in the industry. The technology used is conventional steam cycle plant with 
the litter being blended and fed onto a grate. Transport and storage of the fuel is carefully 
controlled so that odour from the system does not escape into the surrounding environment. 
 
There has been some interest in developing biological processes for recovering energy from 
wastes by anaerobic digestion. These techniques could be used to process the organic fraction 
of both household and commercial wastes. In the medium term it is possible to envisage 
integrated systems in which waste processing, combustion and biological treatment are used 
in a concerted way to make the best use of the resources in the waste, at the same time 
minimising environmental impacts. Such systems would also encompass waste recycling and 
reclamation activities. For the present, however, landfill gas and waste combustion are the 
only viable technologies for recovering energy from wastes. 
 
Solid biomass conversion technologies: 
 
� Small boilers for single house systems: Advances have been made regarding higher 

efficiency and reduced emissions for manually fired boilers as well as for automatically 
fired boilers for wood chips and wood pellets10. Comfortable wood fuel supply feed 
delivery methods are available. 

 
� Large boilers in district heating plants (DHP) based on forest chips are a proven 

technology and widespread in the above mentioned EU countries11. All the Danish power 
plants are designed as combined heat and power (CHP) units with the heat being used in 
district heating networks for space heating or in industrial heat applications. Most wood 
combustion plants from 0.1 MWth upwards are similar in design to those developed to 
burn coal, although biomass combustion systems normally have additional refractory 
linings (to maintain the combustion temperature) and the provision of secondary air (to 
allow full combustion of volatiles). Wood can also be burned using fluidised bed 
technology.  

 
� Multi-fuel boilers to overcome the problem related to the different fuel characteristics of 

the different kinds of biomass groups. Modern fluidised bed boiler systems can be utilised 
to burn different types of biomass-based fuels, including industrial by-products such as 
bark and sawdust12 and allow wood with moisture contents as high as 55 per cent by 
weight to be burnt efficiently. Another attractive option is to integrate the biomass plant 
into a fossil fuel power station. Clean coal technologies and the latest generation of highly 
efficient natural gas-fired stations could offer opportunities. High thermodynamic 
efficiencies can be achieved and many of the costs (infrastructure, grid connection, capital 
costs of buildings and labour) are shared. 

 
� The gasification of wood and waste derived fuels is in the transitional phase for 

commercial market entry. A pilot demonstration gasification plant for wood in the UK has 

                                                 
10 Centre of Biomass Technology, Wood for Energy Production, Denmark, 1999, p.2. 
11 Centre of Biomass Technology, Wood for Energy Production, Denmark, 1999, chapter 8.  
12 VTT Energy, Energy Visions 2030 for Finland, Helsinki, 2002, p. 85. 
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just recently gone into operation. Gasification of biomass is still at the point of transition 
between research and development (R&D) and the commercialisation phase.  

 
� Advanced conversion technologies such as pyrolysis, may play a role in the medium term. 

New pyrolysis technologies can produce oil from biomass at an efficiency of 60-70 per 
cent. When this oil is burnt further in a modern diesel power plant (efficiency about 40-44 
per cent) the overall efficiency from wood pyrolysis to electricity is in the range of 24-31 
per cent13. The overall efficiency can be increased to 90 per cent (oil, power and heat) by 
integrating the process with a conventional CHP boiler plant. 

 
Wet wastes: The technology of anaerobic digestion is now well developed and a range of 
digesters is commercially available. In the last ten years the plants have made a leap from the 
previously common small agricultural plants (<150 m3 reactor volume) to large-scale 
commercially controlled plants with more than 7000 m3 reactor volume in the MW-power 
range14. Germany and Denmark are the key technology players of biogas. Biogas may also 
gain new application fields such as fuelling Stirling motors and in the long term, fuel cells. 
But these and other applications require in general a certain gas quality and corresponding 
purification/gas cleaning techniques which are still subject to further research and 
technological development. 
 
Landfill gas: The exploitation of landfill gas for electricity production is based on established 
and proven technology, adapted to meet the fuel characteristics of landfill gas. Landfill gas 
has a relatively low calorific value (about half the heat value of natural gas) and it contains 
trace impurities that cause corrosion and accelerate wear. The use of wear-resistant materials, 
development of special lubricants and careful attention to maintenance has increased the 
reliability of landfill gas fuelled engines, and load factors in excess of 85 per cent (including 
maintenance outages) are common. 
 
Liquid biofuels based on crops: Processing rape requires so much energy that rape oil may 
have no decisive environmental advantages compared with fossil oils. Moreover, additional 
environmental impacts may be caused by the application of nitrogen (N)-fertilisers for the 
cultivation of rape. These fertilisers may release climate relevant N2O and NH3 emissions

15. 
But the discussion about these assumed environmental impacts of rape and other liquid 
vegetable biofuels is controversial16. In general there is no agreement about the amount and 
the assessment of the laughing-gas emissions (N2O) and the total economic costs (including 
external) relating to the whole life cycle of biodiesel, in particular of rape17. 

                                                 
13 VTT Energy, Energy Visions 2030 for Finland, Helsinki, 2002, p.85. 
14 Fachagentur Nachwachsende Rohstoffe e.V. (FNR) in Gülzow, Energetische Nutzung von Biogas: Stand der 
Technik und Optimierungspotenzial, Gülzower Fachgespräche, Band 15, Weimar 26/27 October 2000, 
Gülzow, Germany, p.10. 

15 Fachagentur Nachwachsende Rohstoffe e.V. (FNR) in Gülzow, Energetische Nutzung von Biogas: Stand der 
Technik und Optimierungspotenzial, Gülzower Fachgespräche, Band 15, Weimar 26/27 October 2000, 
Gülzow, Germany, p.10. 

16 Wörgetter, M., Lechner, M., Rathbauer. J., Ökobilanz Diesel, Eine Studie der Bundesanstalt für Landtechnik 
im Auftrag des Bundesministeriums für Land- und Forstwirtschaft, BLT Wieselburg, Austria, March 1999. 

17 Scharmer K., Biodiesel – Energie- und Umweltbilanz, Raps Ölmethylester, edited by Union zur Förderung von 
Öl- und Proteinpflanzen e.V., Germany, November 2001, chapter 7. 
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• Solar Thermal: Solar Heat and Solar Cooling 

 
The basic solar collector technology has matured over the past 30 years. Research and 
technological development (RTD) trends revolve around new applications, and feature the 
following: 
 
� Vacuum tube collectors are now mass-produced but still more expensive than traditional 

flat plate collectors. New materials will be needed to bring down costs further; 
 
� Selective absorber coatings are state of the art. Sputtering technologies now replace 

galvanic film deposition techniques; 
 
� System installation needs to be simplified to reduce costs. Off-the shelf, do-it-yourself 

units are the exception; 
 
� Higher storage densities (about 200 kWh/m3

 - four times that of water and more) would 
allow higher solar fractions and improved architectural integration as storage gets smaller. 
Thermochemical heat storage18 based on adsorption technologies promise to reduce 
storage losses at the same time; 

 
� Collector covers with an adjustable transmission rate (thermochromic, electrochromic, 

gasochromic windows) will eliminate problems with stagnation and ultimately allow the 
use of less resistant, less expensive materials; 

 
� Solar cooling is at the stage where all the components are available, but their sizing and 

system integration are not completely managed19. With growing demand for air-
conditioning and demand peaks created in the summer, utilities have an increased interest 
in this technology. Cooling needs nicely coincide with the availability of the sun, thus 
reducing storage problems; 

 

� Solar-aided district heating is completely matured and offers large economy of scale 
effects; 

 

� Transparent insulation technologies are still in the RTD phase and are unlikely to enter 
the market without the problem of overheating being solved. New plastures that are 
applied to conventional walls might experience a faster market entrance. 

 
• Geothermal Energy 

 

Geothermal aquifers: Use of geothermal aquifers is technologically mature, using 
conventional approaches largely developed from the oil industry. The risks associated with 
development of the resource lie in the uncertainties surrounding resource quality, which can 
only be ascertained via drilling and well tests. There have been no significant improvements 
in drilling technologies that could reduce these costs. 
 

                                                 
18 Mittelbach, W., ‘Sorptionsspeicher – Neue Perspektiven für die Solare Raumheizung’, 11. Symposium 
Thermische Solarenergienutzung, Staffelstein, 2001. 

19 Luther, J., Wittwer, V., Voss, K., ‘Energie für Gebäude – solare Technologien und Konzepte’, Physikalische 
Blätter 57, Nr.11, 2001, p. 39. 
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Hot Dry Rock technology (HDR): This technology is still in the RTD phase and has several 
technical and economic risks. Energy from (deep) rocks of low porosity and permeability can 
be extracted by pumping cold surface water through the fractures of the hot rocks, thus 
creating a kind of underground heat exchanger. Practical proof for the application of this 
technology was demonstrated in the EU-funded RTD project in Soultz-sous-Forests in France. 
 
Organic Ranking Cycle (ORC): Electricity production at sites of low temperature can be 
accomplished using heat fluids – usually mixtures of water and organic fluids - that boil at 
temperatures below 100°C. This technology allows the application of ORC-turbines in 
‘normal’ hydrothermal sources just above 100°C or even slightly below 100°C. In 2001 a 
newly developed machine specifically for this low temperature range was installed in 
Altheim, Austria20. 
 

• Hydropower 

 
Hydropower technology is the most mature RET. New technology leaps are generally not 
expected. Ongoing development concentrates on minor improvements such as new materials 
(composite materials). A newly developed stem pressure turbine promises several 
advantages with cost just 10-20 per cent of that of a conventional turbine21. 
 
Large-scale hydro: Recent progress in scheme design - with watercourses being built 
underground in tunnels – has resulted in a reduction of scheme costs. It is probable that the 
existing generating capacity could be increased by refurbishment plant components. Because 
of the unique role of pumped storage schemes - that of transforming base-load generation into 
peak supply - there is perhaps scope for further deployment of this technology. 
 
Small-scale hydro: The high cost of turbines and civil engineering, particularly for schemes 
at hydraulic heads of 3m or less restrict deployment. Industrial research is being undertaken 
on inflatable, low-cost dams and on variable-speed turbines for heads down to 1m. The EU 
holds a leading position in the world market for small hydro technology. 
 

• Wind Turbines 

 
Onshore wind power systems are proven technologies though development is still taking 
place at a rapid pace. The main development features and RTD trends are as follows: 
 
� The output per wind-swept rotor area increased from less than 500 kWh/m2 in 1981 to 

approx. 900 kWh/m2 in 199822. Economy of scale effects are pushing wind turbines of yet 
larger rotors and hence greater output i.e. 2 to 5 MW for ongoing offshore 
developments23;  

 

                                                 
20 Energiedepesche 3, September 2001, p. 36. 
21 New Energy, magazine for renewable energies, No. 1, 2002, p. 48. 
22 Danish Energy Agency, Wind Power in Denmark: Technology, Policies and Results, 1999 (second edition).  
23 http://www.offshorewindenergy.org/, offshore evaluation study Task 2.1 of the European OWEE project under 
the EC Fifth Framework Programme, 2001, edited by Garrad Hassan and Partners Ltd Issue A Final, document 
2637/BR/01, chapter 2.5, p. 27. 
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� Direct drive systems (i.e. without gearbox) increase reliability and are state of the art and 
applied in almost all MW-sized turbines24. This is particularly important for offshore 
plants where maintenance is more difficult and in-situ repair in most cases not possible25;  

� Offshore wind turbines: Moving from onshore to offshore requires very few changes in 
the technology, but additional technical problems arise because of the more hostile 
environment. In Germany, the first offshore wind plants will already be established by the 
end of 2003/beginning 200426.  

 

It is significant that large energy companies are taking a strong interest in the long-term 
prospects for wind energy development. 
 

• Photovoltaics (PV) 

 
One focus of research is on new photoactive materials as the world-wide shortage of PV-
grade silicon and the high-energy intensity during production has kept prices high. 
Fundamental cell technology is developing rapidly and there is still significant scope for cost 
reduction and performance improvement. 
 
Thin-film technology: Thin-film amorphous silicon (∀-Si) is the most advanced new 
technology and already proven on an industrial scale. Although the efficiencies of thin-film 
cells are still far lower than thick-film cell, improvements are expected in the long term. New 
semiconductors are being tested. The front-runners are cadmium telluride and copper indium 
diselenide. In addition, new cell structures are under investigation including multi-junction 
(multi-layer) devices, which promise higher stable efficiencies.  
 
Organic materials and polymers: Dye sensitised photo-electrochemical cells (DSC), 
molecular organic cells offer significantly simpler and less expensive production techniques. 
Modules based on thin layer substrates such as glass and plastics offer a broad range of 
flexible applications.  
 
III-V semiconductors: GaAs and combinations with other elements of the respective groups 
of the periodic system (PSE). The goal for the III-V compounds is to achieve super-high 
efficiencies of > 40 per cent27 with the modern light concentrator technology. In such 
advanced PV systems, which can concentrate the sunlight by the factor 100-1,000 the costs 
for the solar cell play only a minor subordinate role. These advanced technologies are still in 
the R&D phase, but appear to be very promising28. The maximum-recorded laboratory cell 
efficiencies of some advanced cell technologies are greater than 30 per cent29. 
 
Systems technology: Special inverters have been developed to connect PV module arrays to 
local low voltage (LV) networks. The growth in building-integrated PV (BIPV) has produced 
innovations in inverter development leading from large single units (up to 100KVA) to 
smaller ‘string’ inverters (1-2KVA) and more recently to module-integrated inverters, or AC 

                                                 
24 http://www.offshorewindenergy.org/, Op. Cit., p. 26. 
25 Department of Public Enterprise, Assessment of Offshore Wind Energy Resources in the Republic of Ireland 
and Northern Ireland, October 2000, p. 31. 

26 Press Release ‘Bundesverband Windenergie’ in Hannovermesse, 16.4.02. 
27 European Commission, DG Research, Photovoltaics: Energy Resource for the European Union, 2001, p. 8. 
28 Lux-Steiner, M.C, Willeke, G., ‘Strom von der Sonne, Erfolge und Perspektiven der Photovoltaik’, 
Physikalische Blätter 57, Nr.11, 2001, p. 47. 

29 Lux-Steiner, M.C., Willeke, G., Op. Cit., p. 50.  
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modules (up to 200VA) that are incorporated into the PV module. These product 
developments will lead to improved performance as well as lower costs and ease of 
installation. 
 
PV building product development: PV product manufacturers are responding to the 
growing interest in BIPV among the architectural profession by developing PV products 
suitable for architectural integration into buildings. In order to allow architectural freedom of 
expression, PV modules in a range of sizes, colours and degrees of transparency are being 
developed for incorporation into bespoke claddings and standard curtain walling systems. 
Moving beyond the dual roles of building element and electricity generator, multi-functional 
PV facades are emerging which perform aesthetic and practical functions such as shading and 
heat extraction.  
 
The development of standardised grid-connected PV systems for domestic buildings is a 
major advance towards achieving significant cost reductions. The development of standard 
do-it-yourself PV kits for installation on domestic buildings in France has provided a model 
for similar projects throughout Europe. Both these initiatives have resulted in significant 
reductions in system costs. 
 

• Solar Thermal: Electricity Generation 

 
All forms of the technology are essentially still at the developmental stage, with some 
technology components remaining at the RTD stage. Cost projections for all of the 
technologies point to figures no better than 0.1 €/kWh though. 
 
New technology trends30 revolve around the following technical issues: 

 

� Integration into conventional power plants: The double use of the generators decreases 
costs considerably. The Stirling motor might experience a comeback for small units;  

 

� Multi-tower-solar array (MTSA): A combination of solar thermal and PV technology, 
where mirrors reflect the light onto PV modules. Such a system can be placed and 
installed on roofs (e.g. of a multi-storey car park), it can be built in various sizes and can 
thus also be installed within cities. The annual average efficiency the system achieves is 
about 25 per cent31. It can also produce usable heat; 

 

� Solar generated hydrogen: Recently a Japanese research group succeeded in developing 
a new efficient photocatalysator with a new catalyst material32. The scientists are 
optimistic that they will find a more efficient material in the next few years that has a 
larger contact surface with water (such as more porous material) and thus improve the 
overall efficiency of the photocatalytic process. If this succeeds, hydrogen could play the 
role of a universal energy carrier.  

 

                                                 
30 http://www.solarpaces.org and http://energylan.sandia.gov 'Konzentrierende Solarkraftwerke', Energie-
depesche Nr.1, März 2002, p. 29, ‘Solarthermische Kraftwerke vor dem Comeback’ in Handelsblatt, 11. 
October 2000.  

31 Energiedepesche 1, March 2002, p. 29. 
32 Nature 414, 625 (2001), cited by Wasserstoff durch Sonnenlicht, in Physik Journal 1 (2002) Nr. 2,   p. 15. 
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• Ocean Energy 

 

Tidal barrage: Tidal barrage technology is considered to be technically mature, as can be 
seen from more than three decades of operational experience of the world’s largest barrage at 
La Rance in France. However, the high investment costs and the associated low probability 
that any significant measure of cost reduction can be achieved (estimated to be 10 per cent at 
best) lead to the conclusion that only a major change in market conditions, favouring large 
long-term projects, can revive the prospects for the technology. 
 
Tidal stream: Tidal stream technology extracts energy from the flow of the currents 
produced by the rise and fall of the tides. It also avoids the need for massive and expensive 
civil engineering works associated with tidal barriers. The technology is still at an early stage 
of development. To date only a few, small-scale tide mills (i.e. up to a few tens of kilowatts) 
have been built in the UK, Japan, Russia and Australia. However, if successful, it is 
anticipated that such schemes would have long operating lives (more than 15 years), with 
relatively small operating costs. The prospects for conventional tidal stream technology in the 
EU appear to be limited. 
 
Wave power: A broad variety of devices exist, but most of them are still in the RTD phase. 
The technology for some wave energy systems has yet to be proved at full-size; this is 
particularly relevant for offshore devices. Leading countries in terms of research are 
Denmark, Sweden and the UK. Wave energy has recently been included for the first time in 
the Scottish Renewables Order. The European Commission has supported the development of 
a European wave energy atlas and the evaluation of offshore wave energy converters and 
turbines. To gain market maturity serial manufacturing would be necessary, facilitating 
economies of scale33. 
 

Ocean thermal energy conversion: The low efficiencies obtainable from the relatively small 
temperature differences involved restrict practical usage of the technology to tropical and sub-
tropical regions. 
 

2.2. Potential for Renewable Energy  

 
There is a great deal of confusion and misunderstanding about definitions of renewable 
energy potentials ultimately leading to considerably diverging quantitative data.  
 
In general, the following categories of potentials can be distinguished: 
 
• Theoretical potential – which is based on the physical energy flow; 
 
• Technical potential – which considers the technical constraints of utilising the theoretical 

potential i.e. it is always determined by the current state of technology (e.g. efficiency of 
energy conversion) and restricted by technical factors such as competing uses (e.g. energy 
crops, solar collectors) and variable availability of resources (solar and wind). Only 
technically viable options are taken into account for computing technical potentials;  

 

                                                 
33 MVV questionnaire completed by Danish Wave Association. 
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• Socially acceptable potential – this is the technical potential limited by public acceptance 
e.g. as regards environmental or ethical values;   

 
• Realisable potential – being the socially acceptable potential confined by market growth 

rates and planning constraints limiting the penetration at a certain time (e.g. 2010). The 
realisable potential does not recognise any limits regarding available public financial 
support to penetrate and diffuse the technologies in the market;   

 
• Economic or market potential  - this is defined as the potential which can be profitably 

realised given current energy prices and available public financial support.  
 
The assessment of the renewable energy source potential in the European Union in this study 
is based on the following sources:  
 
- Technical potential data for RES based on recent Safire model computations made by 

ESD, 2002; 
 
- Realisable potential to 2010 for RES Electricity as produced under the EC supported 

ElGreen project, Energy Economics Group, 2001. 
The two sources are credible from earlier research and they represent the most recent data 
available to the consultant.  
 

• Technical Potential of RES  

 
As can be seen from table 1.1 the present technical potential accounts for 28.2 per cent of 
current EU-15 gross inland consumption of energy measured in 1999. When compared with 
the projected EU-15 gross inland consumption in 2010 the share will fall to 25.7 per cent. 
Consequently, the potential of renewables that can be tapped by using presently available 
technology is 2.14 times higher than the RES target of 12 per cent set for the year 2010. On 
the other hand, given the various constraints such as public acceptance, market growth rates 
and planning, policies and funding levels, limiting the actual materialisation of the technical 
potential achievement by 2010 of the White Paper target would require roughly 47 per cent of 
the available technical potential having to be captured. 
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Table 1.1: Technical Potential of Renewable Energy Sources in the EU-15  

 
Technical potential 

RE technology 
Electricity Heat, gas, fuel 

1.a Large hydropower 350 TWh/a  
1.b Small hydropower 90 TWh/a  
2.a Wind onshore 728 TWh/a  
2.b Wind offshore 246 TWh/a  
3. Photovoltaics 450 TWh/a  
4. Solar thermal electricity n.a.  
5. Solar thermal collectors  286 TWh/a 
6. Solid biomass (heat & electricity) 1,391 TWh/a 
7. Biogas production  202 TWh/a 
8. Biofuel production  365 TWh/a 
9.a Geothermal electricity 185 TWh/a  
9.b Geothermal heat  226 TWh/a 
10. Wave and tidal energy 217 TWh/a  
 Total 4,736 TWh/a 

As a comparison:  

EU-15 gross inland consumption in 1999 

 
16,783 TWh/a 

EU-15 gross inland consumption in 2010 

(forecast) 

18,407 TWh/a 

Source: Questionnaire completed by ESD based on Safire model calculations; technical potentials for the  year 
2010, ESD, 2002. 
 
When looking closer into the composition of the technical potential it become obvious that 
achieving the 2010 target is quite a challenge. A number of renewable energies such as PV, 
wave and tidal, or geothermal are presently so under-utilised and still far from being cost-
effective that seizing even a fraction of the technical potential would represent a huge leap 
forward.  
 
Most of the technical potential stems from biomass, which makes up 41.3 per cent of the 
technical potential. However, it should be noted that underlying this is a technical limit to the 
land that will be used for growing energy crops. Within the debate on re-orientating the EU 
agricultural policy towards sustainable bioenergy farming these limits have to be 
reconsidered. That would prompt an increase of the overall technical potential. Biomass is 
followed by wind energy accounting for 20.6 per cent of the technical potential. The share of 
solar energy comes to 15.5 per cent, whereas hydropower – already utilised to the greatest 
extent among all renewables – reaches 9.3 per cent. Geothermal and ocean energy round the 
picture up by adding 8.7 per cent and 4.6 per cent respectively.  
 
On the assumption that 25 per cent of the technical potential for solid biomass is allocated to 
electricity, the technical potential for RES electricity would be large enough to cover the 
entire current EU-15 electricity consumption.  
 
The technical potential of RES is unequally distributed among the EU-15 countries. Sweden 
would be in a position to meet its future energy demand by fully utilising its technical 
potential of RES by almost 60 per cent. Among the countries in which the technical potential 
could hypothetically contribute to roughly 40 per cent and more are Austria, Denmark, 
Finland and Portugal. Belgium, Luxembourg and the Netherlands would barely reach 10 per 
cent or even remain below this figure.   
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• Technically Realisable RES Electricity Potential 

 
The purpose of defining a technically realisable mid-term potential is to contrast the available 
technical potential with existing constraints such as public acceptance, market growth and 
necessary planning requirements. However, it assumes that there are no financial or cost 
constraints limiting the market penetration and diffusion of RES. 
 
Very recent findings from the ElGreen project on RES electricity show that the realisable 
potential to 2010 is about 1,271.84 TWh, which compares to 2,533 TWh of gross electricity 
generation in 1999 and an estimated figure by 2010 of 3,054 TWh. This leads to the 
conclusions that 50.2 per cent of the current EU electricity generation could be met by 
renewable electricity.  
 
In absolute terms the largest realisable RES electricity potential is located in France (18 per 
cent of total), followed by Germany (14 per cent). Italy, Spain and the United Kingdom each 
have a share of approximately 10 per cent. Austria would be the sole country to theoretically 
meet its electricity demand entirely by renewables. High portions of above 50 per cent can be 
seen in all Scandinavian countries, Ireland and Portugal.  
 
When looking at the prospective pattern from the point of view of individual contributions by 
sources, it appears that biomass including biogas and municipal solid waste would contribute 
32 per cent to the realisable potential. Despite its relatively small growth potential the second 
largest portion would be given by hydropower with 28 per cent. An astounding 23 per cent of 
RES electricity is to be made by solar including PV and solar thermal electricity. Wind would 
be required to add 16 per cent of total realisable potential by 2010. All other resources 
including wave, tidal and geothermal would remain at marginal levels (1 per cent in total).  
 
Taking current levels of utilisation into account the 23 per cent share of solar electricity looks 
to be the most challenging. A 1,000-fold increase within less than 10 years would be needed 
compared with present generation. Biomass electricity will have to grow 10 to 11 times above 
present outputs to come close to the realisable potential. A less than 6-fold increase would 
only be needed for wind power.  
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Table 1.2: Realisable, Mid-term RES Electricity Potential in the EU  

 
Realisable potential 

by 2010, TWh 

 

AT BE DK FI F DE GR IRL IT LU NL PT ES S UK Total 

EU 

Biogas 1.25 2.06 1.38 0.53 11.32 9.51 0.47 3.24 4.37 0.07 3.21 0.60 4.48 1.03 7.67 51.10 

Biomass 7.34 2.18 4.85 18.46 47.51 39.86 3.13 1.99 15.16 0.16 2.09 4.16 20.02 15.71 14.41 197.13 

Geothermal 0.02 0 0 0 0.15 0 0.17 0 7.00 0 0 0.1 0.1 0 0 7.54 

Small hydro 9.14 0.27 0.07 1.91 8.72 9.40 0.50 0.23 9.80 0.27 0.31 1.87 8.97 5.60 2.49 59.55 

Large hydro 40.36 0.21 0 13.80 65.05 13.45 4.04 0.81 36.20 0 0.11 14.96 31.00 71.99 4.98 296.96 

Landfill gas 0.36 0.35 0.12 0.14 2.37 2.99 0.27 0.14 1.81 0.01 0.38 0.29 1.04 0.22 2.86 13.35 

Photovoltaics 5.61 8.41 3.49 7.72 42.62 49.12 5.74 2.70 29.15 0.62 10.79 5.00 20.23 12.98 40.04 244.22 

Sewage gas 0.24 0.19 0.10 0.56 0.56 0.78 0.14 0.04 0.77 0.01 0.30 0.13 0.53 0.13 0.62 5.09 

Solar thermal 1.13 0.42 0.81 0.62 9.88 5.16 2.11 1.25 6.10 0.13 0.65 1.93 13.77 0.87 4.48 49.29 

Wave 0 0.10 0.30 0.05 1.00 0.30 0.02 3.00 0.02 0 0.10 0.30 0.30 0.05 3.30 8.84 

Wind onshore 4.32 3.00 8.00 9.00 19.00 24.00 5.50 8.00 7.50 0.22 5.20 4.00 18.00 6.00 18.00 139.74 

Wind offshore 0 1.38 7.08 1.53 6.98 7.13 1.24 6.56 1.13 0 2.85 1.20 2.68 1.25 18.30 59.29 

Municipal solid waste 1.50 1.45 1.00 0.60 9.92 12.49 1.11 0.29 7.56 0.05 3.17 1.22 4.36 0.92 5.97 139.74 

RES incl. MSW 71.27 20.02 27.19 54.92 225.07 174.18 24.43 28.22 126.65 1.55 29.07 35.77 125.48 116.75 123.13 1,271.84 

Estimated electricity  

consumption, 2010  

70.63 105.15 44.40 96.61 537.70 613.28 72.46 33.80 359.02 7.95 132.69 62.04 255.61 162.56 500.34 3,054.25 

Share of RES in 

estimated 

consumption, per 

cent 

101 19 61 57 42 28 34 84 35 20 22 58 49 72 25 42 

Source: ElGreen Project (Organising a Joint European Green Electricity Market) Energy Economics Group, 2001 
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• Candidate Countries Technical Potential 

 
At present there is no consistent picture available as regards the technical potential of RES in 
the candidate countries. Calculations made under The European Renewable Energy Study 
(TERES) II project by ESD in 1996 for the Central and Eastern European candidates came to 
the conclusion that the technical potential as a percentage of potential demand in 2020 will be 
as follows: 

 
Table 1.3: Renewable Energy in the Candidate Countries 

 
Bulgaria 32 per cent 
Czech Republic 15 per cent 
Hungary 29 per cent 
Poland 24 per cent 
Romania 33 per cent 
Slovakia 21 per cent 
Slovenia 41 per cent 
Estonia 22 per cent 
Latvia 53 per cent 
Lithuania 25 per cent 

Source: TERES II: The European Renewable Energy Study, ESD, 1997. 
 
The weighted average for the ten candidate countries in Central and Eastern Europe is 25.9 
per cent which is more or less at a similar level to the EU-15.  
 

2.3. Cost Development and Competitiveness of RES 

 
• Past Cost Evolution and Current Level of Competitiveness 

 
The costs of almost all RES electricity technologies have come down in the past few years34, 
on average by 40 per cent since 1990.  
 
 
Table 1.4: Summarised Indicative Costs for Investment and Generation of Electricity 

per Technology 

 
Technology Capacity investment costs, €/kW Electricity generation costs, €/kWh 

Wind onshore 1,000 0.05 – 0.07 
Wind offshore 1,700 

(expected to drop to 1,500) 
0.07 – 0.09 

(short-term reduction of  
25 per cent possible)  

Biomass (2 €/GJ input) 1,600 – 1,800 0.05 – 0.07 
Photovoltaics (PV) 5-7 €/Wp 0.30 – 0.60 

(south to north Europe) 
Hydropower 2,000 0.02 – 0.10 
Geothermal energy 2,900 0.03 – 0.11 
Source: Ecofys, Greenprices/Green Energy Outlook in Europe: Strategic Prospects to 2010. Reuters  
Business Insight Energy, 2002. 

                                                 
34 ElGreen Project (Organising a Joint European Green Electricity Market) Energy Economics Group, 2001. 
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For individual technologies the following tendencies could be observed: 
 
� Onshore wind energy: from 1980 until 2000 the specific investment costs decreased by 

about 70 to 80 per cent;  
 
� Offshore wind energy: a decrease of about 40 per cent took place from 1991 to 2000; 
 
� PV: specific investment cost per kWp decreased from 1993 to 2000 by about 40 per cent; 
 
� Biogas: due to the rapid technological development the costs decreased by 31-56 per cent 

from 1990 to 2000; 
 
� Biomass electricity: a decrease of about 43-48 per cent has been observed from 1989 to 

2000; 
 
� Geothermal electricity saw a decrease of about  40-74 per cent  from 1980 to 2000; 
 
� Hydropower: the upper limit of the cost range decreased by about 45 per cent from 1980 

to 2000. 
 
 
Figure 1.1: Current Ranges for Costs of Electricity Generation from Various RE 

Sources 
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landfill gas

sewage gas

geothermal

biomass

wind on-shore

large hydro

wind off-shore

small hydro

biogas

wave

solarthermal

photovoltaics

electricity generation costs, [EUROcents/kWh]

cost range
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Source: ElGreen Project (Organising a Joint European Green Electricity Market) Energy Economics Group, 
2001. 
 
Using information on the range of current generation costs allows us to classify renewable 
energy technologies according to their market maturity, i.e. the degree to which they are cost-
competitive compared to established conventional supply options. As the economics of 
renewables are highly dependent on specific local physical features such as wind velocity or 
insolation one and the same RET may be competitive under favourable geographical 
conditions and not at all economically viable in other natural circumstances. This is a 
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phenomenon conventional energy technologies do not face. The assessment of market 
maturity of RES below takes account of the wide bandwidth of specific costs as a result of 
this phenomenon.  
 
 
Table 1.5: Current Market Maturity of Renewable Energy Technologies 
 
Relatively close-to-market 

technologies 

Pre-competition technologies 

with potential past 2010 

Immature technologies in the 

R&D phase 

 
Agricultural and forestry wastes 
 

 
Photovoltaics (PV) 

 
Wave energy 

Municipal and industrial wastes 
 

Solar thermal electricity Tidal stream 

Hydropower (small and large) 
 

Geothermal aquifers Geothermal hot dry rock 

Landfill gas, sewage gas 
 

Tidal barrage Ocean thermal energy  

Wind power (on- and offshore) 
 

 Photoconversion (except PV) 

Energy crops 
 

  

Solar thermal heat 
 

  

 
 
Table 1.6 gives an overview of the current gap in specific costs between three RES electricity 
and three conventional electricity generation alternatives. Although costs are still high 
measured on the basis of present market prices, some renewable options are already 
approaching cost levels of coal-fired, gas-fired and nuclear power plants. 
 

• Prospective Cost Development of Renewable Energy  

 
Further cost reductions are central to accelerated renewable energy technology market 
penetration and thus production capacity growth in the future. There are two major reasons to 
look closer at the prospective cost evolution.  
 
• Ultimately prices for renewable energy and, thus, the attractiveness of RES to private 

investments, will make it possible for renewable energy sources to capture significant 
market shares; 

 
• As costs decrease more and more and renewable energy technologies become cost-

competitive, public financial support for RES can be gradually decreased and 
concentrated on those RES that are still far from market diffusion let alone maturity. 
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Table 1.6: Electricity Generation Costs of RES in Comparison to Conventional 

Sources 

 
Country Coal 

(pressurised 

fluidised bed 

combustion) 

Gas 

combined 

cycle 

Bioenergy Wind  Solar 

PV 

Nuclear 

 Euro cents/kWh (1990 values) 

Austria 3.6 3.4 3.6 7.2 64.0 5.9 
Belgium 3.2 2.8 3.7 7.2 64.0 4.0 
Denmark 3.6 2.9 3.9 6.7 85.3 5.9 
Finland 3.2 2.6 3.9 7.2 85.3 3.8 
France 3.2 3.2 4.0 7.2 51.2 3.4 
Germany 3.2 3.5 4.3 6.8 64.0 5.1 
Greece 3.5 3.5 4.0 7.2 51.2 4.6 
Ireland 3.2 3.2 4.5 7.2 85.3 4.7 
Italy 3.2 3.4 4.0 7.2 51.2 5.0 
The 

Netherlands 

3.6 2.6 4.0 7.2 64.0 5.1 

Portugal 3.2 3.4 4.3 7.2 51.2 5.9 
Spain 3.6 3.5 4.3 7.1 51.2 4.7 
Sweden 3.6 3.3 3.4 7.2 85.3 4.7 
United 

Kingdom 

3.2 2.6 3.8 7.2 64.0 4.3 

Source: European Commission, 2000. 
Note: Production costs are for power generation at 7,000 hours and exclude excise taxes and subsidies.  
 
 
The recent International Energy Agency (IEA) World Energy Outlook 2002 gives information 
on the likely prospective cost reduction for renewable energy by 2020. The estimates, which 
are average and may vary significantly depending on site conditions are set out in table 1.7.  
 
 
Table 1.7: Renewable Electricity Cost Assessment 

 
RES Current cost 

 

Cost reduction 

Bioenergy  High. Cost-effective in CHP applications with 
low fuel cost. 
Co-firing is a relatively low cost retrofit option. 

10 – 15 per cent 

Wind onshore Relatively low for onshore, lowest 
compared to other renewables. 

Up to 15 – 25 per cent 

Wind offshore High. 20 – 30 per cent 
Solar PV Very high. Cost-effective only in niche markets. 30 – 50 per cent 
Solar thermal Very high. 30 per cent + 
Geothermal High. 10 per cent 
Hydro Relatively low for large hydro. Higher for mini-

hydro. 
10 per cent 

Source: IEA analysis/World Energy Outlook 2002. 
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Biomass: Capital costs for biomass electricity very much depend on technology type and fuel, 
as well as plant size. Co-firing retrofit is only possible at a fraction of CHP with reciprocating 
engine, steam turbine, combustion turbine or combined cycle. Recent publications in Europe 
mention specific capital costs for CHP between US$ 2,700/kW and US$ 7,600/kW. 
Bioenergy fuel costs vary widely as do capital costs. Most estimates are in the range of US$ 
150 to US$ 250 per toe. The IEA estimates further cost reductions of 10 per cent to 15 per 
cent by 202035.  
 

Hydropower: The IEA estimates 10 per cent cost decreases on average by 202036.  
 

Geothermal: For good quality resources to be developed over the next 20 years, the IEA 
estimates specific costs ranging between US$ 0.03/kWh and US$ 0.04/kWh. The World Bank 
cites capital costs of geothermal power plants depending on plant size and resource quality 
(high and medium) of between US$ 1,150/kW and US$ 3,700/kW37.  
 
The estimates of future costs for three geothermal technologies provided by the 
Geothermische Vereinigung are given in table 1.838.  
 
 

Table 1.8: Cost Assessment for Geothermal Energy 

 
Costs in € per kWh 2010 2020 2030 

Surface near (<150 m) 0.05 0.05 0.05 
Direct hydrothermal heating 0.06 0.055 0.05 
Hot-Dry-Rock electricity 
generation 

0.09 0.08 0.07 

Source: Geothermische Vereinigung. 
 
 
Wind: Presently, specific investment costs per kW in EU countries range between US$ 900 
and US$ 1,400. Offshore plants are more expensive and cost anything between US$ 1,300 to 
US$ 2,000. The IEA estimated the cost reduction potential for onshore wind at 15 – 25 per 
cent and that of offshore wind at 20 – 30 per cent by 2020.  
 
The European Wind Energy Association (EWEA) estimates that by 2020 the costs for wind 
electricity will significantly come down to € 0.025/kWh  - € 0.07/kWh (onshore) and € 
0.04/kWh - € 0.07/kWh (offshore). The year 2010 will see costs of between € 0.03/kWh - € 
0.08/kWh (onshore) and € 0.045/kWh - € 0.075/kWh (offshore)39. Part of the cost reductions 
will be attributed to further increases in turbine size.  
 
Wave: The Danish Wave Association estimates that specific generation costs in wave power 
will decrease to € 0.07/kWh – € 0.15/kWh by 2010 and € 0.05/kWh - € 0.10/kWh by 202040. 
 

Photovoltaics: According to the IEA’s Photovoltaic Power Systems Programme, the 
installation cost of a typical, basic PV system ranges between US$ 5,000 to US$ 7,000 per 

                                                 
35 IEA, World Energy Outlook 2002, 2002. 
36 IEA, World Energy Outlook 2002, 2002. 
37 IEA, World Energy Outlook 2002, 2002. 
38 MVV questionnaire completed by Geothermische Vereinigung.  
39 MVV questionnaire completed by EWEA. 
40 MVV questionnaire completed by Danish Wave Association. 
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kWp. Further reductions by 2020 are estimated to be 30 per cent to 50 per cent
41. According to 

the European Photovoltaic Industry Association (EPIA) the cost of ‘ready to install’ modules 
will fall by more than two-thirds – from US$ 3,000/ kWp to US$ 1,000 kWp in 2020

42. 
 
Solar thermal electricity: Capital costs of solar thermal plants are about US$ 4,000/kW and 
are not yet competitive. The IEA reckons with cost reductions in the order of 30 per cent and 
more by 202043.  
 

• Externalities 

 
The existence of externalities is widely accepted and the European Commission takes them 
into account when deciding on the admissibility of state aid for national promotion schemes 
on renewable energy development.  
 
Externalities are effects of resource utilisation that are not factored into the pricing 
mechanisms and thus shifted to the general public. They can be either positive (benefits) or 
negative (costs). The production and use of most energy resources entails the emergence of 
negative externalities or external costs.  
 
While the external costs of renewable energies are low, those of fossil fuels and nuclear 
energy are certainly not negligible. Consequently, the pricing mechanism and current relative 
competitiveness of renewable energy technologies are heavily distorted.  
 
The competitive position of renewables as compared to fossil fuels and nuclear energy would 
pick up substantially if a market price were attached to externalities such as greenhouse gas 
emissions, conventional emissions such as SO2, NOx, particulates and other pollutants, 
depletion of fossil fuels deposits, or remaining risks of nuclear energy utilisation.  
 
At present there is no general agreement on the magnitude of external costs in terms of 
specific mark-ups required on current market prices. According to the ExternE Report, a 
project supported by the European Commission, the difference between the fossil fuel and 
RET external cost is between € 0.006 (natural gas) and € 0.03 (coal) for electricity, € 0.002 to 
€ 0.01 for heating and approximately € 0.07/litre for fuels in transport44.  
 
Given the present difference in generation costs between RES electricity, fossil fuel and 
nuclear electricity as shown in table 1.6, full internalisation of external costs in accordance 
with the ExternE estimates would undoubtedly allow for an advanced market uptake of RES. 
It is estimated that biomass electricity would become more competitive than coal-fired 
electricity and approach the same levels as gas combined cycle plants. Wind energy would be 
very close to coal-fired plants and by and large at the same level as nuclear energy. Despite 
internalisation solar PV would still have a long way to go to become a cost-effective option.  

                                                 
41 IEA, World Energy Outlook 2002, 2002. 
42 EPIA/Greenpeace, Solar Generation, 2001 at www.epia.org.  
43 IEA, World Energy Outlook 2002, 2002.  
44 cf. ExternE – externalities of energy. http://externe.jrc.es.  
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3. CURRENT CAPACITY AND PRODUCTION FROM RENEWABLES 

IN THE EU AND CANDIDATE COUNTRIES 

 
The White Paper and the RES Electricity Directive were developed based on statistical data 
for 1995 and 1997 respectively. Ever since proactive promotional policies in some countries 
and further cost reductions for RET have yielded promising results. Some technologies such 
as wind power have seen a tremendous boom throughout the last five years.  
 
This chapter attempts to update the status of current RES production and capacity, which have 
changed since 1995 and 1997 respectively. Data is broken down by individual RET as well as 
by country, including the pre-accession candidate countries.  
 

3.1. Current Contribution of RES to Meeting Primary Energy Demand in EU-

15 

 
In 1998 primary energy production from RES in the EU-15 amounted to 85.5 Mtoe which is 
equal to 11.4 per cent of all EU primary energy production. The contribution has risen more 
or less steadily from 9.4 per cent in 1990 and 10.0 per cent in 1995. However, the EU-15 are 
dependent on imports for nearly half of their energy needs. In 1999 import dependency was as 
high as 47.6 per cent45. Virtually, no renewable energy is imported, and by nature of their 
utilisation technologies, transportation or storage losses of renewables are low. Consequently, 
primary energy production is very close to inland consumption of renewable energy. 
 
Table 2.1: Renewable Energy and Gross Inland Energy Consumption in the EU-15, 

2000 

 
Country Gross inland energy 

consumption, 

ktoe 

Gross inland con-

sumption from RES,  

ktoe 

Share of RES on gross 

inland consumption, 

per cent  

EU 15 1,455,196 86,594 6.0 
Belgium 57,161 731 1.3 
Denmark 19,635 2,076 10.6 
Germany 339,278 9,389 2.8 
Greece 28,076 1,403 5.0 
Spain 122,582 6,994 5.7 
France 256,905 17,079 6.7 
Ireland 14,029 258 1.8 
Italy 175,639 12,273 7.0 
Luxembourg 3,628 57 1.6 
Netherlands 75,601 1,622 2.1 
Austria 28,409 6,578 23.2 
Portugal 24,131 3,131 13.0 
Finland 32,619 7,799 23.9 
Sweden 47,534 14,584 30.7 
United Kingdom 229,969 2,620 1.1 
Source: Press Release Eurostat, 23.08.2002. 
 

                                                 
45 European Commission/Eurostat, European Union Energy &Transport in Figures 2002. 
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In 2000 the share of RES in gross inland consumption was 5.96 per cent, up from 5.87 the 
year before. Five years before in 1995 it was at 5.44 per cent. In absolute terms renewable 
energy consumption has increased over the five years by 12.3 Mtoe, chiefly because of 
biomass, which alone accounts for approximately 85 per cent of the increment. The largest 
single increase from 1999 to 2000 in absolute terms took place in Sweden, where 
consumption from RES increased by 1.1 Mtoe just in one year. Spain managed to bring about 
an increase of 0.9 Mtoe, followed by Germany (+0.7 Mtoe), Finland (+0.5 Mtoe) and Portugal 
(+0.4 Mtoe). All details on renewable energy consumption in the EU Member States in 1999 
can be seen in table 2.2.  
 
 
Table 2.2: Renewable Energy and Gross Inland Energy Consumption in the EU-15 

Broken Down by RES, 2000 

 
2000 - 

Mtoe 

B DK D EL E F IRL I L NL A P FIN S UK EU 

All fuels 

 

57.2 19.6 337.1 28.1 122.6 256.9 14.0 175.6 3.6 75.6 28.4 24.1 32.6 47.5 230.0 1453.0 

RES 

 

0.7 2.1 9.4 1.4 7.0 17.1 0.3 12.3 0.1 1.6 6.6 3.1 7.8 14.6 2.6 86.6 

Hydro 

 

0.0 0.0 2.0 0.3 2.5 5.8 0.1 3.8 0.0 0.0 3.6 1.0 1.3 6.8 0.4 27.6 

Wind 

 

0.0 0.4 0.8 0.0 0.4 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 1.9 

Geo-

thermal 

 

0.0 0.0 0.0 0.0 0.0 0.1 0.0 3.1 - - 0.0 0.1 - - 0.0 3.3 

Solar 

 

0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.3 

Biomass 

 

0.7 1.7 6.5 0.9 4.0 11.1 0.2 5.3 0.0 1.5 2.9 2.1 6.5 7.8 2.1 53.3 

Per cent 

RES of 

total  

1.2 10.7 2.8 5.0 5.7 6.7 2.2 7.0 2.3 2.1 27.4 12.9 23.9 30.7 1.1 5.96 

Source: Eurostat, 2002. 
 
Biomass, despite some small decline compared to 1999, remains the main RES contributor to 
the primary energy demand with approximately 3.7 per cent followed by hydropower with 1.8 
per cent, though less traditional technologies such as wind power and photovoltaic energy 
show higher growth rates albeit at a lower starting level. Gross inland energy consumption 
has risen modestly at 1.5 per cent per year, while electricity consumption has grown at an 
average annual rate of 1.7 per cent, thus, disguising part of the expansion renewables have 
made. 
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Figure 2.1: Share of Renewable Energy in EU Gross Inland Consumption, 2000 

 
Biomass is the most significant renewable energy source for all EU Member States, 

accounting on average for almost two thirds of renewable energy in 1999. The runner up 
among renewables is hydropower with a share exceeding 30 per cent. All other renewables, 
geothermal, wind and solar combined, represent just 5 to 6 per cent of the total. 
 
Wood is the dominating biomass fuel source constituting 85 per cent of all biomass energy. It 
is estimated that 47 Mtoe were produced in 2000, representing 54 per cent of renewable 
energy production46. France numbers among the countries producing the most energy from 
wood. In Finland, the most advanced country in the use of biomass, wood covers more than 
50 per cent of the total heating requirements. The production of wood energy per country is 
presented as follows:  
 

Table 2.3: Wood Energy Production in the EU, in Mtoe  
 

Country Production in 2000  

France 9.8 
Sweden 8.3 
Finland 7.5 
Germany 5.0 
Italy 4.6 
Spain 3.6 
Austria 3.0 
Other EU Member States 5.5 
EU-15 47.3 

Source: EurOvserv’ER, 2001, published in Europe Energy, 597, 15/02/2002. 

                                                 
46 Europe Energy, Feb 15, 2002. 
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Most of the biomass is used in the form of wood in households (30 per cent of total RES) 
which are overwhelmingly in rural areas. Other important biomass processes are wood and 
solid waste in the power sector (12.3 per cent of total), municipal solid waste incineration (7.7 
per cent of total) and wood in industry (mostly in pulp and paper, 9.9 per cent of total). The 
remaining proportion of biomass of 4.3 per cent of the total RES constitutes biogas, biofuel 
and wood in district heating. 
 
 
Figure 2.2: Renewable Energy Portfolio of the EU in 1999 

 

RES Portfolio in 1999 
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Sources: New Cronos, Eurostat and Energy balances of OECD/non-OECD countries, IEA 2001 edition and 
Parliamentary Documentation Centre/European Parliament. 
 
 
Within the EU-15, the contribution of the individual Member States to the portfolio has not 
changed significantly since 1995. Still three countries, France, Italy, and Sweden, make for 
more than half the EU’s renewable energy portfolio, reflecting less their size and geography, 
but rather their traditions of using RES; in this case, in particular wood for heating purposes 
and large hydropower. 
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In general, only a few countries make up the overwhelming contribution to the EU-15 total of 
each one of the renewable energy sources: 
 
� Denmark, Germany and Spain account for 80 per cent of wind energy production;  
 
� Austria, Germany and Greece have 80 per cent of all solar thermal heating installations; 
 
� Germany and Spain  represent together 78 per cent of PV energy;  
 
� Finland and Sweden make up 60 per cent of biomass fuelled power and combined heat 

and power generation;  
 
� Austria and Sweden dominate the market in the use of biomass in district heating; 
 
� Liquid biofuels are used only by four countries with France taking the lead; 
 
� Italy is the most important user of geothermal energy.  
 
The dominance that biomass and hydropower, and in particular large hydropower, still has in 
the EU RES portfolio can be seen in figure 2.2. These two renewable resources account for 
more than 80 per cent of every Member State’s RES portfolio, except for Italy which has a 
large share of geothermal energy. Greece boasts a relatively large amount of installed solar 
hot water systems, while Denmark has managed a considerable share of wind energy 
amounting to 14 per cent of the country’s renewable energy.  
 

Figure 2.3: Member States Contribution to EU-15 RES Primary Energy 

Production in 1999 
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Sources: New Cronos, Eurostat and Energy Balances of OECD/Non-OECD countries, IEA 2001 edition and 
Parliamentary Documentation Center/European Parliament 
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3.2. Current Capacity and Generation of Electricity from Renewables 

 
In general, the share of renewable electricity in gross electricity generation went up from 13.5 
per cent in 1997 to 14.3 per cent in 2000. Part of the absolute growth of renewable electricity 
is hidden by the simultaneous increase in electricity consumption, which for the same period 
stood at an average annual rate of 1.7 per cent. Although considerably accelerated growth has 
been stated for technologies such as wind power and PV, the renewable electricity portfolio is 
still dominated by hydropower, particularly large hydropower. Large hydropower accounts 
for a portion as high as 76 per cent of all electricity generated from renewables. Small 
hydropower and biomass follow suit each making an input of 9 per cent. Wind contributed to 
4 per cent. The remainder of 1 per cent comes from generation in geothermal, PV and other. 
 
 
Table 2.4: Renewable Energy and Gross Electricity Generation in 2000 

 
2000 – 

TWh 

B DK D EL E F IRL I L NL A P FIN S UK EU 

Total 

 

83.9 36.2 571.6 53.6 225.1 540.7 24.0 276.6 1.2 89.6 61.8 43.8 70.0 145.9 374.9 2598.8 

Hydro* 

 

0.5 0.03 23.2 3.7 29.5 67.5 0.8 44.3 0.1 0.1 41.6 11.3 14.7 79.0 5.1 321.4 

Wind 

 

0.02 4.4 9.4 0.5 4.7 0.08 0.2 0.6 0.03 0.8 0.07 0.2 0.08 0.4 0.9 22.4 

Geo-

thermal 

- - - - - - - 4.7 - - - 0.1 - - - 4.8 

Biomass 

 

0.9 1.8 6.2 - 2.2 3.3 0.1 1.9 0.06 2.2 1.6 1.6 8.6 3.9 4.4 39.6 

Total 

RES  

1.4 6.2 38.7 4.1 36.4 70.9 1.2 51.5 0.2 4.2 43.3 13.1 23.3 83.3 10.4 388.2 

RES in 

per cent 

of total 

1.7 17.1 6.8 7.6 16.2 13.1 5.0 18.6 16.7 4.7 70.1 29.9 33.3 57.1 2.8 14.9 

Source: European Commission/Eurostat, 2002. 
* Note: This entry does not include pumped storage presented above. 
 
 
The percentage which RES contributes to gross electricity consumption varies between 1.4 
per cent in Belgium and 70 per cent in Austria. Austria is considered to be a leader as regards 
renewable electricity.  
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Figure 2.4: RES in the EU Electricity Production and Consumption in 1999 
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Source: Database of the European Parliament, Parliamentary Documentation Centre, based itself on data 
received from the IEA, Electricity Information, 2001. 
 
 
Regarding the installed capacity in renewable electricity generation plants in 2001 there is an 
estimated 117 TW in the EU-15 (excluding pumping storage facilities). Of these, 65 per cent 
are large hydropower plants, 15 per cent wind power plants, 10 per cent small hydropower 
plants, 9 per cent in biomass/waste fuelled plants and 1 per cent in PV, geothermal and tidal 
stations.  
 

• Wind Energy  

 
Table 2.5: Installed Wind Energy Capacity in the EU by 2002, MW  

 
Country 1994 2000 2001 2002 

Austria 0 77 94 100 
Belgium 5 13 31 44 
Denmark 532 2,300 2,417 2,880 
Finland 5 38 39 41 
France 3 66 78 145 
Germany 643 6,113 8,754 12,001 
Greece 27 189 272 276 
Ireland 7 118 125 137 
Italy 21 427 697 785 
Luxembourg 0 10 15 16 
Netherlands 157 446 493 688 
Portugal 8 100 125 194 
Spain 75 2,235 3,337 4,830 
Sweden 45 231 290 328 
UK 153 406 474 552 
Total 1,681 12,769 17,241 23,056 

Source: European Wind Energy Association, Another Record Year for European Wind Power, 2002, Eurostat 
1996, EWEA Website. 
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In recent years wind power development has made tremendous moves forward with Germany, 
Spain and Denmark leading the scene. The EU is the region with the greatest expansion of 
wind energy usage world-wide. Wind energy has grown at an average rate of 39 per cent since 
1997. A total of 3,197 MW net capacity was added in 2000, another 4,472 MW in 2001 and 
5,815 MW in 2002. By the end of 2002 a total of 23,056 MW capacity was installed in wind 
plants, more than half of it in Germany (52 per cent). Spain also saw a wind power boom. It 
now accounts for 21 per cent of the EU’s wind power capacity or a total of 4,830 MW and is 
ranked second in the EU.   
 

• Photovoltaics (PV) 

 
In 2000 58.5 MWp were shipped from manufacturers in Europe, thereof 70 per cent from the 
5 largest European manufacturers. During 2000 these manufacturers achieved a similar 
growth rate to that of the dominating Japanese market, i.e. 46 per cent. Current PV-module 
production is almost exclusively based on silicon, the main semiconductor material of the 
microelectronic industry. Non crystalline silicon cells respectively amorph silicon (a-Si) cells 
still have a relatively low market share, which was 12 per cent in 1999 and 9 per cent in 2000. 
The building integrated market - typically on-grid systems with an average size below 5 kWp 
- dominates PV applications. Large, centralised plants in the 50 to 120 kWp range have 
become more common – a sign that the market is moving into the business/industrial sector47. 
 
 
Table 2.6: PV Installed Capacity in the EU, in kWp 

 
Country 1994 1999 2000 2001* 

Austria 1,064 3,602 4,874 6,700 
Belgium 48 100 200 200 
Denmark 140 1,070 1,460 1,500 
Finland 35 1,500 2,600 2,800 
France 42 9 086 11,300 13,700 
Germany 10,446 69,500 113,800 189,000 
Greece 235 310 310 1,100 
Ireland 56 n.a. n.a. n.a. 
Italy 14,690 18,480 22,000 24,100 
Luxembourg 7 n.a. 20 n.a. 
Netherlands 1,999 9,195 12,759 20,500 
Portugal 336 894 1,020 1,400 
Spain 1,204 9,000 12,100 15,600 
Sweden 0 2,584 2,805 3,000 
UK 368 1,131 1,929 2,700 
Total 30,670 approx.  

123,000 

approx. 

187,500 

approx.  

282,300 

* Estimates. 
Source: Eurostat 1996, IEA, Questionnaires for Belgium, Ireland and Luxembourg, EurObserv’ER 2002. 
 
At the end of 2001 the total installed peak capacity of photovoltaic installations amounted to 
282,300 kWp. Germany accounted for 67 per cent of all installations. Growth in the German 
and Dutch markets from 2000 to 2001 was 60 per cent whereas in the European Union it was 
50 per cent on average. For 2003 a cumulated installed capacity of 500 MWp is projected by 
EurObserv’ER48. 

                                                 
47 EPIA, ‘The Solar Race’ http://www.epia.org/epia.html. 
48 EurObserv’ER 2002 Barometer. 
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• Hydropower 

 

In 1999 statistics counted up a total installed capacity of 118,200 MW in hydropower plants, 
including 32,100 MW of pumping storage capacity. With most of the hydroelectric sites in the 
EU-15 already established, and public acceptance of large dams reduced, development of 
large hydropower has almost ceased. The market is basically confined to the replacement of 
outdated, old hydroelectric equipment.  
 
Of the total capacity excluding pumping storage, 76,267 MW can be classified as large 
hydropower plants. In 1998 they generated a total of 267 TWh, which was 11 per cent of the 
total EU electricity generation. A year later in 1999 generation was at 268 TWh.  
 
Table 2.7: Electricity Generation in Large Hydropower Plants in the EU, 

in GWh 

 
Country 1994 1998  

Austria 32,122 34,470 

Belgium 188 174 
Denmark 0 0 
Finland 10,674 13,723 
France 70,707 56,288 
Germany 12,652 11,295 
Greece 1,501 3,585 
Ireland 742 808.6 
Italy 35,847 32,892.9 
Luxembourg 0 0 
Netherlands 0 105 
Portugal 10,125 12,488 
Spain 20,956  26,655.8 
Sweden 59,039 69,894 
UK 4,935 4,604.1 
Total 259,488  266,983 

Source : Eurostat 1996 and 1999. 
 

Small hydropower has seen a comeback as plants that were previously considered as 
uneconomic, have now been rendered viable. In 1999 there were 13,352 small hydropower 
plants (SHPP) with a total installed capacity of 9,833 MW. These stations generate more than 
38 TWh a year, which equals 1.6 per cent of the EU’s gross electricity production. Of this 
capacity 72 per cent are located in four Member States, namely in Italy, France, Germany, and 
Spain. More than 5,600 plants are located in Germany that also has the smallest average size 
of just 270 kW per plant, three times less than the average in the EU49. However, the load 
factor of Germany’s SHPPs is about 13 per cent higher than the EU average of 3900 h/a. 

                                                 
49 European Small Hydropower Association (ESHA) BlueEnergy Report, Brussels 2001. 
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Table 2.8: Small Hydropower Capacity and Generation in the EU (<10 MWel) 

 
EU Member State Output 

 

1999, 

GWh 

Installed 

capacity 

1999, 

MW 

Installed 

capacity 

2000, 

MW 

Installed 

capacity 

2001,* 

MW 

Italy 8321 2210 2229 2270 
France 7131 1997 2018 2020 
Spain 5231 1506 1576 1607 
Germany 6277 1418 1514 1515 
Sweden 4448 936 1050 1050 
Austria 4246 848 866 870 
Finland 1328 304 320 320 
Portugal 566 247 286 308 
UK 242 161 158 160 
Belgium 204 56 60 61 
Ireland 112 55 33 34 
Greece 146 44 50 53 
Luxembourg 154 32 39 39 
Denmark 27 11 11 11 
Netherlands 1 2 2 2 
EU-15 38,433 9,833 10,212 10,320 

* Estimate. 
Source: European Small Hydropower Association (ESHA): Blue Energy for a Green Europe, Strategic study for 
the development of Small Hydro Power in the European Union, Brussels, 2001; EurObserv’ER 2002. 
 

• Electricity from Biomass 

 
Approximately one third of the total EU biomass consumption comes in the form of 
electricity. 
 
Biomass electricity comes primarily from municipal solid waste incineration, the combustion 
of firewood and forestry/agricultural solid wastes and biogas (landfill gas, sewage sludge gas 
and agricultural waste/manure based biogas).  
 
Most of it is produced in small and medium-sized combined heat and power plants (waste 
incineration; solid biomass and biogas) and by means of co-firing in solid fuel-fired 
conventional power plants.  
 
In 1998 biomass contributed with 9 per cent to the total amount of RES electricity, of which 
3.2 per cent was from municipal solid waste, 4.7 per cent from wood in power plants and 1.1 
per cent from biogas. A total of 32 TWh electricity was generated from biomass which was 
twice as much as in 1989. Average annual growth rates from 1989 to 1998 reached 7.9 per 
cent, which is far above the average annual growth rate of 3.2 for all biomass50. 

                                                 
50 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
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Municipal solid waste: In 1998 electricity generation from municipal solid waste was 11.35 
TWh, i.e. an increase of 135 per cent since 198951. 
 
Firewood and forestry/agricultural solid wastes: In 1998 16.711 TWh of electricity were 
generated mostly from firewood and wood wastes (wood chips, bark etc.) with minor 
contributions from black liquor, straw and other agricultural solid wastes. This mainly took 
place in Finland (44.8 per cent), Sweden (15.4 per cent) and France (10.4 per cent)52. In 1999 
electricity generation from solid biomass increased to an estimated 17.3 TWh53. Most 
firewood, however, is used in individual and collective heating systems.  
 
Biogas: In 2001 there were approximately 1,000 MW of installed electric capacity in the EU-
15. In 1998 generation was at 3.939 TWh, mainly from landfill gas (2.871 TWh or 72.9 per 
cent). Sewage sludge gas added a total of 0.78 TWh, gas from farm slurries 0.155 TWh and 
biogas from agro-food industry 0.133 TWh.  
 

• Geothermal Electricity 

 
Geothermal electricity generation in the EU was 4,826 GWh in 2000 and is still almost 
entirely concentrated in Italy (4,705 GWh in 2000) with small contributions from Portugal 
and France. The total installed capacity in 2000 was 806.3 MWel. Further investments in Italy, 
Greece, France and Portugal are in the pipeline54.  
 
 
Table 2.9: Electricity Production from Geothermal Resources in EU 

 
1998 2000 Country 

MWel GWh MWel GWh 

Italy 768.5 4,214 785 4,705 
Portugal 16 58 16 100 
France 5.3 23 5.3 21 
Total 789.5 4,295 806.3 4,826 

Source: EurObserv’ER 2001 Barometer. 
 

• Wave and Tidal 

 
Unlike wave energy, tidal energy has some capacity installed world-wide. A 240 MWel 
installation exists in La Rance, France, that generates almost 0.5 TWh.  
 
 

                                                 
51 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
52 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
53 EurObserv’ER 2001 Barometer. 
54 EurObserv’ER 2001 Barometer. 
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3.3. Current Capacities and Production of Heat Energy from Renewables 

 
While the RES electricity market is dominated by hydropower, biomass accounts for almost 
all the RES heat market. Biomass makes up 98 per cent whereas the remaining geothermal 
and solar heat do not exceed a mere 2 per cent. In 1998 total heat production from renewables 
was 43.613 Mtoe or 51 per cent of primary energy production from RES.  
 
Growth rates were significantly lower than those for electricity from biomass. From 1995 to 
1999 heat production from renewables increased by 18 per cent. 
 
 

Figure 2.5: Development of Heat Production from Renewables 
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Source: New Cronos, Eurostat and Energy balances of OECD/non-OECD countries, IEA 2001 edition and 
Parliamentary Documentation Center/European Parliament. 
 
 
Within the EU major progress with biomass heat has been made through efforts undertaken in 
the Scandinavian countries. Though growth rates for solar thermal are ten times higher, its 
input to the total has still been more than modest. Geothermal heat has grown at the same 
pace as biomass heat, 13 per cent since 1995. However, due to the limited potential, its impact 
in absolute terms will remain fairly small. 
 

• Biomass 

 
Biomass in heat generation is in the form of municipal solid waste, wood/wood 
wastes/agricultural and other solid wastes and biogas.  
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Municipal solid waste: Most Member States favour using municipal solid waste for 
electricity generation. However, municipal solid waste is also used for heat production, 
mainly in France (22,394 TJ), Germany (22,556 TJ) Denmark (17,710 TJ) and Sweden 
(14,301 TJ)55. The figures are given for 1998.  
 
Wood/wood waste/agricultural and other solid wastes: In 2000, total firewood production 
in the European Union accounted for an estimated 47.3 Mtoe. Details of the Member States’ 
wood production are given in table 2.10. 
 

Table 2.10: Wood Energy Production in the EU 

 
Country Production in 1999, 

Mtoe 

Production in 2000, 

Mtoe 

France 9.8 9.8 
Sweden 7.7 8.3 
Finland 7.8 7.5 
Germany 4.7 5.0 
Italy 4.5 4.6 
Spain 3.6 3.6 
Austria 2.9 3.0 
Portugal 1.7 1.7 
United Kingdom 1.0 1.0 
Greece 0.9 0.9 
Denmark 0.8 0.9 
The Netherlands 0.5 0.5 
Belgium 0.3 0.3 
Ireland 0.1 0.2 
Luxembourg 0.0 0.0 
Total EU 46.3 47.3 

Source: EurObserv’ER 2001 Barometer. 
 
In 1998 firewood consumption for domestic heating (25.6 Mtoe) and the combustion of wood 
waste in industry (8.0 Mtoe) for on-site steam/heat production were the main applications56.  
 
Firewood consumption in households, 1,072,479 TJ in 1998, has increased by 20.3 per cent 
since 1989. France (318,623 TJ), Italy (226,800 TJ), Germany (159,729 TJ) and Spain 
(83,373 TJ) show significant levels of firewood consumption for domestic heating57.  
 
In 1998 the consumption of forestry/agricultural waste in industry for heat production 
purposes in the EU was 315,015 TJ, which is more or less the same level of consumption as in 
1989. Of the total, Sweden accounts for 28.9 per cent, France – 14.9 per cent, Portugal – 14.1 
per cent, Italy – 11.8 per cent and Spain – 10.7 per cent58.  
 
In addition, in the same year 49,436 TJ of forestry/agricultural wastes were utilised in district 
heating systems with Sweden being the frontrunner59.  
 

                                                 
55 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
56 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
57 Figures based on surveys Eurostat, Renewable energy sources statistics in the European Union, 2001. 
58 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
59 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
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Biogas: In 2000, total biogas production in the EU was 2.304 million ktoes. A breakdown by 
country is contained in table 2.11. 
 

Table 2.11: Biogas Production in the EU, 2000 

 
Country Production in ktoe 

United Kingdom 897 
Germany 525 
France 167 
Italy 143 
The Netherlands 143 
Sweden 120 
Spain 101 
Denmark 72 
Belgium 48 
Austria 36 
Ireland 24 
Finland 17 
Portugal 7 
Luxembourg 2 
Greece 2 
Total EU 2,304 

Source: EurObserv’ER 2001 Barometer. 
 
One fourth of the biogas was used for electricity generation while three fourths were utilised 
for heat production, which was 20,903 TJ in 1998, of which 61.2 per cent came from sewage 
sludge gas60.  
 

• Low-temperature Solar Thermal Energy 

 
Low-temperature solar thermal systems have seen a remarkable upswing since 1995. Average 
annual growth rates of 18 per cent61 led to the installation of more than 11 million m² of 
installed collector surface by 200162. The year before it was 9,584 million m² (before 
decommissioning)63. This figure is expected to increase to approximately 16.2 million m² by 
the end of 2003. 
 
In 2001 some 1.48 million m² surface areas were installed. The year before new installations 
totalled 1.168 million m². In 2001, 85 per cent of the sales consisted of flat plate collectors 
and 15 per cent of vacuum tube collectors. At present sales in Germany represent 60 per cent 
of the annual EU collector sales.  
 

                                                 
60 Eurostat, Renewable energy sources statistics in the European Union, 2001. 
61 Stryi-Hipp, German Solar Energy Association, ‘European solar thermal market’, REFOCUS June 2001. 
62 Active Solar Thermal Industry Group (ASTIG), Solar thermal markets and incentives in Europe, Belgium, 
2001. 

63 EurObserv’ER 2001 Barometer. 
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Table 2.12: Solar Thermal Capacity in the EU, 2001 

 
Country Accumulated 

collector surface 

installed in 1994, 

m² 

Accumulated 

collector surface 

installed in 2001, 

m² 

Installed in 2000, 

m² 

Installed in 2001, 

m² 

Germany 1,146,000 3,805,000 615,000 900,000 
Austria 1,028,000 1,791,000 167,700 160,000 
Greece 1,900,000 2,995,000 180,000 169,120 
Italy 180,000 307,000 50,000 55,000 
Other EU 

countries 

1,566,000 1,924,400 155,790 196,200 

Total  5,820,000 10,822,400 1,168,490 1,480,320 

Source : Eurostat, 1996; EurObserv’ER 2002, Active Solar Thermal Industry Group (ASTIG), 2002. 
 
 

• Geothermal Heat 

 
The geothermal heat market is divided into low temperature heat and heat pump systems.  
 
In 2000, all EU Member States’ low temperature geothermal heat generation amounted to 
2,961 GWh/a. The leading countries were France and Italy accounting for 76 per cent of the 
EU-wide installed 851.1 MWth.  
 
 
Table 2.13: Geothermal Low-temperature Generation in the EU 

 
1997 2000 Country 

Installed 

capacity, MWth 

Heat generation, 

GWh 

Installed 

capacity, MWth 

Heat generation, 

GWh 

France 309.0 1,289.1 326.0 1,360.0 
Italy 313.6 1,010.7 324.6 1,046.2 
Greece 22.6 42.3 56.7 106.1 
Germany 39.0 85.6 53.2 116.8 
Sweden 47.0 141.0 47.0 141.0 
Austria 21.1 110.6 27.3 143.1 
Portugal 0.8 0.0 5.5 10.0 
Denmark 3.5 13.3 4.0 15.2 
Belgium 3.9 14.8 3.9 14.8 
United 

Kingdom 

2.1 4.8 2.3 5.2 

Ireland 0.7 2.1 0.7 2.1 
Finland 0.0 0.0 0.0 0.0 
The 

Netherlands 

0.0 0.0 0.0 0.0 

Total 763.3 2,715.9 851.1 2,961.0 

Source: EurObserv’ER 2001 Barometer. 
 
Very low temperature is utilised by geothermal heat pumps. In 2000 a total of 35,000 heat 
pumps were newly installed in the EU. Table 2.14 provides information on the number of heat 
pump installations, capacity and output.  
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Table 2.14: Geothermal Heat Pumps in the EU 

 
1999 2000 Country 

Number of 

units 

Capacity 

installed, 

MWth 

Heat 

generation, 

GWh 

Number of 

units 

Capacity 

installed, 

MWth 

Heat 

generation, 

GWh 

Austria 22,680 272.2 362.8 26,680 320.2 426.7 
Belgium 1,500 15.0 25.5 1,950 19.5 33.2 
Denmark 250 3.0 5.8 250 3.0 5.8 
Finland 6,370 51.3 85.7 7,800 62.8 104.9 
France 4,000 48.0 70.8 4,500 54.0 79.7 
Germany 18,000 344.0 319.2 22,140 423.1 392.6 
Greece 3 0.4 0.9 3 0.4 0.9 
Italy 100 1.2 1.8 100 1.2 1.8 
The 

Netherlands 

1,200 14.4 21.2 1,500 18.0 26.5 

Portugal 0 0 0 0 0 0 
Sweden 73,000 500.4 1,522.1 97,253 666.6 2,027.8 
United 

Kingdom 

50 0.6 0.8 50 0.6 0.8 

Total 127,153 1,250 2,417 162,226 1,569 3,101 

Source: EurObserv’ER 2001 Barometer. 
 

3.4. Current Capacity and Production of Liquid Biofuels 

 
The two main biofuel sectors that have developed in Europe are biodiesel or RME (Rapeseed 
oil methyl ether) and bioethanol, which is transformed into ETBE (ethyl tertio butyl ether) 
serving as an additive for petrol engines. Europe has clearly opted for biodiesel and has taken 
the lead position in its production across the world, with an installed capacity of 1 million 
tons in over 20 production sites, capturing less than 1 per cent of the diesel market.  
 
Whereas in 1998 there were only four EU countries producing biofuels (France, Italy, 
Germany and Austria) the year 2000 saw seven countries producing a total of 891,200 tons of 
biofuel, of which 79 per cent was biodiesel. In 2000 ETBE output in the EU was at 363,000 
tons of which 193,000 tons came from France and 170,000 tons from Spain. 
 
 
Table 2.15: Bioethanol and Biodiesel Production in the EU in 2000  

 
Country 

 

Ethanol production,  

in tons 

Biodiesel 

production,  

in tons 

Total 

France 91,000 328,600 419,600 
Spain 80,000 - 80,000 
Sweden 20,000 - 20,000 
Germany - 246,600 246,000 
Italy - 78,000 78,000 
Austria - 27,600 27,600 
Belgium - 20,000 20,000 
Total  191,000 700,600 891,200 

Source : EurObserv’ER 2001 Barometer. 
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There are various concrete plans to increase biofuel production capacity in the European 
Union.  
 
In 2000 in Cartagena, Spain, a distillery with a capacity 1 million hl/a of ethanol was put into 
operation. A second distillery with an annual capacity of 1.25 million hl is being constructed 
in Galicia. It was planned to start operating in 2002.  
 
In Sweden a 500,000 hl/a facility was inaugurated in 2001. In the Netherlands there are plans 
to convert a non-bioethanol plant with 300,000 hl/a into ETBE.  
 

3.5. Current Contribution of RES to Meeting Primary Energy Demand in Candidate 

Countries 

 
In 1999 the thirteen candidate countries together registered a primary energy production from 
renewables of more than 24 Mtoe, of which 84 per cent was from biomass and 25 power cent 
from hydropower. All other renewables accounted for just 1 per cent of total renewable 
production. Some 42 per cent of renewable energy in the candidate countries are produced in 
Turkey, followed by Romania with 18 per cent and Poland with 17 per cent.  
 
 
Table 2.16: Primary Energy Production from Renewable Sources in 1999,  

in ktoe 

 
Of which: Candidate 

Country 

Total RES 

production Biomass/waste Hydropower 

Bulgaria 659 422 237 
Cyprus 44 9 - 
Czech Republic 830 690 140 
Estonia 509 509 - 
Hungary 410 390 20 
Latvia 1,420 1,183 237 
Lithuania 657 621 36 
Malta 0 0 - 
Poland 4,150 3,960 190 
Romania 4,410 2,819 1,573 
Slovak Republic 398 80 310 
Slovenia 558 236 322 
Turkey 10,110 6,810 2,980 

Total 24,155 17,729 6,045 

Sources: New Cronos, EUROSTAT and Energy Balances of OECD/Non-OECD countries,  
IEA edition 2001. 

 
Weighing renewable energy consumption against gross inland consumption reveals that 
currently the share in the candidate countries of 7.3 per cent is higher than in the EU-15. In 
Latvia renewables contribute to one third of gross inland consumption. Turkey and Romania 
also show a share of more than 10 per cent.  
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Table 2.17: Renewable Energy and Gross Inland Consumption in the Candidate 

Countries, 1998, in Mtoe 
 
 Total BG CY CZ EE HU LT LV MT PL RO SK SL TR 

All 

fuels 

336.7 19.7 2.2 41.0 5.3 25.3 9.3 4.3 0.9 93.2 39.6 16.9 6.4 72.5 

RES 24.7 0.7 0.0 0.7 0.5 0.3 0.6 1.4 0.0 3.9 4.6 0.4 0.5 10.9 
Share 

of 

RES,  

per 

cent 

 
 
7.3 

 
 
3.6 

 
 
0.2 

 
 
1.7 

 
 
9.4 

 
 
1.2 

 
 
6.5 

 
 
32.6 

 
 
0.0 

 
 
4.2 

 
 
11.6 

 
 
2.4 

 
 
7.8 

 
 
15.0 

Source: Eurostat, OECD. 
 
The predominance of biomass, mostly wood, and hydropower, are even more pronounced in 
the accession countries. As can be seen only Cyprus is an exception, as it features the world’s 
highest per capita installation rate of solar hot water systems. Turkey possesses geothermal 
and solar installations. However, their share in total RES utilisation is still comparably low.  
 

 
• RES Electricity 

 
The share of RES in electricity generation in the candidate countries is slightly higher than in 
the E-15. In Latvia more than 75 per cent is generated from renewables. Romania and Turkey 
have a 35.3 per cent or 38.4 per cent respectively.  
 

Figure 2.6: Composition of RES Portfolios in Candidate Countries 
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Table 2.18: Renewable Energy and Gross Electricity Generation in the Candidate 

Countries 

 
1998, 

TWh 

Total BG CY CZ EE HU LT LV MT PL RO SK SL TR 

Total 

 

525.9 41.7 3.0 64.7 8.5 37.2 17.2 5.7 1.7 142.8 53.5 25.2 13.7 111.0 

RES 

 

84.9 3.3 - 2.5 0.0 0.2 0.4 4.3 - 4.9 18.9 4.3 3.4 42.6 

Share 

of 

RES,  

per 

cent 

16.1 7.9 0.0 3.9 0.0 0.5 2.3 75.4 0.0 3.4 35.3 17.1 24.8 38.4 

Source: Eurostat, OECD, 2001. 
 
Hydropower clearly dominates the picture with 70.3 TWh of a total 84.9 TWh (82.8 per cent). 
The overwhelming portion of hydropower is generated in large plants. In the Central and 
Eastern European candidate countries there are only 550 MW of installed capacity in small 
hydropower plants. New renewables such as wind are still in their infancy. Autumn 2002 saw 
not more than 61 MW wind converting capacity (up from 40 MW at the end of 2000). Biogas 
electricity capacity is probably less than 30 MWel. Here, increases are currently taking place 
following the implementation of the ISPA Programme, which provides considerable public 
funding for wastewater treatment and waste management schemes in the ten accession 
countries of Central and Eastern Europe. 
 

• RES Heat  

 
Biomass: Biomass accounts for virtually all RES heat production in the candidate countries. 
As regards the accession countries there is only little information available on the present 
state of biomass utilisation. The total biomass production is estimated to have been 17.729 
Mtoe in 1999.  
 

Geothermal: In the candidate countries Turkey and Slovenia show the highest utilisation of 
geothermal sources. Some details are given in the table below. 
 
 
Table 2.19: Geothermal Heat Usage in Selected Candidate Countries 
 

Turkey 820 MWth installed in 2001 (140 MWth in 1995)
64 

Slovenia 103 MWth installed at the end 2000 
Slovakia 75 MWth installed in 1999 
Romania 40 MWth installed producing 280 MWhth

65; important 
geothermal heat potential 

Poland 27 MWth installed in 2001, but new installations are under 
development66. 

Latvia 12 MWth for district heating 

 
 

                                                 
64 Renewable Energy World, 2000-2001, July-Aug 2000, p. 128.  
65 Completed MVV questionnaire.  
66 Council of Ministers of Poland, Development Strategy of Renewable Energy Sector, 2000, p. 7.f. 
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Solar Thermal Heat: Cyprus and Turkey have a considerable capacity installed in solar 
collectors.  
 

• Biofuel 

 
There is hardly any production of biofuels in the candidate countries. Slovenia started 
production in very modest quantities and there are plans in Poland to follow suit. 
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4. EU TARGETS ON RENEWABLE ENERGY DEVELOPMENT  

4.1. Renewable Energy Development Targets (White Paper Targets) 

 
In 1997 the European Commission adopted a Communication, the so-called White Paper for a 
Community Strategy and Action Plan Energy for the Future: Renewable Sources of Energy 
(hereinafter referred to as the White Paper) stating the concrete indicative target of doubling the 
share of RES in the Union from 5.3 per cent of gross inland energy consumption in 1995 to 12 
(11.5) per cent in 2010. The targets broken down by RES are contained in table 3.1. The White 
Paper does not contain a breakdown by Member States.  
 
 
Table 3.1: Projected Future Gross Renewable Energy Consumption according to White 

Paper, in Mtoe 
 

 Eurostat 

Convention 

1995 

As % 

of 

total 

Substitution 

principle 

1995 

As % 

of 

total 

Eurostat 

Convention 

2010 

(Pre-Kyoto) 

As % 

of 

total 

Substitution 

principle 

2010 

As % 

of 

total 

Total 1,366   1,409   1,583   1,633   
Wind 0.35  0.02  0.9  0.06  6.9 0.44  17.6  1.07 
Hydropower 26.4  1.9  67.5  4.8  30.55 1.93  78.1  4.78 
- Large 

hydropower 

23.2   59.4   25.8  66   

- Small 

hydropower 

3.2   8.1  4.75  12.1   

Photovoltaics 0.002  - 0.006 - 0.26 0.02  0.7  0.05 
Biomass 44.8  3.3  44.8 3.12  135 8.53  135  8.27 
Geothermal 2.5 0.2 1.2 0.1  5.2 0.33  2.5 0.15 
- Geothermal 

electric  

2.1   0.8  4.2  1.5   

- Geothermal 

heat 

0.4   0.4   1.0  1.0   

Solar thermal 

collectors 

0.26  0.02  0.26  0.02  4  0.25  4  0.24 

Total RES 74.3 5.44 114.7 8.1 182 11.5 238.1 14.6 

Passive solar      35 2.2  35 2.1 
Source: European Commission, White Paper, 1997. 
 
The doubling of renewable energy consumption’s share in gross inland consumption requires 
massive increases in production capacity. In absolute terms the largest increases are for biomass 
where a quantity of 90 Mtoe, composed of 15 Mtoe biogas, 30 Mtoe agricultural and forest 
residues and 45 Mtoe energy crops will have to be added. Of the expected total of 135 Mtoe 
biomass in 2010, biogas accounts for 17 Mtoe (13 per cent), biofuels for 18 Mtoe (13 per cent) 
and solid biomass in heat and electricity generation for 100 Mtoe (74 per cent).  
 
Biomass is supposed to make up 83.5 per cent of the overall increment of renewable energy 
production by 2010. In relative terms PV will call for an increase of 9,900 per cent, followed by 
wind and solar thermal collectors with 1,500 per cent and 1,438 per cent respectively.  
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Table 3.2: Projected Renewable Energy Capacity in 1995 and 2010 

 
RES Share in 1995 Target 2010 Capacity addition 

needed 

Increase, per cent 

Wind 2.5 GW 40 GW + 37.5 GW 1,500  
Large 

hydropower 

82.5 GW 91GW +8.5 GW 10 

Small 

hydropower 

9.5 GW 14 GW +4.5 GW 47 

Photovoltaics 0.03 GWp 3 GWp +3.0 GW 9,900 
Biomass 44.8 Mtoe 135 Mtoe +90 Mtoe 201 
Geothermal 

electricity 

0.5 GW 1 GW +0.5 GW 100 

Geothermal heat 1.3 GWth 5 GWth +3.7 GWth 284 
Solar thermal 

collectors 

6.5 million m² 100 million m² +93.5 million m² 1,438 

Passive solar   35 Mtoe  n.a. 
Others  1GW +1 GW n.a. 
Source : European Commission, White Paper, 1997. 
 

4.2. Renewable Heat Energy Development Targets (White Paper Targets) 

 
The White Paper details targets for the renewable heat energy market. The heat market will 
account for 38.3 per cent of the total increment of renewable energy consumption. Specific 
targets are displayed in the following table: 
 
The figures underline the driving factor of biomass, which dominates heat usage already. Apart 
from savings with solar passive installations, 95.5 per cent of the whole expansion of RES for 
heat are to be provided by biomass.  
 
A considerable relative increase is expected from solar thermal collectors (low-temperature solar 
heat), which shall grow 14-fold, measured by 1995 values. 
 

No updates on the 2010 capacity and production targets in the renewable heat market have been 
provided by the European Commission. 
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Table 3.3: White Paper Production and Capacity Targets for Heat 

 
Type of energy 

 

Status quo in 1995 Projected for 2010 Increase 

1. Biomass Production :  

38.04 Mtoe/a 
Production :  

75 Mtoe/a 
 
+197 per cent 

2. Geothermal Capacity: 

Low temp. :750 MWth 
Heat pumps : 750 MWth  
 
Production : 0.4 Mtoe/a 

Capacity: 

Low temp. :2.5 GWth 
Heat pumps : 2.5 GWth  
 

Production : 1 Mtoe/a 

 
 
 
 
+150 per cent 

3. Solar thermal 

Collectors 

Capacity : 

Surface: 6.5 million m² 
 

Production : 0.26 Mtoe/a 

Capacity : 

Surface: 100 million m² 
 
Production : 4 Mtoe 

 
 
 
+1438 per cent 

Total renewable 

energies 

38.7 Mtoe 80 Mtoe +107 per cent 

4. Passive solar   35 Mtoe - 10 per cent in 
thermal energy use 

Source: European Commission, White Paper, 1997. 
 

4.3. Renewable Electricity Development Targets (RES-E Directive Targets) 

 
Originally the White Paper contained concrete indicative targets for RES electricity to 2010. It 
has been planned that 23.5 per cent of electricity production must derive from renewables. 
Further details including a provisional breakdown by RES are given below: 
 
 
Table 3.4: White Paper Targets for Electricity 

 
Type of energy 

 

Status quo in 1995 Projected for 2010 Increase,  

per cent 

1. Biomass Production: 22.5 TWh 
Share: 0.95  per cent  

Production: 230 TWh 
Share: 8.0 per cent  

+1022 
 

2. Geothermal Production: 3.5 TWh  
Share: 0.15 per cent  

Production: 7TWh 
Share: 0.2  per cent  

+100 
 

3. Photovoltaics Production: 0.03 TWh 
Share: - 

Production: 3 TWh  
Share: 0.1 per cent +9900 

4. Wind Production: 4 TWh 
Share: 0.2 per cent 

Production: 80 TWh 
Share: 2.8 per cent 

+1900 

5. Hydropower (total) Production: 307 TWh 
Share: 13 per cent 

Production: 355 TWh 
Share: 12.4 per cent 

+16 

 Large hydropower  Production: 270 TWh 
 

Production: 300TWh +11 

 Small hydropower  Production: 37 TWh 
 

Production: 55TWh 
 

+48 

Total renewable 

energies 

Production: 337 TWh 

Share: 14 per cent  

Production: 675 TWh 

Share: 23.5 per cent 

+100 

Source: European Commission, White Paper, 1997. 
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Most of the increase was to come from biomass - 61 per cent, followed by wind power with 22 
and hydropower with 14 per cent. The three combined make up for 97 per cent of the anticipated 
increase. 
 
However, the targets for RES electricity later became the subject of the Directive of the European 
Parliament and the Council on the Promotion of Electricity from Renewable Energy Sources in 
the Internal Electricity Market, (hereafter referred to as RES-E Directive), which following three 
years of preparation was formally adopted in October 2001. The RES-E Directive provides for 
national indicative targets. However, it does not separate targets by individual RES, as had been 
done in the White Paper. The definition of biomass has been enlarged to include ‘biodegradable 
fraction of industrial and municipal waste’, thus allowing for waste incineration. 
 
The RES-E Directive aims at increasing the share of electricity generated from RES from 13.9 
per cent in 1997 to 22 per cent in 2010, i.e. slightly lower than the target figure specified in the 
White Paper.  
 
Broken down by Member States, the following targets have been set as shown in figure 3.1.  
 
Figure 3.1: Absolute and Relative Targets of the RES-E Directive 
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Source : European Commission, RES-E Directive, 2001. 
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Belgium and the UK will have to ensure the fastest growth of capacities and generation in 
meeting the target, as this will require increasing their RES electricity output by a factor of six. 
Austria and Sweden, at the other end, already have a high share of RES-E in their portfolio, and 
therefore will need to increase their RES electricity production only by roughly one third. 
Nevertheless this relatively small growth conceals a challenge in absolute terms.  
 

4.4. Biofuel Development Targets 

 
The White Paper stated that specific measures are needed in order to help ‘increase the market 
share for liquid biofuels from the current 0.3 per cent to a significant higher percentage, in 
collaboration with Member States.’ The quantity has been estimated at 18 Mtoe by 2010, 
including liquid biofuels from non-energy crops such as wood residues, used vegetable oils, or 
biogas used as motor fuel.  
 
This objective has recently been detailed in a proposal of the European Commission for a 
Directive of the European Parliament and of the Council on the promotion of the use of biofuels 
for transport (further referred to as proposed Biofuel Directive). The draft was put forward in 
November 200167.  
 
The proposed Directive defines a minimum amount of sold biofuel in the form of bioethanol, 
biodiesel, biogas, biomethanol, biodimethylether, biooil, and bioETBE (ethyl-tertio-butyl-ether 
on the basis of bioethanol) as a percentage of sold gasoline and diesel for the time between 2005 
and 2010. Each Member State shall ensure that they achieve the minimum share by adopting the 
appropriate measures.   
 
Table 3.5: Minimum Amount of Sold Biofuel as a Percentage of Sold Gasoline and 

Diesel by 2010 

 
Year Per cent Of which as a minimum in the 

form of blending, per cent 

2005 2 - 
2006 2.75 - 
2007 3.5 - 
2008 4.25 - 
2009 5 1 
2010 5.75 1.75 

Source: European Commission, Proposed Biofuel Directive, 2001. 
 
The target of 5.75 per cent set for 2010 implies that diesel and gasoline consumption would be 
approximately 304 Mtoe in 2010 in the EU as a whole. Consequently, a total of 17.5 Mtoe of 
biofuel would be required to meet the target.  
 

                                                 
67 Cf. also Communication from the Commission to the European Parliament, Council, and the Economic and Social 
Committee and the Committee of the Regions on alternative fuels for road transportation and on a set of measures 
to promote the use of biofuels, COM(2001) 547 provisional version (7.11.2001). 
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4.5. Short-term Targets – ‘The Campaign for Take-Off’ 

 
To kick-start the market the White Paper proposed a Campaign for Take-Off designed to 
stimulate major growth in the biomass, photovoltaic, and wind energy sectors. The European 
Commission has published short-term targets for the penetration of these renewable technologies 
for the years 1999 to 2003. The objective of the ‘Campaign for Take-Off’ is to achieve the 
following capacity targets at the end of this period: 
 

• 1 million PV systems; 
• 15 million m² of solar collectors; 
• 10,000 MW of wind turbine generators; 
• 10,000 MWth of combined heat and power biomass installations; 
• 1 million dwellings heated by biomass; 
• 1,000 MW of biogas installations; 
• 5 million tones of liquid biofuels;  
• 100 communities aiming at 100 per cent renewable energy supply. 
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5. PROJECTION OF RENEWABLE ENERGY PRODUCTION AND 

CAPACITY TO 2010 AND BEYOND  

 
The aim of the present chapter is threefold:  
 
• Contrast the White Paper target with available forecasts, projections, current RES 

development trends and further data in order to identify gaps; 
 
• Preliminary analysis and drawing conclusions as regards the achievability of the White 

Paper and RES-Electricity targets; 
 
• Outline future trends in renewable energy capacity development to 2030, as far as this is 

possible given limited data availability.  
 
At the outset is must be mentioned that drafting this chapter has been quite a challenge for a 
number of reasons. Firstly, there is only a limited number of available forecast and projections 
on RES development in the EU. Secondly, not all the data available is comparable so that 
additional interpretation and modification would be needed to extract useful information. 
Thirdly, despite a tremendous effort having been made by the consultant to gather primary 
data from the renewable energy industry associations and national authorities, the feedback on 
the questionnaire sent, particularly as regards quantitative prognostic data, was poor. In 
addition, a number of associations showed little interest in providing information at all.  
 

5.1. White Paper Target in the Light of Studies and Projections Available 

 
The following projection on RES generation and capacity development were available to the 
consultant: 
 
• European Commission: European Energy to 2020: A Scenario Approach, 1996; 
 
The study looks towards 2020 by applying four scenarios, which are the so-called 
‘Conventional Wisdom’ (‘business-as-usual’), ‘Battlefield’ (dominance of protectionism and 
isolationism), ‘Hypermarket’ (dominance of liberalisation and free trade) and ‘Forum’ 
(dominance of consensus, co-operation and public intervention) scenarios.  
 
• TERES II: The European Renewable Energy Study, ESD, 1997; 
 
TERES II supported under the EC Altener Programme is based on the application of the 
Safire model, which aims at simulating renewable energy technology market penetration. 
TERES II pursued four scenarios: Present Policies, Industrial Policies, ExternE 
Internalisation, and Best Practice Policies. 
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• European Union Energy Outlook to 2020, Technical University of Athens (NTUA), 1999; 
 
The forecast has been part of The Shared Analysis Project supported by the European 
Commission under the Framework Programme for Research and Technological Development. 
The study uses the PRIMES model version 2. Apart from a baseline scenario the forecast 
offers three different CO2 emission reduction scenarios. 
 
• The US Energy Information Administration (EIA)/International Energy Outlook 2002, 

Energy Information Administration/Department of Energy (DOE), 200268. 
 
The forecast gives data for Western Europe which, apart from the EU-15, also includes 
Switzerland, Iceland and Norway. These countries are relatively small (accounting for only 3 
per cent of EU population). Despite the fact that they show renewable energy utilisation rates 
far above the EU-15 the figures for the EU-15 would only be slightly lower than the 
EIA/DOE forecast. EIA/DOE’s International Energy Outlook offers three scenarios: reference 
case, high-economic growth and low economic growth.  
 
 
Table 4.1: Share of Renewable Energy in Total Energy Consumption, in Per Cent 

 
Study 

 

Scenario 2010 2015 2020 

Conventional 
Wisdom 

7.7 8.9 10.0 

Battlefield 7.4 8.4 9.5 
Hypermarket 7.5 8.9 10.2 

 

European 

Commission, 

1996 

Forum 9.0 11.5 13.7 
Present Policies 7.14  7.29 7.38 

Industrial Policies 9.85 10.71 11.38 

ExternE 
Internalisation 

10.06 11.00 11.59 

 

 

TERES II, ESD 

1997 

Best Practice 
Policies 

12.51 13.53 13.87 

Baseline 5.7  6.2 
S0    7.5 
S3   7.9 

EU Energy 

Outlook 2020, 

NTUA, 1999 

S6   8.4 
Reference 9.5 9.8 10.1 

High-growth 9.3 9.7 10.0 

International 

Energy Outlook, 

EIA/DOE 2002 

Low-growth 9.4 9.8 10.1 

 
With the exception of the TERES II study’s Best Practice Scenario none of the other 
scenarios delivers a 12 per cent share of renewable energy in gross inland consumption by 
2010. All other scenarios range between 5.7 per cent and 10.06 per cent. The mean figure of 
all available forecasts for 2010 is 8.76 per cent. The EU Energy Outlook 2020, data late 1999 
– which represents the most recent comprehensive EU supported projection – concludes on a 
rather pessimistic note as regards renewable energy development. Even by 2020 the share of 
renewables falls significantly short of the 2010 White Paper target. In recent official 

                                                 
68 Website Energy Information Administration at www.eia.doe.gov. 
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documents69,70 the European Commission expects renewables to cover just 8 per cent of gross 
inland energy consumption by 2010 according to present trends and only 9 per cent by 2030. 
This forecast is based on a business-as-usual scenario computed by the PRIMES model. 
Another more recent exercise undertaken by EIA/DOE forecasts the renewable energy share 
between 9.3 and 9.5 per cent.    
 

5.2. White Paper Targets in the Light of Current Renewable Energy Market 

Development Trends  

 
The present information has been put together on the basis of data from EurObserv’ER 
barometer71 (supported by the EC Altener Programme), completed questionnaires and other 
publications. Results from the EC Altener-supported MITRE project – Monitoring and 
Modelling Initiative on the Targets for Renewable Energy project, which was launched some 
time ago and based on the Safire model, were not available to the authors.  
 

• Biomass 
 
Wood and other solid biomass: Based on historic data to 2000 and applying an average 
growth rate for the sector as a function of its current level of development, the production of 
energy from wood and other solid biomass in the European Union will be approximately 62 
Mtoe by the year 2010. This falls short of the targeted 100 Mtoe, which EurObserv’ER 
estimated the contribution of wood to be for achieving the 135 Mtoe for biomass as set out in 
the White Paper. 
 
Biogas: The target of 18 Mtoe can only be met if annual growth rates after 2003 reach more 
than 35 per cent. By contrast, according to EurObserv’ER average annual rates as high as 20 
per cent would lead to 9.3 million toe by 2010, i.e. to only 52 per cent of the envisaged White 
Paper quantities.  
 
Biofuels: Given current growth rates the target of 7 per cent share of consumption represented 
by renewable energy fuels (biodiesel and bioethanol) will not be achieved. EurObserv’ER 
estimates that 11.7 million tons are practical. However, the target for 2010 has been set at 17 
million tons. Consequently, the forecasted level represents 69 per cent of the target figure 
only. The adoption and implementation of the Biofuel Directive would further specify the 
targets for 2010. According to the draft a total of 17.5 Mtoe of biofuels must be sold in the 
European Union.  
 
As things stand now, the biomass targets will be achieved on a weighted average base by only 
62.5 per cent. Due to the large weight of biomass in overall renewables this will not be 
without consequences for the aggregate renewable target achievability. Due to the central role 
biomass is to play in achieving 2010 targets, massive further action appears to be needed.  

                                                 
69 Communication from the Commission to the Council and the European Parliament on Energy Co-operation 
with the Developing Countries, COM(2002)408final. 

70 Communication from the Commission to the Council and the European Parliament, Final Report on the Green 
Paper ‘Towards a European Strategy for the Security of Energy Supply’, COM(2002)321final. 

71 EurObserv’ER is a consortium of Observ’ER (Observatory of renewable energy), Eurec Agency, Eufores and 
O.Ö.Energiesparverband. The EurObserv’ER barometer is a project support by the European Commission.  
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• Small Hydro 
 
Given the very limited possibilities for developing large-scale hydro almost all growth 
increment in this sector will come from small hydro. According to the BlueAGE report 
prepared for the European Small Hydropower Association with support under the EC-Altener 
Programme, the EU Member States have estimated the capacity and production to be 12,862 
MW and 51.5 TWh respectively in the year 2015 as compared to the White Paper target of 
14,000 MW and 55 TWh for 2010. By applying the average annual growth rate of just below 
1.6 per cent and assuming steady growth over the whole period 2010 will see approximately 
11,875 MW of installed capacity and 47.5 TWh generated in small hydropower plants. This is 
more than 15 per cent lower than expected according to the White Paper target figure. Further 
action would be required, particularly as regards the review of existing legislation and 
simplification of licensing procedures.  
 

• Large Hydro 

 
At this point in time, there is no specific information on whether the increase by 2.6 Mtoe to 
25.8 Mtoe may be achieved by the year 2010.  
 

• Wind Energy 

 
Current trends prevailing the 40,000 MW capacity target for 2010 will be clearly surpassed. 
Capacity addition in the EU just in 2001 was 4,472 MW. The year before it was 3,219 MW. 
The installed capacity at the end of 2001 already accounted for 43 per cent of the 2010 target. 
According to Danish BTM Consult72 some 85,000 MW are realistic by the year 2010. EWEA 
have recently updated their industry target for 2010 upward to 60,000 MW onshore and 5,000 
MW offshore capacity installed.  
 

• Solar Energy 

 
Thermal Solar: Considering present efforts and trends EurObserv’ER 2001 barometer 
estimates some 81.55 million m2 installed collector surface by the year 2010, which is 80 per 
cent of the 100 million m2 target. Underlying this is an interim capacity of 19 million m2 at 
the end of 2003 and an acceleration of annual growth rates thereafter. Based on annual 
ASTIG projections till 2005 a total of approximately 27 million m2 will be installed. This 
raises the questions about adding 44 million m2 in just five years to meet the 80 per cent of 
the target.  
 
Photovoltaics: According to the study Solar Electricity 2010 undertaken under the leadership 
of the European Photovoltaic Association (EPIA) an enhanced European scenario with 
additional investments as high as € 2.5 billion would allow a cumulative installed PV power 
capacity of 4,000 MWp to be achieved. Current trends, however, analysed by EurObserv’ER 
2001 barometer, lead to predictions of a cumulated total of 1,790 MWp in 2010

73. This figure 
adds up to less than 54 per cent of the 2010 White Paper target. In 2003 probably only 37 per 
cent of the target installation of 1095 MWp will be in place. Consequently, between 2003 and 
2010 considerable accelerated efforts are needed to meet even the 2010 target by 54 per cent.  
 

                                                 
72 EurObserv’ER 2001 Barometer. 
73 EurObserv’ER 2002 Barometer. 
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• Geothermal Energy 

 
At this point in time, there is no specific information on whether the increase by 2.7 Mtoe to 
5.2 Mtoe may be achieved by the year 2010.  
 

• Ocean and Other Energy 

 
At this point in time, there is no specific information on whether the 1,000 MW may be 
achieved by the year 2010.  
 
Table 4.2: Summary of Current Trends of Renewable Energy in the EU to 2010  

 
Renewable energy White Paper 

target 

To be achieved 

according to prevailing 

current policy and 

market trends 

To be achieved in 

per cent of White 

Paper targets  

Wood 100 Mtoe 62 Mtoe 62 per cent 
Biogas 18 Mtoe 9.3 Mtoe 52 per cent 

 

Biomass 

 Biofuel 17 million tons 11.7 Mtons 69 per cent 
Large hydro 91,000 MW No data available  
Small hydro 14,000 MW 11,875 MW 85 per cent 
Wind energy 40,000 MW Up to 85,000 MW 212.5 per cent 

Thermal 100 million m2  81.55 million m2 81.55 per cent Solar 

 PV 3,000 MWp 1,790 MWp 60 per cent 
Geothermal 1,000 MWel 

5,000 MWth 
1,165 MWel 

1,351 MWth plus  
4,759 MWth 

(heat pumps) 
6,110 MWth   

116.5 per cent 
122.2 per cent 

 

Ocean energy and other 1,000 MW No data available  

 
Table 4.2 summarises all current trends and takes the latest available data into account. Table 
4.3 is a first attempt to simulate the level of achievement of the White Paper target on the 
assumption that current trends will come true. As there are certain data gaps the information is 
based on the assumption that targets of large hydro, geothermal and ocean and other 
renewable energy would achieve. However, the impact of these data uncertainties is marginal. 
 
Table 4.3: Estimated Corrected White Paper Targets according to Currently 

Prevailing Trends 

 
Projected consumption Type of energy 

Eurostat Convention, Mtoe Per cent of total 

Total gross inland consumption 1,583 (Pre-Kyoto) 100 
Wind 14.66 0.93 
Total hydro 

- large 

- small 

29.84 
(25.8) 
(4.04) 

1.89 
 

Photovoltaics 0.14 0.01 
Biomass 84.92 5.36 
Geothermal 

- electric 

- heat 

6.1 
(4.9) 
(1.2) 

0.39 

Solar thermal collectors 3.3 0.20 
Total renewable energies 138.95 8.78 

Source: Own estimates.  



Production Capacity of Renewable Energies in the European Union 

PE 330.759 76

 
Based on the same level of gross inland consumption as underlying the White Paper 
calculations, current trends support a share of a maximum of 8.78 per cent of gross inland 
consumption. If the incremental targets for large hydro, geothermal, ocean and other 
renewable energy, for which there is no data available, arel not be achieved or are exceeded 
by 20-30 per cent (the latter case is rather unlikely, at least for large hydro), this would hardy 
affect the overall outcome. The percentage would merely be 0.15 higher or lower than the 
8.78 per cent mark i.e. 8.63 per cent or 8.93 per cent respectively.  
 
There is likely to be a gap of approximately 44 Mtoe of renewable energy by the year 2010 
overwhelmingly because biomass development falls short of achieving the 135 Mtoe target. 
Instead of tripling biomass utilisation, biomass will account, in absolute terms, for even less 
than twice as much as in 1995. The deficit is only partially compensated by the surging wind 
power capacity increase far beyond the originally anticipated wind targets. According to the 
White Paper, biomass was supposed to make up 74.2 per cent of all renewable energy 
consumption. The current trends, however, are likely to lead to a 61.6 per cent share. The 
anticipated share of 8.78 per cent is approximately 3 per cent points lower than the anticipated 
11.5 (12) per cent to be attained by 2010.  
 

5.3. RES-Electricity Targets in the Light of Available Forecasts and Studies 

 
There is information from the following sources available to assess the practicability of the 
RES-Electricity Directive target of 22.1 per cent in EU total electricity consumption in 2010:  
 
• TERES II, The renewable energy study, ESD, 1997, supported by the European 

Commission under the Altener Programme; 
 
• Model calculations within the frame of the ElGreen Project (Organising a Joint European 

Green Electricity Market, Energy Economics Group et al., 2001, supported under 5th 
Framework Programme for RTD); 

 
• Data available made available by the International Energy Agency, IEA/OECD 2002; 
 
• Ecofys/Greenprices: Green Energy Outlook in Europe: Strategic Prospects to 2010, 

Reuters Business Insight Energy, 2002;  
 
• Monitoring data, present trends and the consultant’s own estimates. 
 
According to the TERES II study, which was prepared some five years ago, electricity from 
RES will grow to a level that is considerably below the RES Electricity Directive by 2010. 
With just 428 GWh, output generated from the present policies scenario lags significantly 
behind the three other pro-active policy scenarios, which make it possible to produce between 
527 GWh and 552 GWh. 
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Table 4.4: TERES II Outlook RES-E by 2010, MWh 
 

Source Present policies Industrial policies ExternE 

Internalisation  

Best Practice 

policies 

Wind 28,861 61,988 88,431 82,366 
SHP 52,957 75,176 54,545 60,701 
LHP 281,195 286,855 281,442 280,540 
PV 274 314 706 12,213 
Wave 0 0 0 0 
Geothermal 

electricity  

10,844 10,839 11,016 10,850 

Landfill gas 10,123 13,848 12,194 10,904 
Municipal waste 18,768 18,142 19,423 19,231 
Industrial waste 15,918 16,270 23,590 19,432 
Agricultural waste 431 136 171 500 
Wood crops 4,837 39,767 32,492 42,939 
Forest residues 3,111 3,156 3,378 4,387 
Solar thermal 0 0 0 3,504 
RES-E total 427,902 527,031 527,929 552,451 

Source: TERES II, ESD, 1997. 
 
According to the ElGreen ‘business-as-usual’ scenario the amount of RES-E will rise to about 
517,000 GWh/a in 2010, which is about 145,000 GWh/a less than set in the RES-E Directive. 
This would amount to a 17.2 percentage in total electricity consumption by that time. ElGreen 
also offers a ‘best-practice scenario’ with a stunning total of 1,184,000 GWh/a that could be 
generated from RES by the year 2010, i.e. considerably more than the RES-E Directive 
requires (42 per cent of electricity consumption). The ‘best-practice scenario’ is aimed at 
determining the mid-term, realisable potential for the target year 2010. It considers limitations 
such as technical constraints, public acceptance, market growth rates, planning constraints, 
but it does not set any restrictions on the availability on public financial support. While the 
projected wind and geothermal energy output appears feasible from a point of view of 
available financial support, the forecasts for solar energy, small hydro, and biomass electricity 
are beyond any practicability up to 2010.  
 
IEA reference projections for the EU-15 have been compiled in the following table:  
 
 
Table 4.5: IEA Renewable Electricity Forecast for the EU-15, in GWh 

 
Year Total Wind/ 

Solar/ 

Tidal 

Hydro Geo-

thermal 

Combus-

tible 

Renew-

ables/ 

Waste 

Total 

Renew-

able Elec-

tricity 

Share of 

Renew-

ables in 

Total,  

per cent 

2000 2,583,900 22,420 314,800 4,790 48,830 390,840 15.1  
2005 2,762,140 46,890 315,420 4,050 87,300 453,660 16.4 
2010 2,986,910 72,600 326,140 4,290 141,716 544,746 18.2 
Source: International Energy Agency, 2001. 
 

It can be seen that compared to ElGreen the IEA draws a slightly more upbeat picture. 
According to projections in their database the share of RES-E will rise in a business-as-usual 
approach from the 15.1 per cent of gross electricity consumption in 2000 to 18.2 per cent in 
2010 within the EU-15. 
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According to a recently published study by Ecofys/Greenprices even in an optimistic outlook 
scenario for 2010 the EU target would not be met. Overall generation would not be more than 
approximately 530,000 to 540,000 GWh in 2010. 
 
Based on market monitoring data, current trends and our own estimates, the following 
bottom-up expert judgements (not implicating any dramatic shift in policies and financial 
support measures) can be made: 
 
 
Table 4.6: Estimates on RES Electricity EU-15 Based on Market Trends and 

Monitoring 

 
Electricity from Rather optimistic judgement Rather pessimistic judgement 

 

Biomass 79* 57**** 
Wind 170 120***** 
Hydro 347** 335****** 
PV 1.6 1.6 
Geothermal 6*** 4******* 
Ocean and other 2 1 
 

Total 

 

609 

 

519 

 

In per cent of target 

 

92 

 

78.4 

In per cent of 

consumption 

 

20.3 

 

17.3 

* Extrapolated on the basis of the average annual growth rate of 7.85 per cent statistically proven for the period 
1989 – 1998. 
** On the assumption that the large hydro target for 2010 will be met; small hydro according to market trend. 
*** On the assumption that geothermal target for 2010 will be met. 
**** On the assumption that average annual growth rates from 1998 and 2010 will slow down to 5 per cent. 
***** On the basis of the new EWEA target of 60,000 MW by 2010. 
****** On the basis that all hydro will meet 53 per cent of the targeted hydro addition (current trend for small 
hydro i.e. falling short of some 2000 MW installed capacity by 2010 compared to target). 
******* On the assumption that no additions will take place. 
 
A recent report by the European Renewable Energies Federation (EREF) and the World Wide 
Fund for Nature (WWF) estimates that given current trends power production from 
renewables in 2010 will be around 15 to 17 per cent of total electricity generation in the EU 
1574. 
 
The above projections and estimates range from between 65 per cent and 92 per cent of the 
RES electricity quantitative goal for 2010, i.e. all of them indicate that the target will not be 
met. Considering given constraints put by resource availability and mobilisation, planning, 
and available public funding, the achievement of the 2010 target appears to be practicable 
only if biomass electricity will be given a substantial boost. All other resources are unlikely to 
be mobilised to make up larger portions of the gap within a timeframe of less than a decade, 
even if their technical potential is sufficient enough. 

                                                 
74 New Energy, magazine for renewable energies, No. 6, 2002. 
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5.4. Impact of EU Enlargement on 2010 Targets 

 
The share of renewable energy in gross inland consumption of the thirteen candidate countries 
is slightly higher than in the European Union. This is largely due to the widespread use of 
biomass in rural areas in a number of countries. However, there remain doubts as to whether 
biomass and some other non-commercial renewables have been adequately taken into account 
in the energy statistics of all candidate countries. With the exception of Slovenia, the 
economically more advanced candidate countries such as Hungary, the Czech Republic, 
Poland, Estonia, Malta and Cyprus are clearly behind the EU-15 average. As a result of strong 
economic recovery since 1998, which has been accompanied by growing fossil fuel demand, 
the present share of renewables in these countries is probably lower than statistics show. 
Furthermore, with growing standards of living in rural areas there is obviously a trend to 
substitute biomass by commercial fuels. Reversing this trend would require offering 
alternative comfortable heating and cooking solutions based on biomass. 
 
Achievement of the White Paper target 2010 in an enlarged European Union will, 
consequently, depend on which of the candidate countries will join before 2010 and what 
efforts have been taken in these countries in the meantime. Enlargement might pose a 
challenge for achieving the White Paper target if only the most advanced countries would join 
before 2010, if economic growth and energy requirements would outpace renewable energy 
development, if traditional non-commercial energy is pushed out by modern technologies 
based on fossil fuels, and if public funds (including transfers from EU-15) to financially 
support renewables remain limited. Additional research would be required in this regard.  
 

5.5. Trends to 2030 

 
At present there is little information from existing studies on what portion of energy demand 
can be met by renewable energy by the year 2030. Most of the available studies chose to limit 
their horizon to the year 2020. By that time the most promising forecast expects a RES 
contribution to gross inland consumption of just below 14 per cent. The most pessimistic 
outlooks forecast anything between 6 and 8 per cent. Based on table 4.1, the mean figure of 
all available projections for 2020 is 9.85 per cent of gross inland consumption. The median of 
the set of available data is 10.1 per cent.  
 

5.6. Overall Assessment of Trends 

 
• Available studies and current trends give rise to the suggestion that by the year 2010 the 

share of renewable energy in gross inland consumption in EU-15 will be around 8.7 – 8.8 
per cent instead of 11.5 (12) per cent as envisaged in the White Paper; 

 
• The gap to the 11.5 (12) per cent target according to the White Paper will be entirely due 

to underperforming biomass growth. Most likely only wind power targets will be 
achieved. However, outperforming wind power will not be able to compensate for the 
deficit; 

 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 80

• RES-Electricity: available projections and bottom-up estimates lead to the conclusion that 
the RES-Electricity target will be missed. By 2010 the share of RES Electricity in total 
consumption is forecast to be between 17.2 per cent and 20.3 per cent. The existing gap to 
the target of 22.1 per cent by 2010 appears to be achievable but dramatic changes are 
required to accelerate biomass in electric power generation; 

 
• The EU enlargement process to 2010 may affect the achievability of the White Paper 

target for 2010; 
 
• The small amount of data available gives a vague picture of the prospects of RES up to 

2030. More specific research on the EU-15 and the enlarged EU is needed.  
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6. BARRIERS TOWARDS AN ACCELERATED GROWTH OF 

RENEWABLE ENERGY PRODUCTION CAPACITIES  

 
This chapter describes barriers towards the growth of RES production, both general and 
specific. A constraint often named is the ability of the existing infrastructure to take on the 
power generated by decentralised RETs. This problem as well as potential solutions such as 
the storage of energy are discussed more in detail. 
 

6.1. General Barriers 

 
Much information and research has already been carried out at both EU and Member State 
level focused on identifying and breaking through these barriers. The White Paper 
summarises the barriers and the measures to be taken to counter them. Each of the RETs 
experience some specific market barriers and these are discussed in the individual technology 
modules. However, there are also some more general barriers which apply to most of the 
RETs. Different types of barriers are being encountered as the RETs begin to take their place 
in the newly liberalised energy markets. In the initial stages of development of each RET, 
technical barriers predominate. However, for the more technically mature technologies, the 
priority is to become cost-effective in the market, and economic barriers such as inconsistent 
pricing structures need to be overcome. Even for those RETs which are approaching 
economic competitiveness, barriers to RE market penetration arise because the institutional, 
political and legislative/regulatory structures are not designed specifically to encourage the 
exploitation of RETs. Barriers to RE market penetration also arise from a general lack of 
awareness and experience with the technologies. Finally, there are social and environmental 
barriers linked to the lack of experience with planning regulations and with gaining public 
acceptance. Clearly, a strategy which aims to maximise the market penetration of RETs 
should address the full spectrum of barriers.  
 
 
Table 5.1: Summary of the Main Types of Barriers to RET Deployment 
 
Barrier Obstacle 

Cost competitiveness Ability to compete with conventional energy sources. 
Financial Lack of appropriate financing for long-term benefits. 
Fiscal Distorted competition from conventional energy sources (e.g. coal, 

nuclear) in terms of final end-user prices. 
Regulatory and 

legislative 

Lack of an appropriate regulatory and legal framework at EU and 
national levels that support the development of renewables. 
Difficulties with linking electricity or heat from renewables into the 
existing electricity and heat networks. 

Administrative Lack of practical support at regional and local level to stimulate 
development of renewable energy projects. 

Technological 

 

Technological obstacles related to research, development, and 
demonstration, access to the public grid. 

Information, education, 

and training 

Lack of awareness of the potential and possibilities for renewables. 

Political Lack of political motivation to support the market initiatives needed 
for the development of renewables. 

Source: European Environment Agency, Renewable Energies: Success Stories, 2000. 
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• Cost Competitiveness of Renewable Energies 

 
Energy produced from RET competes against energy from conventional sources at a 
disadvantage in many cases:  
 
� Many fossil and nuclear plants were built with significant subsidies;  
 
� Renewable energy projects are generally of smaller scale than conventional energy 

projects and consequently cannot benefit from economy of scale to the same effect;  
 
� Renewables replace operation costs by up-front costs. The costs of money are therefore a 

major obstacle. Long-term stable income schemes are more important than with 
competing traditional energy technologies;  

 
� Even if under economic principles RETs are cost-competitive, the market’s perception of 

their costs sometimes impedes an uptake;  
 
� Uniform electricity tariffs apply throughout the region or country, while real delivery 

costs in some remote areas, such as islands and mountainous regions, can be much higher 
than the average. The effective cross-subsidy favours central over decentralised energy 
supply; 

 
� High costs for RET associated with planning applications, arranging finance and applying 

for premium buyback tariffs that do not exist with conventional technologies. 
 
Economic barriers, particularly the price of electricity generated by RE technologies vary 
significantly.  
 

• Financial Barriers 

 
Financial barriers to the use of RET are of great importance. A large part of the cost is 
associated with the risk, actual and perceived. The risks that apply most universally across 
Europe are: 
 
� Buying power; 
  
� Political commitment and subsidies;  
 
� Plant life and reliability; 
 
� Uncertainties in the resource (unknown meteorological or hydrological data; 

unforeseeable changes and fluctuations, unproven wood supply). 
 
Financial risk: Most decision-makers consider that the greatest risk is the uncertainty of future 
energy policies. The risk that taxes and fees and subsidies will change before the investment 
has been paid off keeps them from investing unless the pay-off time is very short. The most 
common issue across the EU is uncertainty in the power purchase price for electricity 
generated by RET. 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 83

Likewise, manufacturers of subsidised RET, e.g. solar collectors, are hesitant to invest into 
larger, more productive production facilities, as the future sales of the technology will largely 
depend on the existence of a subsidy. State guarantees on long-term policies would give the 
investors a chance to survey the taxes and fees and subsidies at least for the expected pay-off 
time, and would facilitate investments in renewable energy systems.  
 
Also, most financiers lack familiarity with RE technologies, and therefore consider them to be 
‘high risk’ per se. A successful economic track record will be required if finance is to be 
raised in conventional money markets. There is a role for project demonstrations and 
information dissemination to provide financiers with sufficient confidence to invest. In 
general, the access to finance for renewable energy installations is comparable to fossil 
applications. However, where a plant type is new and not widely demonstrated, financiers see 
it as risky which results in high borrowing costs. 
 
Size of the investment: The costs of RE systems are typically too small to attract the interest 
of the major financing institutions, and yet too large for individual smaller investors to 
finance on their own. As a result, unless there is a certain ‘critical mass’ as in large-sized 
wind parks, finance for RE projects tends to be difficult to obtain and relatively costly.  
 

• Fiscal Obstacles 

 
Insufficient and incoherent subsidies and tax incentives: Some Member States have started to 
address these issues by grants for RETs (for research as well as for installations), carbon or 
energy taxes, and tax exemptions or tax incentives (such as accelerated depreciation). 
Incentives are much greater in some countries than in others, yet are insufficient in the 
majority of Member States. Subsidy policies are also often incoherent. For some technologies 
the market is even influenced negatively by shortsighted investment subsidies either in the 
form of market subsidies or support for demonstration. Finally, incentives are not co-
ordinated between countries and experience with problems and advantages are not readily 
transferred between countries. 
 

• Regulatory and Legislative Barriers 

 
For small independent power producers, it is essential that there are agreements that permit 
access to the public electricity grid to distribute their electricity. The costs and logistics of 
connecting to the grid can be significant for small energy schemes, and the imperfections 
associated with grid connection arrangements have not yet been removed in some Member 
States. 
 
Another important aspect for renewable power producers is the availability of a market for 
their power, usually achieved by connection and transmission via the main grid. Due to the 
generation characteristics of renewable energies and their often higher generation costs 
compared with other forms of energy, the absence of a guaranteed market for renewable 
power seriously jeopardises their financial viability. For example feed-in regulations – with a 
fixed feed-in price or a fixed percentage of the retail price coupled with a purchase obligation 
by the utility – and renewable standard portfolio – an arrangement requiring utilities to have a 
minimum percentage of RET within their power mix – are suitable instruments to overcome 
regulatory and legislative barriers.  
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• Administrative Barriers 

 
Achieving planning permission can be one of the biggest barriers to implementation of RE 
projects (especially wind projects), but larger biomass and many hydro75 installations also 
encounter problems related to their construction. 
 
Administrative procedures and project authorisation: At present, RET deployment is subject 
to government regulations and administrative procedures, which vary between Member 
States. The regulations cover economic, technical and procedural issues. Economic issues 
mainly concern who is permitted to generate electricity, along with conditions and tariffs for 
electricity sale. Technical issues mainly concern grid connection specifications. Procedural 
issues include licensing of natural resource use (e.g. water), planning permission, construction 
authorisation and plant commissioning and operation. 
 
Lack of familiarity with renewables amongst the personnel in local, regional and national 
authorities as well as in utilities often leads to problems in the interpretation of administrative 
procedures, and hence to long delays in the official authorisation of projects. This type of 
problem can be reduced by involving such authorities in demonstration projects, and by 
developing EU-wide guidelines, standards and codes which present Best Practice approaches 
in terms which can be readily understood by the relevant authorities.  
 

• Technological Barriers 

 
Technological Development: Various RETs show different stages of maturity. Some have 
completely entered the market and show little potential for cost reduction (e.g. small 
hydropower) while other technologies are expected to leap ahead once research has promoted 
them further. While a certain degree of competition amongst research facilities is considered 
‘healthy’, Europe must consider bundling its research and development activities to 
successfully compete with other countries. 
 
Electricity supply infrastructure: In most countries the electricity grids are designed primarily 
to connect the existing large centralised power stations to the main load centres, and 
investments may be needed to connect a new RE plant to the grid, particularly if located in 
areas which are remote from existing power stations or load centres.   
 
Remoteness from areas of high-energy demand: Despite their widespread nature, renewable 
energy resources are usually geographically dispersed and are often most abundant in areas 
which are remote from high energy demands. Furthermore, many are intermittent and cannot, 
therefore, offer firm energy supplies without some form of storage (e.g. batteries) or 
alternative backup. The section on technological barriers in Chapter 5 discusses these issues 
from a technical point of view. 
 

• Information, Education, and Training 

 
Attitude of the general public: The development of RE is closely linked to its level of 
acceptance by the people who will benefit from it and who will see the new renewable energy 
projects built in their area. Whilst renewable energy undeniably has significant environmental 

                                                 
75 ESHA, Blue Energy for a Green Europe, Str ategic study for the development of Small Hydro Power in the 
European Union, Brussels, 2001. 
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benefits at global level, its deployment can have a local impact and projects do not always 
enjoy universal local support. For those RE technologies which can have a significant impact 
at local level, retaining local public support will be crucial to achieving major deployment 
growth in the future. Global benefits which result from using RES may have little significance 
for local decision-makers, for example, planning authorities. Power generation is seen as a 
national concern, and only becomes a local community issue when local developers make a 
project proposal. Perceived and actual impacts such as local health, increased transport, visual 
appearance etc. must be mitigated in ways which differ little from any other major 
development. 
 
Lack of experience of key decision-makers: Key decision-makers in all sectors of the market 
are still relatively unfamiliar with the potential offered by RETs. This slows down RET 
development and adds a premium to the cost of deployment. Those who lack the necessary 
familiarity include project developers, potential investors, lenders, local land use planners and 
also the general public.  
 
Confidence and attitudes of electricity supply industry: the electricity supply industry is often 
hesitant to invest in RET or connect them to its system, because it is not familiar with their 
uses, sees them as being too small and unreliable and fears that they will be more difficult to 
control.  
 
Weak RE industry lobby: The renewable energy industry has developed substantially in 
recent years but is still small in comparison with the established conventional energy 
industries, and actions between the relevant RE sectors are often poorly co-ordinated. As a 
result, the RE industry has only a limited influence over key decision and policy makers.  
 

• Specific Aspects in the Candidate Countries 

 
The accession of the Central and Eastern European countries into the EU will pose a new 
challenge for these countries as the share of the RES sector in these countries is still very low. 
Thus, it can pose a problem for the EU targets of increasing the RES share by 2010 up to 12 
per cent, as the targets are required for the EU-15. 
 
The promotion of RES is related to the general investment climate in each candidate country. 
The specificity of the candidate countries creates an important number of legal and financial 
barriers for RES promotion. The low share of RES can also be explained by the difficulties of 
financing new projects under current financial and legal conditions. Certain obstacles that can 
be noted are: the lack of qualifications and management capacities and the lack of available 
information making barriers for investors76.  
 
The Polish National Strategy points out the main barriers which are of a social and political 
nature: 
 
� The lack of regulations clearly defining a programme and policy concerning the utilisation 

of renewable energy sources; 
 
� Insufficient economic mechanisms in the state budget, including tax mechanisms in 

particular; 

                                                 
76 New Energy, magazine for renewable energies, No. 5, 2001, pp. 16-17. 
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� The lack of easy access to information on the distribution of the usable energy potential of 
individual renewable energy sources; 

 
� The lack of easy access to information on procedures concerning the preparation and 

execution of investments in renewable energy sources and standard costs of an investment 
cycle on the one hand, the lack of information on economic, social and environmental 
benefits relating to the utilisation of renewable energy sources on the other; 

 
� The lack of tax preferences for import/export of equipment and components for the 

systems utilising renewable energy sources. 
 
Alongside the obstacles mentioned, the accession countries have energy prices which are too 
low – that is a major barrier to energy investments in general and RES promotion in 
particular. For instance, in the Czech Republic the energy prices are regulated at 3 € per kWh, 
which remains unprofitable for wind energy projects. By contrast, Hungary is far ahead in the 
energy pricing policy, where the going rate is 7 € per kWh. However, wind energy 
investments are progressing slowly, as state funding and private investments remain almost an 
exception.  
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6.2. Barriers to the Development of Specific RET 

 
Table 5.2 shows that barriers vary widely from country to country. In some Member States an 
individual barrier for a certain technology may have been completely removed.  
 

Table 5.2: Barriers to Specific Renewable Energy Technologies 

 
RE technology 

 

Specific barrier 

1. Small 

hydropower 
• Resource risk (prolonged droughts or flood occurrence) 
• Lack of knowledge among the financial community 
• Short pay-back periods imposed on operator 
• Complex and lengthy administrative procedures 
• Too many poorly interacting administrative bodies 
• National or local requirement for environmental impact assessment 
• No universal standards on minimum flow 

2. Wind energy • Insufficient information and data resources in countries with low 
deployment rates 

• Limited (long-time) experience with larger machines (> 1MW) 
• Access to/limits of the electricity transmission and distribution system 

(power quality, capacity, variable input) 
• Unclear cost allocation for infrastructure upgrades 
• Public concern about the visual impact 

3. Photovoltaics • High investment and production costs 
• Competitive prices unlikely to be achieved in the next 10 years (for grid-

connected systems) 
• Perception as a new and inherently risky technology 
• System standardisation for all the main components 
• Certification of designers and installers 
• Inappropriate large-scale regulations regarding grid connection apply to 

small-scale PV 
• Architects currently not motivated as PV is not included in building 

codes 
4. Solar thermal 

electricity 
• Technological development at an early stage 
• Consequently high costs yielding the technology non-competitive 
• No series production as yet; no standard integration with conventional 

power generation 
• Lack of sufficient solar radiation in most parts of Europe  

5. Low-

temperature 

solar thermal 

• Lack of information dissemination and/or awareness in some countries; 
lack of PR campaigns 

• Low reputation of the technology/quality of craftsmanship 
• High marketing costs due to small size of the market 
• Large number of small manufacturers that do not have the means to 

invest into more rational large-scale manufacturing capacities 
• Risk of low performance, mostly due to bad planning or poor installation 
• High installation costs, no ‘plug-and-play’ designs 
• Lack of architectural integration 
• Manufacturers’ reluctance to use new, less expensive materials 
• Lack of standard ‘off-the-shelf’ solutions 
• Shortage of skilled/trained plumbers, lack of division of labour between 

manufacturers and installers 



Production Capacity of Renewable Energies in the European Union 

PE 330.759 88

6. Biogas 

production, 

biogas 

electricity, 

biogas heat 

• Unreliable performance (perceived or real) => Lack of operational 
guarantees from the manufacturer 

• Lack of track records of long-term demonstrated reliability  
• Lack of ‘success stories’ 
• Uncertainty of the market for digestate 
• Insecurity of fuel supply (e.g. pellets, wood chips) and fuel prices 
• Lack of information on definite economic and environmental advantages 
• High investment costs 
• Non-standardised equipment 
• Location of the producer of digestate (farms) far from the potential 

consumers of heat 
• Local public concern regarding smell and noise  
• Legislation regarding the disposal of agricultural wastes, waste disposal, 

and landfill practices not tight enough 
7. Biofuel 

production 
• Uncertainty surrounding feedstock availability 
• Unsuitable mechanisms to promote non-food crop production 
• Uncertainty regarding the biofuel performance/reluctance to accept test 
results from other European countries 

• Missing standard methodology for testing procedures 
• Lack of co-ordinated information exchange 
• Unavailability of promotional instruments to counter adverse publicity 
• Limit of oilseed production due to international trade restrictions; 

competition from the US 
• Higher taxation for non-food market feedstock than for food-market ones 
• Lack of common European standards/lack of approval from car 
manufacturers 

• Uncertainty about the price development of competing fossil fuels 
8. Geothermal 

energy 
• Lack of dissemination of information in the EU 
• Lack of information oriented towards potential users 
• Missing political support (apart from France and the UK) 
• High risks due to geological uncertainties 
• Missing risk insurance at the drilling stage and/or reservoir assessment 

stage 
• Lack of suitable models for financing new schemes 

9. Wave energy • Early stage of technical development 
• Unproven track report => high (perceived) risk 
• Early stage of commercialisation => high development costs 
• Only a few SMEs directly involved 
• Extensive and expensive consultation process for near-shore deployment 
• Access to the grid and grid connection costs 
• Legal and statutory requirements not streamlined 

10. Tidal energy • Project authorisation, environmental regulations 
• Size of the civil engineering projects 
• Risks of changing waters 
• Need for infrastructure (grid) development 
• Opposition of environmental groups 
• Currently not cost competitive 

Source: MVV questionnaires completed by EU or Member States key RES professional associations and other 
key stakeholders. 
 
The importance of a certain barrier for the deployment of each RET is indicated in table 5.3 
(����� for the most important, � for the least relevant barrier). 
 
It can be seen that economic barriers, administrative issues and legal impediments are the 
most pressing problems for most RET. 
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Table 5.3: Evaluation of RES Market Entry Barriers 
 

RES Economic Administra-

tive issues 

(e.g. water, 

land use 

rights) 

Legal issues, 

taxation 

policy, etc. 

Technical, 

including 

reliability 

Access to the 

grid 

Public 

awareness, 

informa-

tion 

Lack of 

RTD 

subsidies 

Hydropower �� ���� ���� �� ��� ��� �

Wind power �� ���� ��� ��� ���� �� ��

Photovoltaics ����� �� ��� ���� ���� �� ����

Solar thermal  ��� �� �� �� �� ��� �

Biogas ��� ���� ��� ��� �� �� ���

Biomass ��� ��� ��� ��� �� ��� ���

Biofuel ��� ��� ��� ��� ��� ���

Wave and tidal energy ���� ��� ���� ���� ��� ��� ����

Geothermal energy ��� ��� ��� ��� �� �� ���

 Source: Unweighted average o f MVV questionnaires returned by Climate Network Europe, European 
Environment Bureau, Eurosolar, EUFORES, Friends of the Earth, ISES International, L-B Systemtechnik 
GmbH. 
 

6.3.  Impact of and Limits to Renewable Electricity to Be Fed into the Public Grid 

 
An issue frequently raised when talking about grid-connected renewable energy is that of the 
strain put on the grid and the limitations that result from this. So far, power plants and the 
electricity grid have been designed to meet the consumer’s demand. Power from renewable 
energy sources, however, can vary in output. Meteorological, hydrological, or geological 
factors can cause significant hourly, daily, and seasonal fluctuations in power supply. Some of 
these fluctuations are predictable, and therefore easier to handle, while others are of statistical 
nature and as hard to foresee as a change in the weather. As these fluctuations do not always 
coincide with the demand, the difference in supply and demand curves will need to be 
covered either by storage facilities or by additional peak capacity, generally gas turbines and 
large-scale hydro dams.  
 
The amount of variable output to a network is referred to as the penetration. Here again, there 
is no consensus view on the maximum penetration of variable output (e.g. from distributed 
wind farms) a large or small network can sustain without compromising power quality. Many 
people would support a figure of 10 per cent for the capacity coming from wind, and some 
people believe that up to 20 per cent is possible. 
 
 

• Need for New Peak Capacities 

 
The question arising from this is whether these fluctuations will even out and to what extent 
renewable power will need to be complimented by conventional peak power plants to avoid 
frequency fluctuations or even power outages. 
 
Low-head hydropower plants, geothermal and biomass driven power plants have a rather 
steady output and can be integrated into the electric grid like conventional power plants. New 
challenges will come, though, from an increased share of wind power and photovoltaics. 
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Minute changes of PV devices are not correlated and even each other out if the plants are 
located more than a couple of km apart77. Likewise, a large-area network of wind generators 
fluctuates on an hourly basis at the most, as short-term wind fluctuations do not coincide at all 
locations.  
 
However, an extensive use of fluctuating renewable power sources must be complimented by 
reasonably fast reacting conventional power plants. These peak capacities can be gas turbines, 
hydropower plants with water storage facilities, but also fuel cells or diesel units. On top of 
this, a large number of small and decentralised generators will shift generation capacities from 
the high-voltage lines to the medium-voltage level. Fleischer claims that this will not allow a 
reduction in the capacity of the transmission lines. Instead, increased power supply in the rear 
ends of the electric grid might even require the extension or reinforcement of the distribution 
grid locally, a situation that already exists in parts of Denmark and Germany. 
 
On a large scale, i.e. in the area of the European Union, fluctuations in various parts will have 
an evening-out effect. A number of energy supply scenarios are based on an import of 
renewables from adjacent areas, e.g. solar or wind energy from Northern Africa, or 
hydropower from Norway. European wind turbines, for example, show the best performance 
during the winter season78, while wind fluctuations in other areas, such as Northern Africa 
anti-correlate with these seasonal fluctuations79. Utilising these resources will, however, 
require significant power transport capacities, e.g. by high-voltage DC transmission, a 
recently developed technology. 
 
Fleischer states the following effects of a drastically increased RES share in the electricity 
portfolio: 
 
� The share of non-, or poorly controllable power sources will increase, resulting in 

decreased supply reliability. Fluctuating renewables may allow a substitution of the 
energy generated by but not the capacity of conventional power plants. Recent research 
undertaken by utility companies has revealed that the ‘capacity availability’ of existing 
wind parks is only 10 per cent (inland) to 15 per cent (offshore) of the capacity 
availability of conventional power plants; 

 
� Replacing large conventional units by significantly smaller and decentralised renewables 

will alter the geographical distribution of power sources, which might result in a higher 
reliability in power supply;  

 
� Substituting fossil-fuelled power plants by RES, generally of a significantly smaller size, 

will shift the installed capacity from high voltage to medium or even low voltage. Though 
a greater portion of the power will never enter the high-voltage level, but will be 
consumed close to the source, the capacity of the transmission lines cannot be reduced; 

 
� Geographical inhomogeneous distribution in primary energy; e.g. particularly high wind 

resources in coastal areas might require reinforcing the distribution grids locally which 
will result in additional costs; 

                                                 
77 Fleischer, Technische Herausforderungen durch neue Strukturen in der Elektriziätsversorgung, TA-
Datenbank-Nachrichten, Nr. 3, Sept 2001, page 55 – 60. 

78 Hoppe-Kilper, Nachhaltige Nutzung der Windenergie, TA-Datenbank-Nachrichten, Nr. 3, Sept 2001, page 22 
– 27. 

79 Czisch et al., Windenergie gestern, heute und morgen, Husum Wind, Husum 1999. 
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� Reactive power in electricity grids will increase as RES units often cannot compensate for 

this as well as conventional and large-scale power plants can. 
 

• Load Management 

 
In addition to supply management, demand-side measures were also discussed. While load 
shedding is a common practice with industrial clients, the public and residential sectors have 
not yet seen this type of concept. A short-term disconnection of cooling devices, AC units or 
water boilers would reduce the load considerably and allow a more efficient power supply. 
Load management is expected to come into place once new metering and communication 
technologies have entered households and will be complimented by more differentiated 
tariffs. At the current level of RES dissemination there is certainly no need for additional peak 
capacity80. 
 

• Current Storage Capacities and Technologies 

 
Another approach to matching fluctuating supply and demand is storage. Technically, 
electricity storage is a difficult task that, so far, has been mastered for small appliances or 
small stand-alone systems only. Large-scale storage technology is managed by converting to 
chemical storage, e.g. storing hydrogen and oxygen by electrolysis of water, or by storing 
energy in large water reservoirs. Both technologies are mature. Gas storage (H2, CH4 etc.) in 
pressurised tanks or in more sophisticated storage systems that make the use of the crystalline 
structure of carbon and/or metals has become a hot topic in research (‘nanotubes’) but has not 
come of age yet. It is expected that these technologies will mature along with the development 
of fuel cells. 
 
Currently, the share of electricity generated from renewable energy sources makes storage 
unnecessary. Though regional differences need to be taken into account, the vast electricity 
grid existing throughout Europe eliminates the need for storage. Even transport issues, e.g. of 
electricity produced in solar thermal power plants in North Africa, often favour transmission 
lines over transport of hydrogen tanks.  
 
In-depth research on the topic has been undertaken by the German Fraunhofer-Institut for 
Solar Energy Systems and Deutsche Zentrum für Luft- und Raumfahrt. Assuming that RES 
constitute 60 per cent of power generation capacities in 2050, while cogeneration plants make 
up another 25 per cent, the study sees no need for extensive, expensive storage units, as long 
as the remaining fossil fuelled power plants are easily controllable and demand peaks are kept 
low with intelligent load management81. 
 

                                                 
80 Seifried, Das Solarbuch, Staufen, Germany, 2000. 
81 Langniß et al., Strategien für eine nachhaltige Energieversorgung – Ein solares Langfristszenario für 
Deutschland, Freiburg/Stuttgart 1997, page 37. 
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7. POLICY MEASURES AND OPTIONS TO PROMOTE RENEWABLE 

ENERGY DEVELOPMENT 

 
The present chapter is all about discussing and choosing appropriate policy measures to 
overcome barriers to the widespread use of renewable energy sources. Some experience with 
certain promotional policies and their effects are dealt with in detail in as much as this is possible 
within the frame of this study.  
 
Current promotional policy practices are very diverse and in fact heterogeneous. Policy options 
and instruments can be distinguished or classified according to a number of criteria such as the 
following: 
 

� Market conformity i.e. whether the free market pricing mechanism is still at work. 
Sometimes, these measures and options are called direct and indirect support 
mechanisms; 

 
� Whether measures taken are regulatory action or voluntary responses of the industry to 

public pressure or new market opportunities; 
 

� Whether financial support and control mechanisms are capacity or price driven; 
 

� Whether instruments are financial, fiscal, institutional, legal, regulatory, 
educational/information, etc. by nature; 

 
� Whether instruments impact the pre-market phase, market penetration, market diffusion 

and maturity phase, according to the renewable energy technology cycle. 
 
Needless to say, in a market economy the focus of any policy measure in the field of renewables, 
which aspires to be successful and efficient, is on gaining relative competitiveness vis-à-vis 
established fossil fuels and nuclear energy. Consequently, any policy measure to boost 
renewables will have to begin in a market in which renewables are to evolve. At the heart of the 
action are energy prices, market structures and a legal and administrative framework.  
 
The following will deal with market mechanisms and policy responses, financial support 
mechanisms, legal and administrative policies, research and development, information/education, 
and harmonising adjacent policies (integration of policy areas). Another specific policy measure 
to achieve the White Paper targets of 2010 is a reduction in energy consumption.  
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7.1. Policy Measures Targeting Essential Market Deficiencies and Failures 

 
• Existence of Externalities  

 
It is commonly recognised that energy production and consumption produces so-called 
externalities, which might be either positive (benefits) or negative (costs). External costs are 
those cost that are not factored into energy market prices and thus have to be borne by the general 
public. Most relevant externalities stem from environmental damage and climate change, risks of 
nuclear energy and the unsustainable use of exhaustible fossil fuels. 
 
It is a fact that the negative externalities outweigh the positive ones. External costs for 
renewables (with the exception of large-scale hydropower) are marginal and in most cases 
negligible compared with those for conventional energy including fossil fuels and nuclear energy.  
 
Since externalities do exist, energy markets permanently suffer from price distortions giving 
fossil fuels and nuclear energy a relative competitive edge over virtually all RES. There are 
differing opinions as to what extent these disadvantages are in real economic terms. However, 
most research concludes that these drawbacks are considerable and, if non-existent, would have 
led automatically to a greater market share of renewables in energy supply patterns. According to 
a recently published report, the European Environmental Agency82 estimates the external costs of 
electricity production at 1 to 2 per cent of GDP.  
 
The European policy maker acknowledges the existence of external costs. European competition 
authorities take them into account when judging acceptability and market compliance of national 
subsidies schemes for renewable energy sources83. However, this approach is neither a substitute 
to internalisation nor is it a quasi-internalisation of externalities as public funding schemes are 
sharply limited and cannot make up for the lack of private investments into renewables as a result 
of weak pricing signals84. 
 
As of today, externalities have not yet been duly taken into consideration in energy pricing 
structures. Previous discussions on the introduction of specific energy or CO2 - taxes have de 
facto failed because of tough opposition backed by competitiveness, employment and 
globalisation considerations.  
 
Though earlier attempts at internalisation have so far been unsuccessful the issue of externalities 
is not off the agenda for the policy maker. The introduction of an energy or carbon tax or other 
alternatives are strongly required should policy makers be serious about renewables as a long-
lasting option for Europe’s energy supply. The proposed EU-wide emission trading scheme to 

                                                 
82 European Environmental Agency (EEA), 2002 at http://reports.eea.eu.int. 
83 Community guidelines on State aid for environmental protection (2001/C 37/03), OJ dated 3.2.2001, In cases when 
operating aid to renewable energy producers is calculated on the basis of external costs the latter must not exceed € 
0.05 per kWh.   

84 The guidelines for state aid call it a temporary second-best solution compared to the internalisation of external 
costs, as it nevertheless encourages firms to adapt to standards (cf. Community guidelines on State aid for 
environmental protection (2001/C 37/03), OJ dated 3.2.2001). 
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come on stream by 2005 is also a way by which part of the externalities would be priced. Any 
effort must be taken to move forward with the flexible mechanism provided for by the Kyoto 
Protocol.  
 
• Prevalence of Short-term Interest over Long-term Necessities 

 
There is sufficient market evidence supporting the contention according to which market players 
tend to favour short-term profitability before long-term sustainability. Under the conditions of 
liberal markets the achievement of long-term objectives are hindered as a consequence of 
perceived inherent capital investment risks leading to constraints in planning and decision-
making horizons at corporate level. This very much affects basic and fundamental RTD of 
entirely new RET and applications which require significant investments over long periods of 
time and are risky because of the non-predictability of results. The level of research commitment 
of the industry and willingness to invest in innovations become more apparent and adequate the 
closer technologies are to market competitiveness.   
 
Hence it is the present and future task of the public sector to fill this gap. Strong RTD 
programmes are a prerequisite of achieving very long-term development targets for renewables, 
notably as regards the future availability of technically viable and cost-competitive technologies. 
In many cases technical viability and competitive costs of new technologies are built in or at least 
predetermined by technological progress.  
 
Although precise results will never be predictable there is a causal long-term link between the 
level of funding for RTD and ultimate market success of renewables. However, as the European 
Environmental Agency85 recently concluded, spending on energy research fell by 30 per cent 
between 1990 and 1998, despite the fact that innovation is key to the development of cleaner 
technologies.  
 
The most important elements of an adequate and efficient renewable energy RTD policy can be 
summarised as follows: 
 
- Clearly defining the actual RTD priorities in the short- and long-term future. The Sixth 

Framework Programme for RTD made considerable headway by concentrating on a limited 
number of research topics, which, however, in the opinion of the consultant, do not entirely 
adequately anticipate all main concerns for the future, particularly the short- to medium-term 
perspective; 
 

- Determining the necessary level of funding in absolute and relative terms. The Sixth 
Framework Programme for RTD arrived on the right track to fill in existing gaps at Member 
State levels. However, considerably higher combined EU and Member States budgets are 
required in the future. This idea is strongly supported by most of the European professional 
renewable energy associations e.g. EPIA demanding larger RTD budgets for PV systems; 

                                                 
85 European Environmental Agency (EEA), 2002,  http://reports.eea.eu.int/. 
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- Reducing the transaction cost by scaling down red tape; 
 

- Involving industry in basic RTD as soon as possible and ensuring efficient mechanisms to 
transfer research and development findings into marketable technologies; 

 
 
Table 6.1: Selected Research Priorities for the 6

th
 RTD Framework Programme in the 

Field of Sustainable Development, Global Change and Ecosystems 
86
 

 
 

(i) Research activities having an impact in the short and medium term 

 

- Clean energy, in particular renewable energy sources and their integration in the energy system, including storage, 

distribution and use: research will focus on increased cost effectiveness, performance and reliability of the main new and 

renewable energy sources; integration of renewable energy and effective combination of decentralised sources, with cleaner 

conventional large-scale generation; validation of new concepts for energy storage, distribution and use. 

 

- Energy savings and energy efficiency, including those to be achieved through the use of renewable raw materials: research 

will focus on improving savings and efficiency mainly in the urban context, in particular in buildings, through the optimisation 

and validation of new concepts and technologies, including combined heat and power and district heating/cooling systems; 

opportunities offered by on-site production and use of renewable energy to improve energy efficiency in buildings. 

 

- Alternative motor fuels: research will focus on the integration of alternative motor fuels into the transport system, 

particularly into clean urban transport; the cost-effective and safe production, storage, and distribution (including fuelling 

infrastructure) of alternative motor fuels; the optimal utilisation of alternative fuels in new concepts of energy efficient 

vehicles; strategies and tools to manage the market transformation process for alternative motor fuels.  

 

(ii) Research activities having an impact in the medium and longer term 

 

- Fuel cells, including their applications: research will focus on cost reductions in fuel cell production and in applications for 

buildings, transport and decentralised electricity production; advanced materials related to low and high temperature fuel 

cells for the above applications. 

 

- New technologies for energy carriers/transport and storage, in particular hydrogen: research will focus on clean cost-

effective production of hydrogen; hydrogen infrastructure including transport, distribution, storage and utilisation; for 

electricity the focus will be on new concepts, for analysing, planning, control and supervision of electricity supply and 

distribution and on enabling technologies, for storage, interactive transmission and distribution networks. 

 

- New and advanced concepts in renewable energy technologies: research will focus on: for PV, the whole production chain 

from basic material to the PV system, as well as on the integration of PV in habitats and large-scale MW-size PV systems for 

production of electricity; for biomass, barriers in the biomass supply-use chain the following areas will be addressed: 

production, combustion technologies, gasification technologies for electricity and H2/syngas production and biofuels for 

transport; for other areas, the effort will be focused on integrating specific aspects of RTD activities which require long-term 

research at European level. 

 

- Capture and sequestration of CO2 associated with cleaner fossil fuel plants: research will focus on developing holistic 

approaches to near zero emission fossil fuel based energy conversion systems, low cost CO2 separation systems, both pre-

combustion and post-combustion as well as oxyfuel and novel concepts: development of safe, cost efficient and 

environmentally compatible CO2 disposal options, in particular geological storage, and exploratory actions for assessing the 

potential for chemical storage.  

 
- Gradually smoothing out public RTD support as technologies move towards market 

competitiveness. The closer technologies are to the market, the more willing is the private 
sector to move RTD further to market introduction. The major reason is that by offering 
genuine product novelties, first movers may reap above-industry average high returns over a 
certain time while the product/technology matures. However, because of homogenous 
products these features are less pronounced in the energy sector but still they exist. 

                                                 
86 Amended proposal for Council Decision concerning the specific programmes implementing the Sixth Framework 
Programme of the European Community for research, technological development and demonstration activities 
(2002 - 2006), OJ dated 30.1.2002. 
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• Insufficient Economies of Scale 

 
The market penetration rate can be defined as a function of decreasing per unit costs. The 
reduction of per unit costs itself depends on technological progress achieved through RTD on the 
one hand and economies of scale on the other. Substantial economies of scale in production can, 
however, be reached only if market demand is adequate to support certain output levels. In the 
absence of niche markets in which new RET are already cost-competitive there might be a 
vicious circle preventing further economies of scale from being made. Subsequently, external 
market demand stimulation is required to allow for economically viable ‘testing grounds’ by 
means of which per unit costs can be gradually pushed down so that new technologies eventually 
become sustainable in the market.  
 
Therefore, it might be politically appropriate to send stronger economic signals to potential 
investors notwithstanding continuing high per unit costs and lack of economies of scale. Market 
support measures are aimed at controlling energy supply and consumption structures by 
providing specific financial support to renewables. Such support can be either direct or indirect.  
 
Direct measures are basically government regulations and other interventions focusing on 
alterations in the market mechanisms. There are price-driven and capacity-driven regulations. 
Price-driven interventions rely mainly on fixed feed-in tariffs, whereas capacity driven 
instruments comprise quotas, bidding procedures and certificates.  
 
Indirect policy options to support the market development of renewables are fiscal instruments 
such as taxes, duties and subsidies including tax credits or holidays. In general indirect financial 
support measures do not interfere directly into the functioning of the market pricing mechanism 
insofar as prices do not cease to react to changes on the demand and supply side.  
 
Besides regulatory mechanisms there are also voluntary financial support mechanisms such as 
shareholder or contribution programmes, green tariffs and green suppliers. 
 
Table 6.2: Financial Support Schemes of Renewables in the EU Member States 

 
Investment subsidy AT, FI*, FR*, DE*, GR*, IR*, NL*, 

SW* 

Guaranteed price AT*, BE, DK, FR, DE*, GR*, IT, LX, 

PT, SP, SW 

Obligations to supply specified amount of 

renewables/tender for fixed quantities  

AT, FR, IR*, UK* 

Green certificates market BE*, DK*, NL* 

Green labelling and promotion to consumers FI*, DE, NL, SW, UK 

Active taxation policy of non-renewables BE, DK, FI, GR, IR, IT, NL, SP, UK 

Source: Notification of the European Commission by Member States. Taken from the First Benchmarking Report of 
the European Commission on implementing the internal energy market, 2002.  
* Indicates the most important policy in the Member State concerned. 
 
Most of the financial instruments have been applied and tested in at least one of the Member 
States (cf. table 6.2.). Sufficient experience thus exists and can be built on.  
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When deciding on the strategy to be used a number of criteria against which the effectiveness of 
proposed financial support instruments is measured, need to be taken into account:  
 
- Political practicability of instruments; 

 
- Efficiency of instrument in terms of achieved market penetration rate within a given time; 
 
- Equality and fairness of shouldering costs; 
 
- Cost-effectiveness of instruments in terms of rational allocation of resources; 
 
- Transaction costs of instruments.  
 
 

Indirect control and financial support instruments 
 
The introduction of specific carbon or energy taxes has been discussed at EU level for more than 
a decade. Several Member States have implemented carbon or energy taxes.  
 
Tax exemptions or refunding the tax for RES can make a significant difference to RES viability. 
Still, there is political opposition to the carbon or energy taxes in many Member States and it is 
unlikely that a consensus on an EU-level tax will be achieved in the short term. Countries with a 
high percentage of nuclear power, such as France, oppose an energy tax, while countries with a 
high share of fossil energy in their portfolio (particularly high-carbon fuels such as hard coal and 
lignite), such as Germany, have previously opposed a carbon tax and will probably continue to do 
so. 
 
Indirect support mechanisms are suited best where taxes are already in place, for example, in the 
transport sector. In fact, in November 2001 the European Commission released proposals for two 
Directives to promote biofuels and to harmonise a tax reduction for biofuels. The draft provides 
Member States with a reduced excise rate up to 2010, but not less than 50 per cent of the rate 
applied for normal motor fuel. A total exemption may be applied up to the end of 2003.  
 
The fiscal framework for energy varies from Member State to Member State. The similarities are 
that the level of taxation varies not only according to the product but also according to final use. 
Besides the product/end-use differentiation, Member States use widely diverging methods for the 
definition of the tax rate and for allowing exemptions and tax refunds.  
 
The European Union plans to unify the taxation system for energy products and electricity. Since 
its submission in 1997, the proposal for a Directive restructuring the Community framework for 
the taxation of energy products has been intensively discussed in the Council of Ministers, in the 
Committee of Member States’ Permanent Representatives (Coreper) and in the Working Party on 
Tax Questions (Energy Taxation).  
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The Barcelona Summit in March 2002 set the objective to adopt the Energy Tax Directive by 
December 2002. To this end the Council of Ministers proposed guidelines87 on the taxation of 
energy.  
 
According to these guidelines crystallising the compromise lines of approach virtually no 
progress has been achieved over the last five years of discussion. As they stand now these 
guidelines leave the door open for Member States for numerous exemptions, refunds and tax 
reductions, the effects of which, being transferred into legal provisions of a Directive, are 
unlikely to consistently and forcefully support renewable energy development. Even given the 
possibility of exempting or reducing in whole or in part electricity from renewables sources from 
taxation (provision 3.8.2. of the guidelines) this may remain entirely ineffective as other energy 
may qualify for a zero rate (e.g. coal in electricity generation), tax exemption or reduction.  
 
Although in theory energy fiscalities are an ideal instrument to provide transparent and strong 
market-conform incentives to the market players as to whether to invest into one or another form 
of energy, it is frequently the lack of political practicability that reduces energy taxes and duties 
to just a revenue source of public budgets. 
 
More successful in terms of promoting renewable energy have so far been investments or 
production based subsidies, which either reduce capital investment costs for creating renewable 
energy production capacity or operating costs of installations. Most renewable energy sources 
have a cost structure dominated by capital costs. In these cases investment subsidies and 
accelerated depreciation are appropriate.  
 
The earliest support measures implemented in the EU were rather successful in stimulating 
deployment (e.g. in Austria and Denmark). All investment support schemes have the 
disadvantage that no sufficient incentive can be set to guarantee that the plant remains in 
operation over the entire lifetime. Investment subsidies do, however, make sense where the 
output of the plant is not measured, e.g. solar collectors, wood-pellet fired stoves, or non-
commercial PV systems, in general small-scale projects and/or heat generating technologies. A 
typical example for an investment subsidy is Germany’s ‘100,000 roof programme’. 
 
Though state subsidies are prohibited in principle for reasons of fair competition, the EC 
established Community guidelines on state aid for environmental protection88 allowing both 
investment aid and operating aid for renewables.  
 
Up to 40 per cent of eligible costs of the investment, in some specific cases up to 100 per cent of 
eligible costs, may be subsidised. Apart from the exemption from or reduction of taxes, operating 
aid for RES distinguishes between three options. These are based on, firstly, the difference 
between the production cost of renewable energy and the market price of the form of power 
concerned; secondly, specific market mechanisms to support renewables; and, thirdly, on external 
cost calculations.  
 
 

                                                 
87 Europe Energy 605, June 14, 2002. 
88 Community guidelines on State aid for environmental protection (2001/C 37/03), OJ dated 3.2.2001. 
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Direct control and financial support instruments 
 
Apart from direct investment subsidies, most of the success achieved on RES development in the 
EU to date is due to direct financial support instruments, which are relatively straightforward and 
may bring about significant capacity and production increases within a short time, as the case of 
wind power development in a number of EU Member States convincingly demonstrates. 
Principally, there are both price-driven support instruments such as guaranteed prices, fixed 
buyback rates or feed-in tariffs, and capacity-driven instruments such as green certification and 
tender (based on RES quotas set aside from the conventional energy market). 
 
Price-driven instruments: Feed-in tariffs coupled with mandatory grid access give the investor 
the highest possible security as renewable energy prices will not be influenced by price 
fluctuations for conventional electricity. The producer surplus is independent of the price 
development and is, hence, predictable even when the conventional electricity price is uncertain. 
In the case of a tax incentive the producer surplus consists of a share of the revenue from the sale 
of energy on the conventional market, and is therefore subject to fluctuation. Feed-in tariffs are 
therefore the option preferred by the producer, not least because they are usually set for longer 
terms than tax incentives (10 to 20 years).  
 
Feed-in tariffs are fast and easy to establish, and they can produce early results and strong 
growth. There is a policy in some form or another in most Member States (except Finland, 
Ireland, and the UK). Feed-in tariffs, however, do not encourage competition between generators 
and thus stimulate cost reductions and economies of scale less. For example, despite all the 
tremendous capacity growth over recent years, German wind power is on average more 
expensive than wind power generated in the UK. Only part of the lower cost in the UK is due to 
better wind conditions.  
 
Like all price-driven support mechanisms, feed-in tariffs are best suited to technologies with a 
flat cost curve, i.e. mature or semi-mature technologies such as wind, small hydro, biogas. As 
cost curves are more predictable in a smaller market, feed-in tariffs are also more suited if 
implemented nationally. The set tariff must take reduction in investment costs into account, 
keeping costs for society to a minimum: Tariffs for new facilities and, hence, new terms should 
be reconsidered each year. The duration of financial terms is to be limited in time. A period of 10 
years seems to be suitable as it reflects the depreciation time most investors apply.  
 
Capacity-driven instruments: Capacity-driven systems are based by and large on setting aside a 
specific quota or market for renewable energy. Within this given quota for capacity market forces 
remain in place. No interaction, however, will take place between the quota market and the 
conventional market. 
 
Amongst the capacity driven instruments quota obligations (sometimes called ‘renewable 
portfolio standard’) require utilities to derive a portion of their electricity through renewable 
sources. Quota obligations are considered an effective way of increasing the share of RES, 
especially if certificates are designed to be tradable. Tradable certificates must be standardised to 
create a higher market transparency. Certificates usually do not differentiate between various 
RES and therefore per se discriminate against less mature technologies, such as PV and favour 
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more cost effective RES electricity. The price of tradable green certificates (TGC) is set by the 
market and is therefore somewhat unpredictable. Utilities will then tend to rather purchase credits 
than invest into RES themselves. Caps mitigate the problem, though low caps reduce the effect of 
RES deployment. 
 
Competitive price support, e.g. by a national tendering system (bidding such as the Non-Fossil 
Fuel Obligation model in Britain) have proved successful at promoting price convergence, for 
those technologies which are already close to commercial competitiveness. However, it restricts 
support to mature technologies. The tendering systems established in Ireland and the UK have 
also been less effective than feed-in tariff systems operating in Denmark, Germany, and Spain, 
most probably because there is less security for the investors and little resolve to steadily increase 
the quotas. 
 
Well recognised bodies, either at the national or the European level must guarantee a specified 
and sufficient planning horizon (‘sunset provision’), or potential producers will be wary about 
investing in RES electricity. If it is not certain that a quota for a certain RES electricity 
technology will survive for a number of years, the investment will not happen.  
 
In general international trading schemes are more economical than national ones, as deployment 
takes place in areas with favourable conditions, maximising competition, and applying market 
mechanisms. Countries with high marginal generation costs will be net importers, those with a 
high potential for RES (and hence lower costs) net exporters. However, changing from existing 
national trading schemes to an EU-wide system can create uncertainty amongst the investment 
community. The old system should remain valid during the transition period while the new 
system can start alongside in newly installed plants. Both should have guaranteed framework 
conditions. In fact the carbon trading scheme that will come into effect after ratification of the 
Kyoto Protocol by the EU represents a viable mechanism that Europe might familiarise itself 
with at an EU-wide level before the official start in 2008. 
 
New certificates should only be issued to non-existing plants or society might pay for windfall 
profits from depreciated existing installations. Every certificate should also have a lifetime 
comparable to that of the plant i.e. the depreciation period of the plant. Setting price floors and 
caps and restricting banking of certificates can mitigate highly volatile certificate prices. Finally, 
there must be some kind of penalty for those countries that do not fulfil their quotas. In order to 
be effective, this penalty - in effect a price cap - should be higher than the expected market price 
of the certificate. Countries that have embarked on a national trading scheme of RES certificates 
are Denmark, Belgium, and the UK. All of them plan to venture into a common market for 
Tradable Green Certificates (TGCs). Italy plans an 8-year renewable portfolio standard for all 
RES-E technologies starting in the year 2002. 
 
Establishing an obligatory quota system might be the policy option most suitable for an EU-wide 
implementation. The process of establishing such a scheme is, however, rather institutionally 
difficult and will cause sophisticated, yet long-lived rules and will therefore cause considerable 
overhead costs. It will also be necessary to change the indicative national targets of the RES-E 
Directive to mandatory ones, as originally proposed in the drafting stage of the Directive. The 
RES-E Directive leaves it to the individual Member State to implement steps ensuring that 
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consumption of electricity from RES is consistent with the targets. From this point of view a 
feed-in tariff, designed carefully and implemented nationally is considered an effective 
instrument, creating fast increases in deployment rates and yet compatible with the RES 
Directive.  
 
Compared to capacity-driven systems, price-driven support instruments and notably feed-in 
tariffs have been very successful in advancing renewable energy capacity to high levels in very 
short time frames. But the costs for society of price-driven systems can be high particularly when 
renewables attain a large share of the market. As a result Denmark, whose early growth in wind 
power was due to feed-in tariffs, switched to another system and is now experiencing problems in 
sustaining capacity additions. 
 
Table 6.3: Comparison of Systems for Promoting Wind Energy in Europe 

 
System Country Installed 

capacity end 

of 2001* 

(MW) 

Added only in 

2001* (MW) 

Installed 

capacity per 

capita 

(W/capita) 

Installed 

capacity per 

area* 

(kW/km
2
) 

Germany 

 

8,754 2,569 106.62 24.52 Countries 

with feed-in 

tariffs Spain 

 

3,337 802 84.67 6.61 

Denmark** 

 

2,534 117 475.69 58.79 Countries 

with elements 

of green 

certifications  
The 

Netherlands 

483 40 30.56 11.63 

United 

Kingdom 

474 65 7.97 1.95 Countries 

with tender 

systems Ireland 

 

125 6 33.32 1.78 

Source: New Energy No. 2, April 2002. 
* Preliminary figures (no guarantee). 
** Old installations in Denmark are based on feed-in tariffs. 
 
Table 6.3. provides empirical evidence on the practical performance of price-driven and capacity-
driven instruments in the field of wind power. 
 
Voluntary schemes: Voluntary schemes, such as green pricing require a high level of confidence 
by the consumer that their demand results in additional installed RES capacity. Therefore several 
third-party organisations have established quality labels. Unfortunately these labels – about 13 
different ones - are based on different criteria, with little consensus between the labelling bodies. 
This causes confusion for the consumer, additional costs for the producer, and uncertainty among 
the investors. Harmonisation of these labels is therefore considered a must.  
 
One option of applying a voluntary system is to combine it with an obligatory one: tradable green 
certificates can be sold to both, obligated actors and (voluntarily) to green electricity consumers. 
To avoid double accounting of the certificate, those sold on a voluntary basis need to be removed 
from the obligatory system. Thus both, green demand as well as tradable green certificates would 
promote RES. 
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Liberalisation of energy markets 

 

The First Benchmarking Report on implementing the Electricity and Gas Directives
89
 made 

conclusions regarding price developments. Although electricity prices have come down in most 

Member States, it is very clear that such reductions have been concentrated in the large user part of 

the market. Gas prices have remained the lowest where competition has been most effective and 

where indigenous gas is available.  

 

However, there are hardly any indications for the time being that electricity and gas sector 

liberalisation has had a detrimental impact on the build-up of renewable energy capacity. The main 

reason for this is apparently the fact that renewables are essentially supported outside the traditional 

market for conventional energy. Consequently, renewables are well protected from energy market 

price fluctuations.  
 
• Market Non-transparency 

 
All markets, even the seemingly perfect ones such as commodity exchanges, suffer from non-
transparency and insufficient information available to decision makers at any point in time. Being 
non-transparent means that there is a sub-optimum flow of information among the market 
players, which may lead to ignorance of technology options, costs and benefits associated with 
certain technologies and as a result to missing or at least deferring business opportunities. Non-
transparency in renewable energy markets is a hot issue in emerging industries where there is a 
pluralistic market structure with many small or even very small suppliers. It needs to be 
counteracted by appropriate policy measures in the field of information, education and know-how 
(Best Practice) transfer across the market. 
 
Promotional measures can take the form of information and education campaigns. These 
measures are fairly widespread and are valuable for increasing confidence among the industry, 
financiers and developers, as well as awareness among policy decision makers and last but not 
least in the general public. The aim of any information and education measure will always be to 
make the energy and technology market more transparent, particularly if the market is in the 
process of emergence, new technologies are being penetrated, and the supplier side dominated by 
many small businesses. 
 
These measures are by nature supplementary and can stimulate the uptake of new technologies. 
However, they are not able to substantially influence the nuts and bolts of renewable energy 
economic viability and competitiveness on a larger scale. 
 

7.2. Policy Options Targeting Specific Renewable Energy Market Structures 

 
Generally speaking, most of the renewable energy industries, with hydropower being an 
exception, are young industries. Some of them have had a grassroots history, i.e. they have been 
the combined effort of genuine entrepreneurs who once started from scratch.  
 

                                                 
89 European Commission, Directorate-General for Energy and Transport, First Benchmarking Report: Implementing 
the internal energy market, 2002.  
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A typical example of such an industry is solar thermal manufacturing, which consists of 
numerous small businesses and craftsmanship. In this industry even the market leader would not 
qualify as a medium-sized enterprise according to the common EU classification criteria. 
 

 

Table 6.4: Selected Solar Collector Manufacturers in the European Union 

 
Firms Country Annual 

production, in m
2
 

Number of 

employees 

Turnover, 

in million € 

Ikarus Germany 150,000 90 20.4 
Sunstrip AB Sweden 90,000 15 2.8 
Arcon Denmark 50,000 25 4.0 
Batec Denmark  10,300 17  
ESE Belgium 30,000 16 2.5 
Giordano France  40,000 40 10.2 
Clipsol France 3,000 30 2.0 
GREENone TEC Austria 100,000 108 11.0 
Gasokol Austria 20,000 25 2.2 
Source: EURObser’ER 2001. 
 
The smaller and more fractioned the industry is, the more it encounters the typical infancy 
maladies of any other SMEs such as a lack of liquidity, short equity resources and resulting 
difficulties in accessing borrowed money, weaknesses in marketing, limited possibilities for 
technological development and innovation, inadequate availability of information and negligence 
of further education/training needs.     
 
Specific programmes are required to institutionally strengthen those structurally weak sectors and 
enterprises.  
 

7.3. Policy Options Improving the legal, Regulatory and Administrative Framework of the 

Renewable Energy Markets 

 
The European Commission’s Action Plan proposes a long list of measures to help achieve its 
development targets. Many of the measures listed below have already been addressed, but might 
need to be detailed further. 
 
Access to the grid: a compulsory obligation for Member States is needed to ensure that 
transmission system operators and distribution operators give RES electricity priority access to 
the grid system. The draft RES Electricity Directive initially introduced such an obligation. 
However, the wording 'only in so far as the operation of the national electricity system permits' 
later softened this requirement. Instead of leaving it up to the Member States on how to split costs 
for grid connections and reinforcements, a procedure might be established at the European level.  
 
A similar regulation to RES electricity might be needed for feeding biogas into natural gas 
transmission and distribution lines.  
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Simplified authorisation procedures: According to ESHA and EWEA reducing administrative 
barriers for building permits is of crucial importance. Planning procedures for wind power are 
said to be inefficient in Ireland and the UK, while administrative regulations are lacking in 
Belgium. A strategic approach with regional targets, regional priority areas and/or exclusion 
zones for wind power has been proposed. ESHA demands reduced authorisation schemes for 
small hydropower plants90. 
 
Common standards: Harmonised technology standards can pave the way for increased trading 
and, hence, price reductions of technologies and fuels: EU-wide standards are deemed necessary 
for the performance of solar thermal equipment, PV modules, the purity of biofuels, as well as 
the definition of renewable waste.  
 
Building codes: ASTIG stresses the importance of building codes for thermal solar development. 
The building sector accounts for 40 per cent of the EU’s energy requirements. A Directive on the 
energy performance of buildings is on its way, aiming at introducing minimum performance 
standards for buildings with a floor area of more than 1,000 m². The latest draft of the Directive91 
explicitly mentions the possibility of taking solar water systems into account to meet the energy 
performance. A more explicit promotion of solar energy might be considered, possibly with a 
mandatory obligation for public buildings. Moreover, the 1,000 m² constraint excludes almost 
half the commercial buildings and a large part of the residential housing stock. Public buildings 
have a forerunner role to play and might therefore be addressed separately e.g. by a regulation 
requiring a minimum supply share of renewables.  
 

7.4. Policy Options Targeting Full Integration of Renewable Energy into Other Policy 

Areas 

 
Renewable energy development is not only an energy policy objective but also likewise an 
instrument and/or secondary goal in other policy areas such as the following: 
 

• Farming and forestry policy; 
 
• Regional and structural policy; 
 
• Transport policy; 

 
• Environmental and climate protection policy including international efforts to implement 

the Kyoto Protocol and its flexible mechanisms; 
 

• SME and enterprise policy; 
 

• Employment and social policy; 
                                                 
90 ESHA, Blue Energy for a Green Europe, Strategic study for the development of small hydro power in the 
European Union, 2001. 

91 European Commission. Draft Directive of the European Parliament on the energy performance of buildings, COM 
2002, 192, OJ dated 16.4.2002. 
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• Competition policy; 
 
• Trade and external policy. 
 

There are different specific factors making a closer amalgamation more than just a desirable 
requirement for enhanced concerted policy action. One of these driving factors is the ever-present 
lack of public funds to stimulate greater market penetration of renewable energy sources. In view 
of slow economic growth and tightened austerity measures calls for significantly larger public 
funds to help penetrate renewables in the markets at a higher pace look quite unrealistic. More 
practical appear policy measures that are based on screening the economic rationality of subsidies 
in other policy areas in order to take measures for reshuffling or re-directing available public 
funds.  
 
In this context, the CAP of the European Union, which accounts for the bulk of the European 
Commission’s budget provides possibly the best point of attack for readjustments. Instead of 
heavily subsidising domestic crop production at contentiously high funding levels, while farm 
products are at low prices and plentifully available at international markets, these funds would be 
most probably better used for subsidising energy crops and wood production. Such a policy 
change could be designed without drawbacks for rural employment.  
 
The need to reform the CAP is also becoming more urgent due to pressure from the World Trade 
Organisation (WTO), and from within the EU as a result of potential expansion to embrace 
Central and Eastern European countries in the not-too-distant future. 
 
Various national biomass associations and farmers’ organisations have criticised the established 
set-aside scheme for non-food crops as insufficient since the acreage varies from year to year 
according to the market for food commodities. Long-term schemes must be established and 
binding commitments made to allow farmers to venture into fuel crop production.  
 
Another major topic for renewables is the incorporation of renewables into structural aid policies 
at regional level. Since 2000 pre-accession structural aid instruments have also been in place in 
the candidate countries of Central and Eastern Europe. Under numerous thematic provisions both 
ISPA (environment and transport) and Sapard (agriculture and rural development) schemes allow 
the integration of renewable energy projects in environmental (waste and water supply), 
agricultural and rural development investment projects.  
 

7.5. Policy Options Inter-twining Renewable Energy with Energy Conservation 

 

Although reducing energy consumption does not add a single unit of renewable energy source 
capacity in absolute terms, it is a proper way of boosting the relative weight of renewables in 
total inland consumption. Consequently, stepping up efforts in energy efficiency will make an 
indirect contribution to enhancing the portion of renewable energy in EU energy supply schemes.  
 
It is obvious that integrated renewable energy and energy efficiency actions will have not only a 
lasting benign impact on the environment and climate but will double-count as regards the 
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position of renewables in supply schemes. Firstly, they help cut energy requirements, and, 
secondly, they generate new renewable capacities. The effect of the combination of these two, 
thirdly, goes beyond ordinary capacity and percentage additions under the conditions of stable 
energy demand. The result is clearly an accelerated relative increase of renewables.  
 
Accordingly, achieving the White Paper target of 12 per cent would be easier and certainly more 
efficient if renewables and energy efficiency would be seen and dealt with at policy level in a 
tandem fashion. Such an inter-twined approach should in no way be restricted to integrated 
technology solutions, be it for example in buildings, cogeneration or transport.  
 
Of even greater importance will be the integration of energy efficiency and renewable energy 
policies. The two have nearly congruent ends, namely enhancing the EU’s long-term security of 
energy supplies and lastingly mitigating climate and environment impacts rooted in fossil fuel 
combustion.  
 
Despite this revelation renewables and energy efficiency continue to be treated predominantly in 
a detached manner. The 2002 call for proposals for the Save and Altener Programme specifically 
invited proposals for developing integrated renewable energy and energy efficiency policy 
measures. Due to a lack of attention and poor quality, not a single proposal has been retained to 
conclude a contract.  
 
An initial step in the right direction has been the merging of the Save and Altener Programmes, 
which are now supposed to become the multi-annual programme ‘Intelligent Energy for Europe’. 
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 CONCLUSIONS AND POLICY RECOMMENDATIONS 

 
Conclusions 

 
• Numerous renewable energy sources are technologically viable but despite substantial 

progress made in the past, only a few of them have reached cost-competitiveness when 
compared with conventional energy supply options. The technical potential of renewable 
energy sources in the European Union is hypothetically large enough to ensure 
achievement of the White Paper’s indicative quantitative targets. As a matter of fact, the 
present technical potential is at least twice as much as the 12 per cent target of EU primary 
energy consumption. Bioenergy and wind account for almost two thirds of the present 
technical potential. With further technology improvements the technological potential will 
increase over time and it can be assumed that, given low growth rates for primary energy 
consumption more of the demand could notionally be met by renewable energy.  

 
• Despite the magnitude of the technical potential the targets as set out in the White Paper 

are grand and ambitious, yet realistic. However, there are strong indications that given the 
current state of renewable energy policies, including financial support mechanisms in 
place, the 12 per cent target will not be achieved by the year 2010. With the exception of 
measures taken in the field of wind energy (more specifically in countries such as 
Germany and Spain) policy measures and financial support are currently inadequate 
to support the required growth rates for most renewable energies, particularly as regards 
biomass. Biomass represents the most pertinent source in terms of incremental growth 
potential and, thus, any progress made in achieving the 2010 target figure will 
overwhelmingly be contingent on whether biomass can make essential headway far 
beyond present-day trends. Consequently, accomplishing the 2010 target is all about 
bringing about sustainable growth of biomass utilisation at very high market penetration 
rates. Current developments are lagging significantly behind required growth rates, 
particularly for solid biomass, which accounts for the overwhelming portion of biomass.  

 
• The main barrier causing comparably slow progress is that measured against the current 

market price for competing conventional energy sources most of the available renewable 
technologies are not yet cost-effective and competitive in the absence of determined 
market intervention measures. On the one hand energy market prices do not take account 
of the various externalities, notably those linked with conventional air pollution and 
global warming. Liberalisation of energy markets resulting in lower energy prices may at 
a later stage make it even more challenging for renewables to gain ground. On the other 
hand the very state of most renewable technologies still entails high per unit energy costs. 
Subsequently, market demand for those technologies, almost entirely carried by public 
financial support, remains fairly small so that most-needed economies of scale in 
production and use cannot be attained. 

 
• Apart from the market price and prevailing capacity and production cost levels, which are 

the key obstacle to advanced market penetration and the diffusion of renewables, there are 
further regulatory, institutional, legal and other barriers hindering them to meet 
significantly larger portions of energy demand. These need to be addressed more 
vigorously and in a more targeted manner.  
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• Policy makers have various policy options at their disposal to make renewables a more 
weighty choice in the EU’s energy supply. Given the current state of play in the field of 
renewables the starting point will always be political willingness and resolve to advance 
them by overcoming existing barriers. In this context, it is essential to realise to what 
extent the contribution of renewables to environment/climate protection and securing 
future energy supplies is really perceived as urgent and pressing. However, irrespective of 
whether renewable energy is politically sensed as vital or not, a rationally correct 
approach would always entail vigorously addressing the fundamental issues of market 
distortion through internalising externalities into the existing energy market price 
mechanisms. Beyond this very ‘basic’ rational demand goes the recognition of financial 
support needed to move renewable technologies closer to the market so that they can 
finally penetrate it and diffuse in it. The idea behind this is that even given internalisation 
of externalities many renewable technologies would still have to go a long way to 
approach market competitiveness. The centrepieces for comparative cost reductions and 
reaching competitiveness are sizeable economies of scale and significant technology 
advancements with intrinsic cost reductions. One of the key questions here is where 
opinions regularly collide, whether market penetration should rather be achieved by 
market-conform or plain market intervention measures. Here, market conform means that 
any stimulation does not eliminate the proper functioning of market forces, competition 
and free pricing (e.g. by introducing taxes or subsidies; concentrating on RTD). Contrary 
to that, non-market conform means straightforward interference into market mechanisms 
by adopting specific quantity (quota) or price (fixing tariff levels) regulations. Thus, the 
play of market forces, competition and free pricing are at least partially done away with. 

 
• In reality there has always been some kind of co-existence of the two approaches in 

almost every national economy. However, with the exception of RTD subsidies the 
effectiveness of market-conform measures has been quite limited so far, predominantly 
because of a lack of political resolve in introducing specific energy and environmental 
taxes on the one hand, and constant shortages of public funding for renewables.  

 
• In the absence of any more major market-conform interventions, there is strong evidence 

that direct market intervention measures can be a very effective policy option for near-
market renewable technologies in terms of quickly achievable market penetration rates, 
rapidity of take-up, and transaction costs. Direct price interventions such as fixed buyback 
rates have a clear edge over quantity regulations if growth rates are the key criteria for 
judging effectiveness. Quantity-based approaches, however, are more efficient in 
achievable cost reductions than price interventions. So, whenever massive progress in 

developing renewable capacity within a relatively short period of time is called for, 

and sweeping rather market-conform options are not feasible for political reasons, 

price interventions appear to be an adequate instrument for rapid expansion. 
However, it should always be kept in mind that opportunity costs are rather high. 

 
• Apart from all the measures relating to the market mechanism as such, there are other 

barriers requiring the adoption of measures at policy level. Despite their significance they 
are secondary, as they are not able to critically impact the cost-effectiveness and 
competitiveness of renewables. 
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Recommendations 

 
The following recommendations are based on the findings of the study and concentrate on the 
most pressing policy change required to advance renewables until 2010 to achieve the target 
of doubling the RES share by 2010. As a matter of course, these recommendations are not 
exhaustive.  
 
• It is of the utmost importance not to lose sight of the big picture and to set the right 

priorities and signals. Renewable energy sources and existing barriers can and must be 
ranked according to their relevance in achieving energy policy goals and targets. This 
study demonstrates that for the period till at least 2010 the most meaningful contributions 
must be delivered by biomass and wind energy. Whereas wind energy is developing 
quickly even beyond the anticipated targets for 2010 biomass utilisation is still 
challenging. It must be clear that despite all the efforts being made all other renewable 
energy sources will be marginal to achieving the targets for 2010 and beyond. In the very 
long run there will be one renewable energy source which will matter most namely solar 
energy. Hence, any policy must take it into account and set the right priorities. 

 
• In the foreseeable long-term future the technical potential of biomass is likely to account 

for the overwhelming part of RES growth increment, meaning that appropriate measures 
need to be devised and implemented to underpin widespread biomass exploitation. These 
measures will have to include tackling infrastructural problems as well as disseminating 
best technological solutions. But foremost there is a need to take biomass to a point where 
its utilisation becomes economically and financially attractive enough to invest into 
production, transport, storage, processing and consumption facilities. Effectively, 
biomass must become the primary focus and first priority of any renewable energy 

policy that aims to be successful in the foreseeable future. Achieving targets will stand 
and fall with the ability of policymakers to open this market opportunity. 

 
• The key markets for biomass utilisation are the fuel, electricity and notably the heat 

market. Whereas some attention has been paid to the fuel and electricity market at 
European level no adequate action is being taken in the heat market, which in fact is by far 
the most relevant in terms of volume for biomass applications throughout the projected 
timeframe till 2010. Here, it must become attractive enough to penetrate the established 
heating structures dominated by natural gas, fuel oil, LPG and district heating. 
Particularly, in rural areas biomass must replace fuel oil and LPG. Furthermore, large- and 
small-scale district heating systems as well as industrial cogeneration and heat-only-boiler 
plants offer the opportunity to take up sharply increasing quantities of biomass. Co-firing 
of biomass in coal-fired power plants is a very interesting and straightforward option to 
swiftly increase biomass use without much technology change and with comparably little 
additional costs. At any rate, the aim must be to create a ‘biomass economy’ pervading 
the entire biomass utilisation cycle. Again the starting point must be sending sufficient 
price signals to potential investors.  

 
• To penetrate the various final energy markets biomass must be made available in 

sufficient quantities and at competitive prices or alternatively heat, electricity and fuel 
produced from biomass should be available to consumers at no additional cost and 
without technical hurdles and inconveniences such as irregular supplies, inadequate 
service support, marketing and logistics networks. Biomass on its own still requires 
financial support to compete with conventional sources. A first approach should be to 
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essentially re-orientate CAP towards growing energy crops and forestry. Instead of 
limiting food production to publicly affordable levels these funds might be better used to 
maximise biomass energy outputs and to increase the resource base of renewables. By 
using increasing parts of the same farming subsidies biomass might be offered at prices 
competitive to conventional sources, specifically in the heat market. A second approach 
could be to encourage biomass electricity generation (and cogeneration) through strong 
economic incentives such as feed-in regulations (such as in Germany). Short-term results 
on a large scale can also be achieved through co-combustion in coal-fired power plants. 
Again financial incentives are central to encourage the burning of large quantities of 
biomass in thermal power plants. A third approach, to tackle the heat market could 
consist of promoting the increased use of biomass in decentralised heating schemes, 
which, however, must be based on modern, energy efficient and environmentally benign 
combustion technology.  

 
• Economics are central for renewables to progress in the market. Apart from the thematic 

topic of biomass, drastically improving economics should be another key priority in the 
field of renewable energy policy. Whenever justified market prices require rectification by 
factoring existing externalities into market prices. Interventions into the market price 
mechanisms are also sought to step up economies of scale leading to accelerated RES 
market penetration, which has a positive feedback on unit costs. As long as the costs of 
renewables are not yet cost-competitive, continued and adequate public financial 
support is required for broad market penetration and high growth rates and, thus the 
achievement of quantitative targets. This is particularly important for those RES that are 
relatively near to market maturity. 

 
• More research and technological development is needed into long-term renewable 

energy supply options and those technologies, which still have a long way to go to 
become technically viable and economically interesting to the market actors. Again, 
priorities need to be clearly set as regards the extent and levels of funding. Owing to their 
critical position solar energy and biomass must be clear front-runners in receiving support. 
The 6th Framework Programme with its priorities and increased funding levels appears to 
be on the right track regarding very long-term priorities.  

 
• At the time being numerous support instruments are in place in the Member States. These 

are often incompatible and overlapping. Consequently, there is much room for the 
harmonisation of schemes and tools and Best Practice transfer between the Member 

States. A first step would be to thoroughly and impartially examine the effectiveness and 
efficiency of various support instruments and Best Practice. A good example here would 
be wind power development, which has seen a spectacular upturn in a number of 
countries. Singling out the most effectual instruments then would be a precondition to 
passing on Best Practices, the meaning of which is often boiled down to technology 
performance but not policies. On top of that, there is no uniform instrument befitting all 
the renewables in the same way. Just the opposite is true. The simple fact that renewables 
are quite unalike in terms of technical and economic viability requires the application of 
the right instrument in the right place. Photovoltaics, for example, first and foremost need 
more research and technological development whereas the development of wind power is 
most receptive to the level of feed-in tariffs.  

 
• RES are not evenly spread throughout the European Union. Furthermore, their cost-

effectiveness is much determined by the very natural conditions which as a matter of fact 
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differ substantially from location to location. As a consequence one and the same level of 
financial support for a given technology will yield different marginal productivity rates 
depending on factors that are out of the control by human beings. For this reason a more 
rational allocation of limited financial resources (notably public funds) should begin with 
mapping the technical potential in relation to the cost-effectiveness of renewables 

across the European Union. Similarly for regional development policy the promotion of 
renewables should be tied to criteria making a region eligible for a certain level of 
financial support. Therefore, policy responses should not be identical and uniform across 
the European Union.  

 
• In the accession countries, which are well-known for being short of public funds, early 

structural aid instruments such as ISPA and Sapard should also be focused on the 
incorporation of RES investments and the involvement to this end of private sector 
operators. In addition, Phare and Altener (now Intelligent Energy Programme) should be 
used for institutional strengthening measures, development and the implementation of 
appropriate renewable energy policies.   

 
• Action is needed to improve renewable statistics and monitoring of renewable energy 

development with the aim of identifying countries and renewables lagging behind 
schedule. This should be a continuous process rather than a sporadic exercise, even if 
undertaken every two years.  
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