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Abstract

This paper offers an overview of the renewable energy situation in the European Union and its 15 member countries. The paper includes analysis and comparison of

(1) definitions of renewable energy,

(2) share of renewable energy sources in the energy balance,

(3) instruments promoting the use of renewable energies, and

(4) current obstacles and conditions for future success of renewable energies.

The definition of renewable energy in the EU member countries varies to some extent in scope. The share of renewable energies varies quite a lot in the EU countries, both in terms of total primary energy and electricity generation. Several different policy instruments are in use for promoting renewable energies, such as quota obligations, price subsidies, and taxes/tax exemptions on energy. Some countries also have specific political programs for renewable energies. The obstacles and success conditions mainly deal with geographical, economic, administrative and political factors.


1. Introduction

This paper describes the situation of renewable energy sources in the European Union and its 15 Member States. Renewable use in Turkey is considered as well. The paper is organized as follows: In Chapter 2, the EU directive on the promotion of electricity from renewable energy sources is presented as a framework for the analysis of the Member States. The national differences in the definition of renewable energy sources are briefly described in Chapter 3.

Chapter 4 deals with the share of renewable energies in national energy balances. Chapter 5 gives information of the development of renewable energy production capacities. In these two Chapters, also Turkey is in focus. In Chapter 6, an overview of the most important policy instruments used in different EU Member States is presented. As a conclusion, Chapter 7 illustrates the obstacles and conditions for the future success of renewable energy sources.

The main data sources for this paper are International Energy Agency (2002; production capacities and 2003; shares of renewable energy sources) and Handbook of Renewable Energies in the European Union (Reiche 2002; information about the definitions, policy instruments as well as obstacles and success conditions). However, the interpretations and conclusions of the paper at hand are at the authors’ disposal.


2. The EU directive for promoting the use of renewable energy

In September 2001, the European Parliament and the Council gave the Directive 2001/77/EC on the promotion of electricity produced from renewable energy sources in the internal electricity market (EC 2001). The background for this directive includes the underused potential of exploitation of renewable energy and the need to promote renewable energies as a priority measure to contribute to environmental protection and sustainable development. In addition, renewable energies offer a possibility to increase local employment, social cohesion and security of energy supply as well as they help in meeting the EU target in the Kyoto Protocol of the United Nations Framework Convention on Climate Change.

The Directive 2001/77/EC introduced a “global target” to reach a 12 % share for renewable energy sources from gross domestic energy consumption in the year 2010. This target means practically doubling the share of renewable energy in the EU as a whole. The directive concentrates only on electricity production, in order to highlight the existing internal energy market where renewable energy sources can have a significant role. However, the Directive does not include any requirements for the use of specific policy instruments. For this, the following reason is given: “the limited experience with national schemes and the current relatively low share of price supported electricity produced from renewable energy sources in the Community” (EC 2001). Thus, in the Annex of the Directive only indicative national targets were presented for the Member States concerning the share of renewable energy sources in electricity production (Table 1).

Table 1. Reference values for the EU Member States’ indicative national targets for the contribution of renewable electricity sources to gross electricity consumption by 2010 (Source: EC 2001).

	
	Electricity production from renewables 1997 (TWh)
	Share of renewable energy in electricity production 1997 (%)
	Share of renewable energy in electricity production 2010 (%)

	Austria
	39,05
	70,0
	78,1

	Belgium
	0,86
	1,1
	6,0

	Denmark
	3,21
	8,7
	29,0

	Finland
	19,03
	24,7
	31,5

	France
	66,00
	15,0
	21,0

	Germany
	24,91
	4,5
	12,5

	Greece
	3,94
	8,6
	20,1

	Ireland
	0,84
	3,6
	13,2

	Italy
	46,46
	16,0
	25,0

	Luxembourg
	0,14
	2,1
	5,7

	Netherlands
	3,45
	3,5
	9,0

	Portugal
	14,30
	38,5
	39,0

	Spain
	37,15
	19,9
	29,4

	Sweden
	72,03
	49,1
	60,0

	United Kingdom
	7,04
	1,7
	10,0

	EU-15
	338,41
	13,9
	22,0


Table 1 shows the large variation between different EU Member States, in the share of renewable energies in electricity production. This issue is dealt with in more detail in Chapter 4 of this paper. The indicative targets for the year 2010 are based on a political agreement, and this explains the relative differences in the figures. Moreover, many Member States have also included comments on the possibilities to reach the target and even conditions for it.


3. The definition of renewable energy sources

In the Directive 2001/77/EC the following definition for renewable energy sources is given: “renewable, non-fossil energy sources (wind, solar, geothermal, wave, tidal, hydropower, biomass, landfill gas, sewage treatment plant gas and biogases)”. The directive includes also a more detailed definition for biomass: “the biodegradable fraction of products, waste and residues from agriculture (including vegetal and animal substances), forestry and related industries, as well as the biodegradable fraction of industrial and municipal waste” (EC 2001).

According to Reiche (2002, 13) the applied definitions at the national level vary to some content between the EU Member States. Onshore wind, photovoltaic and solar thermal energy are generally regarded as renewable energies. Also hydropower is generally considered as renewable, but in many countries large scale hydro (over 10 MW) is excluded, in Germany the limit is as small as 5 MW. The Netherlands has even excluded small-scale hydro from national promoting systems.

Because some of the renewable energy sources mentioned in the Directive 2001/77/EC are not available in all EU Member States, some countries have excluded such sources from their definitions. Such renewable energy sources include wave, tidal, geothermal and offshore wind energy. The largest difference in the definitions is in the acceptance of energy produced from waste incinerators as a renewable energy source. Before the existence of Directive 2001/77/EC, in some countries like Belgium, the Netherlands and the United Kingdom, waste was the leading “renewable” energy source. Since September 2001, this is not possible any more. Some other countries like Germany and Greece have explicitly excluded waste incinerators from their definitions. Important national discussion on the role of peat has also been going on in Finland and Ireland, but this has not resulted success in the EU, despite of some lobbying activities. (Reiche 2002, 13.)


4. The share of renewables in energy and electricity production

The share of renewable energy sources in national energy balances can be assessed in terms of energy and electricity. Figure 1 shows the share of renewable energy sources in total primary energy supply in the EU, its Member States, USA, Japan and Turkey in the years 1990, 1992, 1994, 1996 and 1998-2001 based on the International Energy Agency (IEA) data. According to this data, renewable energy sources include hydro, geothermal, solar thermal, solar PV, tide, wind, renewable municipal slid waste, solid biomass and gases from biomass.
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Figure 1. Share of renewable energy sources in total primary energy supply in the EU, USA, Japan and Turkey. Data source: International Energy Agency (2003)

Figure 1 shows the large differences in the contribution of renewable energies in the total primary energy supply. The leading countries with this measure are Luxembourg, Austria, Finland, Portugal and Turkey, where the share of renewables in the year 2000 is 10 % or more, up to 32 % in Luxembourg. Some countries, like Denmark, can show a clearly increasing trend, while in most of the studied countries the trend seems to be merely stable or even decreasing, like in Turkey. Turkey like all other countries with high percentages use significant amounts of hydropower. Hydropower contributes in electricity production, and the share of renewable energy sources in electricity production is illustrated in Figure 2.
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Figure 2. Share of renewable energy sources in electricity production in the EU, USA, Japan and Turkey. Data source: International Energy Agency (2003)

It is no surprise that the percentages in the case of electricity production are clearly higher than in the case of total primary energy supply. Austria and Sweden exceed the value of 50 %, but the shape of the line in many countries reflects the yearly variation in hydropower production as a result of variation in yearly precipitation. When hydropower is excluded from the figures, the situation of “new” renewable energies such as wind or solar energy becomes more visible. The share of renewable energies without hydropower in electricity production is presented in Figure 3 for the years 1990 and 1995-2000 based on the International Energy Agency (2002) data.
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Figure 3. Share of renewable energy sources without hydro power in electricity production in the EU, USA, Japan and Turkey. Data source: International Energy Agency (2002)

Figure 3 shows three countries, namely Luxembourg, Denmark, and Finland having clearly higher percentage than the others. The high figure of Denmark consists firstly of wind power, while the high figure of Finland is a most largely a result of biomass-based electricity production within the forest industry. Moreover, the largest part of the figure of Luxembourg consists of renewable municipal waste.

Electricity production based on renewable energy sources in the EU as a whole is presented in more detail in Figure 4. Hydropower dominates, and wind, solid biomass, municipal wastes and geothermal (located mostly in Italy) have the next largest shares. The shares of solar photovoltaics as well as tide, wave and ocean energy are still marginal in the EU.
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Figure 4. Gross electricity generation from renewable energy sources in the EU as a whole, 1995-2000. Data source: International Energy Agency (2002)

Figure 5 shows the composition of electricity produced from renewable energy sources in Turkey. The share of hydropower is dominant (98.9 % in the year 2000), the rest consists of solid biomass, geothermal, industrial waste, wind and biogas.

[image: image5.emf]0

5

10

15

20

25

30

35

40

45

1995 1996 1997 1998 1999 2000

TWh

Others

Gas from biomass

Solid biomass

Municipal solid waste non-renewable

Municipal solid waste renewable

Industrial waste

Wind

Tide, wave, ocean

Solar photovoltaics

Geothermal

Hydro


Figure 5. Gross electricity generation from renewable energy sources in Turkey, 1995-2000. Data source: International Energy Agency (2002)

5. Renewable energy production capacities

In the following Figures 6-11, the installed generating capacity based on different renewable energy sources in the EU and Turkey in the years 1990 and 1995-2000 will be presented. The data source is International Energy Agency (2002).

Figure 6 shows the installed hydropower capacity. As noted earlier, hydropower dominates electricity production based on renewable energy sources in many EU Member States and in Turkey as well. The largest capacity, about 25,000 megawatts, can be found in France, followed by Italy, Spain and Sweden. All studied countries except the Netherlands and Denmark have significant hydropower resources.
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Figure 6. Installed hydropower capacity in the EU Member States and Turkey. Data source: International Energy Agency (2002)

Figure 7 shows the installed capacity of wind power, the fastest growing renewable energy source in the EU and in the world. The time scale in Figure 7 reaches exceptionally the year 2003; the upper bar in each country’s set deals with the situation in June 2003. The data for the years 2001-2003 is taken from European Wind Energy Association (2003), earlier data is from International Energy Agency (2002).
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Figure 7. Installed wind power capacity in the EU Member States and Turkey. Data sources: International Energy Agency (2002); European Wind Energy Association (2003)

In recent years, the wind power capacity growth has been extremely fast in two European countries, Germany and Spain. For example, in Germany the capacity even doubled between the years 2000 and 2002. Above all, this is due to aggressive promoting policies applied in these countries including effective policy instruments which will be discussed later in this paper. In Denmark, the pioneering country of wind power in Europe, the capacity growth has not been as fast in the 1990s as earlier. However, Denmark still has the largest share of wind-based electricity in total electricity production. Today, the share is as high as 15 %. On the other hand, there are some countries where wind power investments have been at a low level, such as Luxembourg, Finland, and Belgium. It is worth noting that wind power capacity growth has not been fastest in the geographically best suitable areas. Thus, the role of promoting policies has been very important. In the future, rapid growth can be expected in many countries, depending on the technological development but also on the development of promoting policies as well.

Figure 8 shows the development of installed solar photovoltaic capacity in the EU Member States and Turkey. The information on installed solar PV capacities can vary to some extent in different sources because many installations are not connected to the national electricity grid. Independent of this variation, the capacities are very low when compared to e.g. wind power. Germany seems to be the leading country in the EU when solar PV capacity is considered. In the year 2000, over a half of the total installed solar PV capacity in the EU can be found in Germany, again strongly due to the promoting policies. According to the International Energy Agency (2002) data, in addition to Germany the Netherlands, Spain and France have a solar photovoltaic capacity over 10 MW.
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Figure 8. Installed solar photovoltaic capacity in the EU Member States and Turkey. Data source: International Energy Agency (2002)

Figure 9 presents the installed geothermal capacity in the EU Member States and Turkey according to the International Energy Agency (2002) data. Italy is the only EU Member State with a significant geothermal capacity, about 590 MW in the year 2000. Some capacity exists also in Portugal and Greece, and Turkey as well.
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Figure 9. Installed geothermal energy capacity in the EU Member States and Turkey. Data source: International Energy Agency (2002)

Figure 10 shows the installed energy production capacity based on solid biomass in the EU Member States and Turkey. Solid biomass includes wood, vegetal waste (wood waste and crops used for energy production), animal materials/wastes, black liquor (an alkaline spent liquor from the digesters in the production of sulphate or soda pulp during manufacturing of paper where the energy content derives from the lignin removed from the wood pulp).
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Figure 10. Installed energy production capacity based on biomass in the EU and Turkey. Data source: International Energy Agency (2002)

10 of the 15 EU Member States have some biomass capacities, the leading ones are Sweden and Finland. Both of these countries have a large forest industry which is a significant user of biomass-based electricity and heat. Almost all biomass-based electricity in Finland and Sweden comes from CHP plants. In Finland, the forest industry is responsible of a vast majority of all biomass-based energy use. Also Austria has a significant biomass capacity.

Figure 11 illustrates the installed energy production capacity based on biogas (gas derived from anaerobic fermentation of biomass and solid wastes) in the EU, which is then combusted for energy production. Significant capacities can be found in the United Kingdom, Germany, and Italy.
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Figure 11. Installed biogas capacity in the EU and Turkey. Data source: International Energy Agency (2002)

Figure 12 shows the installed energy production capacity based on solid municipal waste in the EU Member States and Turkey. 11 of the 15 EU Member States have some energy production capacity of this kind. The largest capacities can be found in Germany and the Netherlands, but also the United Kingdom, Denmark, and Italy each have an over 200 MW municipal waste-based capacity.

[image: image12.emf]0 100 200 300 400 500 600

Austria

Belgium

Denmark

Finland

France

Germany

Greece

Ireland

Italy

Luxembourg

Netherlands

Portugal

Spain

Sweden

United Kingdom

Turkey

MW

2000

1999

1998

1997

1996

1995

1990


Figure 12. Installed energy production capacity based on municipal waste in the EU Member States and Turkey. Data source: International Energy Agency (2002)


6. Promoting renewables: Policy instruments and other means

Classification of policy instruments

The EU Member States apply a wide range of policy instruments in order to promote the use of renewable energy sources. Policy instruments mentioned in the Directive 2001/77/EC include green certificates, investment aid, tax exemptions or reductions, tax refunds and direct price support (EC 2001). Reiche (2002) presents a different list of policy instruments, which includes feed-in tariff, quota obligation, tenders, exemption from energy taxes and earmarking, where part of the revenue from energy taxes is used to finance renewable energy sources in a way or another.

In the light of these two examples, it is obvious that formulating a comprehensive list of policy instruments is not possible, because as essential as the choice and name of the instrument, is the way of its implementation, which varies a lot in time and in different countries. Despite these difficulties, Reiche (2002) tries to give an overview how the above mentioned policy instruments are applied in the EU Member States (Table 2). Generally speaking, current policy instruments seem to concentrate on the use of renewable energy sources in electricity production, which is also the subject of the Directive 2001/77/EC.


Table 2. Major policy instruments for the promotion of renewable energies in the EU Member States (Reiche 2002; situation in the year 2000).

	Country
	Feed-in tariff
	Quota obligation
	Tenders
	Exemption from energy taxes
	Parts of the revenue of energy taxes finance RES

	Austria
	•
	•
	•*
	
	•

	Belgium
	•*
	•
	
	
	

	Denmark
	•
	◦
	
	
	

	Finland
	•
	
	
	
	

	France
	•
	
	
	•
	

	Germany
	•
	
	
	
	•

	Greece
	•
	
	
	
	

	Ireland
	
	
	•
	
	

	Italy
	
	•
	
	
	

	Luxembourg
	•
	
	
	
	

	Netherlands
	
	
	
	•
	•

	Portugal
	•
	
	
	
	

	Spain
	•
	
	
	
	

	Sweden
	•
	◦
	
	•
	

	United Kingdom
	
	•
	
	
	•


• Present promoting system

* Only in one region

◦ Introduction is planned

In the following, three examples of different applied policy instruments are very briefly described. These instruments include the Renewable energy sources Act in Germany, the Renewable energy obligation in the United Kingdom, and CO2 taxation in Finland.

Germany: Renewable energy sources Act

The “Erneuerbare-Energien-Gesetz” (Renewable energy sources Act) has been in force since the year 2000 in Germany. It regulates the compensation for electricity generated from renewable energy, by obliging the grid operators to feed in electricity produced from renewable energy sources and to buy it at a premium price within their supply area. The Renewable energy sources Act has replaced the earlier “Stromeinspeisungsgesetz” from 1991 and its amended version from 1998 (Grotz 2002). The Act deals with electricity produced by small hydropower, wind, solar, biomass, and geothermal energy as well as landfill, pit and sewage gas. Table 3 presents the feed-in tariffs fixed in the Renewable energy sources Act.

Table 3. Feed-in tariffs for electricity produced from renewable energy sources in Germany according to the Renewable energy sources Act.

	Source
	Tariff/kWh

	Hydro, sewage gas, pit gas, and landfill gas
	7.67 €cts up to 500 kW
6.65 €cts over 500 kW

	Biomass
	10.23 €cts up to 500 kW
9.21 €cts up to 5 MW
8.70 €cts up to 20 MW

	Geothermal
	8.95 €cts up to 20 MW
7.16 €cts over 20 MW

	Wind
	9.10 €cts for the first 5 years
6.19 €cts after reaching a certain reference revenue

	Photovoltaics
	50.62 €cts


Source: Grotz 2002, p. 113

A number of exceptions and detailed definitions are made in the Act according to e.g. the size, ownership and commission date of the power plants. In order to take technological development and the expected cost reductions, the compensation rates have been subject to annual digressive reductions. It is also worth noting that in March 2001, the European Court of Justice ruled that the German provisions for feeding electricity from renewable energy sources into the grid did not constitute a “State aid” and did not interfere with the “free movement of goods”. (Grotz 2002.)

United Kingdom: Renewable Energy Obligation

The United Kingdom has replaced the non-fossil fuel obligation (NFFO; created for supporting the nuclear energy industry in the liberalization of the electricity industry in the early 1990s) with the Renewable Obligation in the year 2000. The purpose of the obligation imposed on electricity suppliers is to reach a 10 % share of electricity based on renewable energy sources by the year 2010 (Table 4). The Renewable Obligation also introduced green certificates in order to verify the renewable origin of the produced electricity. The green certificates have a price cap of 3 pence/kWh, which is referred to as the “buy-out price”.

Table 4. The renewable energy obligation profile for England and Wales

	Obligation deadline
	Percentage of electricity supply from renewable sources

	31 March 2003
	3.0 %

	31 March 2004
	4.3 %

	31 March 2005
	4.9 %

	31 March 2006
	5.5 %

	31 March 2007
	6.7 %

	31 March 2008
	7.9 %

	31 March 2009
	9.1 %

	31 March 1010
	9.7 %

	31 March 2011
	10.4 %

	Each following year, up to March 31, 2027
	10.4 %


Source: Dinica 2002, p. 247.

Electricity suppliers can meet their obligation by means of (1) generating electricity from renewable energy sources, buying physical streams of renewable electricity, or buying green certificates, (2) banking a maximum of 25 % of the needed green certificates for a running obligation period from the previous obligation period, (3) proving that another electricity supplier has fulfilled the obligation (or that two or more have done so), or that between them they have done so, or (4) “buying out” their obligation. The buy-out payments are recycled to electricity suppliers who have fulfilled their own obligation, in proportion to the extent that they have done so. (Dinica 2002.)

Finland: CO2 tax

Finland is known as the first country where a carbon dioxide tax on fossil fuels was introduced. The tax scheme has changed several times since the year 1990 when it was applied for the first time. During the period 1990-1996, no user-specific tax reliefs were granted. Due to the liberalized electricity market and problems related to the tax on imported electricity, electricity production was exempted from the CO2 tax and electricity was taxed instead from the beginning of 1997. In the following year, a refund system for energy-intensive industry was also introduced for the first time. (Vehmas & Luukkanen 2002.)

On the other hand, the CO2 tax level (in current prices) has increased from 1.18 € per ton of emitted CO2 in 1990 to 18.5 € per ton of CO2 in 2003. The energy product-specific CO2 and energy tax levels currently applied in Finland in the year 2003 are presented in Table 5. Natural gas has a permanent 50 % reduction from the CO2 tax, and peat is also granted a tax relief from CO2 tax. The tax levels in Table 5 are levied on fuels used for heat production only.

Table 5. CO2 tax and other energy-related taxes in Finland, 2003 levels

	Energy product
	Basic energy tax
	Additional tax (CO2 tax)

	Unleaded gasoline, €cts/ltr
Basic
Reformulated
	
54.74
53.85
	
4.23
4.23

	Leaded gasoline, €cts/ltr
Basic
Reformulated
	
62.71
61.82
	
4.23
4.23

	Diesel oil, €cts/ltr
Basic
Low sulphur content
	
29.48
26.83
	
4.76
4.76

	Light fuel oil, €cts/ltr
	1.93
	4.78

	Heavy fuel oil, €cts/kg
	-
	5.68

	Hard coal, €/ton
	-
	43.52

	Natural gas, €cts/m3
	-
	1.82

	Peat, €/MWh
	-
	1.59

	Pine oil, €cts/kg
	5.68
	-

	Electricity, €cts/kWh
households and services (class I)
industry, mining and horticulture (class II)
	
-
-
	
0.73
0.44


Source: Ministry of Trade and Industry 2003


7. Obstacles and success conditions for renewable energy development

Focusing on the policy instrument only does not give a broad view on the renewable energy development and in some cases, explains it only partially. Reiche (2002) presents the following list of the factors which influence the renewable energy development, i.e. favorable regulation presented above.

1. Geographical conditions and starting points of energy policy

· precipitation (amount of rainfall)

· sunshine intensity

· wind speed

· availability of fossil fuels

· government decisions on nuclear power (availability, non-availability, phase-out)

2. Economic conditions

· level of oil and gas prices

· subsidies for fossil (e.g. coal) and uranium based energies

· internalization of external costs (e.g. energy and CO2 taxation)

3. Technology

· technological development of different renewable energy sources

· electrical grid capacity

4. Cognitive environment

· public awareness

· compatibility with the dominant belief in the efficiency of large scale units

5. Politics

· targets and definitions

· administrative responsibilities

· power relations in the government, e.g. green parties in power

· permit procedures

· international obligations and programs (Kyoto Protocol, EU directives, Altener)

Obviously, each item in the previous list – depending on its case-specific condition – can have the role of either an obstacle or a success condition. According to Reiche (2002), one of the biggest barriers for some renewable energy sources in countries like Greece, Luxembourg, the Netherlands and the United Kingdom is the administrative permit procedure that renewable energy and also other energy plants have to go through. For example in Greece, renewable energy installations require the agreement more than 35 public sector entities at central, regional, prefectural and local level, and they need to conform to four national laws and seven ministerial decrees. In a close connection with this kind of obstacles is the administrative responsibility on renewable energies. In most European countries, the administrative responsibility lies either in the Ministry of Economic Affairs, which often has close connections to conventional energy companies – which in many cases are state-owned companies. On the other hand, the task of administrative entities is to implement decisions made at the political level, and thus the existence of e.g. green parties or other representatives in favor of renewable energy in Governments may be an important success condition. (Reiche 2002.)

Many interest groups have stressed the importance of effective policy instruments, and the instruments have also played an important role in the rapid development of wind energy investments especially in Germany and Spain. However, as important as the existence of policy instruments is the way of implementation and in these cases the implementation has so far been successful.

One of the most important conditions for success might be the general change in the use of renewable energies is starting to take place: from a decentralized to a centralized application. This enables price reductions and fits into the dominant belief system present in the energy industry. Best examples of this can be offshore wind and co-combustion of biomass. However, this large-scale thinking is not (yet) suitable for some renewable sources, such as photovoltaics or onshore wind. (Reiche 2002.)

Generally speaking, success conditions for the acceptance of the policy instruments promoting renewable energies include at least the following elements (Reiche 2002):

· Technology specific payments

· Location dependent payments

· Long-term security of investments

· Compatibility with legislation and competition (e.g. in the electricity market)

· Administrative handability
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